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ABSTRACT Biochemistry

Medicinal and aromatic plants such as Crocus cancellatus, and Scilla

Siberica subsp. armena, Juniperus oxycedrus subsp. oxycedrus and Research Article
Anthriscus nemorosa have many different biological activities. While

antioxidants are significant in preventing many diseases, inhibition of Article History

metabolic enzymes is also effective in preventing many diseases. In Received 1 23.04.2024
this study, antioxidant activities of water, ethanol, and Accepted 109.08.2024
dichloromethane extracts of four different medicinal and aromatic

plant species were determined by 1,1-diphenyl-2-picrylhydrazyl Keywords

(DPPH*) and 2,20-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
(ABTS-+) radical scavenging and Cu2*, Fe*3, and Fe3+-2 4,6-tris(2-
pyridyl)-S-triazine (TPTZ) reducing assays. Enzyme inhibition studies
were performed with metabolic enzymes acetylcholinesterase,
butyrylcholinesterase, carbonic anhydrase I and II isoenzymes. The
ethanol extract of A. nemorosa showed the highest activity in DPPH
and ABTS assays (ICso: 17.36 pg mL1, ICs0: 7.02 pg mL1). In the Fe3+
reducing assay, the dichloromethane extract of A. nemorosa showed
the highest activity (1.96+0.060 pg mL1). In the Cu2* reducing assay,
the dichloromethane extract of /. oxycedrus showed the highest
activity (1.773+0.066 pg mL1). In the Fe3+-TPTZ reducing assay, the
ethanol extract of S. siberica showed the highest activity (1.256+0.011
pg mL1). In the enzyme inhibition results, it was determined that all
plants and all extracts inhibited the enzymes studied. As a result of
this study, it was determined that these four medicinal and aromatic
plants have high biological activities.

Crocus cancellatus,

Scilla siberica

Juniperus oxycedrus

Anthriscus nemorosa

Antioxidant and enzyme inhibition

Baz1 Tibbi ve Aromatik Bitki Ekstraktlarimin in vitro Antioksidan, Antikolinerjik ve Antiepileptik
Aktivitelerinin Belirlenmesi

OZET Biyokimya

Crocus cancellatus, Scilla siberica subsp. armena, Juniperus

oxycedrus subsp. oxycedrus ve Anthriscus nemorosa gibi tibbi ve Aragtirma Makalesi
aromatik Dbitkiler birgok farkli biyolojik aktiviteye sahiptir.

Antioksidanlar birgok hastaligin 6nlenmesinde 6nemli rol oynarken, Makale Tarihgesi
metabolik enzimlerin inhibisyonu da bir¢cok hastaligin 6nlenmesinde Gelig Tarihi  :23.04.2024
etkilidir. Bu ¢alismada, dort farkli tibbi ve aromatik bitki tiirtiniin su, Kabul Tarihi :09.08.2024
etanol ve diklorometan ekstraktlarinin antioksidan aktiviteleri 1,1-

difenil-2-pikrilhidrazil (DPPH-) ve 2,20-azino-bis-3- Anahtar Kelimeler

etilbenzthiazoline-6-siilfonik asit (ABTS-*) radikal giderme ve Cu?*,
Fe3* ve Fe3*-TPTZ indirgeme deneyleri ile belirlenmigtir. Enzim
inhibisyon c¢alismalari metabolik enzimler olan asetilkolinesteraz,
butirilkolinesteraz, karbonik anhidraz I ve II izoenzimleri ile
gerceklestirilmigtir. A. nemorosa'min etanol ekstresi DPPH ve ABTS
deneylerinde en yiiksek aktiviteyi gostermistir (ICs0: 17.36 pg mlL1,
ICs0: 7.02 pg mL1). Fe3t indirgeme deneyinde, A. nemorosamin

Crocus cancellatus,

Scilla siberica

Juniperus oxycedrus

Anthriscus nemorosa

Antioksidan ve enzim inhibisyonu
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diklorometan ekstresi en yiiksek aktiviteyi gostermistir (1.96+0.060
pg mL1). Cu?t indirgeme deneyinde, . oxycedrusun diklorometan
ekstresi en yiiksek aktiviteyi géstermistir (1.773+0.066 ug mL1). Fe3+-
TPTZ indirgeme deneyinde, S. sibericanin etanol ekstrakti en yiiksek
aktiviteyi gostermistir (1.256+0.011 pg mL). Enzim inhibisyon

sonuclarinda, tim Dbitkilerin c¢alisilan enzimleri

inhibe ettigi

belirlenmigtir. Bu ¢aligma sonucunda tibbi ve aromatik bitkilerden
olan bu dort bitkinin yiiksek biyolojik aktiviteye sahip oldugu

belirlenmigtir.

Ataf iqin © Yurt, B., Saglamtas, R., demir, Y., Izol, E., Diril, H., & Caglayan, C (2024) Baz1 Aroma_‘gik Bitki Ekstraktlarinin
in vitro Antioksidan, Antikolinerjik ve Antiepileptik Aktivitelerinin Belirlenmesi. KSU Tarim ve Doga Derg 27
(Ek Say1 1), 1-15. DOI: 10.18016/ksutarimdoga.vi.1472403.
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INTRODUCTION

Medicinal and aromatic plants are used in many
different fields and are the subject of scientific studies.
Especially the biological activities they show with their
phytochemical contents are very valuable. They act as
pioneers in the treatment of many diseases and are the
source of drug-active ingredients (Yilmaz et al., 2024;
Izol et al., 2023; Yapic1 and Izol, 2023). In this study,
the biological activities of four important medicinal
and aromatic plants were investigated.

The Crocus has flowers in different colors (Ahouran et
al., 2012). Crocus is a significant traditional medicinal
herb (Abdullaev et al., 2003; Dimitra G et al., 2007;
Fatehi et al., 2003). From Iran, Tirkiye, and Jordan,
the plant Crocus cancellatus is pretty common.
Turkiye is a rich country regarding the Crocus species
(Kandemir, 2010). Crocus cancellatus is called
“Cigdem,” and grows on rocky slopes at an altitude of
50-2400 in the southeastern regions of Turkiye
(Mammadov & Sahranc, 2003; Ontas et al., 2020). This
species' corms are available in local markets and
consumed both cooked and raw (Ahouran et al., 2012).

The geographical range of Scilla Siberica subsp.
armena, an Iranian-Turanian species, includes
Georgia and Tirkiye (Aydin et al, 2023). Scilla
Siberica subsp. armena, (Grossh.) Mordak, known as
“camigkiran” in Tiirkiye (Guner et al., 2012). The bulbs
of S. siberica subsp. armena are sold in Turkish
markets and are used mainly as a garden herb (Aydin
et al., 2023; Ozdemir et al., 2016). This plant grows in
rocky slopes at an altitude of 50-2400 in the
southeastern regions of Tiirkiye (Ozdemir & Yildirim
2016).

Juniperus oxycedrus subsp. oxycedrus is a variable
species, particularly in the distribution range's
western and central parts (Klimko et al., 2007). Folk
medicine uses of Juniperus (Cupressaceae) species are
widespread in developing nations (Orhan et al., 2012).
It is growing on a variety of rocky sites from sea level
up to 1600 m altitude (Orhan et al., 2011). In Tiirkiye,
J. oxycedrus subsp. oxycedrus L. leaf decoction is used

to reduce blood sugar levels (Orhan et al., 2012).

Anthriscus, a member of the Apiaceae family and one
of the fragrant herbs, i1s used therapeutically
throughout the world in traditional medicine
(Karakaya et al., 2019). Anthriscus nemorosa is called
as ‘gimigimi, pegek’ in Tirkiye. Fruits from the A.
nemorosa plant have been used to treat inflammation,
gastrointestinal disorders, and rheumatism (Bagci et
al., 2016; Karakaya et al., 2019; Menemen, 2012). It
grows in groves, rocky slopes, and watery meadows at
an altitude of 500-3200 in all regions of Tiirkiye (Kilic,
2017).

Alzheimer's disease (AD) is a progressive neurological
condition marked by abnormal patient behavior and
cognitive deficits (Giilec et al., 2022; Yasar et al., 2021;
Inci et al., 2023). Reactive oxygen species (ROS) have
reportedly been linked to neuronal damage and
cellular aging. Antioxidants may thereby slow the
development of AD and prevent neuronal damage
(Karagecili et al., 2023a; Demir et al., 2023; Osmaniye
et al,, 2022; Celik et al., 2024). The ability of an
antioxidant meal to suppress the main enzymes
involved in the pathogenesis of AD,
butyrylcholinesterase (BChE) and
acetylcholinesterase (AChE), is advantageous (Izol et
al., 2021; Oztaskin et al., 2022; Izol, 2024; Bursal et al.,
2021).

Carbonic anhydrases (CAs) are metalloenzymes that
help a variety of biological systems produce
bicarbonate and proton from carbon dioxide through a
very straightforward hydration reaction (Karagecili et
al., 2023b; Kaya et al., 2022). They control several
pathological and physiological processes, including the
transfer of COz2 and bicarbonate ions between tissues
involved in metabolism and the lungs, which helps
keep the blood's pH and homeostasis in check (Aggiil
et al., 2020; Buza et al., 2023; Yilmaz et al., 2023). Also,
they are essential for the release of electrolytes from
different tissues, bone resorption, and a few other
biosynthetic processes like ureagenesis, lipogenesis,
and gluconeogenesis (Bayindir et al., 2019; Caglayan
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CA isozymes may be responsible for several important Chemicals

physiological ~advantages against osteoporosis,  Bytyrylthiocholine,  acetylthiocholine,  ethanol,

epilepsy, hypertension, oedema, obesity, glaucoma,
and cardiac hypertrophy (Aggiil et al., 2020; Anil et al.,
2022; Ozer et al., 2022).

Oxygen is an oxidizing agent that is highly reactive
and non-metal and easily forms oxides, unlike other
compounds. It exists in the atmosphere as a more
stable biradical (302) and undergoes a gradual
reduction process (Leyla & Giilgin, 2024; Gulcin, 2020).
ROS are short-lived, active structures that contain
oxygen atoms. Among them, singlet oxygen (10y),
superoxide anion radicals (O2+7), hydrogen peroxide
(H202), hypochlorite ions (ClO’), and hydroperoxyl
radicals (HOO?) are the most abundant. These
molecules are natural byproducts of the known
methanolysis of oxygen and significantly affect the
transmission of cell signals and homeostasis (Apak et
al., 2022; Gulcin, 2020). These molecules have different
half-lives. They are formed as radicals, molecules, and
lons in various biological and chemical processes,
including photosynthesis and the electron transport
chain. ROS and free radicals are formed not only
during metabolism but also due to the effects of various
environmental sources such as exercise, exposure to
chemicals, and sunlight (Durmaz et al., 2022; Kiziltas
et al., 2021). Excessive levels of ROS in tissues and
cells cause various disorders known as oxidative
stress, including neurological and cardiovascular
diseases, cancer, and lung diseases (Erdogan et al.,
2021; Polat Kose & Gulcin 2021). Antioxidants play a
vital role in the human body and food systems,
reducing ROS harmful effects and oxidative processes
(Cakmakci et al, 2015; Gulcin, 2020). Aerobic
organisms have defense systems, including
antioxidant compounds and enzymes to remove and
repair damaged molecules. Cells are protected against
oxidative stress by antioxidant enzyme networks
(Davies, 1995; Gulcin, 2020).

The biological research done on plant extracts supports
most species' traditional applications, but it falls short
of fully supporting rational phytotherapy. Because
there are so many species, physiotherapists continue
looking for fresh sources of biologically active
substances and assessing their pharmacological
activity profiles, primarily based on in vivo and/or in
vitro studies. All these studies must be performed in
conjunction with a multicomponent pattern analysis of
the extracts to evaluate the primary components. So,
in the present study, tri extracts prepared from the
leaves of Crocus cancellatus, Scilla Siberica subsp.
armena, Juniperus oxycedrus subsp. oxycedrus and
Anthriscus nemorosa (M.bieb.) sprengel were
investigated for their AChE, BChE, hCA I, hCAII, and
antioxidant potential.

dichloromethane, BHT, BHA, DPPH, ABTS, trolox,
and a-tocopherol were commercially obtained from
Sigma-Aldrich. The other chemicals were used as
analytical grades.

Plant Material

In this research, four plants (Crocus cancellatus, Scilla
Siberica subsp. armena, Juniperus oxycedrus subsp.
Oxycedrus, and Anthriscus nemorosa (M.bieb.)
sprenge) were obtained from Bingél region, Tiirkiye.
The collected plants were identified in the Herbarium
laboratory of Bingtél University, Department of
Molecular Biology and Genetics, and added to the
herbarium library.

Preparation of Extracts

Three different extracts from dried and ground plants
were prepared separately. Extracts were prepared
using dried herbs (2.5 g) and solvent (50 mL). The
water extract was prepared using the boiling method,
and the other extracts were prepared using the
maceration method. Volatiles were extracted with a
rotary evaporator and stored in the refrigerator until
the study was carried out.

Enzyme Inhibition Assay

AChE and BChE enzyme inhibition studies were
performed wusing Ellman's colorimetric method
(Ellman et al, 1961). Based on this method,
cholinesterases catalyze the breakdown reaction of
ACh or BCh to thiocholine and acetate or butyrate.
DTNB, which is used during inhibition studies, is
formed as a result of the reaction with thiocholine,
which is one of these degradation products, as a yellow
compound, 5-thio-2-nitrobenzoic acid. An inhibition
study was performed by measuring the color intensity
of the colored compound formed at 412 nm.

The study purified both hCA I and II isoenzymes by
Sepharose-4B-L-Tyrosine-sulfanilamide affinity
chromatography. Here, Sepharose-4B-L-Tyrosine-
sulfanilamide is used as an affinity matrix for hCA
isoenzymes. The activity of these isoenzymes is
determined spectrophotometrically as in previous
studies (Caglayan & Gulcin 2018; Gocer & Gulcin
2013). CA isoenzymes are considered to be the units in
which they convert PNP from 348 nm PNA over 3
minutes at 25 °C (Verpoorte et al., 1967).

ICs0 values were calculated by examining the three
extracts (water WE, ethanol EE, and dichloromethane
DME) prepared leaves of Crocus cancellatus, Scilla
Siberica subsp. armena, Juniperus oxycedrus subsp.
oxycedrus and Anthriscus nemorosa (M.bieb.) sprengel
were investigated for their AChE, BChE, hCA I, hCA
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II enzyme activities. For this purpose, enzyme
activities at five different concentrations were
measured spectrophotometrically for all extracts. The
obtained data was drawn using the % activity [extract]
graph. ICs0 values were calculated using the graph.

Antioxidant Activities Assays

DPPH solution was prepared daily and kept in a glass
bottle in the dark (4°C). Plant extracts (1.5 mL) were
dissolved in ethanol and transferred to fresh 500 pL of
DPPH - solution (0.1 M). These mixtures were mixed
vigorously and incubated in the dark for 30 minutes.
Then, their absorbance was recorded
spectrophotometrically at 517 nm (Aras et al., 2016;
Koksal et al., 2009). ABTS* was obtained by reacting
ABTS (7.0 mM) with KS:0s (2.5 mM). ABTS*
scavenging ability of extracts prepared using different
solvents was determined according to the previously
described spectroscopic method (Erdogan et al., 2021).

Fe3*-reducing effects of plant extracts were done in
accordance with Oyaizu’s method (Oyaizu, 1986). Cu2+-
reducing effects of plant extracts were measured
according to a minor modification of Apak et al. (2006)
method (Bursal et al., 2019). The last reduction method
we used, the FRAP method, is based on the
complicated degradation of Fe3*-TPTZ. The increased
absorbance of Fe2+-TPTZ was measured
spectrometrically at 593 nm as described in previous
studies (Gulcin et al., 2019; Polat Kose et al., 2020).

Statistical Analyses

Statistical analyses were performed with SPSS, and p-
values less than 0.05 were considered statistically
significant at a 95% confidence interval. P values for
differences were obtained as a result of a two-way (2x2)
ANOVA analysis. Post-hoc Tukey test was used for
pairwise comparisons.

RESULTS and DISCUSSION
Enzyme Inhibition Studies

Memory loss and other cognitive impairments are the
earliest symptoms of AD, which are thought to be
linked to acetylcholine (ACh) depletion, inflammation,
and oxidative stress. Hence, consumption of
antioxidant-rich vegetables can halt the onset of AD
and neurodegeneration. Inhibiting AChE and BChE
can be significant because it is a cutting-edge
therapeutic strategy for treating neurodegenerative
diseases. In the current study, the activities of the
three extracts (water WE, ethanol EE, and
dichloromethane DME) were prepared from C.
cancellatus and S. Siberica Subsp. Armena, .
oxycedrus subsp. oxycedrus and A. nemorosa were
investigated against AChE and BChE. All extracts
inhibited BChE and AChE in a dose-dependent
manner. 1Cso values, which represent the inhibition
effect of the tested extracts, were determined and are
shown in Table 1.

Cizelge 1. Crocus cancellatus, Scilla Siberica subsp. armena, Juniperus oxycedrus subsp. oxycedrus ve Anthriscus
nemorosa (M.bieb.) spreng yapraklarinin su, etanol ve diklorometan ekstraktlarinin AChE ve BChE icin

ICs0 degerleri

Table 1. ICs0 values of water, ethanol, and dichloromethane extracts leaves of Crocus cancellatus, Scilla Siberica
subsp. Armena, Juniperus oxycedrus subsp. oxycedrus and Anthriscus nemorosa (M.bieb.) spreng for

AChE and BChE
Samples ICs0 (mg mL1)
BChE r2 AChE r2

C. cancellatus DME 63.58 0.9633 18.05 0.9957
C. cancellatus EE 74.52 0.9852 64.77 0.9544
C. cancellatus WE 51.72 0.9911 83.49 0.9815
S. Siberica subsp. armena DME 54.14 0.9392 97.61 0.9679
S. Siberica subsp. armena EE 41.5 0.9314 60.26 0.9839
S. Siberica subsp. armena WE 40.53 0.9601 91.18 0.9282
J. oxycedrus subsp. oxycedrus DME 66.63 0.9715 62.43 0.9950
J. oxycedrus subsp. oxycedrus EE 72.19 0.9943 60.79 0.9884
J. oxycedrus subsp. oxycedrus WE 31.5 0.9315 72.95 0.9819
A. nemorosa (M.bieb.) spreng DME 35.72 0.9649 17.46 0.9900
A. nemorosa (M.bieb.) spreng EE 15.4 0.9888 7.71 0.9139
A. nemorosa (M.bieb.) spreng WE 47.47 0.9719 38.72 0.9303

The studied plant extract demonstrated concentration-
dependent inhibition of AChE, with activity ranging
from 15.40 mg mL?! to 74.52 mg mL!. The AChE-
inhibitory capacity of studied plant extracts is in the
following order: A. nemorosa (M.bieb.) Spreng. EE
(ICs0, 15.40 mg mL1, r2 0.9888)> J. oxycedrus subsp.

oxycedrus WE (ICso, 31.50 mg mL7, r% 0.9315) > A.
nemorosa (M.bieb.) Spreng. DME (ICso, 35.72 mg mL-
1 r2: 0.9649) > S, Siberica Subsp. armena WE (ICso,
40.53 mg mL1, r2: 0.9601) > S. Siberica Subsp. armena
EE (ICs0, 41.50 mg mL71, r2: 0.9314) > A. nemorosa
(M.bieb.) Spreng WE (ICso, 47.47 mg mL1, r2 0.9719)
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> C. cancellatus WE (ICs0, 51.72 mg mL1, r2: 0.9911) >
S. Siberica Subsp. armena DME (ICso, 54.14 mg mL1,
r2: 0.9392) > C. cancellatus DME (ICso, 63.58 mg mL1,
r2: 0.9633) > J. oxycedrus subsp. oxycedrus DME (ICso,
66.63 mg mL1, r2 0.9715) > J. oxycedrus subsp.
oxycedrus EE (ICs0, 72.19 mg mL1, r2 0.9943) > C.
cancellatus EE (ICso, 74.52 mg mL1, r2: 0.9852).

The concentration-dependent AChE inhibition effect of
the WE of C. cancellatus, S. Siberica Subsp. Armena,
and J. oxycedrus subsp. oxycedrus leaves were shown,
to be higher than that of EE and DME. On the other
hand, the AChE inhibition effect of the EE A. nemorosa
(M.bieb.) Spreng. was shown, to be higher than that of
WE and DME. The EE and WE AChE inhibition effects
of S. Siberica Subsp. Armena plants were almost close
to each other.

The studied plant extract demonstrated concentration-
dependent inhibition of BChE, with activity ranging
from 7.71 mg mL1! to 97.61 mg mL! The BChE-
inhibitory capacity of studied plant extracts is in the
following order: A. nemorosa (M.bieb.) Spreng. EE
(ICs0, 7.71 mg mL1, r2: 0.9139) > A. nemorosa (M.bieb.)
Spreng. DME (ICso, 17.46 mg mL, r2: 0.9900) > C.
cancellatus DME (ICso, 18.05 mg mL1, r2: 0.9957) > A.
nemorosa (M.bieb.) Spreng. WE (ICso, 38.72 mg mL1,
r2: 0.9303) > S. Siberica Subsp. armena EE (ICso, 60.26
mg mL71, r2: 0.9839) = J. oxycedrus subsp. oxycedrus
EE (ICs0, 60.79 mg mL!, r2 0.9884) > J. oxycedrus
subsp. oxycedrus DME (ICso0, 62.43 mg mL1, r2: 0.9950)
> C cancellatus EE (ICso, 64.77 mg mL1, r2: 0.9544) >
J. oxycedrus subsp. oxycedrus WE (ICso, 72.95 mg mL
1 y2: 0.9819) > C. cancellatus WE (ICso, 83.49 mg mL-
1 r2: 0.9815) > S. Siberica Subsp. armena WE (ICso,
91.18 mg mL1, r2: 0.9282) > S. Siberica Subsp. armena
DME (ICs, 97.61 mg mL?, r2 0.9679). The
concentration-dependent BChE inhibition effect of the
EE of studied all plant leaves was shown, to be higher
than that of WE and DME. When the results of this
study were compared, C. cancellatus DME inhibited
BChE enzyme 3.52 times more than AChE enzyme and
A. nemorosa (M.bieb.) Spreng. DME inhibited 2.04
more. A. nemorosa (M.bieb.) Spreng. EE showed the
best inhibition effect on the activity of both AChE and
BChE enzymes. J. oxycedrus subsp. oxycedrus DME
inhibited the two cholinesterase enzymes studied at
close values.

As this is the first study to examine four plants using
AChE and BChE enzymes, the data provided here
cannot be compared to the literature currently in use.
Studies on other species of these plants for AChE and
BChE enzymes are available in the literature. For
instance, Menghini et al. (2018) studied the effect of C.
sativus L. Stigmas extract on AChE and BChE
enzymes. This plant inhibited AChE and BChE
enzymes with 2.51 + 0.18 for AChE and 3.44 + 0.13
galantamine equivalents g1 extract for BChE.
Linardaki et al. (2017) investigated the neurotoxic

effects of aflatoxin B1 and the preventive effects of C.
sativus. They tested the activity of AChE and BChE in
the liver, cerebellum, and whole brain. They showed
that pretreatment of aflatoxin B1-exposed mice with C.
sativus infusion resulted in even lower activity in
brain, cerebellar and liver AChE, while higher activity
in brain BChE enzyme compared to aflatoxin B1-
exposed mice. A. nemorosa essential oil was tested by
Bagci et al. (2016) on rats given scopolamine to see how
it affected their memory functions, anxiety levels, and
depressive-like behaviours. Oztiirk et al. (2011) looked
at AChE and BChE enzyme inhibition effects by
preparing acetone methanol and hexane extract of /.
oxycedrus subsp. oxycedrus plant. It was found to be
the hexane extract of this plant, having 81.40%
inhibition at 200 mg mL! against AChE. Hexane
extract of this plant showed 95.75% inhibition against
BChE.

One of the most popular and effective mechanisms for
regulating pH in all biological systems is the CAs.
(Aktas et al., 2022). These enzymes are involved in
numerous other biochemical and physiological
processes; therefore, they are not just pH regulators.
In clinical practice or as pharmacological tools, most
CA 1inhibitors and activators are synthetic derivatives
developed over time through conventional drug design
campaigns from synthetic lead molecules (Hamide et
al., 2022; Zengin et al.,, 2023). Yet, research into
several natural items' CA inhibitory effects has also
begun over the past ten years. This has resulted in
substantial advancements in the field (Tugrak et al.,
2021). All extracts inhibited hCA I and hCA II in a
dose-dependent manner. ICso0 values, which represent
the inhibition effect of the tested extracts, were
determined and are shown in Table 2.

In this study, the plant extract demonstrated
concentration-dependent inhibition of hCA I, with
activity ranging from 14.59 mg mL1 to 68.61 mg mL1,
The hCA T inhibitory capacity of studied plant extracts
in the following order: C. cancellatus DME (ICso, 14.59
mg mL1, r2 0.9752)> J. oxycedrus subsp. oxycedrus
DME (ICso, 22.79 mg mL1, r2: 0.9671) > A. nemorosa
(M.bieb.) Spreng. EE (ICs0, 26.55 mg mL1, r2:0.9304) =
C. cancellatus EE (ICso, 26.55 mg mL1, r2: 0.9808)> A.
nemorosa (M.bieb.) Spreng. WE (ICso0, 27.50 mg mL1,
r2 0.9698)> S. Siberica subsp. armena DME (ICso,
34.85 mg mL1, r2: 0.9543) > S. Siberica subsp. armena
WE (ICs0, 36.09 mg mL1, r2 0.9420) > S. Siberica
subsp. armena EE (ICso, 41.75 mg mL'1, v2: 0.9343) > J.
oxycedrus subsp. oxycedrus EE (ICs0, 52.90 mg mL1,
r2: 0.9247) > A. nemorosa (M.bieb.) Spreng. DME (ICso,
53.31 mg mL71, r2 0.9443)> J. oxycedrus subsp.
oxycedrus WE (ICso, 61.87 mg mL, r2 0.9244) > C.
cancellatus WE (ICso, 68.61 mg mL1, r2: 0.9609). The
concentration-dependent hCA I inhibition effect of the
DME of C. cancellatus, S. Siberica subsp. armena and
J. oxycedrus subsp. oxycedrusleaves were shown, to be
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higher than that of WE and EE. On the other hand, the
order of inhibition in the leaves of A. nemorosa
(M.bieb.) spreng. Is in the form of EE >WE > DME.
DME extract of C. cancellatus inhibited hCA I enzyme
4.7 times more than WE. C. cancellatus and A.
nemorosa EE inhibited the hCA I enzyme at the same
rate. DME extract J. oxycedrus subsp. oxycedrus
inhibited hCA I enzyme 2.71 times more than WE.

In the current study, the studied plant extract
demonstrated concentration-dependent inhibition of
hCA 1II, with activity ranging from 8.14 mg mL? to
48.80 mg mL1. The HCA II inhibitory effect of studied
plant extracts in the following order: S. Siberica Subsp.
armena WE (ICso, 8.14 mg mL?1, r2 0.9557) > S

Siberica Subsp. armena EE (ICso, 12.63 mg mL1, r
0.9215) > C. cancellatus WE (ICso, 14.23 mg mL1, r2
0.9468) > S. Siberica Subsp. armena DME (ICso, 14.53
mg mL71, r2: 0.9716) > J. oxycedrus subsp. oxycedrus
EE (ICs0, 14.78 mg mL1, r% 0.9631) > C. cancellatus
EE (ICs0, 18.53 mg mL, r2 0.9936) > J. oxycedrus
subsp. oxycedrus DME (ICso, 19.41 mg mL71, r
0.9708)> A. nemorosa (M.bieb.) Spreng. EE (ICs0, 27.18
mg mL1, r2:0.9341)> A. nemorosa (M.bieb.) Spreng.
WE (ICs0, 30.26 mg mL1, r% 0.9859)> C. cancellatus
DME (ICso0, 30.80 mg mL, r% 0.9346)> A. nemorosa
(M.bieb.) Spreng. DME (ICs0, 35.18 mg mL1, rZ
0.9887)> J. oxycedrus subsp. oxycedrus WE (ICso,
48.80 mg mL1, r2 0.9139).

Cizelge 2. Crocus cancellatus, Scilla siberica subsp. armena, Juniperus oxycedrus subsp. oxycedrus ve Anthriscus
nemorosa (M.bieb.) spreng yapraklarinin su, etanol ve diklorometan ekstraktlarinin hCA I ve hCA II i¢cin

ICs0 degerleri

Table 2. ICso values of water, ethanol, and dichloromethane extracts leaves of Crocus cancellatus, Scilla siberica
subsp. armena, Juniperus oxycedrus subsp. oxycedrus and Anthriscus nemorosa (M.bieb.) spreng for

hCA I and hCA I
Samples I1Cs0 (mg mlL1)
hCA I r2 hCAII r2

C. cancellatus DME 14.59 0.9752 30.8 0.9346
C. cancellatus EE 26.55 0.9808 18.53 0.9936
C. cancellatus WE 68.61 0.9609 14.23 0.9468
S. Siberica subsp. armena DME 34.85 0.9543 14.53 0.9716
S. Siberica subsp. armena EE 41.75 0.9343 12.63 0.9215
S. Siberica subsp. armena WE 36.09 0.9420 8.14 0.9557
J. oxycedrus subsp. oxycedrus DME 22.79 0.9671 19.41 0.9708
oJ. oxycedrus subsp. oxycedrus EE 52.90 0.9247 14.78 0.9631
J. oxycedrus subsp. oxycedrus WE 61.87 0.9244 48.80 0.9139
A. nemorosa (M.bieb.) spreng DME 53.31 0.9443 35.18 0.9887
A. nemorosa (M. bieb.) spreng EE 26.55 0.9304 27.18 0.9341
A. nemorosa (M. bieb.) spreng WE 27.5 0.9698 30.26 0.9859

Some studies in the literature include the effects of the
plants studied in this study on the activities of other
enzymes. Loizzo et al. (2016) studied C. cancellatus
subsp. damascenus extract inhibited a-glycosidase and
a-amylase. The ICs0 values of 68.6 for a-glycosidase
and 57.1 pg/mL for a-amylase were
determined. Another study examined the a-glycosidase
and a-amylase inhibitory effect of'Scilla siberica subsp.
armena corm, flower, and leaf methanolic extracts. The
flower extract displayed no inhibition against a-
amylase as well as a-glycosidase inhibitory effect with
an ICso value of 5239 ug mL1. Blue pollen, leaf, and
Corm extracts showed no inhibition against a-
glycosidase and a-amylase enzymes (Aydin et al.,
2023).

Antioxidant Results

In this section, water, ethanol, and dichloromethane
extracts of the leaves of Crocus cancellatus, Scilla
Siberica subsp. armena, Juniperus oxycedrus subsp.
oxycedrus and Anthriscus nemorosa (M.bieb.)

Sprengel was prepared, and studies to determine the
antioxidant capacities of these extracts were included.
The ABTS+* and DPPH-+ methods were used to
determine how antioxidant plant extracts work and
measure their ability to eliminate free radicals. In
addition, the reduction capacity of copper ions (Cu?*) to
copper ions (Cu*), the reduction capacity of ferric ions
(Fe3*) to iron ions (Fe2*), and the reduction capacity of
Fe3+-TPTZ by the FRAP method were determined by
different methods. Comparisons were made with
synthetic and standard antioxidants such as BHA,
BHT, a-tocopherol, and the a-tocopherol analogue
Trolox.

Determination of Radical Scavenging Effects

The ABTS*+ and DPPH* scavenging procedures are
remarkable due to their rapidity, simplicity,
sensitivity, and reproducibility (Aras et al 2016; Gulcin
2020). The DPPH+ method is based on the DPPH-
scavenging percentage of antioxidants in the plant
extract. DPPH* has a dark blue colour and is a long-
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lived nitrogen radical species capable of dimerization
(Gulcin, 2020). This method was first reported as a
decolourization assay by Blois (1958). Today, DPPH -
is generally known as a reagent used to determine
antioxidants' free radical scavenging activity. This
molecule shows maximum absorbance at 517 nm
(Bursal et al., 2020; Gulcin, 2020; Tirkan et al., 2020).
The difference between control values and different
concentrations (10-30 pg mL1) of plant extracts was
found to be statistically significant (p <0.01). The ICso
values of the extracts were between 19.86 and 38.93 ug
mL1, and the values of the water extracts were higher
than the others. The ICso values of the standards were
calculated as 7.3 (2 0.9733) for Trolox and 8.35 (r2:
0.9823) for a-tocopherol (Table 3, Figure 1). The DPPH
radical scavenging capacities of the studied plant
extracts are in the following order: A. nemorosa
(M.bieb.) Spreng EE (I1C50:17.36,r2:0.9513)> S. Siberica
Subsp. armena DME (IC50:19.86, r20.9555) > A.
nemorosa (M.bieb.) Spreng DME  (ICs50:20.2,
r2:0.9053)> J. oxycedrus subsp. Oxycedrus DME
(IC50:27.18, r2:0.9247) > S. Siberica Subsp. armena EE
(IC50:28.17, r2:0.9107) > S. Siberica Subsp. armena W E
(IC50:29.12, 1r2:0.9549)> C. cancellatus EE (IC50:30.13,
r2:0.9417) > J. oxycedrus subsp. Oxycedrus EE
(IC50:32.54, 1r2:0.9420) > C. cancellatus DMFE
(EC50:33.31, r2:0.9552)~ C. cancellatus WE (1C50:33.97,
r2:0.9631) > A. nemorosa (M.bieb.) spreng WE
(IC50:34.48, r2:0.9366)> J. oxycedrus subsp. Oxycedrus

WE (IC50:38.93, 12:0.9556). The current study
determined that extracts obtained from C. cancellatus
had relatively higher ICs0 values than other plants.

ABTS radical scavenging method is one of the different
radical scavenging methods used to measure the
antioxidant activities of extracts, pure substances, and
food products (Gulcin, 2020). It can be easily applied as
a spectrophotometric analysis method. It facilitates its
use for routine screening and detection. ABTS+* is
generally obtained by the oxidation of ABTS with
K2S20s (Giilcin, 2012). The ABTS -+ radical can react
rapidly with antioxidants and is easily used to
determine the antioxidant effects of various food
products and plant extracts, where it is effective over
a wide pH range (Gulcin, 2020; Giiven et al., 2023). For
the ABTS radical scavenging method, control values
and different concentrations of plant extracts (10-30 pg
mL1) were studied, and the difference between the
plant extracts was found to be statistically significant
(p<0.01). The ICso values of the extracts were between
7.02-84.51 pg mL1!, and the values of the water
extracts were higher than the other extracts in this
method, as in the DPPH radical scavenging method.
The ICs0 values of the standards were calculated as
7.06 (22 0.9420) for Trolox, 9.62 (r2: 0.9683) for a-
tocopherol, 5.2 (r2: 0.9869) for BHA, and 9.68 (r2:
0.9465) for BHT (Table 3, Figure 2).

Cizelge 3. Crocus cancellatus, Scilla Siberica subsp. armena, Juniperus oxycedrus subsp. oxycedrus ve Anthriscus
nemorosa (M.bieb.) spreng yapraklarinin su, etanol ve diklorometan ekstraktlarinin DPPH", ABTS +
siipiirme aktiviteleri ve standart antioksidanlar icin ICso (ng mL1) degerleri.

Table 3. ICs50 (ug mL) values for DPPH +, ABTS + scavenging activities of water, ethanol, and dichloromethane
extracts leaves of Crocus cancellatus, Scilla siberica subsp. armena, Juniperus oxycedrus subsp.
oxycedrus and Anthriscus nemorosa (M.bieb.) spring and of standard antioxidants.

Antioxidants and Samples DPPH" Scavenging ABTS + Scavenging
1Cs0 r2 ICso0 r2

BHA 11.57 0.9517 5.2 0.9869
BHT 18.05 0.9804 9.68 0.9645
Trolox 7.3 0.9733 9.62 0.9683
a-Tocopherol 8.35 0.9823 7.06 0.9420
C. cancellatus EE 30.13 0.9417 31.94 0.9707
C. cancellatus DME 33.31 0.9552 35.18 0.9710
C. cancellatus WE 33.97 0.9631 52.5 0.9939
S. Siberica subsp. armena EE 28.17 0.9107 12.07 0.9942
S. Siberica subsp. armena DME 19.86 0.9555 15 0.9650
S. Siberica subsp. armena WE 29.12 0.9549 18.33 0.9742
J. oxycedrus subsp. oxycedrus EE 32.54 0.9420 77 0.9170
J. oxycedrus subsp. oxycedrus DME 27.18 0.9247 64.17 0.9530
J. oxycedrus subsp. oxycedrus WE 38.93 0.9556 84.51 0:9997
A. nemorosa (M.bieb.) spreng EE 17.36 0.9513 7.02 0.9898
A. nemorosa (M.bieb.) spreng DME 20.2 0.9053 18.93 0.9671
A. nemorosa (M.bieb.) spreng WE 34.48 0.9366 26.86 0.9543

The results show significant differences (p<0.05) in post-hoc comparisons between different groups.
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Figure 2. Radical scavenging effects of extracts (ABTS" scavenging effects)

The ABTS radical scavenging capacities of the studied DME (IC50:15.0, r2:0.9650) > S. Siberica subsp. armena
plant extracts are in the following order: A. nemorosa WE (IC50:18.33, r2:0.9742)~ A. nemorosa (M.bieb.)

(M.bieb.) spring spreng DME (IC50:18.93, r2:0.9671)> A. nemorosa
EE (IC50:7.02, 1%0,9898)> S. Siberica subsp. armena ~ (Mbieb) spreng WE (IC50:26.86, r20.9543)> C.
EE (IC50:12.07, r2:0.9942)> S, Siberica subsp. armena cancellatus EE (IC50:31.94, r2:0.9707)> C. cancellatus

DME (IC50:35.18, r20.9710)> C. cancellatus WE
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(IC50:52.5, r2:0.9939)> J. oxycedrus subsp. oxycedrus
DME (ICs50:64.17, r2:0.9530)> J. oxycedrus subsp.
oxycedrus EE (IC50:77, r2:0.9170)> J. oxycedrus subsp.
oxycedrus WE (ICs50:84.51, r2:0.9997). The current
study determined that extracts obtained from /.
oxycedrus subsp. Oxycedrus had higher ICso values
than extracts from other plants. In the ABTS radical
scavenging method, as in the DPPH method, it was
determined that the extracts of the A. nemorosa
(M.bieb.) spring plant had the lowest ICso value.

A previous study reported that the root CH2Cl: fraction
of Anthriscus nemorosa, root essential oil, and the
main compound a-pinene found in the root essential oil
have antioxidant capacity (Karakaya et al., 2019).
Another study on the branches and fruits of different
Juniperus species reported that different extracts had
DPPH and ABTS radical scavenging properties, and
their total antioxidant capacity was relatively high
(Gok et al., 2021). Taviano et al. (2011) examined the
antioxidant potential of water and methanol extracts
of branches of Juniperus species (J. oxycedrus subsp.
macrocarpa, J. communis var. communis, J. drupacea,
J. communis var. saxatilis and J. oxycedrus subsp.
oxycedrus). They reported that J. oxycedrus subsp.
Extracts had high DPHH scavenging activity.

Determination of Reducing Capacities

The reducing activity of water, ethanol, and
dichloromethane extracts leaves of Crocus cancellatus,
Scilla siberica subsp. armena, Juniperus oxycedrus
subsp. oxycedrus and Anthriscus nemorosa (M.bieb.)
spring was evaluated by measuring their ability to
reduce Fe3* to Fe2+*. Compounds with functional groups
such as -OH, -SH, and -COOH, essential electron donor
groups found in plant extracts, are greatly important
in reducing capacity. Fe3* reduction abilities prepared
with different solvents were determined. Plant
extracts made with various solvents have been shown
to have beneficial reducing effects by lowering ferric
lons when categorized using standard criteria like
BHT, Trolox, BHA, and a-Tocopherol. As seen in Table
4 and Figure 3, the Fe3* reducing the ability of the
extracts at 30pg/mL concentration showed absorbance
in the range of 0.863-1.960 at 700 nm. Compared to
standard antioxidants, the results obtained from this
test showed that A. nemorosa (M.bieb.) spring DME,
A. nemorosa (M.bieb.) spring EE, and J. oxycedrus
subsp. oxycedrus DME, S. Siberica subsp. armena EE,
A. nemorosa (M.bieb.) spreng WE, J. oxycedrus subsp.
oxycedrus EE was found to have a very effective Fe3+-
reducing ability, and other extracts were found to have
a close to moderate effect on a-Tocopherol and Trolox
values.

The copper ions (Cu2*) reducing capacity (CUPRAC)
method was first developed and used by Apak's
working group (Apak et al., 2006), and this CUPRAC
reagent is stable and easily accessible compared to

chromogenic radical reagents. The method has been
applied to various matrices containing both
hydrophilic and lipophilic antioxidants, and positive
results have been obtained. The method is based on the
reduction of Cu?t to Cu* or neocuproine (2,9-dimethyl-
1,10-phenanthroline) via polyphenols in the aqueous
ethanolic medium (Gulcin, 2020). In this method, the
copper-reducing capacities of water, ethanol, and
dichloromethane extracts of the leaves of Crocus
cancellatus, Scilla Siberica subsp. armena, Juniperus
oxycedrus subsp. oxycedrus and Anthriscus nemorosa
(M.bieb.) spring were determined to be between 1.02
and 1.773 absorbances at 30 ug mL? concentration.
CUPRAC of the examined plant extracts and standard
antioxidants are as follows: BHA (As0: 2.459+0.027,
r20.9904)>BHT (A0 1.975£0.091, 12:0.9422)> J.
oxycedrus subsp. oxycedrus DME (\s50: 1.773+0.066,
r2:0.9084)> S Siberica subsp. armena DME (Ass0:
1.74+0.003, r2:0.9354)> J. oxycedrus subsp. oxycedrus
EE (500 1.598+0.095, r2:0.9221)> C. cancellatus DME
(\s0° 1.481+0.016, r2:0.9188) > A. nemorosa (M.bieb.)
spreng EE (A450:1.436+0.032, r2:0.9457)> A. nemorosa
(M.bieb.) spreng DME (\450:1.31+0.036, r2:0.9706)> S.
siberica subsp. armena EE (\450:1.303+0.055, r2:9962)>
A. nemorosa (M.bieb.) spreng WE (A450:1.133+0.028,
r2:0.9543)> S. siberica subsp. armena WE
(\450:1.204£0.020, 12:0.9739)> C. -cancellatus EE
(A450:1.195+0.015, r2:0.9245) > J. oxycedrus subsp.
oxycedrus WE  (\450:1.037+0.003, 12:0.9653)~ C.
cancellatus WE (A450:1.020+0.03, 12:0.9479) > «
Tocopherol (A450:1.014+0.054, r2:0.9287)>
Trolox(A450:0.987+0.007, r2:0.9663). When the results
were examined, it was determined that plant extracts
had better results than standard antioxidants, a-
Tocopherol and Trolox.

Ferric reducing antioxidant power (FRAP assay) is
known as a method based on measuring the reduction
of ferric ions (Fe3*)-ligand complex by antioxidants in
an acidic environment to intense, blue-coloured iron
ions (Fe?*) complex (Gulcin, 2020). This method was
first used to analyze plasma assays and then began to
be used in various places, including various biological
fluids, plant extracts, foods, and beverages (Elmastas
et al., 2006; Giilcin, 2012). In this method, Ferric
reduced antioxidant power capacities (FRAP) of water,
ethanol, and dichloromethane extracts of the leaves of
Crocus cancellatus, Scilla Siberica subsp. armena,
Juniperus oxycedrus subsp. oxycedrus and Anthriscus
nemorosa (M.bieb.) Sprengel was determined to be
between 0.529 and 1.256 absorbances at 30 pg mL!
concentration (Table 4, Figure 5). FRAP of the
examined plant extracts and standard antioxidants
are as follows: BHA (As03: 1.635+0.038, r2:0.9227) >
Trolox  (A503:1.443+0.020, r20.9603) ~ BHT
(A593:1.441+0.0086, r2:0.9202) > a-Tocopherol
(A593:1.380+0.072, r2:0.9784)> S. Siberica subsp.
armena EE (\503:1.256+0.011, r2:0.9554)> J. oxycedrus
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subsp. oxycedrus DME (A593:1.217+0.030, r2:0.9623) >
A. nemorosa (M.bieb.) spreng DME (A593:1.185+0.012,
r2:0.9884)> A. nemorosa (M.bieb.) spreng EE
(A593:1.163+£0.015, 1r2:0.9912)> S. siberica subsp.

Cizelge 4. Crocus cancellatus, Scilla siberica subsp. armena, Juniperus oxycedrus subsp. oxycedrus ve Anthriscus
nemorosa (M.bieb.) spreng yapraklarmmin su, etanol ve diklorometan ekstraktlarinin ve standart

armena DME  (A503:1.040+0.014,
oxycedrus subsp. oxycedrus EE (\593:0.956+0.041,
r2:0.9533)> S. Siberica Subsp. armena WE

antioksidanlarin (30 pg mL1) Fe3*, Cu2* indirgeme ve FRAP aktiviteleri

Table 4. Fe’*, Cu?*-reducing, and FRAP activities of water, ethanol, and dichloromethane extracts leaves of Crocus
cancellatus, Scilla siberica subsp. armena, Juniperus oxycedrus subsp. oxycedrus and Anthriscus

nemorosa (M.bieb.) spring and of standard antioxidants (30 ug mL™)

r2:0.9059)>

Antioxidants and Samples Fe3* reducing Cu?* reducing Fe3+-TPTZ reducing
A700 r2 A450 r2 | Aso3 r2

BHA 2.372+0.020 0.9403 | 2.459+0.027 0.9904 | 1.635+0.038 0.9227
BHT 2.151+0.147 0.96 1.975+0.091 0.9422 | 1.441+0.006 0.9202
Trolox 1.449+0.047 0.9907 | 1.014+0.054 0.9287 | 1.380+£0.072 0.9784
a-Tocopherol 1.504+£0.016 0.9766 | 0.987+0.007 0.9663 | 1.443+0.020 0.9603
C. cancellatus EE 1.197+0.017 0.9891 | 1.195+0.015 0.9245 | 0.622+0.005 0.9333
C. cancellatus DME 1.5632+0.060 0.9829 | 1.481+0.016 0.9188 | 0.564+0.022 0.9607
C. cancellatus WE 1.379+0.046 0.927 1.02+0.03 0.9479 | 0.529+0.018 0.9567
S. Siberica subsp. armena EE 1.747+0.039 0.9371 | 1.303+£0.055 0.9962 | 1.256+0.011 0.9554
S. Siberica subsp. armena DME 0.988+0.017 0.9556 | 1.74+0.003  0.9354 | 1.040+0.014 0.9059
S. Siberica subsp. armena WE 0.863+0.015 0.9329 | 1.204+0.020 0.9739 | 0.915+£0.005 0.9525
J. oxycedrus subsp. oxycedrus EE 1.716+£0.028 0.9488 | 1.598+0.095 0.9221 | 0.956+0.041 0.9533
J. oxycedrus subsp. oxycedrus DME  1.886+0.015 0.9347 | 1.773+0.066 0.9084 | 1.217+0.030 0.9623
J. oxycedrus subsp. oxycedrus WE 1.058+0.040 0.9605 | 1.037+0.003 0.9653 | 0.854+0.033 0.9693
A. nemorosa (M.bieb.) spreng EE 1.94+0.062  0.9211 | 1.436+0.032 0.9457 | 1.163+0.015 0.9912
A. nemorosa (M.bieb.) spreng DME 1.96+£0.060  0.9596 | 1.31+0.036  0.9706 | 1.185+0.012 0.9884
A. nemorosa (M.bieb.) spreng WE 1.744+0.040 0.9842 | 1.133+0.028 0.9543 | 0.867+0.028 0.95

The results show significant differences (p<0.05) in post-hoc comparisons between different groups.
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Figure 3. Antioxidant activities of extracts (Fe3* reducing activity)
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(A593:0.915+0.005, r2:0.9525)> A. nemorosa (M.bieb.)
spreng WE (A593:0.867+0.028, r2:0.9500)> J. oxycedrus
subsp. oxycedrus WE (A593:0.854+0.033, r2:0.9693)> C.
cancellatus EE  (A593:0.622+£0.005, r2:0.9333)> C.
cancellatus DME (A503:0.564+0.022, 12:0.9607)> C.
cancellatus WE (A593:0.529+0.018, r2:0.95).
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CONCLUSION

This study was designed to reveal the health benefits
of plants. In the study, four plants (Crocus cancellatus,
Scilla siberica subsp. armena, Juniperus oxycedrus
subsp. oxycedrus and Anthriscus nemorosa (M.bieb.)
sprenge) used in different ways in our country and
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many regions were used, and water, ethanol, and
dichloromethane extracts of these plants were
prepared. It was decided that the phenolics and
flavonoids in the ethanol and dichloromethane extracts
were what made them so good at reducing and
scavenging radicals. It was also observed that the
prepared extracts exhibited significant biological
effects on critical metabolic enzymes, and in general,
DME and EE fractions had significant inhibitory
effects on enzyme activity. However, further research
is needed to identify the phenolic active constituents
that are among the main drivers of antioxidant activity
and to evaluate their mechanisms of action 1n vivo.
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ABSTRACT Biochemistry

13 species of Gundelia species plants are endemic in Turkiye and are

frequently used by the public for both nutrition and medicinal Research Article
objectives. In this study, three parts (flower, leaf, and stem) of three

species of Gundelia (G.dersim, G.glabra, and G.munzurensis) were Article History
biochemically investigated. DPPH and ABTS analyses for antioxidant Received: 08.05.2024
activity were performed on methanol extracts of plant parts. As a Accepted: 01.08.2024
result of both analyses in parallel, the flower part of G.munzurensis

had the highest %Inhibition value (DPPH:91.85+0.78; ABTS:97.38+0) Keywords

(P<0.001). In total phenolic (29.09 mg GAE/g) and total flavonoid (5.59 Gundelia

mg CE/g) measurements, the highest amount was found statistically Antioxidant activity
quite significant (P<0.001) in the leaf part of G.munzurensis. Gallic, Fatty acids

vanillic, ferulic, romantic, and cinnamic acids, which are phenolic Vitamins

acids and of the flavonoids, rutin, catechin, naringin, and naringenin, Phenolic acids

were determined in all plant parts. Vitamin D3, alpha-tocopherol,
ergosterol, stigmasterol, and beta-sterol were detected in parts of all
plant species. While palmitic (16:0), palmitoleic (16:1), stearic (18:0),
oleic (18:1), linoleic (18:2), and linolenic (18:3) fatty acids as the main
fatty acids were detected in all parts of the three Gundelia species,
lauric (12:0), tridecanoic (13:0), myristic (14:0), pentadecanoic (15:0),
cis-10-pentadecanoic (15:1), heptadecanoic (17:0), cis-10-
heptadecanoic (17:1), and eicosanoid (21:0) acids were also identified
at different concentrations. Considering the biochemical properties of
Glundelia species, it shows that they can be consumed as food and also
used pharmacologically.

Tirkiyenin Dogu Anadolu Bolgesinde Yetigen Uc¢ Gundelia Tiriniin Cigek, Yaprak ve Govde
Kisimlarinin Biyokimyasal Acidan Incelenmesi

OZET Biyokimya

Turkiye’'de yayilis gosteren Gundelia L. cinsine ait 13 takson endemik

olup halk tarafindan hem beslenme hem de tibbi amaglarla siklikla Aragtirma Makalesi
kullanilmaktadir. Bu calismada Gundelia'ya ait ii¢ tiire (G.dersim, . .

G.glabra ve G.munzurensis) ait iic kisim (cicek, yaprak ve govde) Makale Ta r.1h(;e‘s1
biyokimyasal olarak incelenmistir. Antioksidan aktiviteye yonelik  Cels Tarihi - :08.05.2024
DPPH ve ABTS analizleri bitki parcalarmin metanol ekstraktlarinda ~ <aPul Tarihi - 01.08.2024
yapildi. Her iki analizin paralel olarak yapilmasi sonucunda .
G.munzurensisin ¢icek kismi en yiiksek % Inhibisyon degerine sahip grll;}ia]f aKehmeler
olmustur (DPPH:91.85+0.78; ABTS:97.38+0) (P<0.001). Toplam Antioksidan aktivite
fenolik (29.09 mg GAE/g) ve toplam flavonoid (5.59 mg CE/g) Yag asitleri
6lcimlerinde en yiksek miktar G.munzurensisin yaprak kisminda Vitaminler
istatistiksel olarak olduk¢a anlamli (P<0.001) bulunmustur. Fenolik Fenolik asitler
asitlerden gallik, vanilik, ferulik, rosmanirik ve sinnamik asitler ile

flavonoidlerden rutin, katesin, naringin ve naringenin tim bitki
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kisimlarinda tespit edilmistir. Tiim bitki turlerinin bazi kistmlarinda
D3 vitamini, alfa-tokoferol, ergosterol, stigmasterol ve beta-sterol
tespit edildi. Baglica yag asitleri palmitik (16:0), palmitoleik (16:1),
stearik (18:0), oleik (18:1), linoleik (18:2) ve linolenik (18:3) yag
asitleridir. laurik (12:0), tridekanoik (13:0), miristik (14:0),
pentadekanoik (15:0), cis-10-pentadekanoik (15:1), ¢ Gundelia
tiirtiniin tiim kistmlarinda tespit edildi. heptadekanoik (17:0), cis-10-
heptadekanoik (17:1) ve henikosanoik (21:0) asitler de farkh
konsantrasyonlarda tanimlandi. Gundelia tirlerinin biyokimyasal

ozellikleri

dikkate alindiginda gida olarak tiiketilebildigi gibi

farmakolojik olarak da kullanilabilecegini gostermektedir.
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INTRODUCTION

The genus Gundelia belongs to the Asteraceae family
and is called "kenger" in Anatolia. With systematic
studies, it has been found that the genus Gundelia is
exemplified by 17 taxa in Tirkiye and 13 of them are
reported to be endemic (Ertas et al., 2021). Gundelia
species are widely consumed by the public. It is also
used for medical objectives for the treatment of many
ailments such as liver, diabetes, heart, respiratory,
and stomach pain (Ertas et al., 2021). G. dersim and G.
munzurensis species discovered by Vitek et al. (2017)
and G. glabra Mill species showed similar dispersion
in the Tunceli province of Tiirkiye (Mikail et al., 2021).
Comparative biochemical studies of these three species
are important because the public frequently uses them
for food and medical purposes and because they are
similar. Besides, it was stated that species in
ecologically different environments are important in
point of biochemical studies (Mikail et al., 2021).

According to the literature review, Gundelia
tournefortii L. was the most studied in detail among
the Gundelia species (Coruh et al., 2007; Farhang et
al., 2016; Hagi et al., 2011; Hajizadeh-Sharafabad et
al., 2016; Khanzadeh et al.,, 2012; Matthius and
Ozcan, 2011). At the same time, there were several
studies on G. dersim, G. glabra, and G. munzurensis
species (de la Luz Cadiz-Gurrea et al., 2020; Ertas et
al., 2021; Mikail et al., 2021). However, in the present
study, antioxidant properties, phenolic, and flavonoid
contents, fatty acids, ADEK vitamins, and sterol
profiles in methanol extracts of these three species
were investigated separately. Therefore, this study
comparatively examined the biochemical properties of
the flower, leaf, and stem parts of these three types of
plants (G. dersim, G. glabra, and G. munzurensis).
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MATERIALS and METHODS
Plant materials and extraction

Among the plant materials, G. munzurensis (Figure 2)
species were collected from Ovacik district (coordinates
39° 21 30.0024" N and 39° 12" 57.9960" E) of Tunceli
province, G. dersim and G. glabra (Figure 2) species
were collected from Nizamiye district (coordinates 39°
10" 51.9960" N and 39° 49" 43.9968" E) of Tunceli
province (Figure 1) in May 2021 (at the flowering
period) by fieldwork. Species identification of the
plants (Figure 2) was made by Prof. Dr. Ismail
TURKOGLU and Prof. Dr. Ebru YUCE BABACAN.
Population homogeneity was considered when plants
were collected. Plants are divided into flower, leaf, and
stem parts as shown in Figure 2.

The methanolic extract was used to identify the
antioxidant properties and phenolic and flavonoid
contents homogenized three plants' flower, leaf, and
stem parts were homogenized separately with 85%
methanol at a rate of 1:5 (w/v). Afterwards, the
homogenates were centrifuged at 10000 rpm for 10 min
(4°C) and the analysis was carried out by using the
methanolic supernatant.

To determine the fatty acids and lipophilic molecule
contents of the plants, each plant part was
homogenized with HIP (n-hexane/isopropyl alcohol
(8/2, v/v)) at a rate of 1:10 (w/v). After centrifugation at
10000 rpm for 10 min, the supernatants were
analyzed.

Antioxidant activities
DPPH (Free radical extinguishing activity)

Free radical extinguishing activity (DPPH), was
performed per the method specified by Brand-Williams
et al. (1995). 25 mg/Li a, a-Diphenyl-8-picrylhydrazyl
(DPPH), as a free radical was dissolved in methanol. 4
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ml of DPPH solution will be added to the glass test
tubes, respectively, and then 50, 100, and 200 uL of all
plant extracts were added and mixed by vortex, then
incubated for 30 min at room temperature and in the
dark. At the end of the incubation, mixture
absorbances were read at 517 nm opposite a blank in
the spectrophotometer. Decreased absorbance, the left
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behind amount of DPPH was determined as free
radical extinguishing activity and the results were
calculated according to the onlooking formula:

%Inhibition = [(Controlass- Sampleass)/ Controlass] x
100
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Figure 1. Tunceli province is the region where the Gundelia si)“e‘zcies usea -i.r.;-the study are distributed (Bing Map, 2024)
Sekil 1. Tunceli ili, calismada kullanilan Gundelia tiirlerinin yayilis gosterdigi bélge (Bing Haritasi, 2024)

stem leaf flower

Gundelia dersim

Gundelie glabra

Grncleliar meanzitensls

Figure 2. Gundelia dersim, Gundelia glabra, and Gundelia munzurensis species and parts
Sekil 2. Gundelia dersim, Gundelia glabra ve Gundelia munzurensis tiirleri ve kisimlari

ABTS (ABTS radical elimination activity)

ABTS* radical elimination activity of plant samples Re
et al. (1999) and Pellegrini et al. (2003) was performed
according to these methods. After adding 2.45 mM
potassium  persulfate (K;S,0s) to the final

18

concentration of 7 mM  2,2-azinobis  (3-
ethylbenzothiazollin-6-sulfonic acid) (ABTS), the
solution was retained in the dark at room temperature
for 12-16 h. ABTS* radical cation solution formed
because of the oxidation of potassium persulfate with
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ABTS was brought to an absorbance density of 0.70 at
a wavelength of 734 nm with ethanol. After this
process, 50, 100, and 200 pL of plant extract was added
to 2 ml of ABTS* radical cation and retained in the
dark for 15 min. The absorbance was then evaluated at
a wavelength of 734 nm. The number of ABTS-
radicals eliminated by the extracts was calculated
using the onlooking formula:

%Inhibition = [(Controlaps- Samplears)/ Controlass] x
100

Phenolic components
The amount of total phenolic compounds

The amount of total phenolic compounds in plant
extracts was measured by Singleton et al. (1999)
method. Gallic acid was employed as standard. Briefly,
100 pL of plant extract was taken into a glass test tube
and 0.5 mL of Folin-Ciocalteu reagent was suffixed to
it. After 3 min, 3 mL of 2% Na2COs solution was
suffixed to the samples and retained for 2 h with
continuous mixing. At the end of this duration, the
numbers of absorbances of the samples at 760 nm
wavelength were read in the spectrophotometer, and
results were calculated as gallic acid equivalent/g.

Determination of phenolic compounds by HPLC

Chromatographic analyses of phenolic acids were
performed using a Prominence I LC-2030C3D plus
compact HPLC system with some modifications.
Chromatographic separations were realized on an
Agilent Zorbax Eclipse XDB-C18 column and 4.6 mm x
150 mm, 3.5-pm particle size. The column was kept
constant at 30+1°C during analysis. DAD signals for
analytes were defined according to their spectrums
acquired from the Lab Solutions LC/GC 5.91 Software.
Suitable wavelengths for analysis were chosen
between 254 nm and 333. Mobile phase A was 10 mM
phosphoric acid and mobile phase B was methanol at
an inflow ratio of 1 mL/min. The mobile phases flow
program was as follows: 0-15 min (0-60% B), 15-20 min
(60-80% B), 20-22 min (80-100% B), 22-27 min (100%
B), and 27-32 min (0% B). The amount of samples
injected into the system was 20 uL. Chromatographic
peaks of the samples were compared with the spectra
of standard references and sample quantity was
determined (Dragovic-Uzelac et al., 2005; Gundogdu,
2013).

Flavonoid components
The number of total flavonoid compounds

The total amount of flavonoid substance was measured
per the method applied by Kim et al. (2003). First, 0.3
mL of 5% sodium nitrite (NaNO2) was added to 50 pL
of plant extracts, and after 5 min 0.3 mL of 10%
aluminum chloride (AlCls) was added. Thereafter, 2
mL of 1 M sodium hydroxide (NaOH) was added, and
2.4 mL of pure water was added and mixed by vortex.
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The absorbance values of the samples at 510 nm
wavelength were read in the spectrophotometer and
the last results were calculated as catechin
equivalent/g.

Determination of flavonoid components by HPLC

For chromatographic analysis of flavonoids, a 5 pm
inner diameter PREVAIL C18 (15x4.6 mm) reverse-
phase column was used. A  mixture of
methanol/water/acetonitrile (46/46/8, v/v/v) having 1%
acetic acid was employed as the mobile phase (Zu et al.,
2006). This mobile phase was filtered through a 0.45
pm diameter membrane filter and then deaerated in
the ultrasonication device before use. These flavonoids
were measured by DAD following RHPLC separation
using a wavelength of 265 nm for camphor, 254 nm for
rutin, myricetin, morin, and quercetin, 280 nm for
catechin and naringin, and myricetin, morin and
quercetin, 306 nm for resveratrol. Adjusted at 1.0
mlL/min and the injection value was 10 pL. The
chromatographic peaks of the analysis were approved
by comparison of reaction times and UV spectra of
standard references. Quantification was performed by
peak coupling employing the standard method and all
chromatographic procedures were performed at 25°C.

Determination of ADEK vitamins and sterols by HPLC

To analyze fatty acids and lipophilic molecules, the
supernatants obtained with hexane/isopropyl alcohol
were taken into 5 mL test tubes, mixed by adding 5 mL
of 10% KOH and retained at 85°C for 15 min. The tubes
were brought to room temperature, pure water was
suffixed and mixed. Unsaponifiable lipophilic
molecules were extracted by adding 5 mL of hexane.
Thereafter the hexane phase was evaporated using
nitrogen gas. The remaining residue was dissolved in
1.0 mL (60% + 40%, v/v) acetonitrile/methanol solution
and taken into autosampler vials. Analysis was
accomplished with the Shimadzu brand HPLC device.
An acetonitrile/methanol (60%+40%, v/v) solution was
employed as the mobile phase for analysis and the
mobile phase flow ratio was determined as 1 mL/min.
DAD-UV detector was employed for vitamin A, D, E,
and K analysis. A Nucleodur LC 18 (15x4.6 cm, 5 pm;
MN USA) column was employed as the column, the
detection wavelength of 326 nm for vit A and 202 nm
for vit E, D, K, and phytosterols were employed
(Katsanidis and Addis, 1999; Lopez-Cervantes et al.,
2006).

Determination of fatty acid profile by GC

Isolation and methylation of fatty acids’ Fatty acids
were obtained by adding 10 mL of hexane/isopropanol
solution to the plant parts. Then, 5 mL of the hexane
phase of the samples was taken into test tubes and 5
mL of 2% methanolic sulfuric acid was added. This
mixture was mixed with vortex and left at 55°C for 12
h, and then brought to room temperature, 5 ml of 5%
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NaCl solution was added and mixed with vortex. After
the fatty acid methyl esters were received with 5 mL of
n-hexane and treated with 5 mL of 2% potassium
bicarbonate (KHCOs3) solution, the n-hexane phase was
evaporated with nitrogen flow. Fatty acid methyl ester
residues were dissolved in 1 mL of chloroform and
received into autosampler vials.

Gas Chromatographic Analysis of Fatty Acids Methyl
Esters:® Fatty acids methyl esters were analyzed by
SHIMADZU GC 17 gas chromatography and for this
analysis, the SP™-2380 capillary GC arm (LxI.D. 30
mx0.25 mm, df 0.20 pm) (Supelco, Sigma, USA) was
employed. During the analysis, the column
temperaturdenime was retained at 120-220°C, the
injection temperature was 240°C, the detector
temperature was 280°C, and the column temperature
program was calibrated from 120°C to 220°C. Nitrogen
gas was employed as bearer gas. First, by injecting
mixtures of standard fatty acids methyl esters, the
detention times of every fatty acid were determined,
and then the programming was made and the analysis
of fatty acids methyl esters of plant samples was
performed (Christie, 1989).

Statistical Analysis

Statistical analysis of the obtained results was
accomplished using the SPSS package program.
ANOVA and LSD tests were applied to define the
differences between the groups. The statistical
significance limit was adopted as P<0.05. Data are
given as mean + SEM.

RESULTS
Antioxidant activities
DPPH (Free radical quenching activity)

DPPH results of flower, leaf, and stem parts of G.
dersim, G. glabra, and (G. munzurensis species were
measured at three different concentrations. DPPH
results are given in Table 1 as %Inhibition. The 200 pL
concentration of the flower part of G. munzurensis
(91.85+0.78) had the highest %Inhibition DPPH,
followed by the 200 pL concentration of the stem part
of G munzurensis (90.22+0.47). The lowest
%Inhibition value was the 50 uL concentration of the
stem part of G dersim (4.47+0.28). When the
concentration-dependent %Inhibition values of the
flower, leaf, and stem parts of the three species were
compared, the GdF50, GdF100, GdL50, GdL200,
GdS50, GdS100, GgF200, GgS50, GgS100, and
GmF200 groups were statistically more significant
than all other groups (P<0.001). At the same time, the

difference between GgF100&GmF50 and
GgS200&GmS50 groups was statistically significant
(P<0.05). Also, the difference between

GmL100&GmL200 groups was statistically significant
(P<0.01). Contrary to these results, the differences
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between GdF200&GdS200, GdL100&GgF50,
GgL50&GmF100, GgL100&GmL100&GmS200,

GgL200&GmL200, GmL50&GmS100 groups were
statistically insignificant (P>0.05).

ABTS (ABTS - radical elimination activity)

The percentage Inhibition ABTS values of the flower,
leaf, and stem parts of G. dersim, G. glabra, and G.
munzurensis species at three different concentrations
are shown in Table 1. According to the findings, the
highest %Inhibition ABTS value was measured in the
groups of 200 pL concentration (97.38+0.00) of the
flower part of G. munzurensis, 100 uL (97.27+0.11) and
200 uL concentration (97.09+0.06) of the stem part of
G. munzurensis, respectively. The 50 pL concentration
of the stem part of G. dersim (12.20+0.25) had the
lowest %Inhibition value. When all groups were
compared, the difference between the GdF50, GdF200,
GdS50, GdS200, GgF100, and GgS50 groups and the
other groups was statistically significant (P<0.001). In
addition, the difference between GdL100&GmF50,
GgS200&GmF100&GmL200, GmF200&GgL50,
GmF200&GmI1.100, GmL100&GmS100&GmS200
groups was statistically significant (P<0.01). On the
other hand, the difference between GdL100&GgS100,
GdL200&GmS50, and GgL50&GmS200 groups was
statistically significant (P<0.05).

Phenolic components
The total number of phenolic components

The total phenolic contents of flowers, leaves and
stems of G. dersim, G. glabra, and G. munzurensis
species were calculated as mg gallic acid equivalent/g
and are shown in Figure 3. According to the findings,
the group with the highest total phenolic content was
the leaf part of G. munzurensis (29.09 mg/g), followed
by the leaf part of G. glabra (20.03 mg GAE/g). The
least amount of phenolic was measured in the flower
part of G. dersim (1.89 mg GAE/g) and the stem part of
G. dersim (2.10 mg GAE/g). The difference between the
flower part of G. dersim and the stem part of G. dersim
was statistically insignificant (P>0.05). On the other
hand, the differences between all other groups were
statistically significant (P<0.001).

Determination of phenolic compounds

Gallic, vanillic, ferulic, rosmaniric, cinnamic, and
caffeic acids from phenolic acids were determined in
the methanolic extracts of flowers, leaves, and stem
parts of G. dersim, G. glabra, and G. munzurensis
species by HPLC device. The results are given in Table
2 as ng/g. Gallic and ferulic acids were determined in
high amounts in the leaf parts of G. munzurensis and
G. glabra. The highest amount of vanillic acid was
measured in the stem part of G. dersim, rosmarinic
acid in the leaf part of (. glabra, and cinnamic acid in
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the leaf part of G. munzurensis. Caffeic acid was
determined only in the stem part of G. dersim (29.50
ug/g). In other words, except for caffeic acid, other

phenolic acids were determined almost in three parts
of all plant species.

Table 1 ABTS and DPPH activities of methanolic extracts from G. dersim, G. glabra, and G. munzurensis species
Cizelge 1. G. dersim, G. glabra ve G. munzurensis tiirlerinden elde edilen metanolik ekstraktlarin ABTS ve

DPPH aktiviteleri
Plant Plant parts Abbreviation Concentration ABTS DPPH
(uL) (% Inhibition) (% Inhibition)
G. dersim Flower GdF 50 15.81+0.41* 6.77+0.40"
100 28.93+1.04 12.35+0.13**
200 44.88+0.73"* 21.82+0.61
Leaf GdL 50 24.95+0.32 17.714£0.20*
100 49.91+0.63* 33.11+0.28
200 72.39+1.72° 58.65+0.68™"
Stem GdS 50 12.20+0.25™ 4.47+0.28"
100 23.90+0.78 9.21+0.15"
200 39.53+0.63" 21.60+0.20
G. glabra Flower GgF 50 28.71+1.45 33.38+0.84
100 55.88+1.37"" 46.61+0.13"
200 89.73+0.68 77.25+0.67"
Leaf GgL 50 95.12+0.66 83.27+0.35
100 96.14+0.38 89.60+0.08
200 91.07+1.74 87.61+0.20
Stem GgS 50 34.13+1.05*** 25.37+0.41**
100 52.02+0.29 37.18+0.87*
200 86.16+0.52 61.44+0.85"
G. munzurensis Flower GmF 50 52.57+1.63 47.54+0.74"
100 83.42+1.27™ 83.31+0.55
200 97.38+0.00 91.85+0.78
Leaf GmL 50 96.28+0.61 75.12+0.73
100 94.72+0.23 89.55+0.55
200 85.68+1.81 87.96+0.15
Stem GmS 50 70.35+1.30* 60.42+0.53"
100 97.27+0.11 74.59+0.88
200 97.09+0.06 90.22+0.47

*P<0.001; ™:P<0.01; *:P<0.005

Flavonoid components
1. The number of total flavonoid components

Total flavonoid amounts of flowers, leaves, and stems
of G. dersim, G. glabra, and G. munzurensis species
were calculated as mg catechin equivalent/g and are
shown in Figure 3. According to the findings, the group
with the highest total flavonoid content was the leaf
part of G. munzurensis (5.59 mg CE/g), followed by the
leaf part of G. glabra (4.45 mg CE/g). The least number
of flavonoids was measured in the stem part of G.
dersim (0.19 mg CE/g). The difference between the
flower part of G. dersim and the stem part of G. glabra
(0.43 mg CE/g and 0.40 mg CE/g, respectively) was
statistically insignificant (P>0.05). In addition, the

21

differences between the flower part of G. dersim and
the stem part of G. dersim, the stem part of G. dersim
and the stem part of G. glabra, and the flower part of
G. glabra and the flower part of G. munzurensis were
found to be statistically very significant (P<0.01).

2. Determination of flavonoid compounds

The flavonoids rutin, myricetin, catechin, naringin,
naringenin, resveratrol, morin, quercetin, and
kaempferol were determined by HPLC device in
methanolic extracts of flower, leaf, and stem parts of
G. dersim, G. glabra, and G. munzurensis species. The
results are shown in Table 2 as pg/g.
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Figure 3. Total phenolic and flavonoid numbers of methanolic extracts obtained from G. dersim, G. glabra, and G. munzurensis
species (**:P<0.001; *:P<0.01; *:P<0.005)

Sekil 3. G. dersim, G. glabra ve G. munzurensis tiirlerinden elde edilen metanolik ekstraktlarin toplam fenolik ve flavonoid
sayilar: (**:P<0.001; *:P<0.01; *:P<0.005)

Table 2. Phenolic acid and flavonoid contents of G. dersim, G. glabra, and G. munzurensis species
Cizelge 2. G. dersim, G. glabra ve G. munzurensis tiirlerinin fenolik asit ve flavonoid igerikleri

G. dersim G. glabra G. munzurensis
Flower Leaf Stem Flower Leaf Stem Flower Leaf Stem
Phenolic acids (ug/g)
Gallic acid 236.00 362.00 177.50 476.50 1072.50 251.00 789.00 1413.00 361.00
Vanillic acid 70.00 104.00 115.00 42.50 45.00 28.50 72.00 47.50 22.50
Ferulic acid 17.50 21.50 10.50 40.00 2201.00 128.50 28.50 1694.00 93.50
Rosmaniric acid 3.50 10.00 3.00 6.50 23.50 11.00 5.50 9.00 8.50
Hcinnamic acid 4.50 2.50 2.00 3.00 2.00 2.50 1.00 13.50 2.00
Caffeic acid ND ND 29.50 ND ND ND ND ND ND
Flavonoids (pg/g)

Rutin 6.25 156.50 16.75 139.00 1195.50 163.25 128.75 2619.75 1440.25
Myricetin 13.00 38.00 7.25 148.25 2630.00 ND 50.00 1930.75 319.25
Catechin 374.00 579.00 439.50 646.50 1109.25 397.75 74.00 84.00 409.00
Naringin 4.25 118.25 8.25 115.25 1084.75 126.75 114.75 2148.50 1187.00
Naringenin 153.50 1.00 0.50 148.50 10.50 1.50 2.00 4.50 1.50
Resveratrol 1.00 6.00 ND 10.75 246.25 21.75 6.25 182.75 29.00
Morin ND 3.50 0.50 1.00 4.75 ND ND 7.50 ND
Quercetin ND 1.00 0.50 5.00 47.50 1.00 1.00 24.75 3.75
Kaempferol ND ND 0.50 90.50 858.25 54.25 7.50 110.00 8.50

ND: Not Detected
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Rutin, myricetin, and naringin were observed in high
amounts in the leaf parts of G. munzurensis and G.
glabra. In addition, naringin was also high in the leaf
part of G. munzurensis. The highest amount of
catechin, resveratrol, and kaempferol was determined
in the leaf part of G. glabra. Naringenin, on the other
hand, was quite high in the flower parts of G. dersim
and @G. glabra. Myricetin was not observed in the stem
of G. glabra, resveratrol was not observed in the stem
of G. dersim, and quercetin was not observed in the
lower part of G. dersim. Rutin, catechin, naringin, and
naringenin have been identified in greater or lesser
amounts in three parts of all plant species.

Determination of ADEK vitamins and sterols

Vitamins K and D, tocopherol (stigma and alpha),
sterol (ergo, stigma, beta), retinol, and retinol acetate
were determined by HPLC device in the flower, leaf,
and stem parts of G. dersim, G. glabra, and G.
munzurensis species. The results are given in Table 3

as ug/g. According to the findings, D3, alpha-
tocopherol, ergosterol, stigmasterol and beta-sterol
were detected in more or fewer amounts in three
different parts of three types of plants. While vitamin
D3 was most abundant in the leaf part of G. glabra
(57.00 pgl/g), it was also high in the leaf part of G.
glabra (46.75 uglg). Ergo-sterol was found in very high
amounts in the leaves of G. munzurensis (1141.25
ng/g). Similarly, stigma-sterol was quite high in the
leaves of G. dersim (3143.75 pgl/g) but very low in the
leaves of G. glabra (13.75 pgl/g). Beta-sterol was
detected in the highest amount in the stem part of G.
munzurensis (608.75 pg/g). Stigmatocopherol was not
observed in the flower and stem parts of G. glabra yet
was high in the leaf part (110.25 pg/g). Alpha-
tocopherol was highest in the leaf part of G
munzurensis (167.11 pg/g). Retinol was detected in all
plant parts except the stem part of . munzurensis,
and it was more abundant in the leaves of G. glabra
(15.75 pgl/g) than in the others.

Table 3. ADEK vitamin and sterol content of G. Dersim, G. glabra and G. munzurensis species (ug/g)
Cizelge 3. G. Dersim, G. glabra ve G. munzurensis tiirlerinin ADEK vitamini ve sterol igerigi (ug/g)

G. dersim G. glabra G. munzurensis

Flower Leaf Stem Flower Leaf Stem Flower Leaf Stem
Vitamin K2 6.00 65.50 ND ND ND ND 4.00 ND 2.50
&-Tocopherol 4.75 13.00 2.25 ND 110.25 ND 2.00 101.50 7.25
Vitamin D2 25.25 21.00 19.00 ND ND ND 8.50 19.00 5.50
Vitamin D3 8.50 57.00 4.25 5.50 46.75 10.75 14.25 9.50 30.25
a-Tocopherol 8.25 32.75 1.00 6.25 92.00 1.50 3.50 167.11 35.34
Ergosterol 31.25 186.00 44.75 104.75 475.25 40.50 371.50 1141.25 30.75
Stigmasterol 282.75 3143.75 237.50 315.75 13.75 348.00 40.50 73.25 317.50
B-Sitosterol 95.00 95.50 87.75 164.75 187.25 173.00 174.75 338.50 608.75
Retinol 1.50 1.25 0.50 2.50 15.75 1.00 0.50 0.50 ND
Retinol acetate 8.50 57.50 2.50 19.00 1.75 ND 1.50 0.50 0.50
Vitamin K1 ND 141.25 ND 4.50 301.5 3.25 55.00 28.00 19.25

ND: Not Detected

Determination of fatty acid profile

The fatty acid profiles of the flower, leaf, and stem
parts of G. dersim, G. glabra, and G. munzurensis
species defined by the GC device are shown in Table 4.
Results are given as per cent concentration. These six
essential fatty acids, called palmitic, palmitoleic,
stearic, oleic, linoleic, and linolenic fatty acid essential
fatty acids, are present in different amounts in all
parts of three types of plants. Palmitic acid was mostly
detected in the leaves of G. dersim (33.753%) and was
also in high concentration in the leaves of G. glabra,
and G. munzurensis (27.078, 30.228%, respectively).
Palmitoleic acid, a monounsaturated fatty acid, was
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observed mostly in the stem part of G. dersim and least
in the flower part of G. munzurensis. Stearic acid was
determined mostly in the stem part of G. munzurensis.
Oleic acid was mostly observed in the stem part of G.
glabra, and linoleic acid was observed most in the
flower part of G. munzurensis. Both fatty acids had the
lowest concentration in the leaves of G. munzurensis.
In contrast, the leaf part of G. munzurensis had the
highest concentration of linolenic acid. In addition,
high concentrations of linolenic acid were observed in
the leaves of all three plant species. Apart from these
fundamental fatty acids, lauric acid, tridecanoic,
myristic acid, pentadecanoic, cis-10-pentadecanoic,
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heptadecanoic, cis-10-heptadecanoic and eicosanoid
acids were observed in various proportions in different

parts of three plant species and the data are given in
Table 4.

Table 4. Fatty acid contents of G. dersim, G. glabra and G. munzurensis species (%)
Cizelge 4. G. dersim, G. glabra ve G. munzurensis tiirlerinin yag asidi icerikleri (%)

G. dersim G. glabra (. munzurensis

Fatty acids

Flower Leaf Stem Flower Leaf Stem Flower Leaf Stem
Lauric acid (12:0) 0.298 ND ND 0.272 ND ND ND ND ND
Tridecanoic acid (13:0) ND 0.452 ND ND ND ND ~ND 0.550 ~ND
Myristic acid (14:0) 0.921 1.026 0.921 3.663 0.847 0.755 ND 1.173 ND
Pentadecanoic acid ND D ND 0.316 D D D D ND
(15:0)
Cis-10-pentadecanoic ND 1.443 ND ND 1.590 ND ND 1.353 ND
acid (15:1)
Palmitic acid (16:0) 26.172 33.753 22.095 17.605 27.078 17.282 11.039 30.228 17.212
Palmitoleic acid (16:1) 2.442 2.368 3.541 1.492 1.202 1.663 0.385 1.254 0.875
gip(‘;;a.decanoic acid ND ND ND 0.202 ND ND ND 0.351 ND
Cis-10-heptadecancic 444 D 1110 0.545 D D 0.247 0.888 D
acid (17:1)
Stearic acid (18:0) 4.039 3.675 3.867 5.432 3.613 3.532 3.742 2.301 7.898
Oleic acid (18:1) 24.128 5.429 28.190 21.610 16.292 35.067 16.321 5.018 29.567
Linoleic acid (18:2) 29.053 11.346 31.420 39.170 19.014 33.654 65.514 9.052 41.132
Linolenic acid (18:3) 11.582 39.584 8.856 9.694 30.364 8.047 2.753 47.831 3.316
Henicosanoic acid ND 0.993 ND ND ND ND ND ND ND
(21:0) :
Y'Saturated 31.43 39.829 26.883 27.49 31.538 21.569 14.781 34.603 25.11
>"'Unsaturated 68.571 60.17 73.117 72.511 68.462 78.431 85.22 65.396 74.89
> MUFA 27.936 9.24 32.841 23.647 19.084 36.73 16.953 8.513 30.442
Y PUFA 40.635 50.93 40.276 48.864 49.378 41.701 68.267 56.883 44.448

ND: Not Detected; MUFA: Monounsaturated Fatty Acids; PUFA: Polyunsaturated Fatty Acids

DISCUSSION

Extracts of flowers, leaves and stems of Gundelia
species were obtained using methanol for better
extraction of antioxidants and other endogenous
compounds (Sultana et al., 2007). Antioxidant
activities in methanolic extracts of plants were
determined by DPPH and ABTS analysis. ABTS shows
cation radical and DPPH a free radical scavenging
activity. According to the findings, when G. dersim, G.
glabra, and G. munzurensis species were compared in
general, G. munzurensis showed the highest DPPH
activity first. G. glabra took the second order and G.
dersim took the third order. %Inhibition ABTS activity
results showed parallelism with DPPH activity
results. When the flower, leaf, and stem parts of all
three species were examined separately, the highest
DPPH and ABTS activities were observed in the leaf,
stem, and flower parts of G. munzurensis. In the study
of Ertas et al. (2021), disseminule ethanol extracts of
seventeen Gundelia species were obtained and their

24

DPPH and ABTS activities were examined. According
to the results of the study, the highest DPPH and
ABTS activity was observed in G. colemerikensis. In
addition, similar to the results of this study, both
DPPH and ABTS activities were found to be from high
to low: G. munzurensis, G. glabra, and G.dersim. In
another study examining the DPPH and ABTS
activities of G. dersim and G. glabra extracts obtained
by different extraction methods, it was stated that the
infusion extract of G. dersim showed higher radical
scavenging activity compared to the infusion extract of
G. glabra (de la Luz Cadiz-Gurrea et al., 2020).
Antioxidants are agents that inhibit radicals that
damage macromolecules. Phenolic acids, polyphenols,
and flavonoids found in plants are critical in terms of
having antioxidant properties (Losso et al., 2007).
There are reports that the phenolic components of
plant extracts are related to their antioxidant
activities (Aruoma et al., 2003; Skerget et al., 2005).
When evaluated from this viewpoint, the total phenolic
amounts and antioxidant activity values are consistent
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with the findings of this study. In a study by Ertas et
al. (2021), they found the total phenolic amount as
Gm>Gg>Gd and the total flavonoid amount as
Gd>Gm>Gg in ethanol extracts of plants. Although
these results and total phenolic amounts in the current
study were similar, total flavonoid amounts differed.
This may be due to the difference in the solvent used
to obtain the extract and the region where the plants
are grown.

HPLC method is widely used for the identification of
phenolic compounds in plant materials. It has also
been stated that the extraction of these phenolic
compounds is affected by their chemical structures,
extraction method, particle sizes of the samples,
storage time, and conditions (Naczk and Shahidi,
2004). Even though Ertas et al. (2021) detected
rosmarinic acid and naringenin in G. dersim, G.
glabra, and G. munzurensis species, they could not
detect kaempferol. In the present study, kaempferol
was found in each part of all other plants except the
flower and leaf parts of G. dersim. Ferulic acid and
myricetin have been reported in G. glabra, whereas
rosmarinic acid, quercetin, and kaempferol have been
reported in G. glabra and G. dersim species (de la Luz
Cadiz-Gurrea et al., 2020). In the findings obtained,
ferulic and rosmarinic acids were determined in the
highest amount in the leaf part of G. glabra species
(Table 2). In addition, hydroxycinnamic acid
derivatives were detected in G. tournefortii L. (Haghi
et al., 2011), G. glabra and G. dersim species (de la Luz
Cadiz-Gurrea et al., 2020). G. tournefortii has been
reported to be affluent in phenolic compounds and
flavonoids (Asadi-Samani et al., 2013; Haghi et al.,
2011; Nakatani et al., 2000). Besides, the high
antioxidant properties of G. tournefortii have been
associated with the flavonoids gallic acid and quercetin
(Coruh et al., 2007). In line with this information, the
results of the present study show similarities with the
literature.

The hexane extracts of three different parts of
Gundelia species were analyzed for vitamins by HPLC
and for fatty acid by GC device analysis. In a study, the
amount of beta-sterol in Gundelia species was found to
be Gg>Gd>Gm from high to low (Ertas et al., 2021). In
the current study, these results were found to be
Gm>Gg>Gd. It has been reported that the biochemical
analysis of plants may be affected depending on the
ecological conditions in which the plant grows (stress,
infection, photosynthesis rate, etc.) (Mikail et al.,
2021). Matthdus and Ozcan (2011) stated in their
study that G. tournefortii L. has predominantly B-
sitosterol in the total sterol content, followed by
stigma-sterol. Additionally, a-tocopherol was reported
as the major tocopherol in the same study. In the
current study results, the predominant sterol was
stigmasterol.
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Ertas et al. (2021) reported that oleic, linoleic, palmitic,
and stearic acids are the primary fatty acids in
Glundelia species. The same researchers stated that
the Y Unsaturated/> Saturated ratio of Gundelia
species is >1, and the plants are rich in unsaturated
fatty acids. In parallel with these results, >the
Unsaturated/Y Saturated ratios of three different parts
of three plants were found to be >1 in the current study
(Table 4). In a study investigating the fatty acid
composition of G. tournefortii L. flower buds, linoleic
acid was found the most, while oleic, palmitic, stearic,
arachidic, and linolenic acids were identified
(Matthédus and Ozcan, 2011). In different studies on G.
tournefortii L., linoleic, linolenic, and oleic acids were
specified as the main fatty acids (Asghari et al., 2015;
Khanzadeh et al., 2012; Mahmood et al., 2014). In a
study investigating the fatty acid content of G. rosea,
oleic and linoleic fatty acids were found as the main
fatty acids (Dalar et al., 2019). Compared to the
literature, the present study results show similarities
in fatty acid compositions, even though the percentage
values are different. It can be considered that the
reason for these differences may be due to the various
collection times, collection places, and ecological
conditions of the plants.

CONCLUSION

Separate biochemical analyses of the flower, leaf, and
stem parts of G. dersim, G. glabra, and G. munzurensis
plants were performed and compared with each other.
Considering the results of the study, G. munzurensis
showed the highest antioxidant activity and G.dersim
showed the lowest activity. Total phenolic and total
flavonoid amounts attributed to high antioxidant
activity also supported these results. Gundelia species
contained high levels of sterols and tocopherol, vitamin
K, vitamin D, and small amounts of retinol. In terms
of fatty acid content, the ratio of unsaturated fatty
acids in these three plants was also observed to be
high.

Considering the natural antioxidant properties of
Gundelia species and their vitamin and fatty acid
compositions, it shows that they can be consumed as
food and used pharmacologically due to their health
benefits and easy accessibility.
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ABSTRACT

The increase in a population's production and consumption habits
causes an exponential rise in household waste, resulting in a lack of
clean drinking water which leads to the main cause of water pollution.
A cost-effective method is to use herbs as they are abundant in
secondary metabolites. The purpose of this study was to understand
how indigenous herbs can be utilized for treating sewage water, that
can be used by citizens to get access to clean drinking water. A low-cost
method was created to investigate the efficacy of herbs such as
Moringa oleifera (Moringa), Azadirachta indica Neem), and Ocimum
sanctum (Tulsi), in the treatment of sewage water. Four combinations
of herbs were selected, and the results were compared with municipal-
treated water from a wastewater treatment facility. The samples were
tested for parameters such as Estimation of Copper, pH, Chemical
Oxygen Demand (COD), and Most Probable Number (Coliform).
Coliform levels and copper levels in the herb-treated water were almost
one-fourth the level as compared to sewage water. In both parameters,
statistical significance was obtained. Statistical significance was
considered at p < 0.034. The herb-treated samples showed a reduction
in the COD and an increase in pH towards neutrality, as compared to
the sewage water. In all combinations tested, the herbs were
successful in improving the quality of water when compared to the
sewage water as well as the municipal treated water. Hence, it can be
concluded that herbs are a good natural resource that can be used for
the treatment of sewage water, as they are easily available, and the
method is sustainable.
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INTRODUCTION

water contains higher levels of carbon, nitrogen, and

For human survival, water is a crucial natural
resource (Ugwu et al.,, 2017) With the increase in
population, industrialization, and economic growth
freshwater consumption has increased and that has
resulted in the mismanagement of natural resources.
Rapid wurbanization, increased farming activity,
pesticide use, soil degradation, high population
density, and improper waste management are only a
few examples of the factors influencing freshwater
sources' quality. Water scarcity stems from poor quality
water — a UNESCO perspective (Villasefior-Basulto et
al., 2018). According to the Central Pollution Control
Board (2020), and the Ministry of Home Affairs (2011),

India produces 60 m3/p/a of wastewater and about 63%
of India's wastewater is not treated before it is mingled
with freshwater resources respectively. Untreated

phosphorus, which contaminate water supplies by
causing eutrophication and a decrease in dissolved
oxygen. In addition to endangered aquatic species, this
disturbs the ecosystem's balance. Recovering the
nutrients from wastewater not only lowers emissions
and protects aquatic life, but also strengthens the
nation's economy and sense of independence (Gowd et
al., 2023).

Wastewater treatment is the process of eliminating
impurities from domestic and industrial sewage. It
consists of impurities that are physical, chemical, and
biological. Wastewater treatment's primary objectives
are to reduce pollutants and provide a disposable
effluent without harming the environment (DR et al.,
2021). To overcome these issues, naturally available
plant-based materials have been used to treat the
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sewage water. The process of coagulation is crucial to
the treatment of wastewater. Its wuse includes
cleaning turbidity out of wastewater. It's a long-
standing tradition where tiny pieces of drumsticks or
drumstick powder were added to polluted water, after
which the dirt particles would settle, an easy method to
clear turbidity. Francis Kweku Amagloh and Amos
Benang conducted an experiment that demonstrated
the bio-coagulant effect of Moringa oleifera seeds
(Amagloh & Benang, 2009). Physical-chemical
processes like coagulation and flocculation, for
example, have been found to reduce pollution and
produce clean water for reuse (Delelegn et al., 2018).

The bio-coagulant used in this study, Moringa oleifera
seeds, is the most crucial component in water
purification. They have been used to treat wastewater
because it is safe for humans and has no apparent
disadvantages (Mehdinejad & Bina, 2018) (Alo et al.,
2012). Bio-coagulants have the advantages of being
affordable, easy to use, eco-friendly, and
environmentally sustainable for developing nations.
Compared to chemical coagulants, in which, the
alkalinity of wastewater can be greater (Desta & Bote,
2021).

Another natural herb that helps in purifying water is
Ocimum sanctum (Tulsi). It is one of the holiest and
most revered of the numerous medicinal and health-
giving herbs, giving it the title of “The Queen of Herbs”,
“The Legendary”, and the "Incomparable One" of India
(Maharjan, 2019). The herbal plant Ocimum sanctum
has antibacterial properties against a variety of
microbes in addition to possessing anticancer, anti-
diabetic, and anti-ulcer properties (Sivaraja Bannari et
al.,, 2012). It has been demonstrated that the Tulsi
plant can prevent the toxic effects of industrial
pollutants like copper sulfate, and other heavy metals
too (Rana et al., 2022).

Neem is an important low-cost adsorbent that can help
in wastewater treatment to a great extent due to its
exceptional properties. Heavy metal ion removal from
wastewater using neem leaf powder has shown
excellent effectiveness (Hassan et al., 2018). Neem is
also used as a natural adsorbent in the removal of
copper ions from an aqueous solution (Al Moharbi et
al., 2020). Parts of the neem plant exhibit an
antibacterial function by inhibiting microbial growth
and/or the capacity for cell wall breakdown (Alzohairy,
2016). When wastewater is dumped into rivers, fields,
and other water bodies without being treated or just
partially treated, it poses a major threat to public
health and hygiene (Vikas et al., 2014). These
properties prove that Neem, along with a combination
of other herbs, can be an important component in
adapting a simple technique to help purify untreated
water.
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MATERIAL and METHODS
Sampling Method

Five hundred ml of municipal treated water sample
was collected from the Ghatkopar Wastewater
treatment facility, managed by the Municipal
Corporation of Greater Mumbai (MCGM), Mumbai,
India. One liter of sewage water was collected from the
same plant from the pre-treated water collection. Both
samples were collected in plastic bottles and were
stored at 4°C to prevent decomposition and ageing if
any.

For the treatment process, both the fresh and dried
forms of moringa seeds were used. The fresh Moringa
oleifera seeds were extracted from drumsticks bought
from the local market, and the dried seeds were bought
from an agriculture-horticulture-based establishment.
Fresh leaves of both Neem and Tulsi were used from
the local market and plants grown locally respectively.
The rest of the lab equipment, including glassware and
chemicals, was provided by the Department of Life
Sciences, Jai Hind College, Mumbai. The four
combinations of herbs used for the treatment process
were:

a. Moringa + Tulsi

b. Moringa + Neem

c. Tulsi+ Neem

d. Moringa + Tulsi + Neem

The sewage water, the municipal treated water, and
the four herb treatment combinations were divided
into sets to be tested for different parameters such as
Estimation of Copper, pH, Chemical Oxygen Demand,
and Most Probable Number (Coliform). The entire
setup was repeated twice.

Laboratory analyzes
Extraction Process
Method 1

The experiment was performed by two different
methods. In the first set, 4g each of fresh Moringa
seeds, Neem, and Tulsi leaves were macerated and
added to 20 ml of untreated sewage water samples. The
samples were incubated at room temperature for 5
days. The conical flasks were stirred every day.

Method 2

In the second set, mature dried Moringa seeds were
used. The outer hard coat of Moringa seeds was
removed manually, and ground using an electric mixer.
4g each of Neem and Tulsi leaves were ground
similarly. The herbs were added to 20ml of the
untreated sewage water sample, the flasks were
shaken vigorously for 5 minutes and were incubated at
room temperature for 2 days.
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Estimation of Copper

Copper is an essential inorganic element for living
organisms since it activates certain enzymes concerned
with the oxidation process, particularly in plants.
Copper in excess 1s, however, harmful to aquatic life.
Pollution is through excess of fungicide, insecticide,
and discharge of wastes from metallurgical and
ceramic industries. The reaction of sodium diethyl
thiocarbamate reagent with copper gives copper salt of
diethyl dithiocarbamate, which is golden brown. The
formation of this compound is one of the most sensitive
methods for the estimation of copper and is unaffected
by pH between the range of 5.7 and 9.2. Citric acid acts
as a scavenger and chelates any other metal ion
present. Liquor ammonia helps in maintaining the pH
levels. The copper ions in the solution form a straw-
coloured complex with carbamate which is extracted in
the organic phase using isoamyl acetate or chloroform.
Following separation, the samples' optical densities
were measured with a colourimeter. (Bureau of Indian
Standards, 1974) The amount of copper present was
then determined using the following formula:

0.D of Sample , Concentration of standart
0.D of Sample Volume of sample

Amount of copper = *1000

pH testing

The samples' pH was measured using pH strips, and
the result was reported according to the visible change
in colour.

Chemical Oxygen Demand (COD)

The Chemical Oxygen Demand (COD) is a
measurement of the amount of organic matter in a
water sample that is capable of being oxidized by a
potent chemical oxidant. As a gauge of the organic and
inorganic components present in water bodies as well
as in municipal and industrial wastes' susceptibility to
oxidation, COD is a frequently used method (Yao et al.,
2014). The amounts of organic contaminants in
wastewater are often estimated using the COD metric.
Hence the parameter was used to estimate the organic
contaminants present in the water sample treated.

The estimation of COD was done by titration, where
the sample is checked for the amount of iodine
liberated, by titrating it against sodium thiosulphate
using starch as an indicator. The amount of Iodine
liberated is the amount of Oxygen reduced by
Potassium iodide (Aini & Juwitaningtyas, 2022). The
COD levels were estimated using the following
formula:

Blank(A) = Burette reading for blank
Flask (B) = Burette reading for sample water (treated

and non-treated water sample) (A-B) = Amount of
KMnO4 required for oxidation
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(A-B) ml * N/80 * 8 * 1000 ml
Amount of sample water

COD =

Most Probable Number (Coliform)

Total Most Probable Number (coliform) testing is one
of the simplest methods for determining whether a
water source is contaminated with bacteria. Total
coliform counts provide a broad indication of a water's
sanitation condition. The test was performed to
understand and study the number of coliforms present
per 100 ml of sample. MacConkey’s broth of double and
single strength was used. After incubating for 24 hours
the sample was then analyzed and the results were
noted using MacConkey's index (Ukpong &
Udechukwu, 2015).

Statistical Analysis

All statistical analysis was performed in Microsoft
Office Excel 2019 (version 2403). Data was analyzed
using One-way ANOVA for the Estimation of Copper
and Most Probable Number (Coliform). Post-hoc tests
(Tukey’s HSD) were performed using Real Statistics
Resource Pack (XRealStats). The level of significance
was set at 0.034. Statistical significance was
considered at p < 0.034.

RESULTS
Extraction Process:
Extraction obtained by first methodology

The outcomes of the 5-day incubation process for all of
the water samples altered in colour, and fungal
development was noticed, but no explicit changes in the
water, like coagulation or a reduction in turbidity were
seen. As a result, the water was discarded without
additional testing or inspection.

Extraction obtained from the second methodology

The results obtained using the mature Moringa seeds
and the ground leaves were significantly different from
those of the first approach. The sample showed obvious
flocculation and coagulation. Hence, the samples were
used for additional analysis of the estimation of heavy
metals like copper, pH, Most Probable Number
(Coliform), and COD.

Estimation of Copper

Results of testing the water for heavy metals i.e.
copper, found in the sewage water, municipal treated
sewage water, and the different combinations of herb-
treated sewage water have been plotted as a bar graph
(Fig. 1), to help with better comprehension of the
various treatments and how they differed from one
another. Error Bars exhibiting the Standard deviation
are displayed. According to the data, there is a
statistical difference in the reduction in the cooper
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levels when we compare the sewage water to the
municipal treated sewage water and the different herb
combinations used to treat the water. Statistical
differences were observed (denoted as *). No

significant difference was seen among the other
groups. Statistical significance was considered at p <
0.034.

0,09
0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01

HH

Amount of Copper (mg/ml)

Before After
Treatment Treatment
by MCGM

0 |

Moringa +
Tulsi

H

[1T7]

Moringa + Tulsi + Neem Moringa +
Neem Tulsi + Neem

Figure 1. Bar graph displaying the amount of copper levels in sewage water, municipal treated water, and the
combinations of herbs used to treat sewage water. The amount of copper in all combinations of herb-
treated sewage water, and the municipal-treated sewage water showed a significant decrease when
compared to the sewage water (denoted as [J). No significant difference was seen among other groups

when compared to each other.

pH Testing:

In many chemical, medicinal, and environmental
monitoring activities, the determination of pH values
is crucial (Kumar Dewangan et al., 2023). pH is a
measurement of the proportion of free hydrogen and
hydroxyl ions in water. Water with more free hydroxyl
ions is basic, and water with more free hydrogen ions
is acidic. Since chemicals in the water can modify pH,
it is a crucial sign of a chemical change in the water.

potential of Hydrogen ions in a sample.

The pH of the sample after the municipal treatment,
and herb treatment was found to be approximately in
the range of 6.0 to 8.0, indicating that it was neither
too acidic nor too basic, and the results were plotted as
a bar graph (Fig. 2). Additionally, when compared to
the sewage water, the pH 1s one the lower side,
indicating it is more acidic. Error Bars exhibiting the
Standard deviation are displayed.

Hence testing of pH is necessary to understand the

9
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- 5

s, 'l[
3
2
1
0

Before After Moringa +
Treatment Treatment by Tulsi
MCGM

[E—
——

Moringa + Tulsi + Neem Moringa +
Neem Tulsi + Neem

Figure 2. Bar graph displaying the pH range in sewage water, municipal treated water and the combinations of
herbs used to treat sewage water. No significant difference was seen among other groups when compared

to each other.
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Most Probable Number (Coliform):

Compared to the sewage water, the Coliform levels in
the municipal treated water decreased considerably.
However, the sewage water treated with herbs had an
even lower coliform level. The results when plotted in a
bar graph (Fig. 3) give us a better understanding and

comparison of the result. Error Bars exhibiting the
Standard deviation are displayed. It shows that the
herb-treated water is statistically significant when
compared to coliform levels in the sewage water
(denoted as ). No significant difference was seen
among the other groups. Statistical significance was
considered at p < 0.034.
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—

Moringa + Tulsi + Neem Moringa +
Neem Tulsi + Neem

Figure 3. Bar graph displaying the MPN (Coliform) levels of sewage water, municipal treated water, and the
combinations of herbs used to treat sewage water. The coliform levels in herb-treated sewage water
showed a significant decrease when compared to the sewage water (denoted as ). No significant
difference was seen among other groups when compared to each other.

Chemical Oxygen Demand:

The results obtained after titration represent the
Chemical Oxygen Demand (COD) levels in mg/ml. The
results obtained showed that the herb-treated water
has considerably less COD compared to the municipal-

treated water. The results have been represented in a
bar graph (Fig. 4). Error Bars exhibiting the Standard
error are displayed. The graph shows there is a
comparative difference between the combinations of
herb-treated water with municipal plant-treated water
and sewage water.
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Figure 4. Bar graph displaying the COD levels difference in sewage water, municipal treated water, and the
combinations of herbs used to treat sewage water. No significant difference was seen among other

groups when compared to each other.
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DISCUSSION

The aim of this study was to understand the
effectiveness of natural herbs in treating sewage
wastewater and compare the same with water treated
at a municipal plant. This study found that Moringa
oleifera seeds, a natural coagulant, and Ocimum
sanctum (Tulsi), Azadirachta indica (Neem) are
effective in purifying water. This was proved by
examining the efficacy of these herbs on the
Estimation of Copper, pH, Chemical Oxygen Demand
levels, and Most Probable Number (Coliform) levels of
the water, comparing them with water treated at a
municipal treatment plant as well as the raw sewage
water.

Copper is an essential inorganic element for living
organisms, however, copper in excess is harmful to
aquatic life as well as human life. Exposure to high
levels of copper can lead to diarrhoea, hormonal
imbalance, fatigue, nausea, and kidney problems. The
Chemical Oxygen Demand measures the amount of
oxygen required to oxidize organic and inorganic
components in water. High levels of COD lead to
reduced amounts of dissolved oxygen (required by
aquatic life) which may lead to anaerobic conditions,
causing the death of aquatic organisms. Coliform
bacteria are commonly found in the digestive tract and
are excreted in the faeces. They are often found in
sewage and wastewater. A high coliform count in water
indicates water contamination. The pH of water
samples is an important regulatory test to confirm the
portability of the water sample. Water with a pH of less
than 6 is likely to be contaminated with pollutants
making it unsafe to drink.

The results of this study showed that the herb-treated
water had higher efficacy compared to municipal-
treated water, with significantly decreased coliform
and copper levels, reduced COD levels, and brought the
pH levels close to neutrality. The study suggests that
these natural herbs could be a cost-effective and
efficient solution for treating sewage wastewater.

The costs of a treatment plant setup are high, and the
amount of sewage generated in developing nations
daily is also high. Herbs can be utilized to purify
sewage water since they are more cost-effective and
abundant in countries such as India, contributing to
developing a cleaner environment. Although the
experiment only utilized a small amount of water, the
amount of wastewater that is disposed of every day is
enormous, making it difficult to translate these results
on an industrial scale. Hence, this method can be
adopted for better efficiency when used in smaller units
like groups of houses, colonies, municipal wards, etc.
Further research needs to be done to find out whether
this water can be recycled and used for agricultural
and industrial purposes on a large scale.
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CONCLUSION and RECOMMENDATIONS

With the increase in population, industrialization, and
economic growth freshwater consumption has
increased and that has resulted in mismanagement of
the natural resources. According to the researchers, an
exponential rise in household waste has been caused
by improvements in the population's production and
consumption habits. The main cause of water pollution
is sewage, which is handled improperly and pollutes
freshwater sources, specifically in metropolitan cities.
Nearly 62% of wastewater in urban India remains
untreated or partially treated, which further gets
disposed of in natural water bodies. The wusual
treatment methods include the activated sludge
process, oxidation ponds, aerated lagoons, and
trickling filters. These methods need space, heavy
equipment, and time, which drives up the cost of the
treatment. The expense of the treatment process can be
decreased by using natural coagulants. The indigenous
medical system uses plants, which are abundant in
secondary metabolites, to treat a variety of illnesses.
This study investigated the properties of Moringa
oleifera, Ocimum sanctum (Tulsi), and Azadirachta
indica (Neem) in the treatment of wastewater. The
results obtained from these herbs-treated water are
compared with water treated at the treatment plants.
It has been concluded that herbs are a good natural
resource that can be used for the treatment of sewage
water, which is cost-effective and easily available and
a sustainable method of treating water.

This study conducted to test the effects of herbs on
sewage water and municipal treated water shows
promising results, however, it is a pilot study. To be
introduced to the public on a larger scale in housing
colonies and small-scale industries, different
concentrations of the herb samples can be used to
increase effectiveness. Replication of data is
imperative and increasing the number of sets will help
with advanced statistical analysis thereby increasing
the validity of the positive results.
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ABSTRACT Molecular Biology
Alzheimer’s Disease (AD) is a debilitating neurodegenerative
condition with limited treatment options. Lignans, a class of naturally Research Article

occurring polyphenols found in various plants, have been shown to
have the potential to modulate pathways associated with AD
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pathology. In this study, we used network pharmacology and Received 127.05.2024
molecular docking to investigate the therapeutic potential of lignans Accepted 1 14.08.2024
against AD by targeting specific proteins involved in disease

progression. Our established interaction network includes key Keywords

proteins such as EGFR, HSP90AA1, BCL2, HSP90AB1, IL6, JUN, Alzheimer’s disease

ESR1, PIK3CA, ERBB2, and PIK3R1. Molecular docking studies have Lignan

revealed how lignans interact with these proteins and highlighted Molecular docking

their potential to influence AD through mechanisms such as Network pharmacology

inflammation modulation, apoptosis regulation, and signal
transduction pathways. The results suggest that lignans have
significant binding abilities to these targets, potentially inhibiting
their activity and thus alleviating AD symptoms by reducing amyloid-
beta accumulation and tau phosphorylation. These findings support
the viability of lignans as a basis for the development of new AD
therapies and call for further in vivo studies to confirm their efficacy
and safety. This integrated approach underscores the value of
combining network pharmacology and molecular docking in the search
for new therapeutic agents against complex diseases such as AD.

Alzheimer Hastaligi Tedavisinde Lignanlara Yoénelik Ag Farmakolojisi ve Molekiiler Yerlestirme

Perspektifleri
OZET Molekiiler Biyoloji
Alzheimer hastalign (AH), smirli tedavi seceneklerine sahip,
zayiflatic1 nérodejeneratif bir durumdur. Cesitli bitkilerde bulunan Aragtirma Makalesi
dogal olarak olusan bir polifenol sinifi olan lignanlarin, AH
patolojisiyle iligkili yollar1 modiile etme potansiyeline sahip oldugu Makale Tarihgesi
gosterilmigtir. Bu g¢alismada, hastaligin ilerlemesinde rol oynayan Gelig Tarihi  :27.05.2024
spesifik proteinleri hedefleyerek lignanlarin AH'ye karsi terapotik Kabul Tarihi :14.08.2024
potansiyelini arastirmak i¢in ag farmakolojisi ve molekiiler
yerlestirme kullanilmigtir. Kurulan etkilesim agimiz EGFR, Anahtar Kelimeler
HSP90AA1, BCL2, HSP90ABI, IL6, JUN, ESR1, PIK3CA, ERBB2 ve Alzheimer hastaligi
PIK3R1 gibi 6nemli proteinleri icermektedir. Molekiiler yerlestirme Lignan

calismalari, lignanlarin bu proteinlerle nasil etkilesime girdigini
ortaya cikarmigs ve inflamasyon modiilasyonu, apoptoz diizenlemesi ve
sinyal iletim yollar1 gibi mekanizmalar yoluyla AH'yi etkileme
potansiyellerini vurgulamigtir. Sonuclar, lignanlarin bu hedeflere
onemli baglanma yeteneklerine sahip oldugunu, potansiyel olarak
aktivitelerini inhibe ettigini ve dolayisiyla amiloid-beta birikimini ve
tau fosforilasyonunu azaltarak AH semptomlarimi hafiflettigini
gostermektedir. Bu bulgular, yeni AH tedavilerinin gelistirilmesi i¢in
bir temel olarak lignanlarin yasayabilirligini desteklemekte ve
bunlarin etkinligini ve giivenligini dogrulamak i¢in daha fazla in vivo
calisma yapilmasi ¢agrisinda bulunmaktadir. Bu entegre yaklasim,

Molekiiler yerlestirme
Ag farmakolojisi
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AH gibi karmasik hastaliklara karsi yeni terapotik ajanlarin
arastirnlmasinda ag farmakolojisini ve molekiiler yerlestirmeyi

birlestirmenin degerini vurgulamaktadir.
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INTRODUCTION

Alzheimer's disease (AD) is distinguished by several
neuropathological changes, primarily extracellular
amyloid  aggregates  (plaques), intraneuronal
inclusions of phosphorylated tau (tangles), and
neuronal and synaptic degeneration, which are
accompanied by tissue reactions to astrocytosis and
microglial activation that precede neuronal network
disruptions in the symptomatic phase of the AD
(Gobom et al., 2024). AD now affects 50 million people,
with forecasts increasing to 152 million by 2050
(Dissanayaka et al., 2024; Oliveira Silva et al., 2024).

Currently, drugs licensed for AD therapy mostly
provide symptomatic relief, and their effects are
frequently poor. The FDA has authorized early-stage
Alzheimer’s drugs, such as cholinesterase inhibitors
and N-methyl-D-aspartate receptor antagonists, which
only give short-term symptom relief and do not prevent
disease progression (Arjmandi-Rad et al., 2024). In
recent years, as the research area has expanded,
amyloid-related treatment has emerged as a key trend
in future clinical trials of novel medications.
Aducanumab and lecanemab, amyloid-antibodies that
can prevent or reverse AD, have received FDA
approval. Nevertheless, this novel therapy against
amyloid deposition is flawed by therapy management
methods, expensive drug monitoring, and the need for
professional tools and imaging studies (Park et al.,
2024). Therefore, there is an urgent need to investigate
AD pathogenesis and develop novel therapeutic agents
to prevent AD’s occurrence or delay its course. Hence,
exploring the pathophysiological basis of AD and
developing novel therapeutics to eradicate or at least
slow AD progression is of utmost importance (Qin et
al., 2024).

The chemical structure of plants contains secondary
metabolites or bioactive compounds including phenols,
terpenoids, alkaloids, anthocyanins, chlorogenic acids,
flavonoids, tannins, glycosidic replacements, and
lignans (Cedillo-Cortezano et al., 2024). Lignans are
well-known for their antioxidant, anticarcinogenic,
antimutagenic, and anti-estrogenic effects that benefit
human health. They are synthesized through the
shikimic acid pathway and composed of dimerized
phenylpropanoid  units. Their  structure 1is
characterized by an aromatic moiety carrying different
oxidation levels and substitution patterns. The two
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carbon atoms (8 and 8), located at the center of the side
chain of the phenylpropanoid unit with a C6C3
configuration, are dimerized to form the structure of
lignans (Nawfetrias et al., 2024).

Combining mathematics, bioinformatics, and many
other fields, network pharmacology assists us in
understanding the vast integrative and systematic
properties of natural AD drugs obtained as a result of
processing relevant plants. Research on molecular
processes and the establishment of a drug ingredient
target network are key processes of network
pharmacology in helping study the AD therapy carried
out with natural compounds based on plants through
the lens of a systemic and wholesome approach. (Zhi et
al., 2024).

Subsequently, lignans' anti-AD characteristics in AD
were determined through a network pharmacology
technique, which also provided a foundation for future
experimental  investigations and  therapeutic
applications. The combination of integrated network
pharmacology and bioinformatics research revealed
that the anti-AD pharmacological activities of lignans
might be mainly attributed to blocking signaling
pathways, hence slowing down the course of AD. These
findings imply that lignans may be able to target the
proposed therapeutic targets for the treatment of AD.

MATERIAL and METHOD
Determination of possible targets of lignans and AD

PubChem provided the canonical SMILES of the 8
lignans (enterodiol, enterolactone, etoposide,
lariciresinol, matairesinol, pinoresinol,
podophyllotoxin, and secoisolariciresinol) employed in
this study. Using the canonical smiles of 8 lignans,
their possible targets were obtained from
SwissTargetPrediction (Table 1). Possible targets
associated with AD were obtained from DisGeNET.
Venny was used to link lignans with possible targets
associated with AD (Trivedi et al., 2024; Xiaoying et
al., 2023).

SwissADME

SwissADME was used to determine the
physicochemical properties, lipophilicity, water
solubility, pharmacokinetics, drug-likeness, and

medicinal chemistry associated with lignans (Daina et
al., 2014, 2017; Daina & Michelin, 2016).
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Table 1. Canonical SMILES list of the 8 lignans
Cizelge 1. 8 lignanin kanonik SMILES listesi

Lignan name Canonical SMILES col:rilpt)oillllilniD
Enterodiol C1=CC(=CC(=C1)0)CC(CO)C(CC2=CC(=CC=C2)0)CO 115089
Enterolactone C1C(C(C(=0)01)CC2=CC(=CC=C2)0)CC3=CC(=CC=C3)0 10685477
Etoposide CC10CC2C(01)C(C(C(02)0C3C4COC(=0)C4C(CH=CCB=C(C=C35)0 36462
CO6)C7=CC(=C(C(=CT70C)0)0C)0)0
Lariciresinol COC1=C(C=CC(=C1)CC2COC(C2C0O)C3=CC(=C(C=C3)0)0C)O 332427
Matairesinol COC1=C(C=CC(=C1)CC2COC(=0)C2CC3=CC(=C(C=C3)0)0C)0O 119205
Pinoresinol COC1=C(C=CC(=C1)C2C3COC(C3C02)C4=CC(=C(C=C4)0)0C)O 73399
P . COC1=CC(=CC(=C100)0C)C2C3C(COC3=0)C(C4=CC5=C(C=C24)0
odophyllotoxin C05)0 10607
Secoisolariciresinol COC1=C(C=CC(=C1)CC(CO)C(CC2=CC(=C(C=C2)0)0C)CO)O 65373

Protein-Protein Interactions (PPI) Network Analysis

PPI networks are an important tool for understanding
the complex interactions of biological processes and
cellular functions. In our study, the STRING database
was used to determine the interactions of relevant
proteins. The STRING database is a large source of
biological data integrating known and predicted PPI.
The data were analyzed to determine the network
structures of the identified proteins and the key nodes
(hub proteins) in these networks. Then, the PPI
network was visualized using Cytoscape software, and
topological features were evaluated. This analysis
allows us to better understand the biological functions
of proteins and their roles in interaction networks
(Szklarczyk et al., 2023, 2019, 2016, 2015, 2010;
Franceschini et al., 2016, 2012; Jensen et al., 2009; von
Mering et al., 2003, 2005, 2007; Snel et al., 2000).

Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) Pathway Enrichment Analysis

GO enrichment analysis is used to determine whether
a particular set of genes is significantly enriched in
biological processes, molecular functions, and cellular
components. In our study, the ShinyGo tool was used

to determine the functional annotations of
differentially expressed genes and their roles in
biological processes. This tool evaluates the

associations of gene sets with GO terms and identifies
statistically significant enriched GO terms. The results
obtained help us understand the biological functions of
genes and their participation in processes (Bindea et
al., 2009; Huang et al., 2009).

KEGG pathway enrichment analysis is used to
determine the relationship of a given gene set to known
biological pathways. In this study, the KEGG database
was used to determine which biological pathways
differentially expressed genes are associated with.
Analysis was performed using the ShinyGo tool. These
tools map gene sets to KEGG pathways and identify
statistically significant enriched pathways. The
resulting data enable us to understand which
metabolic or signal transduction pathways genes are
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involved in and how these pathways change in disease
(Ge et al., 2020; Huang et al., 2009; Xie et al., 2011).

Molecular Docking CB-Dock2

CB-Dock2 is an improved version of the CB-Dock2
server for protein-ligand blind docking, integrating
cavity detection, docking, and homologous template
docking. Given the three-dimensional (3D) structure of
a ligand and a target protein, it predicts their binding
sites and affinities (Liu et al., 2022a; Xiaoying et al.,
2023; Yang et al., 2022).

The 3D structure of the target protein was obtained
from the Protein Data Bank (PDB) (Table 2). The
specific PDB ID for the target protein was identified
and downloaded. The protein structure was cleaned by
removing any water molecules, ligands, or other
heteroatoms that could interfere with the docking
process. This was done using molecular visualization
software such as PyMOL. Hydrogen atoms were added
to the protein structure to ensure proper geometry and
charge distribution. This step is crucial for accurate
docking predictions.

Table 2. PDB code list of the proteins
Cizelge 2. Proteinlerin PDB kod listesi

Protein name PDB codes
BCL2 1G5M
EGFR 5WB7

ERBB2 3PP0O
ESR1 1XP1
HSP90AA1 81GI
HSP90AB1 1UYM
IL6 1ALU
JUN 1JUN
PIK3CA TRV
PIK3R1 5XGI

The 3D structures of the lignans were either obtained
from chemical databases like PubChem or
ChemSpider or drawn using molecular editing
software such as ChemDraw. The structures of the
lignans were optimized using quantum chemistry
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methods or force field-based energy minimization to
achieve a stable conformation. This was done using
software such as Gaussian. The optimized lignan
structures were converted to the SDF format, which is
required for docking studies using CB-Dock2. This
conversion was performed using AutoDockTools.

The prepared protein and ligand structures were
uploaded to the CB-Dock2 server. CB-Dock2
automatically detected potential binding cavities on
the protein surface. This i1s a crucial step for blind
docking, as it identifies the regions where the ligand is
most likely to bind. The docking process was initiated,
where the ligand was docked into the identified
cavities. CB-Dock2 used a combination of docking
algorithms and scoring functions to predict the binding
affinities and orientations of the ligand within the
cavities.

The docking results were scored and ranked based on
the predicted binding affinities. The top-ranked poses
were selected for further analysis. The binding poses of
the ligands were visualized using molecular
visualization software to assess the interactions
between the ligand and the protein. Key interactions,
such as hydrogen bonds, hydrophobic interactions, and
pi-pi stacking, were identified and analyzed.

RESULT and DISCUSSION

According to the oral bioavailability radar, the colored
zone 1s the ideal physicochemical space for oral
bioavailability when the following characteristics are
taken into account: lipophilicity (XLOGPS3 between -
0.7 and +5.0), size (MW between 150 and 500 g/mol),
polarity (TPSA between 20 and 130 Ay, solubility (log
S not higher than 6), saturation (the carbon fraction in
sp3 hybridization should not be less than 0.25), and
flexibility (no more than 9 rotatable bonds) (Ibrahim et
al., 2020; Mishra and Dahima, 2019). The lignans
(enterodiol, enterolactone, etoposide, lariciresinol,
matairesinol, pinoresinol, podophyllotoxin, and
secoisolariciresinol) oral bioavailability radar is
displayed in Figure 1. All other lignans are within the
oral bioavailability radar range, with the exception of
etoposide. Abd El-Razek et al. (2024) reported that
colchicine and epimagnolin are found in the advised
range. Compounds 1-4 were determined to have

acceptable values when generated from
dibenzylbutyrolactone lignans from Hydrocotyle
bonariensis parameters related to the oral

bioavailability radar, as reported by Souza et al.
(2021). Compound 5, on the other hand, violated the
saturation criterion and thus was not recommended.
Depending on their structural features, lignans may
have different acceptance ranges on the oral
bioavailability radar.

The BOILED-Egg model was used for simultaneous
prediction of blood-brain barrier (BBB) penetration
and human gastrointestinal absorption (HIA) of
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lignans and provides insight into their permeation
characteristics (Majahan et al., 2024). The BOILED-
Egg graphical interface also visually provides
information on polarity (TPSA) and lipophilicity
(WLOGP). This graph visually displays PGP (p-
glycoprotein) responses and thus more clearly
delineates the bioavailability of molecules. Membrane-
bound PGP, a transporter that leads to substrate
(PGP+) efflux, reduces intracellular concentrations and
lowers molecular bioavailability (Nag et al., 2022).
Figure 2 shows lignans’ BOILED-Egg plot.
Enterolactone (molecule 2) and pinoresinol (molecule
6) are the two molecules with positive BBB penetration
and HIA properties as well as positive PGP effects.
Enterodiol (molecule 1), lariciresinol (molecule 4),
matairesinol (molecule 5), pinoresinol (molecule 6),
podophyllotoxin (molecule 7), and secoisolariciresinol
(molecule 8) are the molecules with a negative BBB
penetration property and a positive HIA property
when they are under the effect of the PGP. Etoposide
(molecule 3) exerts a positive PGP effect on the
molecule and displays a negative HIA property and a
negative BBB penetration property. Chopade et al.
(2021) reported that phyllanthin and hypophyllanthin
originated from Phyllanthus amarus and passed
through the BBB in silico BOILED egg models.

Majahan et al. (2024) reported favorable penetration
HIA and BBB penetration properties for enterolactone,
favoring the potential of the drug candidate in both
bioavailability radar and BOILED Egg model. The
lignans’ structural characteristics may be influential
in their HIA and BBB peneration in the BOILED Egg
model.

Using canonical smiles of 8 lignans (enterodiol,
enterolactone, etoposide, lariciresinol, matairesinol,
pinoresinol, podophyllotoxin, and secoisolariciresinol),
201 possible targets were obtained from
SwissTargetPrediction. 3173 possible AD-related
targets were obtained from DisGeNET. Venny was
used to link lignans to possible targets associated with
AD. 224 possible common targets were identified
(Figure 3 and Table 3).

Network pharmacology goes beyond the traditional
single-drug-single-target paradigm by providing a
holistic view of the interactions of ligands, targets, and
diseases, enabling the development of multitarget
therapies. Integrating systems biology, this approach
enables the analysis of biological networks and
pathways, thereby helping to elucidate the
mechanisms of action of biologically active compounds
and their effects on disease pathways (Hopkins, 2007;
Lietal., 2011).

The PPI network was created by connecting 224
possible common targets with STRING. The number of
nodes was determined as 228, the number of edges was
1165, the average node degree was 10.2 and the
average local clustering coefficient was 0.462 (Fi. 4).
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Figure 1. Oral bioavailability radar of lignans (enterodiol (molecule 1), enterolactone (molecule 2), etoposide (molecule 3),
lariciresinol (molecule 4), matairesinol (molecule 5), pinoresinol (molecule 6), podophyllotoxin (molecule 7), and
secoisolariciresinol (molecule 8)

Sekil 1. Lignanlarin (enterodiol (molekiil 1), enterolakton (molekiil 2), etoposid (molekiil 3), larisiresinol (molekiil 4),
matairesinol (molekiil 5), pinoresinol (molekiil 6), podofillotoksin (molekiil 7) ve sekoizolarisiresinol (molekiil 8) oral
biyoyararlanim radari
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Figure 2. BOILED-Egg plot of lignans (enterodiol (molecule 1), enterolactone (molecule 2), etoposide (molecule 3), lariciresinol
(molecule 4), matairesinol (molecule 5), pinoresinol (molecule 6), podophyllotoxin (molecule 7), and
secoisolariciresinol (molecule 8)

Sekil 2. Lignanlarin (enterodiol (molekiil 1), enterolakton (molekiil 2), etoposid (molekiil 3), larisiresinol (molekiil 4),
matairesinol (molekiil 5), pinoresinol (molekiil 6), podofilotoksin (molekiil 7) ve sekoizolarisiresinol (molekiil 8
haglanmigs yumurta grafigi
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3173
(88.2%)
Figure 3. Venn diagram of lignans and possible targets of AD
Sekil 3. Lignanlarin ve AH nin olasi hedeflerinin Venn diyagrami
Table 3. 224 common targets in "Lignans" and "AD"
Cizelge 3. "Lignanlar” ve "AH "nin 224 ortak hedefi
KDR MMP9 NOX4 MTOR CDC25B ALOX5AP
ESR2 MMP1 JUN PIK3CA ACE QPCT
POLB TYK2 FLT4 HCAR2 PIK3CB GSK3A
ESR1 MAPK1 PITRM1 GBA HCK ABCC9
ALOX5 MMPS8 ABL1 PIK3CD PIK3CG MTNR1A
NR3C1 PTGS2 MAP2 PNP MAPK3 EDNRA
AR ROCK2 MTNR1B BCHE EIF2AK3 GRM5
STS TYR DRD1 P2RX7 AKT2 PDE2A
TTR SLC22A2 BCL2 EGFR CDK4 PDE10A
ESRRA NR1I3 ALB LCK SERPINE1 TAOK2
GPER1 SYK FTO PTGER3 CLK1 FLT1
SHBG MAP3K7 SGK1 CASP3 DNM1 PDGFRB
WEE1 CAPN1 RAF1 GAPDH HTR7 INSR
ADCY10 BACE1 MAPKS8 MMP14 PNMT IKBKB
ALOX15 HTR2C PLK1 OGA PRKACA MAP2K3
ALOX12 RET NOS1 SIRT2 MET PRKAA2
CYP19A1 CHRM1 FGFR1 MME PDK1 CAMK4
IGF1R CHRM3 NOS2 TACR2 ABCG2 CHEK2
HSD17B1 ROCK1 ERBB2 NUDT1 PPARG DAPK1
SLC6A4 RELA ANPEP MCL1 YES1 CAMKK2
CDK5 MAPK14 DYRK1A MAPK9 EPHB2 INSRR
ADRA2A HSP90AA1 PLA2G7 HIF1A LYN HMGCR
HTR1A HSP90AB1 CYP2C9 CFTR EPHA4 ACVRL1
CHEK1 CHRM2 CYP2C19 DPP4 BTK XIAP
PGR PARP1 SLC5A2 LNPEP TYROS3
1L6 BRD4 CYP3A4 ERN1 EPHA1
ADAM17 NTRK1 ADORA1 FFAR1 OPRK1
GLUL MMP3 MMP13 HDAC6 BMP1
GPBAR1 CREBBP MMP2 HDAC2 PCNA
SLC6A2 ADA SLC29A1 PRSS3 KMO
SLC6A3 OPRM1 TIRAK4 CSF1R TDP1
JAK2 MAP2K1 ST6GAL1 F9 ABCB1
LRRK2 NR1H3 PDE5A TLR4 NR1H2
GSK3B PPARD AGTR1 CXCR2 HDAC4
CNR1 F2 HK1 CXCR1 MAP3K12
CNR2 TGFBR1 P2RX3 PAK3 PIK3C3
HDAC1 NQO2 CA2 PAK1 TDP2
CDK1 ADORA2A HSPA5 DHFR MAPKAPK2
MAP2K2 MMP7 F3 SLC2A1 NR3C2
MAPKAPK5 HSD11B1 HSPAS SOAT1 CTSD
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The different node colors show the different levels of interactions whereas the edge colors show their known, predicted, and
other interactions. Color code for edges interpretation: neighborhood (green), gene fusion (red), cooccurrence (blue),
coexpression (dark), experiments (pink), databases (sky blue), textming (kelly), and homology (purple).

Sekil 4. PPI ag1

Farkli diigiim renkleri farkl etkilesim seviyelerini gosterirken kenar renkleri bilinen, tahmin edilen ve diger etkilesimleri
gostermektedir. Kenarlarin yorumlanmasi i¢in renk kodu’ komsuluk (vesil), gen fiizyonu (kirmizi), birlikte olusum (mavi),
birlikte ifade (koyu), deneyler (pembe), veritabanlar: (g6k mavisi), metin madenciligi (kelly) ve homoloji (mor).

These data show that the network is highly dense and
tightly connected, indicating that interactions between
proteins are strong and reflect potentially important
biological functions. The average node degree of 10.2
indicates that each protein interacts with
approximately 10 other proteins on average,
increasing the complexity and biological significance of
the network. The average local clustering coefficient is
0.462, indicating that there is a high level of
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interaction in subsets of the network and these
interactions may play critical roles in biological
processes. Such dense interaction networks mean that
certain proteins play central roles and that these
proteins may be potential therapeutic targets.

The top 10 targets (EGFR, HSP90AA1, BCL2,
HSP90ABI1, IL6, JUN, ESR1, PIK3CA, ERBB2, and
PIK3R1), ranked according to their node degrees, have
been determined (Table 4). PPI networks of the first 10
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targets ranked according to their node degrees are
drawn. It was determined that there were 43
interactions between 10 targets (Figure 5). These
interactions help us understand the effects of these
proteins on biological processes and disease
mechanisms. Growth factor receptors such as EGFR
and ERBB2 promote neuronal development and
survival, whereas chaperone proteins like HSP90AA1
and HSP90AB1 can minimize the toxicity of amyloid
beta and tau proteins by controlling protein folding
(Ahsan et al., 2012; Dent et al., 2021). BCL2, an
apoptosis regulator, and signal transduction
modulators JUN, PIK3CA, and PIK3R1 play critical
roles in nerve cell survival and death, providing
neuroprotection (Behl et al., 1993; Jimenez et al.,
2011). On the other hand, molecules like IL6 and ESR1
may contribute to AD through inflammatory responses
and hormonal interactions (Boada et al., 2012; Liu et
al., 2022b; Miron et al., 2018). While each of these
genes contributes to the complicated etiology of AD in
various ways, a thorough knowledge of these
relationships may pave the way for the creation of new
disease management and treatment options.

Table 4. Node and node degree of targets
Cizelge 4. Hedeflerin diigiim ve diigiim derecesi

#Node Node_degree
EGFR 58
HSP90AA1 58
BCL2 45
HSP90AB1 44
IL6 41
JUN 41
ESR1 39
PIK3CA 39
ERBB2 38
PIK3R1 38

Although it is well known that the protein known as
the epidermal development factor receptor (EGFR) is
involved in cell development, differentiation, and
survival, recent studies have indicated that EGFR may
also have a role in AD. By stimulating tyrosine kinase
signalling pathways that support brain cell growth and
survival, EGFR may contribute to cellular dysfunction
and neuronal death in AD (Jayaswamy et al., 2023).
Moreover, it is postulated that EGFR signalling
triggers neuroinflammatory processes by stimulating
brain-resident immune cells called microglia and
astrocytes (Qu et al., 2025). The production of amyloid
beta  peptides and aberrant tau  protein
phosphorylation, which are the main pathogenic
features of AD, may also be impacted by these
activities (Rajmoran and Reddy, 2017). Neuronal loss
can result from either excessive or insufficient EGFR
activation (Tavassoly et al., 2020).
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Figure 5. PPI network of top 10 targets
The different node colors show the difterent levels of
interactions whereas the edge colors show their known,
predicted, and other interactions. Color code for edges
Interpretation’ neighborhood (green), gene fusion (red),
cooccurrence (blue), coexpression (dark), experiments
(pink), databases (sky blue), textming (kelly), and
homology (purple).

Sekil 6. Ilk 10 hedefin PPI ag1
Farklh digiim renkleri farkli etkilesim seviyelerini
gosterirken kenar renkleri bilinen, tahmin edilen ve diger
etkilesimleri gostermektedir. Kenarlarin yorumlanmasi
igin renk kodu’ komsuluk (yesil), gen fiizyonu (kirmizi),
birlikte olusum (mavi), birlikte ifade (koyu), deneyler
(pembe), veritabanlar: (gok mavisi), metin madenciligi
(kelly) ve homoloji (mor).

Intracellular heat shock protein 90 (HSP90) is involved
in the folding, defense, and operation of proteins (Hoter
et al., 2018). Heat shock protein 90 alpha family class
A member 1 (HSP90AA1) and heat shock protein 90
alpha family class B member 1 (HSP90AB1) are its two
isoforms. According to reports, HSP90AA1l and
HSP90AB1 may have a significant impact on the
accumulation of proteins and neuroprotective
processes, which may influence the aetiology of AD
(Gonzalez-Rodriguez et al., 2021). Heat shock protein
90 1is significant because it inhibits the improper
folding of tau and amyloid beta and their accumulation
in the central nervous system, which lessens the
harmful intracellular consequences of these proteins in
neurodegenerative diseases (Bohush et al., 2019). By
reducing the development of amyloid plaque and
hyperphosphorylating tau, HSP90AA1 inhibition may
be able to prevent neural damage and cell death.
Additionally, this chaperone protein may benefit AD
by promoting stress resistance of neuronal cells
(Astillero-Lopez et al., 2024).

B-cell lymphoma 2 (BCL2), a protein that provides
protection against cellular death and increases cell
longevity, mainly functions by inhibition of apoptosis
(Alam et al., 2021). It exerts cellular protective effects
against neurodegeneration and thus has a central role
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in AD (Shacka & Roth, 2005). AD is essentially
characterized by apoptotic neuronal cell death through
oxidative stress and mitochondrial malfunction
(Eckert et al., 2003). Signals for cellular death can be
effectively inhibited by BCL2 through the preservation
of an intact mitochondrial membrane and the
prevention of cytochrome c¢ release (Scorrano &
Korsmeyer, 2003). Hence, BCL2 can halt neuron loss
in AD (Zhu et al., 2004).

Interleukin 6 (IL6) is a cytokine with pro-
inflammatory properties and takes part in the
regulation of immune response. It has been suggested
that IL6 plays a role in the neuroinflammatory aspect
of AD (Lyra e Silva, 2021). Accumulation of amyloid
beta peptides and neurofibrillary tangles are
responsible for the activation of immune cells, namely
astrocytes, and microglia, in AD (Webers et al., 2020).
According to Weisman et al. (2006), these deposits
cause an increase in IL6 release, which fortifies the
immunological response. According to Rubio-Perez et
al. (2012), increased IL6 can cause neuronal injury and
dysfunction, which would hasten the onset and course
of the disease. On the other hand, IL.6 may also have
neuroprotective properties, such as promoting the
survival and repair of neurons (Kummer et al., 2021).
The AP-1 transcription factor complex, which
regulates cell growth and differentiation, is primarily
composed of Jun proteins (Liebermann et al., 1998).
The pathophysiological connection between the Jun
proteins and AD is believed to be represented by
neuroinflammation and neuronal responses to stress
(Salminen et al., 2009). In reacting to oxidative stress
or various undesirable stimuli, neurons produce
proteins called jun proteins, which control the
expression of genes that aid cells in adapting and
surviving (Maise and Chong, 2004). According to Yarza
et al. (2016), there is evidence that Jun proteins
contribute to AD-related neuronal damage and cell
death. According to Wu et al. (2020), the
neuroinflammatory response is defined by dJun
activation, which leads to an increase in the generation
of inflammatory cytokines as well as other mediators.
This, in turn, damages neurons and speeds up the
onset of disease.

Estrogen receptor 1 (ESR1), an important protein that
is responsible for estrogen’s cellular effects
(Sundermann et al., 2010), has a pivotal role in AD,
due to its and estrogen’s neuroprotective properties
(Lan et al., 2015). Estrogen favorably improves brain
function and cognitive health by upregulating the
expression of proteins that support neuronal
development and survival (Russell et al., 2019).
Decreased estrogen levels during the postmenopausal
stage may be associated with AD in women (Pike,
2017). Facilitating ESR1-mediated estrogen signaling
may 1improve neuronal endurance and synaptic
plasticity in addition to avoiding amyloid-beta damage
(Sato et al., 2023).
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Phosphoinositide-3-kinase regulatory subunit 1
(PIK3R1) and phosphoinositide-3-kinase catalytic
subunit alpha (PIK3CA) are the two primary genes
involved in the phosphatidylinositol 3-kinase (PI3K)
pathway (Zhou et al. 2012). Essential biological
processes like growth, proliferation, survival, and
metabolism are carried out by this pathway (Martini
et al. 2014). The PI3K/Akt signalling pathway is
essential for brain cell survival and functioning during
Alzheimer’s disease (Razani et al., 2021). According to
Munkley et al. (2015), PIK3R1 serves as the regulatory
subunit and PIK3CA as the catalytic subunit. For the
signalling pathway to be activated and controlled, they
must work in concert. AD-related neuronal loss and
damage may be caused by an impaired PI3K/Akt
pathway (Hoxhaj and Mannig, 2020). A compromised
PI3K/Akt pathway may have a negative impact on
energy expenditure, synaptic plasticity, and cellular
stress responses (Parihar and Brewer, 2010). These
factors are closely linked to nerve cell loss and
dysfunction in the aetiology of AD (Kumar and Bansal,
2022). Additionally, the route might trigger
neuroprotective chemicals to shield cells from the
damaging impacts of tau and amyloid-beta proteins
(Fakhri et al., 2021).

The epidermal growth factor receptor ERB-B2 receptor
tyrosine kinase 2 (ERBB2), commonly referred to as
HERZ2, controls cell survival, proliferation, and
differentiation (Eccles, 2011). There is debate
regarding its involvement in AD, and studies are being
conducted to clarify its function in neurodegenerative
illnesses (Ou et al., 2021). The effects of ERBB2 on the
cell life cycle and neuronal signalling may be the cause
of AD (Wang et al., 2017). According to Ledonne et al.
(2018), ERBB2’s action on synaptic plasticity and
neuronal transmission is directly associated with both
memory and learning impairments that are hallmarks
of AD. Furthermore, it has been proposed that ERBB2
signalling influences neuroprotective processes,
making neurons more vulnerable to the harmful
effects of neurotoxic peptides, such as amyloid-beta.
Nevertheless, overactivation of ERBB2 can cause
dysfunction and set off detrimental processes in brain
cells, as several cancer types show (Atoki et al., 2023).
Gene and protein functions are examined in detail
using advanced bioinformatics techniques such as GO
analysis and KEGG pathway. GO analysis makes it
easy to fully characterize the roles of target genes and
proteins in Dbiological processes, their molecular
functions, and their location in cellular components. In
this way, it is understood how the relevant biological
processes are affected and which molecular functions
come into play. KEGG pathway analysis shows the
connections between various proteins in metabolic or
signal transduction pathways and how these activities
change in disease state. This method provides detailed
information about complex biological networks and
interactions so that the molecular mechanisms of
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diseases can be better understood.

These analyses are critical for understanding how
targeted molecules affect disease processes and
discovering potential therapeutic targets.
Consequently, GO and KEGG analyses contribute to
the creation of more effective and focused therapeutic
strategies, thus playing an important role in
combating diseases (Chen et al., 2017; Gene Ontology
Consortium, 2017; Xing et al., 2016).

The GO biological processes of the top 10 targets were
identified (Figure 6). There are numerous distinct
biochemical pathways that play a major role in the
etiopathogenesis of AD. According to Lee et al. (2017),
the ability of positive regulation of peptidyl-serine
phosphorylation to hyperphosphorylate tau protein
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indicates that it is the most dominant activity in AD.
Furthermore, changes in global protein
phosphorylation may impact neuronal function and
cellular signalling networks, which may accelerate the
course of the illness (Oliveira et al., 2017). Since
neuronal loss is one of the main characteristics of AD,
apoptotic process regulation and controlled death of
cells are strongly related to the illness (Gong and Igbal,
2008). Furthermore, as noted by Hernandez et al.
(2009), intracellular signaling and its regulation play
a critical role in neurodegenerative illnesses like AD.
It will be crucial to carefully look at the roles that each
of these processes plays in AD to develop successful
treatment strategies and a deeper understanding of
the disease.
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Figure 6. GO biological processes of top 10 targets
Sekil 6. Ilk 10 hedefin GO biyolojik stiregleri

GO cellular components of the top 10 targets were
identified (Figure 7). Cellular components related to
AD can be identified by considering the illness’s
fundamental features and the cellular processes it
impacts. The modulation of neuronal signaling
pathways and cell development is very critical in AD.
In this setting, the phosphatidylinositol 3-kinase
complex (particularly class 1 and class 1A) performs
key roles in neural signaling and cell survival
processes, making it intimately associated with AD
(Fraser et al., 2008). Furthermore, because dendritic
growth cones and axonal growth cones play critical
roles in controlling neuronal development and
connections, this condition may be linked to neuronal
network disturbance (Weinkove et al.,, 2008). The
myelin sheath is another critical cellular component
that influences the speed and efficiency of neuronal
transmission and can be impaired in AD (Fraser et al.,
2008). To have a grip on AD and develop treatment
alternatives, every one of these elements might be a
key focus.
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The top 10 targets’ GO molecular functions were
determined (Figure 8). The effect of AD on neuronal
function and the roles of protein changes can be used
to determine molecular activities associated with AD.
In this regard, the regulation of nitric oxide synthase
is essential for both inflammatory and neural
processes, and it may also help prevent
neurodegeneration in AD patients (Bredt et al., 1992).
Reversal of protein phosphorylation and regulation of
cellular signalling processes need two essential
chemical reactions, namely protein phosphatase
binding and phosphatase binding, which may be
operational in the development of AD (Sontag &
Sontag, 2014). Kinase and enzyme regulatory
activities mediate signal transduction processes and
preserve cellular homeostasis, the two processes that
may potentially alter AD course (Austin and Katusic,
2016). Additionally, protein breakdown and cell
longevity are related to ubiquitin-protein ligase and
ubiquitin-like protein ligase binding, which may be
involved in the regulation of protein aggregation and
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cellular stress in AD (Prete et al., 2016). The
pathophysiology of AD can be better explained and
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Figure 8. GO molecular functions of top 10 targets
Sekil 8. Ilk 10 hedefin GO molekiiler fonksiyonlari

KEGG pathways of the top 10 targets were determined
(Figure 9). KEGG pathways related to AD are expected
to reveal the basic characteristics of AD and the
molecular interactions involved. According to Li et al.
(2003), the ErbB signalling pathway is associated with
the growth and survivability of neurons and may help
to maintain the connections and functioning of neurons
in AD. When activated in the event of neuronal stress
and damage, the HIF-1 signalling pathway governs
hypoxia-related cellular responses and may be crucial
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in AD (Abdul and Butterfield, 2007). According to
Jimenez et al. (2011), the PI3K-Akt signalling system
regulates cell survival, proliferation, and metabolism,
making it a potential target for halting the progression
of AD. A thorough examination of these pathways may
lead to novel therapy approaches as they are crucial for
understanding how AD governs damage to neurons
and how that damage influences the course of the
disease.

The CB-Dock2 server provides the AutoDock vina-
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based molecular docking technique and the curvature-
based cavity identification approach to CB-Dock2, an
enhanced version of the protein-ligand blind docking
programme (URL1). Binding positions are evaluated
using the binding energies expressed in kcal/mol when
using the CBDOCK2 vina technique (Thangavel et al.,
2021). Vina’s empirical scoring method is based on a
scoring function (Ugurlu et al., 2024). Greater affinity
for binding is shown by a higher negative vina score
(Quiroga and Villarreal, 2016). Table 5 displays the
molecular docking data for the target proteins (EGFR,

secoisolariciresinol). The target proteins have the
following order of binding affinity for lignans: ERBB2
> PIK3CA > HSP90AB1 > PIK3R1 > EGFR > JUN >
ESR1 > IL6 > HSP90AA1 > BCL2, in that order.
Etoposide > enterolactone > pinoresinol> matairesinol
> enterodiol > podophyllotoxin > lariciresinol >
secoisolariciresinol is the order from highest to lowest
in which the lignans attach to their particular target
proteins. The molecular docking experiments revealed
a considerable binding affinity between the target
proteins (EGFR, HSP90AA1, BL2, HSP90ABI1, IL6,
JUN, ESR1, PIK3CA, ERBB2, and PIK3R1) and the
lignans, which indicated the potential of the proteins
to function.
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Figure 9. KEGG pathways of targets
Sekil 9. Hedeflerin KEGG yolaklari

HSP90AA1, BL2, HSP90AB1, IL6, JUN, ESRI,
PIK3CA, ERBB2, and PIK3R1) and lignans
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(enterolactone, etoposide, podophyllotoxin, and

pinoresitol) to the target proteins (EGFR, HSP90AA1,
BL2, HSP90ABI, IL6, JUN, ESR1, PIK3CA, ERBB2,
and PIK3R1) by the respective vina scores are shown
on Table 6. The contact residues and bindings between
the ligands and target proteins were found to have

contact amino acids and bond structures. The teal
dotted lines show the reactions between hydrogen
bonds. Aguilar-Carrillo et al. (2024) state that
electrostatic interactions are displayed as yellow
dotted lines, whereas hydrophobic interactions are
depicted by grey dotted links.

Table 5. Molecular docking results (vina score) of lignans and target proteins
Cizelge 5. Lignanlarin ve hedef proteinlerin molekiiler kenetlenme sonuglari (vina skoru)

Target Protein

Lignan EGFR HE\?O BCL2 H[gfo L6 JUN ESRI PIK3CA ERBB2 PIKSR1
Enterodiol -8.1 -6.1 -6.2 -8.4 -7.0 -8.9 -8.0 -7.9 -8.7 -8.0
Enterolactone -9.5 -6.9 -7.1 -9.4 6.9 -7.8 -10.0 -8.5 -9.8 -7.8
Etoposide -8.2 -7.7 -7.8 -8.7 -7.1 -9.8 -7.8 -9.5 -9.0 -10.8
Lariciresinol -8.1 -6.3 -6.1 -8.4 -6.8 -7.2 -6.8 -8.5 -8.8 -7.8
Matairesinol -8.3 -6.9 -6.0 -8.6 -6.8 -7.2 -8.7 -9.5 -9.0 -7.8
Pinoresinol -8.5 -6.6 -6.8 -8.1 -6.1 -8.1 -7.8 -9.6 -9.5 -8.1
Podophyllotoxin -7.7 6.6 -6.4 -8.2 7.3 -74 6.7 -8.6 -8.1 -8.8
Secoisolariciresinol -7.6 -6.4 -6.1 -7.8 -6.3 -7.0 -7.5 -7.2 -8.8 -7.4
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Table 6. Molecular docking results (contact residues) of lignans and target proteins
Cizelge 6. Lignanlarin ve hedef proteinlerin molekiiler kenetlenme sonuglari (temas kalintilari)

Target

Lignan Protein

Contact Residues

Enterolactone EGFR

Chain A: PHE723 VAL726 ALA743
ILE744 LYS745 LEU747 ARG748
GLU749 ALA750 THR751 SER752
PRO753 LYS754 ALA755 ASN756
GLU758 ILE759 LEU760 GLU762
ALA763 MET766 VAL769 CYS775
ARG776 LEU777 ILE780 LEU782
THR783 SER784 THR785 VAL786
LEU788 ILE789 MET790 THR854
ASP855 PHES856 GLY857 LEUS58
LEUS861 LEUS862
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Etoposide HSP90AA1

Chain A: ASN161 PRO162 ASN163
GLU164 GLY165 ALA166 THR167
THR189 GLU192 ASP195 LYS204
GLU207 GLU251 LYS252 ALA253
LYS254 GLU255 SER256 TRP257
MET259 LYS262 GLU263 GLU266
GLN267 ILE270 VAL271 LYS274
MET285 VAL288 ILE289 GLN290
TYR291 GLY292 LLYS293 VAL295
SER296 TRP297 GLU299 MET300
GLU301 PHE320 LEU323 TYR327
LYS335 GLU338 CYS339 LYS342

Etoposide BCL2

Chain A: PHE23 CYS24 SER25 GLY26
ILE27 GLN28 ARG40 TYR41 LYS44
GLU45 GLU47 GLN48 ARG51 ARG55

SER58 GLN59 VAL100 SER103
GLU104 LEU106 SER107 ARG108
GLY109

Enterolactone  HSP90AB1

Chain A: ASN413 MET414 PHE415
ARG417 LEU418 GLU421
Chain B: GLU370 ARG373 ILE400
GLN403 LEU404 GLU407 TYR411
Chain C: SER258 TRP259 MET261
ASN262 SER263 LYS266 SER298
TRP299 LEU300 GLU301 TYR302
GLU303 SER304 SER305 PHE306
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Podophyllotoxin

1L6

Chain A: GLU42 THR43 LYS46 SER47

ARG104 PHE105 GLU106 SER107
SER108 GLN156 ASP160 THR163

Etoposide

JUN

Chain N: ILE535 ARG537 LYS538

ASN539 ARG541 GLN571 ARG572

HIS575 GLU576 LEU577 LYS664

ARG665 LYS666 ARG667 GLN669

Chain J: LYS268 ARG269 ARG271
ASN272 1.YS283

[ ]
“N[HET]4008

[HET 400 [HET]4007

J\ “‘ HET]S017
O

b
Pty
oS e rﬂﬂsmuus

Enterolactone

ESR1

Chain A: MET343 LEU346 THR347

ASN348 LEU349 ALA350 ASP351

GLU353 TRP383 LEU384 LEU387

MET388 LEU391 ARG394 PHE404

MET421 ILE424 PHE425 LEU428

LYS520 GLY521 MET522 HIS524
LEU525 CYS530

Pinoresitol

PIK3CA

Chain A: ARG154 ARG162 TYR165
VAL166 TYR167 PRO168 PRO169
ASN170 LYS253 ASP258 GLU259
TYR260 MET288 SER292 LEU293
GLN296 LEU297 PRO298 ASP300
GLN661 ARG662 PHE666 CYS695
GLY696 MET697 TYR698 HIS701
GLN749 GLY750 PHE751 LEU752
ASN756 PRO757 ALA758 GLN760
LEU761 GLY762 ASN763 PRO786
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E770

Chain B: LEU726 GLY727 SER728

VAL734 ALA751 ILE752 LYS753
LEU755 GLU770 MET774 SER783
ARG784 LEU785 LEU796 VAL797
THR798 GLN799 LEU800 MET801
PRO802 TYR803 GLY804 CYS805
ASP808 ARG849 ASN850 LEU852
THR862 ASP863 PHE864 GLY865

PHE1004

Enterolactone ERBB2

!

/

Chain A: GLY364 TRP424 TRP446
PRO447 VAL448 PRO449 HIS450
LEU452 ASP454 LEU455 LEU456
ASN457 PRO458 ILE459 ASN465
CYS604 ASN605 LYS678 THR679
ASP806 ARG808 LEU1006 GLY1009
MET1010 PRO1011 GLN1014 SER1015
PHE1016 ASP1017
Chain B: ASP464 TYR467 GLU468
TYR470 THR471 SER474

Etoposide PIK3R1

It has been observed that gefitinib ligand, while
binding to the EGFR protein, interacts with residues
ASP800, VAL726, LYS745, MET790, LEU78S,
ILE744, LEUS844, ALA743, GLN791, LEU792,
MET793, LEU718, PRO794, GLY796, SER719 (URL2;
Yoskikawa et al., 2013). Erlotinib has been observed to
interact with residues ASP831, VAL702, LYS721,
THR830, LEU764, ILE720, ILE765, ALA719, THR'766,
GLN767, LEU820, LEU694, LEU768, MET769,
PHE771, PRO770, GLY772, CYS773, ASP776 (URL3;
Park et al., 2012). Lapatinib has been observed to
interact with residues LEU792, MET1002, GLY796,

CYS797, GLY719, ASP800, LEU799, ARGS803,
ARGS841, PO481, LEU718, VAL726, LEUS858,
THR854, MET766, PHES856, ASP855, LEU777,
ARG776, THR790, CYS775, LYS745, LEU78S,

ILE744, ALA743, GLN791, ILE789, MET793, LEU844
(URL4; Wood et al., 2004). Bilobol has been observed
to interact with residues ASN86, ARG84, GLUG60,
ALA62, VAL36, VAL37, LEU38, GLY39, TYR251,

GLY264, ALA265, THR249, THR266, PRO248,
GLU221, SER222, ASP223, C(CYS236, CYS224,
THR235, ALA234, LEU225, VAL226, CYS227,

ARG231 (Adabi et al., 2023). 2,9-disubstituted 8-
phenylthio/phenylsulfinyl-9h-purine derivatives have
been observed to interact with residues MET793,
THR854, LEU718, LEU844, MET766, VAL726,
ALA743, LYS745, MET790 (Ibrahim et al., 2020). In
our study, enterolactone and gefitinib, erlotinib,
lapatinib,  bilobol, and  2,9-disubstituted 8-
phenylthio/phenylsulfinyl-9h-purine derivatives were
found to interact with similar residues. Enterolactone
was found to be more similar in interaction with gefitib
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and lapatinib.

It has been observed that 17-AAG ligand, while
binding to the HSP90AA1 protein, interacts with

residues ASN161, PRO162, ASN163, GLU164,
GLY165, ALA1l166, THR167, GLU192, ASP195,
LYS204, GLU207, TRP257, MET259, LYS262,
GLU263, GLN267, ILE270, VAL271, LYS274,
MET285, VAL288, ILE289, GLN290, TYR291,
GLY292, LYS293, VAL295, SER296, TRP297,
GLU299, MET300, GLU301, PHE320, LEU323,

TYR327, LYS335, GLU338, CYS339, LYS342 (URL5;
Stebbins et al., 1997). Geldamycin has been observed
to interact with residues ASN161, PRO162, ASN163,

GLU164, GLY165, ALA166, THR167, GLU192,
ASP195, LYS204, GLU207, TRP257, MET259,
LYS262, GLU263, GLN267, ILE270, VAL2T71,
LYS274, MET285, VAL288, ILE289, GLN290,
TYR291, GLY292, LYS293, VAL295, SER296,
TRP297, GLU299, MET300, GLU301, PHE320,

LEU323, TYR327, LYS335, GLU338, CYS339, LYS342
(URL6; Stebbins et al., 1997). Radicicol has been
observed to interact with residues ASN161, PRO162,

ASN163, GLU164, GLY165, ALA166, THR167,
GLU192, ASP195, LYS204, GLU207, TRP257,
MET259, LYS262, GLU263, GLN267, ILE270,
VAL271, LYS274, MET285, VAL288, ILE289,
GLN290, TYR291, GLY292, LYS293, VAL295,
SER296, TRP297, GLU299, MET300, GLU301,
PHE320, LEU323, TYR327, LYS335, GLU338,

CYS339, LYS342 (URL7; Roe et al., 1999). In our
study, etoposide and 17-AAG, geldamycin, and
radicicol were found to interact with similar residues.
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It has been observed that ABT-737 ligand, while
binding to BCL-2 protein, interacts with residues
PHE23, ARG55, TYR41, ARG108 (URLS; Murray et
al., 2019). Venetoclax (ABT-199) has been observed to
interact with residues PHE23, TYR41, ARGH55,
GLU45, CYS24 (URL9; Birkinshaw et al., 2019).
S55746 has been observed to interact with residues
PHE23, ARG55, TYR41, GLU47 (URL10; Casara et al.,
2018). Novel 9-(alkylthio)-Acenaphthol1,2-e]-1,2,4-
triazine derivatives has been observed to interact with
residues GLU13, MET16, LYS17, HIS20, ALA32,
ASP35, VAL36, GLU38, ASN39, THR41, ASP10,
GLY46, GLU50, ASP35 (Mohammadi et al., 2014). In
our study, etoposide and ABT-737, venetoclax (ABT-
199), S55746, and novel 9-(alkylthio)-Acenaphtho[1,2-
e]-1,2,4-triazine derivatives were found to interact
with similar residues.

It has been observed that the 17-AAG ligand, while
binding to the HSP90AB1 protein, interacts with
residues GLU370, ARG373, ILE400, GLN403,
LEU404, GLU407, TYR411 (URL5; Stebbins et al.,
1997). Geldamycin has been observed to interact with
residues ASN413, MET414, PHE415, ARG417,
LEU418, GLU421 (URL6; Stebbins et al., 1997).
Radicicol has been observed to interact with residues
SER258, TRP259, MET261, ASN262, SER263,
LYS266, SER298, TRP299, LEU300, GLU301,
TYR302, GLU303, SER304, SER305, PHE306 (URL?7;
Roe et al., 1999). Chelerythrine has been observed to
interact with residues TRP162, VAL150, ASP93,
TYR139, PHE138, LEU107, MET98 (Sharma and
Kumar, 2023). In our study, enterolactone and 17-
AAG, geldamycin, radicicol, and chelerythrine were
found to interact with similar residues.

It has been observed that the olokizumab ligand, while
binding to the IL6 protein, interacts with residues
GLU42, THR43, LYS46, ARG104, PHE105, GLU106,
SER107, ASP160 (URL11; Shaw et al, 2014).
Procyanidin has been observed to interact with
residues GLU42, THR43, LYS46, SER47, ARG104,
PHE105, GLU106, SER107, ASP160 (Zeng et al.,
2023). In our study, podophyllotoxin, olokizumab, and
procyanidin were found to interact with similar
residues.

It has been observed that the 4-OHT ligand binds to
the ESR1 protein and interacts with the MET343,

LEU346, THR347, LEU349, ALA350, ASP351,
GLU353, TRP383, LEU384, LEU387, MET388,
LEU391, ARG394, PHE404, MET421, ILE424,
PHE425, LEU428, LYS520, GLY521, MET522,

HIS524, LEU525, CYS530 (URL12; Maximov et al.,
2018). Chalcone derivatives (HNS10) have been
observed to interact with residue LEU346, THR347,
LEU349, ALA350, GLU353, LEU387, MET388,
LEU391, ARG394, MET421, LEU525 (Muctaridi et al.,
2017). Benzophenone imine inhibitors have been
observed to interact with residues LEU346, THR347,
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LEU349, ALA350, GLU353, TRP383, LEU384,
LEU387, MET388, LEU391, ARG394, PHE404,
MET421, ILE424, GLY521, HIS524, LEU525 (Shtaiwi
et al.,, 2019). In our study, it was determined that
enterolactone and 4-OHT, chalcone derivatives, and
benzophenone imine inhibitors interact with similar
residues.

It has been observed that the covalent inhibitor 19
ligand binds to the PIK3CA protein and interacts with
the CYS862 residue (URL13; Borsari et al., 2022).
Fragments 12 and 15 were observed to interact with
residue GLU542 (URL14; Miller et al., 2017). Alpelisib
(BYL719) has been observed to interact with residues
ARG154, TYR165, TYR167, PRO169, ASP300,
GLU542, ASP544 (Pattar et al., 2020). In our study, it
was determined that pinoresitol and covalent inhibitor
19, fragments 12 and 15, and alpelisib (BYL719)
interact with similar residues.

It has been observed that doxazosin ligand, while
binding to the ERBB2 protein, interacts with residues

LEU726, GLY727, SER728 VAL734, ASP863,
PHES864, MET774, SER783, LEU785, LEU796,
THR798, METS801, TYR803, GLY804, CYS805,
LEUS852, THR862 (URL15). Gefitinib has been

observed to interact with residues LEU726, VAL734,
CYS805, LEU852, THR862, ASP863, and PHES864
(URL15). Lapatinib has been observed to interact with

residues LEU726, ALA751, LYS753, GLU770,
MET774, SER783, LEU785, LEU796, THR798,
GLN799, LEU800, MET801, TYRS803, GLY804,
CYS805, LEUS852, THRS862, ASP863, PHES64,

GLYS865 (URL15). Tyrosine kinase inhibitors from
Panax biinnatifidus and Panax psudoginseng have
been observed to interact with residues LYS753,
ALA751, MET774, LEU852, THR798, LEUS00,
MET801, GLY804, CYS805, ASP808, LYS724,
LEU726, VAL734, GLY729, ALA730, ASP863 (Paul et
al., 2021). In our study, enterolactone and doxazosin,
gefitinib, lapatinib, and tyrosine kinase inhibitors
from Panax biinnatifidus and Panax psudoginseng
were found to interact with similar residues.

It has been observed that PI-103 ligand interacts with
HIS450, LEU455, and ASP454 residues while binding
to the PIK3R1 protein (URL16). Alpelisib has been
observed to interact with residues GLY364, TRP424,
and ASP806 (URL17). Wortmannin has been observed
to interact with residues ASN605, CYS604, and
GLY1009 (URL18). In our study, etoposide and P-103,
alpelisib, and wortmannin were found to interact with
similar residues.

The interaction residues between ligands and their
target proteins were observed to significantly overlap
with those detected for enterolactone, etoposide,
podophyllotoxin, and pinoresitol.

These consistent interactions suggest that the binding
affinities and mechanisms of action of these ligands
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may be comparable, thus common pathways or
mechanisms can be investigated for therapeutic
purposes.

Studies in the literature showing the relationship of
enterolactone with EGFR, HSP90AB1, ESR1, and
ERB2 are associated with cancer and hepatic fibrosis.
There i1s no study showing its relationship with AD.
However, Reddy et al. (2020), enterolactone is an
inhibitor of acetylcholinesterase and
butyrylcholinesterase =~ and  therefore  provides
neuroprotection against AD. Hoang et al. (2024)
suggested that diets rich in matairesinol could inhibit
the effect of ABi42, since enterolactone 1is a
matairesinol-derived metabolite produced through
intestinal microbiota activity.

Studies in the literature showing the relationship of
etoposide with HSP90AA1, BCL2, JUN, and PIK3R1
are associated with cancer. There is no study showing
its relationship with AD. However, Lu et al. (2002)
showed that although etoposide is neurotoxic, it also
activates a cell survival pathway involving AMPA
receptor-mediated activation of p42/p44 MAP kinases.
They stated that agents that selectively inhibit cell
survival or death pathways triggered by DNA damage
may be useful in cancer and neurodegenerative
diseases.

Studies in the literature show the relationship
between podophyllotoxin and IL6 is associated with
cancer. There is no study showing its relationship with
AD. However, Xu et al. (2022), the extract from the
Juniperus  plant exhibited significant anti-
butyrylcholinesterase activity, which was positively
correlated with high levels of podophyllotoxin and
deoxypodophyllotoxin.

Studies in the literature showing the relationship of
pinoresitol with PIK3CA are associated with cancer.
There i1s no study showing its relationship with AD.
However, Lei et al. (2021) found that pinoresitol could
alleviate neuroinflammation, neuronal apoptosis, and
oxidative stress through the TLR4/NF-xB and
Nrf2/HO-1 pathways and ameliorate ABi-s2-induced
memory dysfunction in mice.

CONCLUSION

Our study explores the potential of lignans, natural
polyphenols, that can be used in the treatment of AD.
Using network pharmacology and molecular docking
techniques, we examined how lignans interact with
various key proteins associated with AD pathology.
These proteins include EGFR, HSP90AA1l, BCL2,
HSP90ABI, IL6, JUN, ESR1, PIK3CA, ERBB2, and
PIK3R1. Our findings suggest that interactions of
lignans with these proteins may alleviate AD
symptoms by modulating inflammation, regulating
apoptosis, and affecting signal transduction pathways.
Additionally, these interactions may reduce amyloid-
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beta accumulation and tau phosphorylation, thus
slowing disease progression. These results support the
use of lignans as potential therapeutic agents in the
treatment of AD and highlight the need for further in
vivo studies. This integrated approach highlights the
importance of developing new strategies in the
treatment of complex diseases such as AD.
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ABSTRACT

Maize is one of the most significant cereal crops in the world, and insect
pests cause the highest economic loss. The objective of this study was to
assess the level of insect pests and their natural enemies during 2020 and
2022 in the maize fields of Diizce and Sakarya, Tirkiye. We performed
weekly surveys from the vegetative growth stage of maize to harvest from
April through November. A hundred plants were selected with regular
and irregular samplings from each field. In addition, light traps and
pheromone traps were placed in regularly sampled fields. To detect
overwintering larvae, the stalks left in the field after the harvest were
cut just above the soil. In the maize fields, a total of 13 pest species from
six families in four orders, along with 19 natural enemies from eight
families in five orders, were identified. Ostrinia nubilalis Hbn.
(Lepidoptera: Crambidae) Was found as the primary pest, followed by
Helicoverpa armigera Hbn. and Mythimna unipuncta Haw. (Lepidoptera:
Noctuidae). Meteorus pendulus Miiller (Hymenoptera: Braconidae) was
a new record for the East Marmara and Western Black Sea regions and
a new host record in Tirkiye. Larval parasitoids of M. unipuncta,
Nemoraea pellucida Meigen, and Pales pavida Meigen (Diptera:
Tachinidae) represent new host records for Tiirkiye. Among the
predators, Orius minutus L. (Hemiptera: Anthocoridae) and coccinellids
showed an especially notable common in the maize fields of both
provinces.
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Turkiye’'nin Kuzeybatisindaki Misir Alanlarinda Zararli Bocek Tiirleri ve Dogal Diigmanlar:

OZET

Misir, diinyada tarimi yapilan en 6nemli tahillardan birisidir ve zararh
bocek turleri ylksek ekonomik kayiplara neden olmaktadir. Bu ¢alisma
2020 ve 2022 yillar1 arasinda Diizce ve Sakarya misir alanlarinda
bulunan zararlh bocek turleri ve dogal diismanlarini belirlemek amaciyla
yuritilmistiir. Orneklemeler Nisan ay1 ile Kasim ay1 arasinda misirin
vejetatif bliyime evresinden hasata kadar haftalhlk olarak
gerceklestirilmistir. Orneklemelerin yapildigi her bir tarladan toplam
100 bitki incelenmigtir. Ayrica 6rnekleme yapilan tarlalara isik tuzaklari
ve feromon tuzaklari yerlestirilmigtir. Kiglayan larvalar: tespit etmek
icin hasattan sonra tarlada kalan saplar laboratuvara getirilerek
incelenmigtir. Bu ¢alismada, misir alanlarinda dort takima bagh alti
familyadan 13 zararh bocek tiir, bes takimdan sekiz familyaya bagl 19
dogal diisman tiirti belirlenmistir. Ostrinia nubilalis Hbn. (Lepideoptera:
Crambidae), Helicoverpa armigera Hbn. ve Mythimna unipuncta Haw.
(Lepidoptera: Noctuidae) sirasiyla baslica zararhlar olarak tespit
edilmistir. Meteorus pendulus Miiller (Hymenoptera: Braconidae), Dogu
Marmara ve Bat1 Karadeniz Bolgeleri igin yeni kayit olmasinin yani sira
Turkiye icin yeni konuk¢u kaydi niteligindedir. Mythimna unipunctanmn
larva parazitoitleri olan Nemoraea pellucida Meigen ve Pales pavida
Meigen (Diptera: Tachinidae), Tiirkiye icin yeni konukcu kayd:
niteligindedir. Predatér tiirlerden Orius minutus L. (Hemiptera:
Anthocoridae) ve coccinellid tiirleri her iki ilde érnekleme yapilan misir
alanlarinin birgogunda yaygin olarak tespit edilmistir.
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INTRODUCTION Hemiptera: Aphididae), thrips (Thysanoptera),
Maize (Zea mays L.) is the most widely produced crop, leathoppers (Hem'lptera'i Cicadellidae), ~ and
with 1 billion tons worldwide. It has a high genetic ~ planthoppers (Hemiptera: Delphacidae, ~Cixidae)

diversity and can be grown in various climates, up to
3.800 meters above sea level and from the equator to
around 50° north and 42° south latitudes (Ortega,
1987). In Tiirkiye, maize is the most widely grown crop
after wheat and barley and is either sown as the main
or the second crop by most farmers, with an
approximate annual production of 6.750.000 tons
(TUIK, 2021). Diizce and Sakarya provinces produce
332.000 tons of maize, representing 20% of the total
production of Tiirkiye (TUIK, 2021). First-crop maize
planting usually occurs between April and May,
second-crop maize is in June and July, and harvesting
is held from September to October in Dizce and
Sakarya provinces. At the global level, maize is used
65-70% in animal feed, while around 20% is utilized in
the production of sugar, starch, and oil, and the
remaining is in the food industry (Ozcan, 2009).

Animal pests, weeds, and pathogens threaten maize
yield and quality (Oerke, 2006). Insect pests, especially
lepidopteran species are the most critical factors
limiting maize production. These pests attack any part
of the plant, like foliage, tassel, ear, stem, or grain, and
can infest at any stage of maize growth and storage,
often causing severe damage (Ortega, 1987). Insect
pests, particularly lepidopteran stem borers, severely
reduce maize yields (Tonga & Bayram, 2021).
Currently, the most significant pests of maize in
Turkiye are the European corn borer, Ostrinia
nubilalis Hbn. (Lepidoptera: Crambidae) and the
Mediterranean corn borer, Sesamia nonagrioides
Lefebvre (Lepidoptera: Noctuidae), which are the
primary pests (Sertkaya et al., 2014). These corn
borers cause economic loss from 2 to 4 million hectares
of maize in Europe (Brookes, 2009). In Tiirkiye, other
lepidopteran pests from the Noctuidae family include
cotton leafworm (Spodoptera Iittoralis Boisd.),
cutworms (Agrotis spp.), corn earworm (Helicoverpa
armigera Hbn.), beet armyworm (Spodoptera exigua
Hbn.), armyworms (Mythimna spp.), and the family
Crambidae include spotted stem borer (Chilo partellus
Swinhoe), which are significant cause of crop loss
(Sertkaya et al., 2014; Akmese et al., 2017). Other
pests of regional importance include wireworms such
as Agriotes spp., Cardiophorus cyanipennis Mulsant &
Wachanru, and Melanotus fuscipes Gyll. (Coleoptera:

Elateridae), Gryllotalpa gryllotalpa (Orthoptera:
Gryllotalpidae), Tanymecus  dilaticollis  Gyll.
(Coleoptera: Curculionidae), spider mites

(Tetranychus spp.), aphids (Rhopalosiphum spp.,
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(Mutlu et al., 2008; Yilmaz et al., 2009; Sertkaya et al.,
2010; Akmese et al., 2017).

Globalization has facilitated the increase in trade,
transportation, travel, and tourism, eliminating
natural barriers between specific regions, countries,
and even continents and allowing many insect species
to enter new habitats (Lowe et al., 2000). Additionally,
in recent years, the impact of climate change has led to
the emergence of some new insect pests as a frequent
problem in various regions of the world.

Agricultural production has expanded considerably in
the last 50 years because of the availability of synthetic
fertilizers and high-yielding cultivars. In addition, the
widespread use of pesticides, which provided farmers
with better pest control, significantly contributed to
the so-called green revolution (Newsom, 1980; Eichers,
1981; Kogan, 1998; Meissle et al., 2010). However, the
rising use of chemicals in agriculture negatively affects
the health of humans and animals, pollutes water and
soil, and has side effects on beneficial insects such as
natural enemies, decomposers, and pollinators
(Metcalf, 1986; Pimentel, 2005). Insect pests
substantially reduce maize yields, but an approach
other than chemical control is lacking (Van Huis,
1981). The principle of knowing insect pests has a
significant outcome, which can recognize the natural
enemies that prey on or parasitize them. The capacity
to correctly identify pests and beneficial insects is
equally as critical as recognizing damaging ones
because it can be used to improve pest management
success (Ortega, 1987).

The primary purpose of the current study is to report
the presence of pests and their natural enemies in
maize fields of Dilizce and Sakarya provinces. This
study attempts to establish the basis for developing an
integrated pest management program by identifying
the pests and natural enemies in maize fields.

MATERIAL and METHOD

The study was performed in the first and second-crop
maize fields in Merkez, Cilimli, Giimilisova districts of
Diizce, and Hendek, Akyazi, Erenler districts of
Sakarya between 2020 and 2022 (Figure 1). Regular
samplings were made in 12 maize fields in Diizce and
Sakarya provinces in 2021 and 2022. In addition,
insect species were collected through irregular
samplings from 54 different fields between 2020 and
2022. Field surveys were done from April to October
each year, and samplings were carried out from the
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vegetative growth stage to harvest. A hundred maize
plants were checked in each field, with 20 randomly
selected plants on 5 sampling spots. Each plant was
carefully inspected, from the aerial root to the tassel.
Additionally, solar-powered light traps and O.
nubilalis pheromone traps (Z-11-Tetradecenyl acetate,
E-11-Tetradecenyl acetate, Trece Incorporated, USA)
were placed in regularly sampled fields. After the
harvest, stalks remaining in the field were cut just
above the soil, with 50 samples collected for each field
and brought to the Ilaboratory for detection of
overwintering larvae in the stalks. Insect specimens
were put into a plastic container (10 x 10 c¢cm), falcon

tubes, and Petri dishes, labeled, and protected via an
ice box until transferred to the laboratory. The
collected insect samples were incubated in a plant
growth chamber (25+1 °C, 60+10 RH, 14 L:10 D
photoperiod) with their natural (fresh maize leaves,
stems, and cobs) and artificial diets, including toasted
soybean flour, stabilized wheat germ, sugar, vitamins,
and mineral salts (Southland Products Inc, USA).
Samples were checked daily until adult pests or any
possible natural enemies such as parasitoids or
predators emerged. After the first adults emerged, the
samples were sent to the expert taxonomist for
identification.
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Figure 1. Map showing the location of Diizce and Sakarya provinces in Tirkiye
Sekil 1. Calismalarin ytiritildiigi Diizce ve Sakarya illerinin haritasi

The molecular method based on DNA sequencing of
ribosomal internal transcribed spacer (ITS) region was
employed for the species identification of
Trichogramma Westwood (Hymenoptera:
Trichogrammatidae) specimens from O. nubilalis eggs.
The extraction nucleic acids of samples, preserved in
95% ethyl alcohol, were isolated utilizing the DNeasy
Blood and Tissue Kit (Qiagen, Valencia, CA, USA)
following the instructions provided by the
manufacturer. The PCR amplification to yield their
ITS2 was conducted with the universal primer pair
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(forward 5-TGTGAACTGCAGGACACATG-3 and
reverse 5-GTCTTGCCTGCTCTGAG-3) according to
Stouthamer et al. (1999). The amplified fragments
were sequenced by a commercial company (Macrogen
Inc., Seoul, South Korea) with the same primers. The
obtained DNA sequences were subjected to alignment
using ClustalW, a method for multiple-sequence
alignment (Thompson et al., 1994), and analyzed using
the Basic Local Alignment Search Tool (BLASTn:
http://blast.ncbi.nlm.nih.gov/Blast) at NCBI (National
Center for Biotechnology Information:
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https://www.ncbi.nlm.nih.gov/) against the GenBank
nucleotide database to identify the closest presented
reference sequences.

RESULTS and DISCUSSION

We detected 13 different insect pests from the orders
Lepidoptera, Hemiptera, Coleoptera, and Orthoptera,
and 19 different natural enemies from the orders
Diptera, Hymenoptera, Hemiptera, Coleoptera, and
Neuroptera in the maize fields of Diizce and Sakarya.

Maize Pests in Diizce and Sakarya Provinces and
Their Status in Tirkiye

The most common and high-density species were O.
nubilalis, H armigera, and M. unipuncta. Loxostege
sticticalis L. (Lepidoptera: Crambidae) has also the
highest density, although its occurrence was restricted
to 2022. The other species were found in various
locations in Diizce and Sakarya, and their population
densities remained low (Table 1).

Table 1. Pest species identified in maize fields of Diizce and Sakarya
Tablo 1. Diizce ve Sakarya 1li misir alanlarinda tespit edilen zararli tiirler

Order Family Species

Lepidoptera Noctuidae Helicoverpa armigera (Hiibner, 1808)
Noctuidae Mythimna unipuntca (Haworth, 1809)
Noctuidae Mythimna loreyi (Duponchel, 1827)
Noctuidae Mythimna congrua (Hiibner, 1817)
Noctuidae Agrotis ipsilon (Hufnagel, 1766)
Noctuidae Autographa gamma (Linnaeus, 1758)
Crambidae Ostrinia nubilalis (Hiibner, 1796)
Crambidae Loxostege sticticalis (Linnaeus, 1761)
Erebidae Hyphantria cunea (Drury, 1773)

Hemiptera Aphididae Rhopalosiphum padi (Linnaeus, 1758)
Aphididae Anoecia corni (Fabricius, 1775)

Coleoptera Curculionidae Tanymecus dilaticollis (Gyllenhal, 1834)

Orthoptera Gryllotalpidae Gryllotalpa gryllotalpa (Linnaeus, 1758)

The European corn borer, O. nubilalis is the most
common species in first and second-crop maize in
Diizce and Sakarya provinces. It was detected in
almost all the survey and sampled fields. Larvae of O.
nubilalis were found on leaves, cobs, and stalks of
maize and adults in pheromone and light traps. The
pest was determined from the end of May until the
harvest. In addition, overwintering the last stage
larvae were found in the remaining corn stalks in the
field after harvest. Pupae emerge as moths in May and
June during the spring season. Previous investigations
into the biological behavior of O. nubilalis, conducted
in the field and laboratory, revealed the presence of
first-generation larvae, typically from June to July, in
the maize whorls. The pest overwinters as mature
larvae in corn stalks and other plant refuse, including
weed stems. (Ozdemir, 1981). The second-generation
larvae emerge from late July to August, causing severe
damage (Ozdemir, 1981; Melan et al., 1996). In the
Cukurova region, the first generation is effective in
late May and early June. 2nd, 3rd, and 4th generations
were observed in dJuly, August, and September,
respectively (Kornosor & Kayapinar, 1988a). The
young larvae feed on the top tassels and leaves on the
fresh shoots. Then, the larvae enter the cob and stem
to transform into the pupal stage, causing the cob
shedding and stalk tunnels, as well as restrictions on
the cob and grains development (Hudon et al., 1989;
Kacar et al., 2023a). It causes considerable yield losses
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in Central and South Europe and North America
(Dicke and Guthrie, 1988; Krattiger, 1997; Velasco et
al., 2007). Similarly, O. nubilalis is recognized as one
of the most severe pests of maize in various parts of
Tuarkiye, such as the Black Sea, Aegean,
Mediterranean, and Central Anatolia regions
(Ozdemir, 1981; Derin, 1992; Sade, 2003; Oztemiz et
al., 2008). Ostrinia nubilalis is the primary pest of
maize crops along with Sesamia nonagrioides Lefebvre
(Lepidoptera: Noctuidae), causing a 30% yield loss in
second-crop maize (Ozdemir, 1981; Cerit et al., 2006).
However, in the study areas, S. nonagrioides was not
detected in pheromone traps or light traps.

The corn earworm, Helicoverpa armigera is one of the
most common pests after O. nubilalis in the maize
fields of Diizce and Sakarya provinces. The pest was
observed at a very low density in the first-crop maize
during the 2020 and 2021 seasons. However, the pest
was notably population density in the first-crop maize
of 2022 and second-crop maize of all years. They have
been frequently seen on second-crop maize from the
end of August to the beginning of October while on
first-crop maize from the second half of July to mid-
August. According to earlier studies, H. amigera was
generally a high population of second-crop maize,
while the low density was in first-crop maize (Goziiacik
& Mart, 2005; Goziiacik, 2016). Helicoverpa armigera
larvae were found on leaves, silks, cobs, and tassels of
maize, and adults in light traps. The larvae principally
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damage the corn ear, which begins to feed on the silk
of the cob soon. In addition to entering the cob and
causing direct injury to the kernels, they also open
access for infection by pathogens. Besides, the larvae
may occasionally feed on leaf whorls or tassels when
silks and cobs have not yet developed. Helicoverpa
armigera is a globally distributed and devastating pest
of agricultural and horticultural areas, containing over
181 plant species from 45 families. (Srivastava et al.,
2005). The pest is a problem in a variety of crops in
Africa, Middle East, Asia (Russia, China, Pakistan,
India, Thailand), Europe (Portugal, Spain, Italy,
Greece, Tiirkiye), Australia, New Zealand (Hardwick,
1965; Mohyuddin, 1985; Zalucki et al., 1986; Fitt, 1989;
Karim, 2000, Scott et al., 2006; Fefelova & Frolov,
2008; Goziiacik, 2020; Burgio et al., 2020). Also, H.
armigera is regarded as one of the most significant
pests of maize in some parts of Tirkiye, including
Black Sea, Central Anatolia, East Anatolia, Southeast
Anatolia, Mediterranean, and Aegean (Ozdemir &
Uzunali, 1981; Simsek & Sezer, 1983; Unlii et al., 1995;
Gozuacik, 2004; Tiftikei and Kornosor, 2015; Barig et
al., 2020; Goziacik, 2020; Koca & Kacar, 2021a).
Management of H. armigera is complicated due to its
high mobility, ability to adapt to adversities and
complete many generations in a year, and capability to
create pesticide resistance (Ali et al., 2009).

The study identified three armyworm species in the
maize fields of Diizce and Sakarya provinces, namely
M. unipuncta, M. loreyi, and M. congrua. Among these,
M. unipuncta exhibited the highest population density,
while M. congrua and M. loreyi were found in lower
numbers. Mythimna congrua is a new record for the
North-west of Turkiye, including East Marmara, and
Western Black Sea Region. M. congrua has previously
only been found in Izmir (Tanyeri et al., 2010), and
Hatay (Can et al., 2018) provinces of Tiirkiye. M.
unipuncta was found at low density in the first and
second-crop maize in 2020. However, it was
particularly population density in the second-crop
maize of 2021 and the first and second-crop maize of
the 2022 season. The pest was rarely found in the
second half of dJuly but frequently determined
throughout August in the first-crop maize. In the
second crop, it was intensely observed from the end of
August until mid-October. Mythimna spp. consume the
leaf tissue of maize plants. Feeding is usually confined
to leaf margins, but larvae may occasionally strip the
plants of leaf tissue. Additionally, it has been
determined that they also feed on the silk of the cob as
the leaves begin to harden or dry at the end of the
vegetation period of the second-crop maize. In
Cukurova, the first adults of M. loreyi were identified
in late May using Robinson light traps in maize plants
(Ikincisoy, 1993). Similarly, the first adults of M.
unipuncta were observed in early April, and adult
emergence continued until May (Kara, 1994).
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Armyworms generally prefer to lay eggs and feed upon
plants in the family Gramineae, including weedy
grasses. Although the larva feeds primarily on grasses
(oats, wheat, fall rye, maize, barley, and forage
grasses), it can be a pest of some vegetables such as
beans, cabbages, carrots, onions, peas, peppers,
radishes, sweet potatoes, alfalfas, lettuces, celeries,
onions, cucumbers, sugar beets, and watermelons
(Cook et al., 2004; Capinera, 2018). Armyworms occur
in many areas of the world, including North, Central,
and South America, Southern Europe, Central Africa,
and Western Asia (E1-Sherif et al., 1972; Singh et al.,
1987; Cabello, 1989; Capinera, 2018). They have been
subjected to intensive investigations due to their
damage to maize plants in several areas of Turkiye,
such as the Black Sea, Mediterranean, East Anatolia,
Southeast Anatolia, and Mediterranean regions
(Kornosor, 1999; Sertkaya & Bayram, 2005; Goziiacik
et al., 2009; Olmez et al., 2010; Tiftikci & Kornosor,
2015; Goziiacik, 2020; Kacar & Koca, 2021a).

The silver Y moth, A. gamma was determined in Diizce
and Sakarya provinces for all years. However, its
population was at very low densities in the first and
second-crop maize. It was found between July and
September in all maize fields, regularly sampled. The
adults were captured in light traps, and the larvae
were found on the cob. The larvae cause damage to the
corn ear and the cob silk. The silver Y moth is an
economically  significant polyphagous pest of
vegetables and field crops throughout the Palearctic
region, including Europe, Asia, and North Africa
(Balachowsky, 1972). A. gamma is mainly found in
open habitats such as grasslands and forest
edges. Females lay their eggs primarily on low-growing
herbaceous plants, and they can frequently be seen
feeding while taking nectar from flowering plants
during the day or early evening. Larvae of A. gamma
can cause significant economic damage due to their
wide range of various crops and vegetables, including
peas, soybeans, sugar beets, cabbage, tomatoes, and
industrial crops (Chumakov & Kuznetsova, 2021;
Nagy et al., 2022).

Agrotis spp. 1s a polyphagous species on numerous
cultivated and herbaceous plants. Adults of the pest
were captured in light traps in Diizce province
(Alacamescit and Mat1/Central) in May 2021 and 2022.
The adults were also captured in Aktarla (Akyazi) and
Hasanbey (Erenler) in Sakarya in 2021 and 2022,
respectively. On the one hand, larvae were first
detected in a field in Sakarya province (Fatih/Akyazi)
in the half of June 2021. Larvae of A. ipsilon were
found in 4-8 leaves of the first-crop maize. The larvae
cut through the ground stem of maize, causing the
plant to wilt and die. Black cutworm, A. ipsilon is
known to attack at least 49 cultivated plants and cause
considerable economic losses in various crops,
particularly industrial plants and vegetables, in
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Tiirkiye and around the world (Odiyo, 1975; Potter,
1998; Hong & Williamson, 2004; Liu et al., 2015).
According to Lodos (1980), Agrotis spp. is one of the six
primary pests of maize in Turkiye. Moreover, young
larvae consume fresh leaves or growing plants until
they reach the fourth instar during their early stages.
Mature larvae can cut many plants in a single night,
resulting in extensive damage (Santos & Shields, 1998;
Capinera, 2001). While young larvae exhibit activity
throughout the day, mature larvae are predominantly
active during the night, with peak activity observed
between midnight and one hour before sunrise
(Williamson & Potter, 1997).

The meadow moth, L. sticticalis was detected in Diizce
and Sakarya provinces only in 2022. Furthermore, it
has been reported that this pest has become an
outbreak in many regions of Tirkiye, including
Kocaeli, Istanbul, Bolu, Diizce, and Sakarya (Kacar et
al., 2023b). The larvae of L. sticticalis did not cause
any damage to the maize plant. Adults of L. sticticalis
were caught in numbers ranging from 10 to 50 per light
trap in different locations in each province. The first-
generation adults flight from the last week of June to
the first half of July and the second generation was
seen from the beginning to mid-August. The females of
L. sticticalis lay their eggs on the underside of the host
leaves. The larvae feed on the leaves, shoots, buds, and
flower leaves of the plants, which can completely
consume the plants during the outbreak years
(Anonymous, 2008; Kuznetsova & Chumakov, 2008;
Kacar et al., 2023b). Loxostege sticticalis is one of the
most destructive migratory pests in Europe, Asia, and
North America, causing significant economic damage
nearly yearly (Qu et al., 1999). This species is a
dangerous polyphagous pest that is capable of feeding
on 200 species from 35 plant families, including
cereals, vegetables, fiber crops, beans, and oilseeds,
but has a special preference for certain host plants (Qu
et al., 1999; Yin et al., 2004; 2005; Zhang et al., 2010).
They are highly adaptable, capable of reproduction,
and harmful. It can populate large areas by flying
great distances within two to three days. (Shurovenkov
& Alekhin, 1984; Frolov et al., 2000; Smirnova, 2000).

The fall webworm, H. cunea, was only found in the
second-crop maize of Diizce and Sakarya. This pest
was previously detected in Diizce and Sakarya
provinces on hazelnuts, mulberries, and some forest
trees, and it was reported that the pest produced two
generations per year. (Kacar et al., 2019; Kacar et al.,
2022). As the host of H. cunea, maize is not an
apparent preference. At the end of the season, it
prefers to feed on maize leaves and cob tassels, which
are relatively fresher than the leaves of trees such as
mulberry and hazelnut. The larval stages of the second
generation of H. cunea, which were close to
overwintering, passed to the overwintering areas after
feeding on the maize plant. Hyphantria cunea is a
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polyphagous quarantined and serious invasive
defoliator pest which causes significant damage and
economic losses due to its great fecundity and
extensive host range (Yang et al., 2006; Zhang et al.,
2016). H. cunea defoliates 175 different plant species
from 108 genera within 49 plant families, including
ornamental, fruit, and forest trees as well as crops like
maize, cotton, cabbage, and others (Qu, 1987; Wang,
1995; Yang et al., 2006). H. cunea was first detected in
Turkey in 1975 and has spread to the Marmara, Black
Sea, and North Aegean regions of Tirkiye. It causes
significant damage, especially in hazelnut orchards of
the central Black Sea region (Iren, 1977; Anonymous,
2011; Sullivan, 2011; Kagar et al., 2019; Kagar et al.,
2022).

The maize leaf weevil, 7. dilaticollis, was determined
in Alacamescit (Cilimli) of Diizce province in May 2020,
as well as Aktarla and Catalképrii (Akyaz1) Sakarya
province. They were detected in the 2-4 leaf period of
maize and consume the leaf margins like a crescent
shape. Barbulescu et al. (2001) reported that 7.
dilaticollis adults are more dangerous during the early
vegetation stages of maize, while damage to its larvae
is not important. So, adults consume leaves and
destroy apical meristems. Besides that, 7. dilaticollis
has one generation per year and overwinters as an
adult in the soil (Paulian, 1972). 7Tanymecus
dilaticollis is a significant pest of maize and damage in
the seedling period in Europe, Anatolia, Iran, Russia,
South-western Asia, and the Caucasus (Draganova et
al., 2012; Alonso-Zarazaga et al.,, 2017; Davidian,
2019). This species is a common pest in maize fields in
many regions of Tiirkiye (Goziiacik, 2019). Lodos
(1980) reported that 7! dilaticollisis one of the six main
pests of maize fields of Tiirkiye. Although 7. dilaticollis
is considered a polyphagous species, it prefers maize
for optimal development for the larvae and is the most
preferred food by adults (Barbulescu & Voinescu,
1998).

The mole cricket, G. gryllotalpa was only determined
in a maize field in Seyfeler/Akyaz1 (Sakarya province)
in 2021. The nymph and adult of the pest cut through
the ground stem of maize, causing the plant to die.
Gryllotalpa gryllotalpa is a significant pest of many
crops in various parts of the world, causing damage to
seedlings, roots, and tubers. They are distributed
throughout temperate and tropical regions such as
Europe, Russia, Turkey, Central Asia, Iran,
Afghanistan, Central and Southern Asia, North Africa,
America, and Southern Ukraine (Klechkovskii, 1967).
The pest damages many crops such as soybean,
cowpea, maize, turf, vegetable, tobacco, sunflower,
cotton, fruits, and some tree seedlings (Frank &
Parkman, 1999; Bhamrah, 2007; Akmese et al., 2017;
Javadzadeh et al., 2017). Gryllotalpa gryllotalpa
feeding on the roots of plants causes plant stress and
even death (Thompson, 2003). In addition, plant
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pathogenic fungi and bacteria can enter a plant
through damage caused by feeding the pest (Thompson
& Brandenburg, 2005).

Aphids are frequently found on maize leaves and
tassels in large and dense colonies. Aphid infestation
results in deformed and chlorotic showing leaves. If
severely damaged, the tassel can become infertile and
negatively affect the production of seeds (Bosque-
Perez, 1995). Aphids, also produce honeydew on which
the molds grow. It may limit the pollination process of
maize when tassels and silks become covered in
honeydew. Also, if aphids feed more inside the whorl
before tassel emergence, it may affect kernel growth or
result in sterile ears (Stray et al., 1994). Besides, R.
padi transmits maize dwarf mosaic virus (Ferro et al.,
1980). Maize aphids were detected in the Hendek and

Akyaz1 districts of Sakarya and Merkez, Cilimli, and
Gumusova districts of Diuizce. These species were
primarily found in the first-crop maize, which varies
from year to year but usually appears between mid-
June and the end of August. Also, maize aphids were
rarely detected in the second crop at the end of August.

Natural Enemies Detected in Maize Fields in Diizce
and Sakarya Provinces

The study has revealed 19 beneficial species belonging
to eight families from five different orders from the
maize fields of Duzce and Sakarya. Nine parasitoid
species were identified, including eight larval and egg
parasitoids (Table 2).

Table 2. Parasitoids identified in maize fields of Diizce and Sakarya
Tablo 2. Diizce ve Sakarya 1li misir alanlarinda tespit edilen parazitoitler

Family Species Host Location
Diptera
Tachinidae Voria ruralis (Fallén, 1810) H. armigera Merkez (Diizce)
A. gamma Mat: (Sakarya)
Hendek (Sakarya)
Tachinidae Lydella thompsoni (Herting, 1959) O. nubilalis Merkez (Diizce)
Cilimli (Diizce)
Akyaz (Sakarya)
Erenler (Sakarya)
Hendek (Sakarya)
Tachinidae Peleteria iavana (Wiedemann, 1819) Unknown Merkez (Diizce)
Tachinidae Nemoraea pellucida (Meigen, 1824) M. unipuncta Merkez (Diizce)
Hendek (Sakarya)
Tachinidae Pales pavida (Meigen, 1824) M. unipuncta  Merkez (Diizce)
Tachinidae Peribaea tibialis (Robineau-Desvoidy, 1851) M. unipuncta Merkez (Diizce)
Hymenoptera
Braconidae Meteorus pendulus (Miiller, 1776) M. unipuncta Merkez (Diizce)
Erenler (Sakarya)
Ichneumonidae Hyposoter didymator (Thunberg, 1822) H. armigera Merkez (Diizce)
Trichogrammatidae  7richogramma brassicae (Bezdenko, 1968) O. nubilalis Merkez (Diizce)

Cilimli (Diizce)
Akyaz1 (Sakarya)
Erenler (Sakarya)
Hendek (Sakarya)

The larval parasitoids, Meteorus pendulus (Miiller,
1776) from the Braconidae (Hymenoptera), were
collected in the Alacamescit (Diizce) and Hasanbey
(Sakarya) locations on Mythimna unipuncta Haw.
(Lepidoptera: Noctuidae) larvae. It has been noted as
a new record for the East Marmara and Western Black
Sea regions and a new host record in Tirkiye.
Meteorus pendulus was only recorded in Adana
province, in the Mediterranean region of Tirkiye
(Yilmaz et al., 2010). It is a solitary endoparasitoid
that emerges from the larval stage of wvarious
Lepidopteran families, including Noctuidae,
Tortricidae, Geometridae, Lycaenidae, Lasiocampidae,
and Lymantriidae (Yu et al., 2012). Another larval
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parasitoid H. didymator, obtained from H. armigera
larvae, is a solitary koinobiont endoparasitoid (Medina
et al., 2007). This species is widely distributed in many
regions, including Europe, Asia, the Middle East,
North Africa, and Australia (Schneider et al., 2003).
Hyposoter didymator, highlighted as an important
parasitoid of H. armigera, has been documented to be
an effective parasitoid under natural conditions on
Helicoverpa and Spodoptera species, as well as
economically significant harmful noctuids (Sertkaya et
al., 2004; Mironidis & Savopoulou-Soultani, 2009).

The species N. pellucida and P. pavida, larval
parasitoids of M. unipuncta, represent new host
records for both species in Turkiye. Peribaea tibialis, a
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solitary parasitoid species collected from M. unipuncta
larvae, was previously discovered in the Bartin
province of Turkey (Atay, 2017). In general,
Tachinidae species are generally known to parasitize
the Macrolepidoptera and Microlepidoptera larvae and
to be polyphagous (Tschorsnig & Herting, 1994). The
parasitoid L. thompsoni, obtained from O. nubilalis
larvae, was previously reported in the Western
Blacksea region of Tiirkiye (Melan & Kara, 2004), and
it was widely documented in many countries
worldwide (Cagancaron et al., 1999). Géziiacik (2020)
obtained this parasitoid from O. nubilalis larvae in
maize fields in the Igdir province, reporting a
parasitism rate ranging from 21.2% to 39.7%. Another
tachinid species identified in our study, V. ruralis, was
obtained from H. armigera larvae. This species was
previously reported on H. armigera and A. gamma
larvae in Tirkiye (Kara & Ozdemir, 2000). Voria
ruralis 1s generally known as a parasitoid commonly
found in the Noctuidae larvae (Tschorsnig & Herting,
1994). Among the Tachinidae species, L. thompsoni is
the most frequent in both provinces, and following V.
ruralis and N. pellucida were listed as common
tachinids.

Among the identified parasitoid species, only an egg
parasitoid has been detected. The identification of
Trichogramma species was carried out by assessing
the size of their ITS2 PCR product. BLASTn queries
based on the ITS2 products of Zrichogramma
specimens in the maize fields of Sakarya and Diizce

provinces showed that the sequences of isolates were
99-100% i1dentical to those of Trichogramma brassicae
Bezdenko (Hymenoptera: Trichogrammatidae) isolates
in the GenBank database. The resultant sequences
were deposited in GenBank under the accession
numbers OP597676 to OP597679. In previous studies
conducted in the region, the same species has been
identified (Koca et al., 2018; Giilser & Oztemiz, 2020).
Egg parasitoids of the 7richogramma genus have been
commonly used in inundative biological control against
a variety of agricultural pests, including Lepidoptera,
Diptera, Coleoptera, Hemiptera, Hymenoptera, and
Neuroptera (Smith, 1996). In Tiirkiye, Trichogramma
species are mass-reared, and these parasitoids are
released, particularly in maize fields (Oztemiz et al.,
2008). These parasitoids play a significant role in
maintaining the ecosystem 1n some areas by
controlling the population of lepidopteran pests
without pesticides (Thomson et al., 2003). Earlier
studies in the Black Sea region of Turkiye have shown
that the natural occurrence of the egg parasitoids, 7.
evanescens and T. brassicae, can effectively suppress
the populations of O. nubilalis (Ozdemir, 1981; Melan
et al., 1996; Kutuk, 2017). In addition, 7. evanescensis
released against H. armigera, reducing up to 80% of H.
armigera larvae (Oztemiz et al., 2009). Therefore,
Trichogramma species are a significant mortality or
reducing factor in O. nubilalis and H. armigera
populations and may play a crucial role in their
(Oztemiz et al., 2009; Koca & Kacar, 2021b).

Table 3. Predators identified in maize fields of Diizce and Sakarya
Tablo 3. Diizce ve Sakarya 1li misir alanlarinda tespit edilen predatorler

Family Species Location
Hemiptera
Miridae Stenodema virens (Linneaus, 1767) Cilimli (Diizce)
Anthocoridae Orius minutus (Linneaus, 1758) Merkez, Cilimli (Diizce)
Akyaz1, Erenler, Hendek (Sakarya)
Coleoptera
Coccinellidae Adalia decempunctata (Linnaeus, 1758) Cilimli, Merkez (Diizce)
Erenler (Sakarya)
Coccinellidae Propylea quatuordecimpunctata (Linnaeus, 1758)  Merkez (Diizce)
Akyazi, Erenler (Sakarya)
Coccinellidae Harmonia axyridis (Pallas, 1773) Cilimli (Diizce)
Erenler, Hendek (Sakarya)
Coccinellidae  Coccinula quatuordecimpustulata (Dobzhansky, Merkez, Cilimli (Diizce)
1925) Akyaz1, Hendek (Sakarya)
Coccinellidae  Scymnus rubromaculatus (Goeze, 1778) Merkez, Cilimli (Diizce)
Akyaz (Sakarya)
Coccinellidae  Subcoccinella vigintiquatuorpunctata (Linnaeus, Merkez, Cilimli (Diizce)
1758) Akyazi, Erenler (Sakarya)
Coccinellidae  Coccinella septempunctata (Linnaeus, 1758) Merkez, Cilimli (Diizce)
Akyazi, Erenler, Hendek (Sakarya)
Neuroptera
Chrysopidae  Chrysoperia carnea (Stephens, 1836) Merkez, Cilimli (Diizce)

Akyaz (Sakarya)
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In addition, 10 predators were detected, with seven
belonging to the Coccinellidae family and one each
from the Miridae, Anthocoridae, and Chrysopidae
families (Table 3). Six coccinellids were predators, and
one species (Subcoccinella vigintiquatuorpunctata)
was phytophagous. Coccinellids play a crucial role in
sustainable plant protection strategies, serving as
fundamental members of biological control and famous
predators in agroecosystems (Khan et al., 2007; Kacar
& Koca, 2020).

Among these taxa, O. minutus showed an especially
notable presence in the maize fields of Duizce and
Sakarya, practically ubiquitous across virtually all
areas subject to sampling efforts. Similarly,
coccinellids were also widely distributed in both
provinces. Stenodema virens was detected only in the
Mati localion in the first year of the study in Duzce
province, whereas C. carnea emerged in relatively low
population densities in different locations.

CONCLUSION

The study revealed nine Lepidopteran pests, two
Hemipteran pests, and one Orthopteran and
Coleopteran pest. Furthermore, the study has

identified six parasitoid species belonging to the
Tachinidae family, as well as one species from the
Braconidae, Ichneumonidae, and Trichogrammatidae
families. Besides, this research has also revealed six
species from the Coccinellidae family and one species
each from the Miridae, Anthocoridae, and Chrysopidae
families as predator species. The primary pest was
identified as the European corn borer, O. nubilalis,
damaging maize cultivation in Dizce and Sakarya,
followed by the species H. armigera and M. unipuncta.
Over the past five years, problems with Lepidopteran
pests, such as O. nubilalis, H. armigera, and
Mythimna spp., have experienced a notable increase.
This rise could be attributed to the expanding
populations of pests, potentially influenced by warmer
climatic conditions or the excessive application of
pesticides.

Naturally occurring parasitoids and predators, which
play an important role in biological control in the field,
are frequently harmed by broad-spectrum insecticide
applications. In recent years, there has been a rise in
the prevalence of H. cunea, reaching epidemic levels in
hazelnut orchards in Diizce. To manage the H. cunea
population in these areas, a combination of registered
and unregistered pesticides is frequently employed.
Due to the interweaving of maize fields within
hazelnut orchards, the regular application of pesticides
against H. cunea could harm natural enemies and
disrupt the biocontrol of O. nubilalisby Trichogramma
species. Therefore, the chemicals used in the control of
pests should be eco-friendly and not harm on natural
enemies. In addition, a decrease in insecticide usage
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will contribute to enhanced biological control.
Parasitoids and predators can also be promoted with
specific measures, including diverse crop patterns, and
managing field margins such as flower strips and
hedges to provide food and overwintering sites. Besides
seasonal population fluctuations, natural enemies of
pest species should be followed to develop integrated
pest management programs as an alternative against
chemical control. In addition, it would be beneficial to
research to determine the effectiveness of natural
enemies.
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ABSTRACT

This study aimed to investigate the effectiveness of black radish and
garden cress as pre-plant in field trials and their aqueous extracts under
greenhouse conditions to control johnsongrass. In the field experiment,
black radish and garden cress were grown as a pre-plant, then mixed with
the soil and used with and without mulch against johnsongrass. The
effects of these applications on johnsongrass development and tomato
yield and quality were evaluated. Different concentrations of pre-plant
extracts (2, 5, and 10%) were also investigated on johnsongrass and
tomato seedling growth in greenhouse conditions. The lowest
johnsongrass density was recorded in black radish and garden cress with
mulch (106.7 and 97.2 number m-2). Black radish and garden cress with
mulch achieved johnsongrass control efficiency of 80.2 and 84.0%
compared to those without mulch 56.8 and 58.2%. The effect of all
treatments was positive in increasing the quantity and improving the
quality of tomato production. The results of greenhouse experiments
showed that high concentrations (10%) of black radish and garden cress
extracts achieved high levels in preventing the germination and growth
of johnsongrass. In these treatments, johnsongrass seeds and rhizomes
germination rates were 17.5 and 7.5%, 20.0 and 12.5% respectively. GC-
MS analysis showed that five isothiocyanates (ITCs) were in black radish,
and their total percentages were 40.4%. In the garden cress, it was found
that there is only one ITC with a percentage of 61.0%. Black radish and
garden cress effectively inhibit the germination and growth of
Johnsongrass due to their allelopathy effects. Sustainable management
of johnsongrass can be achieved by introducing these plants into a crop
rotation which may be an alternative or reduce the use of herbicides.

OZET

Bu calisma, gelic miicadelede tarla denemelerinde 6n bitki ve sera
kogullarinda sulu 6zt olarak siyah turp ve tere etkinligini arastirmayi
amaclamigtir. Tarla denemesinde siyah turp ve tere 6n bitki olarak
tarlada yetistirildikten sonra topraga karistirilarak geli¢’e karsi malgh
ve malgsiz olarak kullanilmistir. Bu uygulamalarin geli¢’in gelismesine
ve domates verim ve kalitesine etkileri degerlendirilmigtir. Sera
kosullarinda én bitki éziitlerinin farkli konsantrasyonlarinin (%2, 5 ve
10), geli¢ ve domates fide biiyiimesi tizerine etkileri de arastirilmistir. En
disiik geli¢ yogunlugu malgh siyah turp ve tere uygulamalarda
kaydedilmistir (106.7 ve 97.2 adet m-2). Malch siyah turp ve tere
uygulamalarda geli¢’in micadele etkinligi %80.2 ve %84.0 olurken
malgsiz uygulamalarda %56.8 ve %58.2 kayit edilmigtir. Tum
uygulamalarin  etkisi domates tretim miktar ve kalitesinin
arttirilmasinda olumlu olarak degerlendirilmigtir. Sera deneme
sonugclari, siyah turp ve tere oziitleri yiiksek konsantrasyonlarinin (%10)
geligin ¢imlenme ve blylmesini o6nlemede yliksek seviyede etkili
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oldugunu gostermistir. Bu uygulamalarda geli¢ tohum ve rizomlarinin
¢imlenme oranlar: sirasiyla %17.50 ve %7.50, %20.00 ve %12.50 olarak
tespit edilmigtir. GC-MS analizine gore siyah turpta bes isotiyosiyanat
(ITC) bilesen bulundugu, toplam oranlari ise %40.4 olarak tespit
edilmigtir. Terede ise %61.0 oraninda sadece bir ITCnin bulunmustur.
Siyah turp ve tere, allelopati etkileri nedeniyle geli¢in ¢imlenme ve
biiytimesini etkili bir sekilde engellemigstir. Sturdurulebilir geli¢ yonetimi,
bu bitkilerin, herbisitlerin kullanimina alternatif olabilecek veya
kullanimin1 azaltabilecek bir Uriin rotasyonuna dahil edilmesiyle

saglanabilir.
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INTRODUCTION species of cruciferous plants was evaluated in

Johnsongrass (Sorghum halepense (L.) Pers.) is a
perennial weed native to the Mediterranean region,
belongs to the Poaceae family, and reproduces by seeds
and rhizomes (Warwick & Black, 1983; Davis, 1988).
Johnsongrass causes yield loss of up to 88% in
economically important crops (Peerzada et al., 2017).
Chemical herbicides are widely used to reduce the
damage caused by johnsongrass. Herbicides cause
damage to the environment and human health. They
persist for many years in the soil, and weeds are
developing resistance to them. Therefore, it is
necessary to find alternative and healthy control
methods to achieve sustainable agriculture (Ustuner et
al., 2020; Yazlik & Uremis, 2022).

Some plants contain allelochemicals produced through
secondary metabolite reactions. These substances
affect the germination and growth of other plants
positively or negatively. Allelopathic negative effects
can benefit weed control, while positive effects can be
used as growth regulators. In addition, the synergistic
effect between plants can be benefited by taking it into
the appropriate agricultural rotation system (Bellostas
et al., 2007; Jabran, 2017; Acar et al., 2019). Several
studies showed the allelopathic potential of many
plants of the cruciferous family and their efficiency in
weed control (Uremis et al., 2009; Bangarwa et al.,
2011; Jabran et al., 2015; Elsekran, 2022; Elsekran &
Ustuner, 2024). It was reported that when the Brassica
napus plant was incorporated into the soil, it inhibited
weed biomass by 96% in subsequent potato production
(Boydston & Hang, 1995). In the tomato (Zycopersicon
esculentum L.) field, B. rapa, B. juncea, and Sinapis
alba were used as cover crops, in combination with
polyethene  mulch, to control johnsongrass.
Brassicaceae cover crops achieved johnsongrass
control of 46% two weeks after planting (Bangarwa &
Norsworthy, 2014). Malik et al. (2008), reported that
incorporating wild radish into the soil before the
cultivation of corn significantly reduces the density of
Digitaria sanguinalis. The allelopathic potential of six
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laboratory and field conditions. According to this
study, all species inhibited the development of
johnsongrass while black radish (Raphanus sativus L.
var. niger J. Kern.) was the most efficient (Uremis et
al., 2009). According to Qasem (1994), aqueous extracts
of wild cress (Lepidium draba) leave inhibited wheat
and barley seed germination rate (36% and 75%),
coleoptile elongation (52% and 85%), and root length
(63% and 94%). The aqueous extract of the wild cress
plant increased the germination and root development
of barley seeds at 1% concentration, and the
germination rate decreased when the concentration
was increased to 3% (Erez, 2009). Allelochemicals in
garden cress (Lepidium sativum L.) seeds and
seedlings were reported to be effective in reducing
seedling growth in Amaranthus caudatus and lettuce
(Igbal & Fry, 2012).

The allelopathic effects of cruciferous plants are
attributed to compounds called isothiocyanates (ITCs).
These compounds, which are characterized by high
bioactivity, do not exist in healthy plants but result
from the hydrolysis of glucosinolates (GSLs) by the
enzyme myrosinase (B-thioglucosidase). GSLs are
secondary metabolites and do not have toxic effects
(Rask et al., 2000; Jafariehyazdi & Javidfar, 2011).
GSLs are divided into three classes namely aliphatic
GSLs, aromatic GSLs, and indole GSLs based on the
difference in the side chain of their structure.
Therefore, the ITCs differ based on these GSL types
and their effects on weeds (Graser et al., 2000;
Norsworthy & Meehan, 2005).

This study aimed to determine the level of control of
johnsongrass using black radish and garden cress as
pre-plants, with and without black plastic mulch.
Additionally, the study aimed to evaluate the
allelopathic effects of these plants on biomarkers of
johnsongrass growth and development under both field
and greenhouse conditions. The effect of these
treatments on the quantity and quality of the tomato
crop was also estimated. The greenhouse experiments
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aimed to study the effect of aqueous extracts of black
radish and garden cress at different concentrations (2,
5, and 10%) on the germination and growth of
johnsongrass seeds and rhizomes in pots.

MATERIALS and METHODS
Fields Experiments
Experiment site and climatic characteristics

The experiments were performed in the fields of the
faculty of Agriculture at Kahramanmarasg Stit¢i Imam
University, Tiirkiye (37°35'37.3" N 36°48'53.0” E) in
2019 and 2020. The soil analysis of the experiment
area showed that the texture of the soil was clay loam,
pH neutral (7.04), slightly salty (0.30%), organic
matter ratio of 3.32%, and potassium and phosphorus
content moderate. According to the meteorological data
of the field trial area, it was observed that the hottest
months are July and August, and the coldest is
January. In addition, the highest precipitation was in
January, while the rains were absent or infrequent in
June, July, August, and September (Table 1).

Experiment design and treatments

The experiment was set up in three replications
(blocks) according to the randomized complete block
design. In each block, there were 7 applications, weed-
free control (Cnt 1), black radish (BR), garden cress
(GO), black polyethylene mulch 100 microns thick and
had UV additives (mulch), black radish + mulch
(BR+M), garden cress + mulch (GC+M), and
johnsongrass control (Cnt 2). The dimensions of the

experimental plots in the field experiment were 2 X 5
m. While a distance of 1 m was left between the plots,
1.5 m between the blocks, and 1.5 m as side effects
areas around the experimental areas. All experiments
were repeated twice throughout 2019 and 2020.

BR and GC were planted first as pre-plants, and then
tomato seedlings were planted. The varieties used in
this experiment were BT- Bur Siyah for BR Zeybek for
GC, and F1 Ege pembesi for tomato. The seeds of these
plants were obtained from the Teta-Tohumculuk-seed
company in Tirkiye. There was no need for infection
with johnsongrass because the experiment area was a
natural area for it (Figure 1).

Figure 1. Johnsongrass spread in the experiment area

naturally
Sekil 1. Geli¢ bitkisinin deneme alaninda dogal olarak
yayilmasi

Table 1. Meteorological data of Kahramanmarasg province for 2019 and 2020*
Cizelge 1. Kahramanmarag ili 2019 ve 2020 yilina ait meteorolojik verilerr*

Minimum Maximum Average relative Total precipitation
Months temperature (°C) temperature (°C) humidity (%) (mm)

2019 2020 2019 2020 2019 2020 2019 2020
January -5.0 -4.2 16.1 14.1 84.5 82.3 265.8 105.8
February -0.9 -3.2 19.5 18.7 83.0 78.1 111.6 75.2
March -0.3 0.3 23.9 25.9 69.4 74.6 143.4 4.6
April 0.8 0.4 29.5 30.9 72.2 66.1 32.2 33.0
May 1.7 7.5 41.3 41.2 47.5 54.4 3.6 23.0
June 10.3 11.4 39.9 41.0 50.1 50.2 5.2 0.0
July 18.9 18.5 41.1 44.6 49.8 46.4 0.2 0.0
August 14.7 15.9 39.7 45.0 43.3 40.9 0.0 0.0
September 11.1 11.8 36.2 37.6 48.6 48.2 0.0 0.0

*Kahramanmaras meteorology station

Before sowing seeds of BR and GC, the soil of the trial
area was ploughed twice. NPK fertilizer, which is a
mixture containing 15% nitrogen, 15% phosphorus,
and 15% potassium at a rate of 500 kg ha'l, was applied
with half of the amount used during the sowing seeds
of BR and GC, and the other half during the planting
of tomato seedlings. BR and GC were planted on March
1, 2019, and February 1, 2020. Whole plant samples of
both BR and GC were taken from 1 m? during the
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flowering stage, the fresh weights (3.17 and 2.51 kg m-
2) and the dry weights (0.78 and 0.57 kg m-2) of samples
were determined, then ground and kept in the
refrigerator at -4°C to use in greenhouse experiments
and chemical analysis. In this stage whole plants were
incorporated into the soil using a hoeing machine (30
cm depth), at the same time, mulch was applied.
Tomato seedlings were planted on 10 June in the first
year of the study and on 7 May in the second year. All
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weeds were removed from Cnt 1 periodically, while
only johnsongrass was left in Cnt 2.

Effect of treatments on biomarkers of johnsongrass
growth

At the ripening stage of johnsongrass seeds, the
density was calculated by determining the number of
johnsongrass stems in 1 m2? for each treatment
separately. In the same way, the length of 30 stems
was measured by a ruler of 2m in both 2019 and 2020.

In the last harvest phase of tomatoes, weed stems were
cut from 1 m? area from each treatment, and fresh
weight was calculated. The cut stems were dried at 25
+ 2°C in room conditions for 4 weeks then the dry
weight was determined.

The rhizomes formed in the soil were collected by
digging 1m? at a depth of 0.5 m per treatment, then
they were cleaned from the soil and the fresh weight
was determined (Figure 2). Rhizomes were dried under
room conditions for a month and their dry weight was
calculated.

‘, “‘,". '..44'4

b - N

Figure 2. Collecting johnsongrass plant rhizomes from
the soil

Sekil 2. Geli¢ bitkisi rizomlarinin topraktan
toplanmasi

Control efficiency of Johnsongrass

Control efficiency refers to the rate of dry biomass
reduction of johnsongrass both above-ground (stems)
and in-soil parts (rhizomes) due to applied treatments.
Control efficiency was calculated as a percentage of
treatment reduction of biomass over Cnt 2 according to
formula (1).

Control efficiency = [1- (W¢ W0)] x 100 (1
Where, Wt: dry weight of stems and rhizomes of

johnsongrass in treatment; WO: dry weight of stems
and rhizomes of johnsongrass in Cnt 2
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Determine the effect of the treatments on the yield of
tomato

To determine the average weight of tomato fruit grown
under different treatments, the average weight of 10
fruits was calculated for each treatment separately for
each harvest, and then the general average of all
harvests was calculated.

The tomato yield was calculated from 1 m?2 for all
harvesting operations for each treatment, and then the
yield per hectare was calculated. Then the rate of
increase in tomato yield over Cnt 2 (5016 kg hal in
2019 and 5975 kg ha'! in 2020) was calculated using
formula (2).

Tomato yield increase rate = [(Yx/ Y0) - 1] X 100 (2)

Where, Yx: yield of tomato in treatment, YO: yield of
tomato in Cnt 2.

The tomato yield loss rate caused by johnsongrass was
also calculated under the effect of the treatments over
Cnt 1 (47771 kg halin 2019 and 64943 kg ha'' in 2020)
using formula (3).

Tomato yield loss rate = [1 - (Y# Y9l x 100 (3)

Where, Yt: yield of tomato in treatment, Yc: yield of
tomato in Cnt 1

To determine the difference in the quality of tomato
fruits under the influence of the treatments, the fruits
were analyzed in terms of nutritional content (glucose,
fructose, protein, and potassium) and color
characteristics (color depth). Tomato samples (2 kg)
from  the  treatments  were analyzed  at
Kahramanmarag Sltgii Imam University Research
and Application Development Center (USKIM).

Greenhouse Experiments
Experiment site and design

Greenhouse experiments were carried out in the
greenhouse of Kahramanmaras Silit¢gi Imam
University Faculty of Agriculture in the years 2020-
2021. The greenhouse was glass, with concrete floors,
and a gable roof with dimensions of 16 X 8 m and a
height of 5 m. The pots were placed on single-layer iron
beds with 0.5 X 6.5 m dimensions, and 25 cm high from
the floor, inside the greenhouse (Figure 3). Greenhouse
climate conditions were recorded using a thermometer
and hygrometer. The average maximum temperature
was from 32°C to 34°C, the average minimum
temperature was from 17°C to 18°C, and the average
relative humidity was from 68% to 72%.

The greenhouse experiments were set up according to
the completely randomized plot design with four
replications twice in 2020 and 2021. BR and GC
extracts were applied at 2, 5, and 10% concentrations
against johnsongrass seeds and rhizomes.
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Figure 3. Greenhouse experiment setting
Sekil 3. Sera deneme ortami

in the
greenhouse experiments were collected from the field
experiments after the last harvest of tomatoes.

Johnsongrass seeds and rhizomes used

Johnsongrass seeds dormancy was broken by
sandpaper, while rhizomes were cut 1 ¢m long and
each part contained one bud (AL Sakran et al., 2020;
Elsekran et al., 2023). Then 100 g of dried BR powder
was weighed, and 1 liter of distilled water was added
to prepare an extract with a concentration of 10%.
Distilled water was added to obtain concentrations of
5 and 2%, and GC extracts were also prepared in the
same way. The extracts were left at 25°C for 1 day and
were manually agitated frequently, then filtered with
filter papers of dimensions 50 X 50 cm twice. After
preparing the extracts, 300 ml of each was added to
pots containing 1:1:1 ratio of sand, soil, and peat in
which one tomato seedling was planted, in addition to
20 seeds or 10 pieces of rhizome of johnsongrass. The
experiment continued for forty days in greenhouse
conditions.

Effect of extracts on the growth of johnsongrass and
tomato seedlings

The germination rate of johnsongrass seeds and
rhizomes was calculated at the end of the experiment
according to formula (4).

Germination rate = (number of germinated seeds or
rhizomes/total number of seeds or rhizomes) x 100 (4)

At the end of the experiment, johnsongrass stems were
cut from the soil surface and their length was
measured using a ruler.

These stems were dried under room conditions for 4
weeks and their dry weight was calculated.

Tomato plant height was measured with a plastic ruler
(100 cm) 40 days after planting seedlings.

Determination of ITCs

To determine the ITCs content of BR and GC by GC-
MS analysis, samples were prepared according to the
method described by Vaughn and Berhow (2005); and
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Elsekran et al. (2023). First, the samples were defatted
using hexane, then dichloromethane and potassium
phosphate were added, and placed in a shaker for 8
hours at 25 °C and 200 rpm. Then, NaCl and Na2SO4
were added and mixed. The mixtures were filtered by
filter paper. Dichloromethane solutions were placed in
ampoules and numbers were given according to the
plant. Samples were analyzed in Ataturk University,
Department of Chemistry by GC-MS.

Data Analysis

Data from field studies in 2019, and 2020 were
subjected to multivariate analysis of variance
(MANOVA) by IBM SPSS 26.0 program. Differences
between values were grouped using the LSD test (P <
0.05). Greenhouse data in 2020, and 2021 were
subjected to one-way analysis of variance (ANOVA).
Differences between values were grouped using
Duncan's test (P < 0.05). Data from field experiments
in 2019 and 2020 and greenhouse in 2020 and 2021
were compared by t-test. There were no significant
differences between the two years of study for
greenhouse experiments, so the average results of the
two years were analyzed.

RESULTS
Field Experiments

Effect of treatments on biomarkers of johnsongrass
growth

There was no significant difference between the years
of study for all treatments (Table 2). Johnsongrass
density was very high in Cnt 2 parcels (426.7 and 448.8
number m-2 in 2019 and 2020). The lowest
johnsongrass density was recorded in GC+M and
BR+M treatment (97.2, 106.7, and 101.7, 115.3
number m-2in 2019 and 2020 respectively). While the
highest density was observed in mulch treatment in
both years.

The shortest stem length of johnsongrass was observed
in the GC+M treatment with 90.2 cm in 2019 and 92.9
cm in 2020. While the length of the stem was higher in
the treatment of mulch. It was also found that there
were no significant differences in terms of stem length
in GC and BR treatments with and without mulch, as
well as between the years of study. The average stem
length of johnsongrass in the Cnt 2 was 142.7 and
144.5 cm in the two years of the study (Table 2).

The lowest fresh and dry stem weight was recorded in
GC+M and BR+M treatments, followed by GC and BR.
While the fresh weight in the GC+M treatment was
431.7 and 466.7 g m-2, it was 3152.8 and 3239.2 g m-2
in the Cnt 2. As for the dry weight, it was 92.2 and 96.8
g m-2in the GC+M treatment and 625.1 and 661.1 g m-
2in the Cnt 2 in the two years of the study (Table 3).
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Table 2. The density (number m-2) and stem length (cm) of johnsongrass

Cizelge 2. Gelig¢ bitkisi yogunlugu (adet m-?) ve sap uzunlugu (cm)
Treat. Density (number m-2) Stem length (cm)

2019 2020 t Test 2019 2020 t Test

*BR 227.3bc** 233.6b S1g.=0.638 93.87a 94.3a Sig.=0.927
GC 209.1b 228.2b Sig.=0.126 91.9a 93.6a Sig.=0.679
BR+M 106.7a 115.3a Sig.=0.482 93.7a 93.9a Sig.=0.972
GC+M 97.2a 101.7a Sig.=0.750 90.2a 99.9a Sig.=0.548
Mulch 248.1¢c 251.7b Sig.=0.314 105.9b 107.8b Sig.=0.651
Cnt 2 426.7d 448.8c Sig.=0.184 142.7¢ 144.5c¢ Sig.=0.672
LSD 25.6 27.0 8.1 10.9

*BR: Black radish, GC: Garden cress, BR+M: Black radish + mulch, GC+M: garden cress + mulch, Mulch: Black polyethylene

mulch, Cnt 2: Johnsongrass control.

**Values followed by the same letter(s) in the same column do not differ significantly from each other (p < 0.05).

Table 3. The wet and dry weight of johnsongrass stems (g m-2)
Cizelge 3. Gelig bitkisi saplarinin yas ve kuru agirligi (g m-?)

Treat. Stems wet weight (g m-2) Stems dry weight (g m-2)
2019 2020 t Test 2019 2020 t Test

*BR 1027.8b**  1078.9b Sig.=0.273 224.5b 229.9b Sig.=0.773
GC 929.2b 1017.8b Sig.=0.117 201.6b 218.7b Sig.=0.349
BR+M 486.7a 549.2a Sig.=0.154 102.8a 111.6a Sig.=0.349
GC+M 431.7a 466.7a Sig.=0.244 92.2a 96.8a Sig.=0.440
Mulch 1812.4¢ 1355.2¢ Sig.=0.454 263.0c 281.6¢ Sig.=0.256
Cnt 2 3152.8d 3239.2d Sig.=0.460 625.1d 661.1d Sig.=0.070
LSD 124.7 123.1 29.4 29.0

*BR: Black radish, GC: Garden cress, BR+M: Black radish + mulch, GC+M: garden cress + mulch, Mulch: Black polyethylene

mulch, Cnt 2: Johnsongrass control.

**Values followed by the same letter(s) in the same column do not differ significantly from each other (p < 0.05).

Johnsongrass produced large amounts of rhizomes
that were 2502.2 and 2513.0 g m-2 in the Cnt 2 in the
two years of the study. The wet weight of rhizomes
decreased significantly in GC+M and BR+M
treatments and was 396.5, 490.8, and 438.5, 564.2 g m-
2 in the two years of study, respectively (Table 4).

Although the growth of johnsongrass was prevented in
Cnt 1, this procedure did not exhaust all rhizomes in
the soil, as 125.0 g m-2 fresh weight of the rhizomes
were collected in 2019 and 136.7 g m-2 in 2020. The
effect of mulch treatment on the dry weight of rhizomes
was weak (576.2 and 576.6 g m-2) and did not differ
significantly from Cnt 2.

The effects of GC and BR treatments with and without
mulch on the dry weight of rhizomes were similar to
their effects on the fresh weight, and no significant

difference was observed between the two years of study
(Table 4).

Control efficiency of Johnsongrass
The highest control efficiency of johnsongrass was
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achieved by GC+M treatment which was 84.8% in 2019
and 84.0% in 2020. The lowest control efficiency was
calculated in the mulch treatment, and it was 33.4 and
32.8% in the two years of the study. Figure (4) shows
the efficiency of the applied treatments in
johnsongrass control in the two years of the study and
the significant differences between them.

The effect of the treatments on the yield of tomato

The highest weight of tomato fruits was obtained from
Cnt 1 (164.6 and 166.2 g), and there was no significant
difference between this treatment and GC+M and
BR+M treatments in both years of the study. The fruit
weight was statistically similar in all applied control
methods. The weight of the fruit in Cnt 2 decreased
significantly from the other treatments and the lowest
weight of the fruits was recorded in it (76.5 and 80.8 g)
in the two years of the study (Figure 5).

Johnsongrass caused losses at different rates to the
tomato yield according to the applied treatments. The
lowest rate of losses was achieved in the GC+M
treatment (10.4 and 16.7%) in the two years of study.
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The rate of loss in Cnt 2 was very high (89.3 and
90.1%), and the highest rate of loss was in the BR and
mulch treatments. There were also significant
differences between the two years of the study, and the
rate of loss in production in 2020 was greater than in

2019 in all treatments (Table 5). The reason is that the
tomato season in 2020 was longer than in 2019. That
means the increase in the length of the season was in
the interest of the weed, not the cultivated plant.

Table 4. The wet and dry weight of johnsongrass rhizomes (g m-2)
Cizelge 4. Geli¢ bitkisi rizomlarinin yas ve kuru agirligr (g m-?)

Treat. Rhizomes wet weight (g m-2) Rhizomes dry weight (g m-2)
2019 2020 t Test 2019 2020 t Test

*Cnt 1 125.0a** 136.7a Sig.=0.421 30.7a 33.5a Sig.=0.700
BR 1159.5¢ 1348.3¢c Sig.=0.068 283.6¢ 321.1c Sig.=0.326
GC 1049.5¢ 1286¢ Sig.=0.053 257.6¢ 314.4c Sig.=0.052
BR+M 490.8b 564.2b Sig.=0.187 121.5b 140.6b Sig.=0.391
GC+M 396.5b 438.5b Sig.=0.196 96.1b 107.1b Sig.=0.426
Mulch 2292.1d 2310d Sig.=0.866 562.2d 576.6d Sig.=0.802
Cnt 2 2502.2f 2513.0f Sig.=0.923 613.7d 615.3d Sig.=0.965
LSD 165.8 144.9 63.4 64.3

*Cnt 1: weed-free control, BR: Black radish, GC: Garden cress, BR+M: Black radish + mulch, GC+M: garden cress + mulch,
Mulch: Black polyethylene mulch, Cnt 2: Johnsongrass control.
**Values followed by the same letter(s) in the same column do not differ significantly from each other (p < 0.05).
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Figure 4. Control efficiency of johnsongrass (%)
Sekil 4. Geli¢ bitkisi miicadele etkinligi (%)
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BR: Black radish, GC: Garden cress, BR+M: Black radish + mulch, GC+M: garden cress + mulch, Mulch: Black polyethylene

mulch.

LSD (p <0.05) = 6.8 (2019) and 6.4 (2020). The same letter(s) do not differ significantly (p < 0.05).

The highest rate of increase in tomato yield was
obtained in GC+M (737.2 and 741.7%) in the two years
of study. The lowest rate of increase in yield was in the
treatments of mulch, BR, and GC. With the exception
of Cnt 1 and mulch, there was no significant difference
between the two years of study in the rate of increase
in yield (Table 5).

According to the analysis of the nutritional content and
color of tomato fruits, the GC+M treatment was
superior to the other treatments in characteristics of
tomato fruits, followed by the BR+M treatment and
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Cnt 1, while the quality of fruits in Cnt 2 was very low
(Table 6).

Greenhouse Experiments
Germination of johnsongrass

GC extract at a concentration of 10% was more
effective in reducing the germination rate of seeds
(7.50%) than BR extract (17.50) while it was
statistically similar against rhizomes (12.50 and
20.00%). With the exception of GC extract, which
stimulated seed germination (87.50%), the low
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concentration (2%) had no effect on the germination of negative effect on johnsongrass germination with
seeds and rhizomes. There was an increase in the increasing concentration of extracts (Figure 6).
(9) 2019  =2020
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Figure 5. The average weight of tomato fruit (%)

Sekil 5. Domates meyvesinin ortalama agirligr (%)

Cnt 1: weed-free control, BR: Black radish, GC: Garden cress, BR+M: Black radish + mulch, GC+M: garden cress + mulch,
Mulch: Black polyethylene mulch, Cnt 2: Johnsongrass control.

LSD (p <0.05) = 13.2 (2019) and 14.5 (2020). The same letter(s) do not differ significantly (p < 0.05).

Table 5. Tomato yield loss and yield increase (%)
Cizelge 5. Domateste verim kaybi ve verim artis: (%)

Treat. Tomato yield loss (%) Tomato yield increase (%)

2019 2020 t Test 2019 2020 t Test
*Cnt 1 - - 834.5a 910.2a Sig.=0.028
BR 40.3d 45.5d Sig.=0.038 457.9d 450.5d Sig.=0.667
GC 36.3c 43.7c Sig.=0.005 495.3d 468.7d Sig.=0.160
BR+M 19.2b 23.5b Sig.=0.005 655.1c¢ 672.8c Sig.=0.081
GC+M 10.4a 16.7a Sig.=0.001 737.2b 741.7b Sig.=0.554
Mulch 36.7cd 44.6cd Sig.=0.001 491.6d 459.6d Sig.=0.017
Cnt 2 89.3f 90.1f Sig.=0.196 - -
LSD 3.8 1.6 38.4 19.1

*Cnt 1: weed-free control, BR: Black radish, GC: Garden cress, BR+M: BR+M Black radish + mulch, GC+M: garden cress +
mulch, Mulch: Black polyethylene mulch, Cnt 2: Johnsongrass control.
Values followed by the same letter(s) in the same column do not differ significantly from each other (p < 0.05).

Table 6. Tomato fruits content of some nutrients and color depth
Cizelge 6. Domates meyvelerinin bazi besin igerikleri ve renk derinligi

- 0,

Treat. Glucose (%)  Fructose (%) Protein (%) E;)ltgals{sgl_lll)m Efflor dept}:l: %) b

Cnt 1 3.28 2.12 5.32 29.76 37.21 33.80 27.92
BR 2.61 1.90 4.71 28.81 38.71 33.03 27.40
GC 2.80 1.71 4.90 28.90 36.30 32.72 26.73
BR+M 3.35 2.11 5.21 29.15 36.90 33.20 27.51
GC+M 3.44 2.29 5.43 29.69 36.61 34.40 27.53
Mulch 2.68 1.90 5.10 28.51 37.11 33.23 28.10
Cnt 2 1.10 0.91 4.03 28.22 39.26 30.18 25.47

*=D65 was made with daylight and 10 degrees’ perspective. The fruits’ color was L (brightness; 100 white, 0 black), a (+ red; —
green) and b (+ yellow; — blue) was measured on the cheek area (Kaymak et al., 2010).
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Figure 6. Effects of extracts on germination of johnsongrass seeds and rhizomes (%)
Sekil 6. Oziitlerin geli¢ bitkisi tohum ve rizomlarinin ¢imlenme iizerine etkileri (%)

Cnt: Control, BR: Black radish, GC: Garden cress.

The same small letter(s) in the same concentration group and the same capital letter(s) at different concentrations of the same
plant extract do not differ significantly according to Duncan’s test (p < 0.05).

Stem length of Johnsongrass

Concentrations of 5 and 10% of the extracts of both
plants significantly reduced the length of stems

growing from seeds and rhizomes. While the
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concentration of 2% was effective on the stem length of
the rhizomes only. It was also found that GC was more
effective in reducing the stem length of johnsongrass
than BR (Figure 7).
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Figure 7. Effects of extracts on stem length of johnsongrass seeds and rhizomes (cm).
Sekil 7. Oziitlerin geli¢ tohum ve rizom siirgiinleri uzunluguna etkileri (cm)

Cnt: Control, BR: Black radish, GC: Garden cress.

The same small letter(s) in the same concentration group and the same capital letter(s) at different concentrations of the same
plant extract do not differ significantly according to Duncan’s test (p < 0.05).

Dry weight of Johnsongrass

GC and BR extracts at 10% concentration significantly
reduced the dry weight of stems growing from seeds
(0.01 and 0.11 g) compared to the control (0.97 g). Also,
the dry weight of the stem of the rhizomes in these
treatments was 0.13 and 0.18 g, compared to 2.07 g in
the control. All concentrations of extracts of both
plants (except for GC 2% on seeds) had a significant
effect on reducing the dry weight of stems grown from
both seeds and rhizomes (Figure 8).

Tomato seedling length

The growth of tomato seedlings in the greenhouse
experiment was affected by different concentrations of
GC extracts. The highest seedling length was obtained
from GC extract at a concentration of 10% (33.8 cm)
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and the shortest from BR extract at a concentration of
2% (23.9 cm). No negative effect of extracts was
observed for all concentrations on the length of tomato
seedlings. Figure (9) shows the effect of BR and GC
extracts on the length of tomato seedlings.

Determination of ITCs

According to GC-MS analysis, 5 different ITCs were
determined as a result of GSL components hydrolysis
in BR. These components were tert-butyl-ITC, 2-
propenyl-ITC, benzyl-ITC, 4-methylthio-3-butenyl-
ITC, and 2-phenylethyl-ITC, while their ratios were
determined as 4.7, 5.6, 6.6, 19.3, and 4.2%,
respectively, and their total percentages were 40.4%
(Figure 10).

Only one ITC compound was recorded in GC, which is
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benzyl-ITC, and its percentage was 61%, as shown in Figure (11).
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Figure 8. Effect of extracts on the dry weight of johnsongrass grown from seeds and rhizomes (g)

Sekil 8. Oziitlerin tohum ve rizomlardan siiren geli¢ kuru agirligina etkileri (g)

Cnt: Control, BR: Black radish, GC: Garden cress.

The same small letter(s) in the same concentration group and the same capital letter(s) at different concentrations of the same
plant extract do not differ significantly according to Duncan’s test (p < 0.05).
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Figure 9. The effect of extracts on the length of tomato seedlings (cm)
Sekil 9. Oziitlerin domates fide uzunluguna etkileri (cm)

Cnt: Control, BR: Black radish, GC: Garden cress.
The same small letter(s) in the same concentration group and the same capital letter(s) at different concentrations of the same

plant extract do not differ significantly according to Duncan’s test (p < 0.05).
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Figure 10. ITC components in black rasish (%)
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Figure 11. ITC components in garden cress (%)
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DISCUSSION

The treatments of BR+M and GC+M were the most
effective in reducing the growth of johnsongrass stems,
where the fresh biomass in these treatments was
(466.7 and 549.2 g m-2) while it was 3239.2 g m-2in Cnt
2.

According to Bangarwa and Norsworthy (2014),
cruciferous plants (B. rapa, B. juncea, and S. alba) +
mulch decreased johnsongrass fresh weight by 34-46%.
The reason for increasing the effectiveness of BR and
GC compared to these plants may be due to the
differences in their ITCs content. Many studies
mentioned that the ITCs content of cruciferous plants
varies according to variety, species, and growth
conditions (Nakamura et al., 2008; Shah et al., 2016;
Elsekran et al., 2023).

BR+M and GC+M treatments reduced fresh rhizome
biomass with high efficiency (564.2 and 438.5 g m-2)
compared to Cnt 2 (2513.0 g m-2). On the other hand,
cruciferous plants contain GSLs, which are
enzymatically hydrolyzed in a pH-neutral medium to
ITCs (Uda et al., 1986). The results of the analysis
showed that the soil in the study site is neutral in
acidity (pH=7.04), which is an ideal medium for the
decomposition of GSLs into ITCs.

Mulch treatment had no effect on rhizomes, although
it reduced the biomass of stems. Johnsongrass was
unable to penetrate the mulch used in this experiment.
The growth space was limited to the holes designated
for tomato seedlings, so the application of mulch
reduced the biomass of johnsongrass above the soil
surface. The rhizomes were observed in the form of a
net on the surface of the soil under the mulch, growing
densely, and this explains the lack of reduction in the
biomass of the rhizomes compared to Cnt 2.

Covering BR and GC with mulch immediately after
incorporating them into the soil increased the control
efficiency of johnsongrass (80.2 and 84.0%) compared
to them without mulch (56.8 and 58.2%), while the
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efficacy of mulch alone was less (32.8%). The reason
may be due to the fact that ITCs are short-lived
compounds in the soil, and they volatilize from it
quickly (van Ommen Kloeke et al., 2012; Price and
Norsworthy 2013). The use of mulch leads to an
increase in the life of these compounds in the soil, and
thus an increase in the period of exposure of roots and
rhizomes to them, thus the effect on their growth. The
control efficiency of BR+M and GC+M treatments was
relatively high and may be sufficient to be an effective
alternative to herbicides in controlling johnsongrass.
Ustuner et al. (2023) showed that chemical control
using fluazifop-P-butyl (1.5 L hal) achieved
johnsongrass control by 69.8%, while according to
Karkanis et al. (2022), this percentage was 90%.

According to the results of this research, the control
methods that had the greatest impact on the yield and
quality of tomatoes were the pre-plant with mulch
treatments. Pre-plant with mulch treatments achieved
the highest tomato plant fruit quality, sugar, protein
percentage, and color characteristics. The highest
increase in tomato yield was GC+M treatment and
ranged between 737.2 and 741.7% in two years of
study. This is due to the low density of johnsongrass in
this treatment, as the tomato plants may have
benefited from the organic materials and ITCs
contained in the GC. Also, it was shown in greenhouse
experiments that GC extracts have an effect that
stimulates the growth of tomato seedlings.

The results of the greenhouse experiments were
consistent with those obtained from the field
experiments. BR and GC extracts at 10% concentration
were effective in reducing the germination of seeds
(17.5 and 7.5%) and rhizomes (20.0 and 12.5%) of
johnsongrass, compared to the controls (78.13 and
77.5%).

Elsekran et al. (2023) showed that cruciferous plants
such as garden rockets at 10% concentration reduce
the germination of johnsongrass seeds by 100.0% and
rhizomes by 83.9%. The difference is due to the fact
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that Elsekran et al. (2023) carried out the experiment
in closed petri dishes, which prevented the ITCs from
volatilizing and thus increased the effect period on
johnsongrass seeds and rhizomes. In addition, there is
a difference between the species of cruciferous plants
used in the two experiments.

Extracts of BR and GC at a concentration of 10%
reduced the dry biomass of johnsongrass both grown
from seeds and rhizomes in a greenhouse experiment.
Also, the effect of the extracts at a concentration of 5%
was significant in reducing the dry biomass. These
results are similar to what Uremis et al. (2009) reached
when using BR extracts at a concentration of 8% on
johnsongrass rhizomes, where the rate of inhibition of
rhizome germination was 45.5%.

Plant extracts at all concentrations did not have a
negative effect on the growth of tomato seedlings,
while the effect of GC extracts at all concentrations
was stimulative. The reason is that the negative effect
of allelopathic substances in cruciferous plants is
greater on the seeds and this effect decreases on
established plants. Bangarwa et al. (2012) showed that
tomato seedlings were not negatively affected by the
allelochemicals contained in cruciferous plants. Some
research also indicated that allelochemicals can play
as plant growth regulators that enhance the growth of
cultivated plants (Bellostas et al., 2007; Jabran 2017).

According to the results of GC-MS analysis, five ITC
compounds were detected in BR, and their total
percentages were 40.4% of the GSLs hydrolysis
products. It was also found that the dominant ITC was
4-methylthio-3-butenyl-ITC, which is an aliphatic
compound with a percentage of 19.3%. Yi et al. (2015)
reported that one of the most abundant GSL
components in radish is glucoraphasatin, which
hydrolyses into 4-methylthio-3-butenyl-ITC.

In GC, it was found that there is only one compound
that belongs to the ITC-aromatic group, which is
benzyl-ITC with a percentage of 61.0%. Radwan et al.
(2007), and Sarikami and Yanmaz (2011) reported
benzyl-GSL, the major GSL component of GC.

CONCLUSION

The results of these experiments showed that both
black radish and garden cress have strong allelopathic
potentials that inhibit the germination and growth of
johnsongrass seeds and rhizomes very effectively,
especially if they are used with black plastic mulch
immediately after incorporating them into the soil. The
density of johnsongrass in both black radish and
garden cress with plastic black mulch treatments was
97.2, 106.7, and 101.7, 115.3 number m?2 in 2019 and
2020 respectively, while it was 426.7 and 448.8 number
m2in 2019 and 2020 in the control plots respectively.
Also, the control efficiency of johnsongrass was
achieved by both black radish and garden cress with
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plastic black mulch treatments of 84.8% and 81.9%,
respectively. This process will reduce the bank of
seeds, and the rhizomes of johnsongrass in agricultural
lands, hence the reduction of its population gradually
in the following years. Thus, sustainable management
of johnsongrass can be achieved by introducing black
radish and garden cress into a crop rotation which may
be an alternative to or reduce the use of herbicides.
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ABSTRACT

Monilinia fructigena is the causative agent of brown rot in pome fruits,

Plant Protection

contributing to substantial economic losses, especially in storage Research Article

facilities. The effects of boron-containing compounds have been

considered as an environmentally friendly alternative to fungicides. The Article History

objective of the study was to determine suitable boron-containing Received :07.03.2024
compounds for inhibiting the mycelium growth of M. fructigena. Eight Accepted 1 28.06.2024
different compounds with pH adjusted to neutral (pH 7) and non-neutral

were tested with concentrations of 0 (untreated control), 5, 10, 20, 40, 60, Keywords

80, and 100 mM in vitro conditions. The mycelium growth of the pathogen Antifungal effect

was totally inhibited with the application of 20 mM of potassium Boron

tetrafluoroborate and 10 mM of sodium tetrafluoroborate. The tested
concentrations of ammonium pentaborate tetrahydrate, antidot-67,
sodium metaborate, and sodium tetraborate decahydrate were not
sufficiently effective in inhibiting the mycelium growth of M. fructigena,
but the experiment of higher concentrations of them could be utility
against the pathogen. The pH of boron-containing compounds was crucial
in improving the efficacy of compounds, and the non-neutral compounds
showed better results against to inhibition of M. fructigena mycelium
growth. The results showed that boron-containing compounds may be
pathogen-specific and that the activity of these compounds is related to
pH.

Bor Igeren Bilegiklerin Monilinia fructigena Misel Geligimine Etkileri

Brown rots
Monilinia fructigena
Pome fruits

OZET Bitki Koruma

Monilinia fructigena yumusak c¢ekirdekli meyvelerde kahverengi

curiklik etmenidir ve 6zellikle depolama tesislerinde 6nemli ekonomik Aragtirma Makalesi
kayiplara neden olmaktadir. Bor iceren bilesiklerin patojenlere karsi . .

etkileri ise fungisitlere alternatif cevre dostu bir uygulama olarak Makale T.ar.lh(;e‘s1
degerlendirilmektedir. Bu c¢alismanin amaci M. fructigena'min misel Gelis Tarll'n' ) 07.03.2024
geligimini inhibe etmek i¢in uygun bor iceren bilesiklerin belirlenmesidir. Kabul Tarihi  : 28.06.2024
Bu bgéla'rfl_dg, notr (pH 7) ve nétr olmayan pH ilg ayarlanmis sekiz farkh Anahtar Kelimeler

bor bilesiginin, sekiz farkli konsantrasyonun (0; islenmemis kontrol, 5, Antifungal etki

10, 20, 40, 60, 80 ve 100 mM) patojene etkililikleri in vitro kosullarda Bor

arastirnlmigtir. Uygulamalar arasinda 20 mM potasyum tetrafloroborat
ve 10 mM sodyum tetrafloroboratin fungusun miselyum gelisimini
tamamen engelledigi tespit edilmistir. Amonyum pentaborat tetrahidrat,
etidot-67, sodyum metaborat ve sodyum tetraborat dekahidratin test
edilen konsantrasyonlari etmenin miselyum geligimini yeterince inhibe
etmemis, ancak daha yiiksek konsantrasyonlarinin patojene kars1 daha
yiksek etki gosterebilecekleri degerlendirilmistir. Bor iceren bilesiklerin
pH's1, bilesiklerin etkinliginin arttirilmasinda énemli bir kriter olmusg ve
notr olmayan bilesiklerin M. fructigenanin miselyum geligiminin
inhibisyonunda daha iyi sonuglar verdigi goézlenmistir. Elde edilen
sonuclar, bor iceren bilesiklerin etmene spesifik olabilecegini ve bu
bilesiklerin etkinliginin pH ile iligkili oldugunu goéstermistir.
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INTRODUCTION

Monilinia fructigena (Aderhold and Ruhland) Honey is
one of the most important fungal pathogens which
cause brown rot on pome fruits. The pathogen
generally infects the fruits before and during storage,
while blossom and branch infections in plants are
rarely observed (Hrusti¢ et al., 2012). Wounds or
growth cracks inflicted by insects and birds cause
increased disease occurrence and are known to cause
economic losses of more than 1.5 million euros (Batra,
1991; Bautista-Bafios, 2014). Brown rot pathogens
primarily infect the fruits, and the disease can occur
during storage, so reducing fruit injuries during
harvest is of great importance for managing the
disease (Van Leeuwen et al., 2000). However,
fungicides are mostly used to control brown rot in
orchards, but the usage of fungicides is not allowed by
the European Union as well as Turkiye during the
post-harvest and in storage facilities (Karabulut &
Baykal, 2004; Hrustié et al., 2012; 2018). Alternative
control methods are needed due to the formation of
resistance to fungicides such as thiophanate-methyl
and benzimidazoles, which are commonly used against
the pathogen (Ivié et al., 2021). Eco-friendly disease
control methods with UV-C and heat treatment,
biocontrol using some yeasts, heated water immersion,
thyme essential oils and boron-containing compounds
are used by many researchers (Marquenie et al., 2002;
Larena et al., 2005; Karabulut et al., 2010; Thomidis &
Exadaktylou, 2010; Mari et al., 2012; Tanovic et al.,
2015; Thomidis et al., 2017; Yildiz & Coskuntuna,
2019; Zhang et al., 2020; Ardig et al., 2021).

Boron products such as boric acid and borax can be
used as food preservatives against some types of
bacteria and fungi (Estevez-Fregoso et al., 2021). It has
been stated that boron application in fruits reduces
cuticular microcracks and membrane permeability,
and is protective against brown rot factors, especially
in storage facilities (Xuan et al., 2000; Thomidis &
Exadaktylou, 2010). Various boron-containing
compounds, such as Borax, Power B, and the
commercial product Nutrel B, have been reported to
inhibit Monilinia laxa mycelium growth (Thomidis &
Exadaktylou, 2010; Thomidis et al., 2017). Similarly,
different researchers have reported the inhibitory
effects of boric acid and potassium tetraborate on
Botrytis cinerea (Omaima & Karima, 2007; Qin et al.,
2010). The number of identified boron-containing
compounds is increasing because of improved natural
identification and innovative synthesis procedures,
and there is a need to determine the species-specific

89

effects of these compounds on fungi, to find
environmentally friendly preservatives, and to select
suitable boron-containing compounds and their
appropriate concentrations as preservatives against
specific fungal pathogens (Estevez-Fregoso et al.,
2021).

The effectiveness of boron depends on concentration
and pH (Woods 1994). Therefore, determining the
optimum pH values of the compounds is very
important in terms of increasing their effectiveness.
Qin et al. (2010) stated that alkaline potassium
tetraborate gave better results than the neutral
solution in the control of B. cinerea. The pH of the
boron compounds tested against M. Jlaxa was
determined as 7 by Thomidis & Exadaktylou (2010)
and Thomidis et al. (2017). The aims of this study were
(1) to determine the effects of several boron-containing
compounds on M. fructigena mycelium growth, (i) to
find suitable concentrations of these compounds, and
(iii) to evaluate the interactions between boron-
containing compounds and pH with M. fructigena
mycelium growth.

MATERIAL and METHODS
Isolation of Monilinia fructigena

Monilinia fructigena was isolated from an infected
Granny Smith apple tree. The infected parts of the tree
including fruits and blossoms were sampled and
transferred to the laboratory. The surface of the
collected samples was sterilized superficially to avoid
the development of other microorganisms that might
exist on the samples. The samples were washed with
tap water and then sterilized with 0.5% sodium
hypochlorite for 5 minutes. The sterilized samples
were cleaned by rinsing sterile distilled water three
times and dried on sterile filter paper. The infected
tissues were cut into 2—5 mm pieces with sterile scalpel
and inoculated into media of 2% w/w potato dextrose
agar (PDA-Merck Millipore) which includes 0.5 g/L
streptomycin sulfate powder (Sigma Aldrich) to avoid
bacterial contamination. The Petri dishes were
incubated at 25 °C for 12 hours for consecutive dark
and light periods in a controlled climate chamber.
After seven days, the cultures were sub-cultured to a
fresh nutrient medium to obtain pure M. fructigena
isolate. The morphological characters such as color,
aerial mycelium, margin shape, etc. were determined
under a light microscope for characterization of the
isolate (Batra, 1991). The obtained culture of M.
fructigena has been confirmed by Lane (2002) and Van
Leeuwen et al. (2002). The morphological identification
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was also confirmed with PCR assay as described by
Coté et al. (2004). The M. fructigena culture was
stocked at 4 °C until the experiments.

Experimental Design

Eight different boron-containing compounds given in
Table 1 were used to determine the effects on M.
fructigena mycelium growth. The final concentrations
of tested boron-containing compounds were provided
as 0 (untreated control), 5, 10, 20, 40, 60, 80, and 100
mM. Furthermore, two blocks were created to evaluate
how the pH value influenced the efficacy of each tested
compound. At the first, the pH of each growth media
was measured by using electronic probes (Mettler
Toledo S-210) and observed pH values were given in
Table 1. In this experiment, the pH of tested media was
not intervened and was considered as non-neutral
media. In the second, the pH of growth media was
adjusted to 7 (= 0.2 unit) by using hydrochloric acid

(1N) for alkaline media and potassium hydroxide (1N)
or sodium hydroxide (IN) for acidic media and
considered as neutral media. The neutral (pH adjusted
as 7.0) and non-neutral growth media were used as a
factor for each concentration of tested compounds.
Agricultural chemicals called Luna® 450 (200 g/L
fluopyram + 200 g/L tebuconazole; 25 ml/100 L water)
and Signum WG (26.7% boscalid + 6.7%
pyraclostrobin; 40 g/100 L water) which are known to
control M. fructigena mycelium growth were also used
as control at the doses recommended by Republic of
Turkiye Ministry of Agriculture and Forestry. The
solutions of each compound were prepared in sterile
distilled water and added to 2% w/w potato dextrose
agar (PDA). The media was poured into 9 cm Petri
dishes and 8 mm diameter agar disks taken from
actively growing M. fructigena cultures were
inoculated and incubated at 25 °C. Six replicates were
used in each experiment and repeated twice.

Table 1. pH values of Boron-containing compounds used in the study
Cizelge 1. Calismada kullanilan bor igerikli bilesiklerin pH degerleri

Tested pH (H20)

Compounds 0 5 10 20 40 60 80 100
Ammonium pentaborate 5.5 6.2 6.3 6.5 6.6 6.8 6.8 6.8
tetrahydrate

Boron oxide 5.5 5.8 5.7 5.7 5.5 5.5 5.4 5.3
Etidot-67 5.5 7.1 7.2 7.2 7.3 7.3 7.4 7.5
Potassium metaborate 5.5 7.1 7.6 7.9 8.1 8.3 8.4 8.4
Potassium 5.5 5.4 5.1 4.6 4.2 3.9 3.6 3.6
tetrafluoroborate

Sodium metaborate 5.5 7.5 7.9 8.2 8.4 8.6 8.7 8.7
tetrahydrate

Sodium tetraborate 5.5 7.2 7.3 7.4 7.6 7.7 7.8 7.9
decahydrate

Sodium tetrafluoroborate 5.5 4.9 4.9 4.7 3.9 3.6 3.5 3.5

After seven days of incubation, the colony diameter of
each Petri dish was calculated to evaluate the effects
of boron-containing compounds on M. fructigena
mycelium growth. A digital caliper (MarCal 16 EWR
IP 67) was used to measure the colony diameter taking
two orthogonal measurements and the final colony
diameter per Petri dish was calculated as the average
of both measurements. The colony growth of
treatments was calculated as the diameter of the final
colony in Petri dishes minus the diameter of the
preliminary agar disk (8 mm). The mycelial
development inhibition rates (%) of boron compounds
on the 7th day were calculated with the Abbott formula
(Karman, 1971).

Statistical Analysis

R software environment (version 3.6.2, R Core Team
2017) was used to carry out the statistical analysis.
Before analysis, the normality and homogeneity of
data were checked by Shapiro-Wilk (shapiro.test
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function) and Levene test (leveneTest function in “car”
package). The datasets were transformed by Ordered
Quantile Normalization (QRQ) to meet the
assumptions of Analysis of Variances (ANOVAs) and
some noises were added to datasets to break down ties
by using the “jitter” function (Peterson & Cavanaugh,
2019). The datasets were back transformed to obtain
means of data and to create the illustrations. The
effects of concentrations of compounds and the pH
(factors) on mycelium growth were analyzed by
ANOVA. The posthoc analyses were conducted by
Tukey Honest Significant Difference test (TukeyHSD
function) when significant interaction between the
factors was obtained and the “multcomp” package was
used to compare between group means (Hothorn et al.,
2008). The effect size statistics (partial eta square -
N2p) for ANOVAs were calculated by using
“etaSquared” function in the “Isr” packages (Navarro,
2013).
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RESULTS

The effects of several boron-containing compounds on
the mycelial development of M. fructigena isolate,
whose morphological and molecular identification was
completed, were tested in the study. The results
showed that the boron-containing compounds had
statistically different effects on mycelium development
(Table 2, Figure 1). The most effective applications in
preventing pathogen development were sodium
tetrafluoroborate (STFB) and potassium
tetrafluoroborate (PTFB), respectively. The different
concentrations of STFB significantly affected M.
fructigena mycelial growth (F7,1s1 = 36.46, p<0.01, %

= 0.60), and the development was not observed when
the concentration was higher than 10 mM (Figure 1h).
Similar to STFB, mycelium development was greatly
inhibited in applications of 20 mM (F7, 184 = 68.80,
p<0.01, N2 = 0.73) and above among different
concentrations of PTFB. Although pH adjustment had
no effects on the growth media (F1, 1s4= 0.98, p=0.32,
N2p = 0.005), the interactions of these two parameters
had significant effects (F7, 184 = 3.57; p<0.01, N2p =
0.12). The non-neutral growth media showed better
inhibitory effects on M. fructigena development
compared to neutral growth media.

Table 2. Average values of Monilinia fructigena growth after seven days of incubation (mm)
Cizelge 2. Yedi giin inkiibasyondan sonra Monilinia fructigena gelisiminin ortalama degerleri (mm)

Concentrations (mM)

Compounds 0 5 10 20 40 60 80 100
Ammonium Non- 51.26+5.40 66.23+1.11 66.44+1.53 69.75+£0.53 74.03+1.45 28.68+1.45 17.70+2.65 10.93+2.63
pentaborate neutral
Eetrah};drate Neutral 67.57+4.96 67.89+1.41 68.38+1.47 72.69+1.00 66.09+1.13 27.06+1.41 15.51+2.02 10.06+1.60
APBT
Boron oxide Non- 51.26+5.40 39.18+0.48 40.09+0.64 38.85+1.87 39.47+2.70 47.28+0.93 51.49+0.73 51.74+1.01
(BO) neutral

Neutral 67.57+4.96 67.55+3.66 58.53+1.28 57.46+2.12 59.54+1.89 64.94+1.27 63.45+1.46 62.12+1.74
Etidot-67 Non- 51.88+5.19 57.30+2.01 58.12+1.39 65.24+2.80 42.05+3.04 26.18+1.40 15.10+2.85 7.03+1.25
(ETD) neutral

Neutral 67.57+4.96 52.58+2.36 58.03+1.63 65.95+1.35 49.49+1.58 39.27+1.25 34.47+0.61 28.95+1.16
Potassium Non- 51.26+5.40 57.40+2.14 57.38+3.70 56.05+£3.45 57.24+1.60 63.64+2.23 65.66+2.96 65.92+1.40
metaborate neutral
(PMB) Neutral 67.57+4.96 64.11+2.97 61.17+3.65 60.72+4.31 58.09+2.56 58.88+3.05 59.81+4.07 60.43+2.89
Potassium Non- 51.26+5.40 33.62+1.93 6.65+1.19 ng* ng ng ng ng
tetrafluoroborate _ neutral
(PTFB) Neutral 67.57+4.96  50.25£1.65 26.24+0.63 ng ng ng ng ng
Sodium Non- 51.26+5.40 51.22+1.97 46.16+£3.31 46.86+5.67 40.93+3.62 35.94+1.72 23.43+3.28 15.86+1.83
metaborate neutral
Eetra};ydrate Neutral 67.57+4.96 49.77+3.29 45.97+2.82 45.44+2.39 38.31+3.13 36.69+4.43 35.14+2.09 34.30+4.03
SMT
Sodium Non- 51.88+4.95 54.43+4.82 56.04£2.79 62.34+£5.46 50.55+0.93 25.93+2.76 18.53+2.41 2.35+1.50
tetraborate neutral
decahydrate Neutral 67.57+4.96 43.67+1.32 43.98+1.67 42.77+0.73 41.24+£0.79 33.99+1.22 26.20+0.48 23.10+1.04
(STBD)
Sodium Non- 51.26+5.40 7.10+0.72 ng ng ng ng ng ng
tetrafluoroborate _ neutral
(STFB) Neutral 67.58+4.96 23.63+0.71 ng ng ng ng ng ng

*ng: no grow
The  different concentrations of ammonium fructigena development. The concentrations of boron

pentaborate tetrahydrate (APBT) have controlled M.
fructigena mycelial growth by varying degrees (F7,175=
183.58, p<0.001, N2p = 0.88). Although pH adjustment
of media did not show a significant impact (F1, 175 =
0.09, p=0.75), the interaction of these two factors had
significant effects on M. fructigena development (F7,175
= 27.54, p<0.01, N2p = 0.54). APBT with higher levels
than 40 mM had a better controlling tendency and 100
mM concentration of APBT showed the best results to
control with 10.06£1.60 mm and 10.93+£2.63 mm
mycelial growth for neutral and non-neutral growth
media, respectively (Table 2, TFigure 1a).
Unfortunately, none of the concentrations of APBT
tested in this study were able to fully inhibit M.
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oxide (BO) (F7, 165= 35.11, p<0.01, N2p = 0.59) and the
pH adjustment (F1, 165= 735.66, p<0.01, N2p = 0.82) had
statistically significant effects, but the applications did
not able to control M. fructigena mycelium growth
(Figure 1b). The neutral growth media supported
mycelium growth compared to non-neutral growth
media and the pH factor had higher effects than the
concentration of BO. The interactions of these two
factors had significant effects on mycelium growth (F7,
165 = 11.63, p<0.01, N2p = 0.34). M. fructigena
development decreased significantly with increasing
concentrations of epidote-67 application (disodium
octaborate tetrahydrate — ETIT) and the best result was
observed when the concentration was 100 mM non-
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neutral medium with 7.03+1.25 mm mycelium growth
(Table 2, Figure 1c). Although potassium metaborate

could not prevent fungal growth (F7,1s4= 8.30, p<0.01,
N2%p = 0.25 for concentration, F1,184= 17.20, p<0.01, N2%,

(PMB) concentrations and pH changes have = 0.09 for pH adjustment) (Figure 1d).
statistically different effects, it was observed that they
a. Ammonium pentaborate latrahydrnm (APBT) b. Boronoxide (BO) c. Etidot (EYI)
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Figure 1. Effects of boron-containing compounds on the growth of Monilinia fructigena after seven days of
incubation (a. Ammonium pentaborate tetrahydrate, b. Boron oxide, c. Etidot-67, d. Potassium
metaborate, e. Potassium tetrafloroborate, f. Sodium metaborate tetrahydrate, g. Sodium tetraborate
decahydrate, h. Sodium tetrafloroborate. *The white bars indicate non-neutral growth media while grey

bars are neutral growth media)

Sekil 1. Yedi giin inkiibasyondan sonra bor icerikli bilesiklerin Monilinia fructigena gelisimine etkileri (a.
Ammonium pentaborate tetrahydrate, b. Boron oxide, c. Etidot-67, d. Potassium metaborate, e.
Potassium tetrafloroborate, £ Sodium metaborate tetrahydrate, g. Sodium tetraborate decahydrate, h.

Sodium tetrafloroborate.
gelisme ortamini gostermektedir)

The increasing concentration of sodium metaborate
tetrahydrate (SMT) and sodium tetraborate
decahydrate (STBD) substantially reduced M.
fructigena mycelium growth by 15.86+1.83 mm and
2.35+1.50 mm, respectively, at 100 mM concentrations.
Although pH adjustment of the growing medium in the

* Beyaz barlar nétr olmayan gelisme ortamini gosterirken gri barlar notr

SMT application had significant, albeit low, effects on
mycelium growth (Fi, 184 = 31.66, p<0.01, 112, = 0.15),
pH adjustment in the STBD application did not have a
significant effect on mycelium growth (Fi, 176 = 1,
p=0.31, N2, = 0.006). However, the interaction between
these factors significantly affected mycelium growth
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for both treatments (F7, 184 = 19.74 p<0.01, %, = 0.44
for SMT; Fr, 176 = 89.19, p<0.01, N2, = 0.79 for STBD).
The results showed that 100 mM SMT and STBD with
non-neutral growth media can control M. fructigena
development (Figure 1f, 1g). Additionally, Luna and
Signum used as controls completely inhibited M.
fructigena mycelium growth.

The highest inhibition values of boron-compounds in
M. fructigena mycelial development were observed in
STFB and PTFB applications similar to the effect of
mycelial diameter values (Figure 2). Mycelial
development was prevented 100% at concentrations of
>10 mM of STFB and > 20 mM of PTFB. Doses of 60
mM > APBT and STBD applications, gradually

o

3 )

j| ——

0 i 80 B é*

APBT-Inhibition rate (¢

I
-
-
T
[R——

o S ——
s

Inhibiton rate (%)
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increased the percentage of inhibition of mycelial
development of the pathogen, regardless of pH.
However, 100 mM concentration of STBD inhibited
mycelial growth at a higher rate than neutral, with a
95.47% inhibition rate in non-neutral media. BO
application inhibited mycelial growth by up to 24.20%
and showed that inhibition rates varied between
neutral and non-neutral media. While an increasing
inhibition from 18.95% to 86.45% was recorded with
the ETI application, this range varied from 9.95 to
69.06% with the SMT application. Pathogen
development could not be significantly prevented in
PMP application, but it was revealed that there was an
adverse effect between media.

_'
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Figure 2. Inhibition rates (%) of boron-compounds on Monilinia fructigena mycelial growth (a; APBT, B; BO, c;
ETL d; PMB, e; PTFB, f; SMT, g; STBD, h; STFB).
Sekil 2. Borlu bilesiklerin Monilinia fructigena miselyal gelisimini engelleme oranlari (%) (a; APBT, B; BO, ¢; ETI;

d; PMB, e; PTFB, f; SMT, g; STBD, h; STFB).
DISCUSSION and CONCLUSION

Boron is widely used in many fields such as industry
and medicine and i1s also one of the important
micronutrients for plants (Woods, 1994; Bolt et al.,
2017; Shireen et al., 2018). The effects of boron-
containing compounds in fungi have been investigated
in recent years and the attention to the application of
boron has been increasing because of its
environmental-friendly preservative effects against
several plant pathogens (Gediik et al., 2020; Estevez-
Fregoso et al.,, 2021; Giir et al., 2021). Finding
pathogen-specific boron-containing compounds and
determining their appropriate concentrations are
important for the management of plant diseases. The
aim of this study was to investigate various boron-
containing compounds to control brown rot caused by
Monilinia fructigena.

93

Sodium tetrafluoroborate (STFB) and PTFB were the
most effective compounds in inhibiting pathogen
growth among applications. It was observed that
mycelial development was prevented completely after
10 mM STFB and 20 mM PTFB applications (Figure
1). Moreover, although the pH of these compounds did
not have a significant effect on mycelium development,
non-neutral media with lower concentrations showed
better results than neutral media. Qin et al. (2010)
showed that alkaline potassium tetraborate (pH 9.2)
was more effective in controlling B. cinera than neutral
compounds. Monilinia fructigena can optimally grow
at pH 3.5 and it can also tolerate the alkaline growth
medium at pH 9 (Holb, 2004; Hrustié et al., 2020). Holb
(2004) hypothesized that M. fructigena decreased the
pH of the substrate, thus the disease grows
exponentially after acidity levels of fruits reached the
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optimal degree. However, the pH of boron-containing
compounds applied against brown rot agents generally
adjusted at 7 (Thomidis & Exadaktylou, 2010). Even
though the results did not show significant effects of
the pH of STFB and PTFB on M. fructigena mycelium
growth, the pH of other tested compounds was
significant (Figure 1). The main acidification agent of
brown rot caused by M. fructicola was gluconic acid
and the accumulation of gluconic acid created an
unstable cell membrane as well as increased disease
susceptibility (De Cal et al., 2013). Boron application
could improve the cell membrane integrity in pears
and reduce the micro cracking on the fruit surface
(Thomidis & Exadaktylou, 2010; Xuan et al., 2002).
Tetrafluoroborate anions can be associated with
antifungal effects on M. fructigena because it is likely
that fluorine improves the antifungal effects of these
compounds (Kirk 2006).

Tested concentrations of APBT, ETI, SMT, and STBD
failed to completely inhibit mycelium growth, but it
appears that higher concentrations of these
compounds may be useful in controlling M. fructigena
mycelial growth. In particular, the non-neutral growth
media with these compounds (except APBT) showed
better results in controlling pathogen development.
The higher concentrations of these compounds are
slightly alkaline to alkaline and the effectiveness of
these compounds against M. fructigena mycelium
growth 1s increasing with the high level of pH.
Boronoxide could not inhibit mycelial growth, and
interestingly, the higher concentrations of BO
increased it. Similarly, the pH of PMB was observed as
one of the highest levels, but it cannot inhibit
mycelium growth. The concentration and pH of boron-
containing compounds are crucial for selecting
appropriate pathogen-specific preservatives, and it is
thought that these compounds may be pathogen-
specific. Therefore, the selection of suitable boron-
containing compounds against specific pathogens is
necessary to find an environmentally friendly
alternative to fungicides.

In conclusion, this study showed that the boron-
containing compounds with tetrafluoroborate anions
could be candidates as an alternative to fungicides
against M. fructigena. Likewise, APBT, ETI, SMT, and
STBD could be wuseful to control M. fructigena
mycelium growth with higher concentrations than 100
mM when the pH of these compounds was alkaline.
Further studies are needed to investigate how much
boron can be absorbed by fruits after application and
the toxicological effects of this boron on human health.
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ABSTRACT

This study was conducted to determine the Curculionoidea species on
weeds found in non-agricultural areas in Kahramanmaras Province
between 2021 and 2022, weekly from late March early April until the end
of September after the weeds begin to germinate, and at fifteen-day
intervals when the weeds start to dry towards the end of September.
Studies were carried out. As a result of this study two genera belonging
to the family Curculionidae, Lixinae Schoenherr, 1823 subfamily of the
superfamily Curculionoidea, and fourteen species belonging to these
genera. Larinus cinerascens Capiomont, 1874, one of the identified
species, is a new record for the Curculionoidea fauna of Turkiye. A total
of five species, including Lixus algirus L., Lixus vilis (Rossi, 1790),
Larinus cinerascens Capiomont, 1874, Larinus hedenborgi Boheman,
1845, Larinus turbinatus Gyllenhal, 1835, are new records for
Kahramanmarag Province. In addition, twelve weed species were
identified as new host plants for the identified Curculionoidea species.

Kahramanmaras Ilindeki Baz1 Yabanci Otlar Uzerinde Saptanan Curculionoidea (Insecta: Coleoptera)

Turleri Kisim 1

OZET

Bu calisma Kahramanmaras Ilinde 2021-2022 yillar1 arasinda tarim dis
alanlarda bulunan yabanci otlar tizerindeki Curculionoidea turlerini
belirlemek amaciyla yabanci otlarin ¢imlenmeye baslamasini takiben
mart sonu-nisan ayi baglarindan eylil ayinin sonuna kadar haftalik
olarak, eylil aymin sonuna dogru yabanci otlarin kurumaya
baglamasiyla 15 gunlik araliklarla arazi c¢alismalar1 yirttilmustir.
Yiritilen bu g¢alisma sonucunda Curculionoidea tst familyasinin
Curculionidae familyasi, Lixinae Schoenherr, 1823 alt familyasina bagh
2 cins ve bu cinslere ait 14 tiir tespit edilmistir. Tespit edilen tiirlerden
Larinus cinerascens Capiomont, 1874 Tiirkiye Curculionoidea faunasi
icin yeni kayittwr. Lixus algirus L., Lixus vilis (Rossi, 1790), Larinus
cinerascens Capiomont, 1874, Larinus hedenborgi Boheman, 1845,
Larinus turbinatus Gyllenhal, 1835 olmak tizere toplam 5 tir ise
Kahramanmaras Ili icin yeni kayit niteligindedir. Ayrica belirlenen
Curculionoidea tiirleri igin 12 yabanci ot tiirti yeni konukc¢u bitki olarak
belirlenmigtir.
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INTRODUCTION quality of agricultural products, and also causing a loss
One of the most important factors affecting crop of approximately $ 7.6 billion worldwide (Pacanoski,
production is weeds. Weeds survive in the same 2007).

environment as crops and compete with them for The order of Coleoptera is important among the insects

water, nutrients, and light, negatively affecting the used for biological weed control (Kismali & Madanlar,
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1990). Within this order, the superfamily
Curculionoidea has more weed hosts than other
species (Oberprieler et al., 2007). Larvae mostly prefer
the root collar and roots of plants as feeding habitat,
and they feed on the root parts by forming galls
(Volovnik, 2010) within the plant tissue (Trnka et al.,
2015) or by moving freely in the soil. This group of
insects is also important for biological control of weeds,
depending on their specific nutritional characteristics
(Stinson et al., 1994; Story et al., 2006; Giiltekin et al.,
2019).

Studies on the species of the superfamily
Curculionoidea began in the 1700s, and many foreign
and local researchers contributed by carrying out
systematic, taxonomic, and faunistic studies. Some of
them; Winkler (1924-1932), Emden (1944), Lodos
(1960; 1971; 1972), Voss (1962), Altay et al. (1972),
Lodos et al. (1978; 2003), Dieckmann (1980), Alonso-
Zarazaga & Lyal (1999), Giiltekin (2001), Marvaldi &
Lanteri (2005), Pehlivan et al. (2005a; 2005b), Keskin
(2005), Giiltekin (2006¢), Davidian & Giiltekin (2006),
Wanat (2007), Bolu & Legalov (2008), Erbey (2010),
Uzun & Tezcan (2011), Avgin & Colonnelli (2011),
Giiltekin & Podlussany (2012), Aydin (2013), Talamelli
(2014), Giirler (2014), Yilmaz (2015), Aydin & Hacet
(2016), Ozgen et al. (2016), Erdem (2016), Giiven
(2019), Kapucu (2019), Hacet & Colonnelli (2019),
Erbey & Bolu (2021).

In this study, weeds are plants adapted to different
climatic conditions and soil structures. They serve as
intermediate hosts for many living organisms due to
their ability to withstand difficult ecological conditions
and create population diversity in the ecosystem. For
this reason, two genera belonging to the subfamily
Lixinae Schoenherr, 1823 of the superfamily
Curculionoidea, the family Curculionidae, which has a
very important place among the weeds found in non-
agricultural areas of Kahramanmaras Province, and
fourteen species belonging to these genera were
identified.

MATERIAL AND METHOD

This study was conducted on the weeds found in non-
agricultural areas in Kahramanmaras Province during
2021-2022.

Material

The primary material of this study consists of species
belonging to the superfamily Curculionoidea found in
Kahramanmarag Province, Tiurkiye, and the weeds
these species feed on. In the study, a trap, killing jar,
culture containers, sample containers, polyethylene
bags, suction tube, 70% ethyl alcohol, forceps, insect
needle, petri dish, cotton, soft-tipped brush, tulle,
rubber, and GPS device were used.
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Method
Field and Laboratory Studies

The study was carried out in weekly intervals, starting
from the end of March or early April and till the end of
September, after the germination of the weeds in the
non-agricultural areas of Kahramanmaras Province,
and at fifteen-day intervals when the weeds started to
dry up towards the end of September. In the samples,
all the weeds were examined because the species of the
superfamily Curculionoidea were found in the roots,
stems, leaves, and generative organs of the weeds. The
phenological period of each weed in which the species
was found, the part where the insect feeds and the
locations of the weed species were determined by GPS.

Weeds belonging to the superfamily Curculionoidea
were observed in the wild, with large species collected
by hand, small species collected with a suction tube,
and a trap used for collection. Some life stages of
Curculionoidea species such as egg, larva, pupa, and
adult from the collected samples were brought to the
laboratory conditions and cultured with the plant
whether they fed on. To maintain the humidity of the
cultured samples, water was sprayed at regular
intervals, and nutrients were replaced as necessary.
Cultured weedy plant samples were checked at regular
intervals, and egg, larva, pupa, and adult emergence
dates were recorded.

Adult insect species samples collected during field
works were killed with the help of the killing jars or
directly brought to the laboratory in separate sample
containers with their label information. The location
where the samples were collected, latitude and
longitude, was recorded using GPS. With this
information, the samples were labeled and prepared
for expert identification. Herbaria of weed species
belonging to the superfamily Curculionoidea were also
designed and made available for identification.

Dieckman (1977), Giiltekin (2008a), and Erbey (2010)
were used to determine the morphological
characteristics of the species belonging to the
superfamily Curculionoidea. Identifications of insect
specimens belonging to the superfamily
Curculionoidea. Associate. Prof. Dr. Mahmut ERBEY
(Kirsehir Ahi Evran University, Faculty of Science and
Letters, Department of Molecular Biology and
Genetics) and identifications of weeds by Associate.
Prof. Dr. Tamer USTUNER (Kahramanmaras Siitci
Imam University Faculty of Agriculture, Department
of Plant Protection) was done.

RESULT AND DISCUSSION

In this study conducted in Kahramanmaras Province,
two genera belonging to the family Curculionidae of
the superfamily Curculionoidea and the Lixine
subfamily and fourteen species belonging to these
genera were identified. Among the species identified,
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Larinus cinerascens Capiomont, 1874 was determined
as a new record for the Turkiye fauna. A total of five
species belonging to the genera Lixus Fabricus, 1801
and Larinus Dejean, 1821, including Lixus algirus L.,
Lixus vilis (Rossi, 1790), Larinus cinerascens

s

|
Lixus algirus L.

-
=

Lixus circumcinctus Bohemann, 1836

\,/\

.

&

Capiomont, 1874, Larinus hedenborgi Boheman, 1845,
Larinus turbinatus Gyllenhal, 1835, are new records
for Kahramanmarag Province. Furthermore, 12 weed
species were identified as new host plants for the
identified Curculionoidea species (Table 1).
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Lixus cardui Olivier, 1808
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Lixus elongatus Goeze, 1777
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Lixus scolopax Bohemann, 1836 Lixus vilis (Rossi, 1790)

»

»

Larinus cinerascens Capiomont, 1874 Larinus hedenborgi Boheman, 1845

>
* »

Larinus latus (Herbst, 1874) Larinus minutus Gyllenhal
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Larinus onopordi (Fabricius, 1787)

Larinus turbina tus.Gyllenhal, 1835

.

Larinus sturnus Schaller, 1873

—t—e

Larinus rudicollis Petri, 1907

Figure 1. Curculionoidea (Insectai Coleoptera) species detected in the weeds in Kahramanmaras Province
Sekil 1. Kahramanmaras 1li yabanci otlar tizerinde tespit edilen Curculionoidea (Insecta: Coleoptera) tiirleri

Table 1. Curculionoidea (Insectai Coleoptera) species and their host plant detected in Kahramanmaras Province
Cizelge 1. Kahramanmaras Ilinde tespit edilen Curculionoidea (Insecta’ Coleoptera) tiirleri ve konukcu bitkileri

Species Host Plant References
Lixus algirus Circium arvense Pierre, 1901
Cirsium palustris Krauss, 1963

FEchinops orientalis®
FEuphorbia spinosa
Gundelia tournefortir
Vicia faba

Bardner, 1983

Lixus cardui

Amygdalus communis
Carduus nutans’
Carduus sp.
Centaurea sp.

Cirsium sp.

Hofmann, 1954

Lodos et al., 1978; 2003
Ter-Minasyan, 1978
Giltekin et al., 2000
Swirepik & Smyth, 2002
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Cynara scolymus Huwer et al., 2004
Crataegus sp. Pehlivan et al., 2005a
FEchinops orientalis’ Kluge & Zachariades, 2006 Giiltekin,
Hypericum sp. 2007; 2008¢
Juglans regia Harizanova et al., 2010
Onopordum acanthium Gultekin & Perrin, 2011
Onopordum alexandrinum Shahriyari-Nejad et al., 2013
Onopordum bracteatum Bolu, 2016
Onopordum carduiforme Guven, 2019
Onopordum heteracanthum Alewi et al., 2019
Onopordum illyricum
Onopordum leptolepis

Onopordum palaestinum
Onopordum sp.
Planatus sp.

Prunus avium
Prunus domestica
Pyrus elaeagrifolia
Salix sp.

Solanum esculentum
Triticum sp.
Verbascum sp.

Vicia cracca

Vicia faba
Lixus circumcinctus Amygdalus communis Ter-Minasyan, 1978
Crambe orientalis Giltekin & Korotyev, 2011
Crambe sp. Bolu, 2016
Korotyaev et al., 2016
Lixus elongatus Beta sp. Hoffmann, 1954
Carduus acanthoides Balachowsky, 1963
Carduus nutans Ter- Minasyan, 1978
Carduus sp. Eber et al., 1999
Centaurea sp. Lodos et al., 2003
Circium lanceolatum
Circium sp.
Cretaegus sp.
Onopordum sp.
Prunus armenica
Sinapis sp.
Sisybrium sp.”
Tamarix sp.
Triticum sp.
Verbascum sp.
Lixus scolopax Centaurea solstitialis Lodos et al., 1978; 2003
Centaurea sp. Gultekin, 2007
Fchinops orientalis®
FEchinops sphaerocephalus
Medicago sativa
Onopordum sp.
Prunus amygdalus
Quercus sp.
Lixus vilis Carduus nutans’ Stierlin, 1883
Centaurea sp. Dieckman, 1983
Erodium cicutarium Lodos et al., 2003
FErodium sp. Pehlivan et al., 2005a Heijerman, 2007
Fraxinus sp. Ghahari et al., 2009
Malus sylvestris subsp. mitis Stejskal & Trnka, 2013
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Onopordum sp. Stejskal et al., 2014
Pistacia lentiscus Forbicioni et al., 2019
Salix sp.
Sisybrium sp.”

Larinus cinerascens Carthamus dentatus’ Alphonse, 1934
Centaurea lugdunensis

Larinus hedenborgi Fchinops cephalotes Gultekin, 2006b; 2008a
FEchinops sp. Skuhrovec et al., 2022
FEchinops sphaerocephalus Echinops
orientalis’

Larinus latus Acacia sp. Hoffman, 1954
Carduus nutans Zwolfer et al., 1971
Carduus onopordioides Lodos et al., 1978; 2003
Carduus sp. Karaat et al., 1986
Carthamus lanatus Briese & Sheppard, 1992 Michalakis &
Centaurea sp. Olivieri, 1992
Cirsium haussknechtii Rosenthal et al., 1994
Cirsium sp. Briese et al., 1995
Cirsium vulgare Briese, 2000
Cynara cardunculus Gultekin et al., 2000
Cynara scolymus Abdel-Moniem, 2002
Cynara sp. Briese et al., 2002
FEchinops sphaerocephalus Gultekin, 2004
Onopordum acanthium Pehlivan et al., 2005a
Onopordum bracteatum Ottai & Abdel-Moniem, 2006
Onopordum candidum Onopordum Gltekin, 2008¢
carduchorum Yardibi & Tozlu, 2013
Onopordum sp. Abad et al., 2016
Onopordum tauricum Bozdogan & Uygur, 2019
Quercus sp. Guven, 2019
Silybum marianum
Silybum sp.
Verbascum sp.

Larinus minutus Astragalus sp. Groppe et al., 1990
Carduus nutans Kashefi & Sobhian, 1998
Carduus sp. Lodos et al., 2003
Centaurea diffusa Seastedt et al., 2003
Centaurea maculosa Lejeune et al., 2005
Centaurea solstitialis* Smith & Mayer, 2005
Centaurea sp. Myers et al., 2009
Centaurea stoebe Knochel et al., 2010
Centaurea stoebe subsp. micranthos Bourchier & Crowe, 2011 Stephens &
Centaurea virgata Myers, 2013
Cirsium sp. Bolu, 2016
FEchium sp. Hoebeke & Spichiger, 2016 Given, 2019
FElaeganus angustifolia
Genista sp.

Medicago sativa
Onopordum sp.
Quercus sp.
FRosa sp.

Rubus sp.
Vincetoxicum sp.
Vitis vinifera

Larinus onopordi Carduus sp. Ter-Minasyan, 1967
Centaurea sp. Lodos et al., 1978; 2003
Cirsium sp. Pehlivan et al., 2005a
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FEchinops sp.

FEchinops lalesarensis
Echinops sphaerocephalus
Fchinops pungens
Onopordum sp.

Onopordum cynarocephalum
Pinus sp.

Fchinops orientalis’

Giltekin, 2006b

Mathesona et al., 2008
Giltekin, 2008¢
Shahriyari-Nejad et al., 2013
Ozgen et al., 2016

Giiven, 2019

Larinus sturnus

Arctium sp.
Carduus crispus
Carduus sp.
Centaurea sp.
Cirsietum rivularis
Onopordum sp.
Cirsium oleraceum
Cirsium sp.

Cirsium spinosissimum
Cirsium vulgare
Solanum melongena
Fchinops orientalis’

Zwolfer et al., 1971
Zwolfer, 1974; 1979b
Koch, 1992

Lodos et al., 2003
Ghahari et al., 2009
Skuhrovec & Gosik, 2011

Larinus turbinatus

Arrhenatheretum elatioris
Carduus sp.

Carduus acanthoides
Carduus crispus
Carduus hamulosus
Carduus nervous
Carduus nutans
Carduus nutans subp. nutans
Carduus thoermeri
Carduus uncinatus
Centaurea behen
Centaurea solstitialis
Cirsium arvense
Cirsium eriophorum
Cirsium heterophyllum
Cirsium incanum
Cirsium oleraceum
Cirsium setosum
Cirsium sp.

Cirsium tuberosum
Cirsium ukrainicum
Cirsium vulgare
Onopordum acanthium
Picnomon acarna’

Rabaud, 1913

Zwolfer, 1975b

Batra et al., 1981

Zwolfer & Brandl, 1989

Koch, 1992

Skuhrovec et al., 2008 Balalaikins et al.,
2011

Gosik & Skuhrovec, 2011 Yegorenkova et
al., 2011

Delbol, 2012

Ghahari & Arzanov, 2012 Gultekin, 2004
Bolu, 2016

Maciejowski & Petryszak, 2017

Dumont & Tonnancour, 2019

Gliven, 2019

Larinus rudicollis

Carduus sp.
Centaurea sp.
Cirsium sp.

Cistus sp.

Fchinops orientalis®
Fchinops pungens
FEchinops sp.
FEchinops sphaerocephalus
Lactuca scariola
Medicago sativa
Onopordum sp.
Pinus sp.

Sinapis sp.

Lodos et al., 2003
Pehlivan et al., 2005a
Giltekin, 2008¢
Ghahari et al., 2010
Bolu, 2016

Korotyaev et al., 2016
Szenasi et al., 2019

*New host plant
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Superfamily: Curculionoidea

Family: Curculionidae

Subfamily: Lixinae Schoenherr, 1823

Tribus: Lixini Schoenherr, 1823

Genus: Lixus Fabricus, 1801

Species: Lixus algirus L.

Material examined: Kahramanmaras, Turkoglu,
Uzunsogiit Village, N37°23'33,557/E36°50'16,226,
May 11, 2022 (number of insect samples: 2), on
Gundelia tournefortii L. (new host plant);
Kahramanmaras, Turkoglu, Uzunsogiut Village,
N37°23'33,557/E36°50'16,226, May 31, 2022 (number
of insect samples: 2), on FEchinops orientalis
Trautvetter (new host plant).

Distribution in Tiirkiye: Igel, Kirgehir, Kocaeli,
Samsun, Zonguldak (Lodos et al., 1978; Pehlivan et al.,

2005a; Erbey, 2010; Yilmaz, 2015), Kahramanmarasg
(new record).

Species: Lixus cardui Olivier, 1808

Material examined: Kahramanmaras, Onikisubat,
Ungﬁt Neighbourhood, N37°35'43,613/E36°50'34,120,
August 5, 2021 (number of insect samples: 24); March
29, 2022 (number of insect samples: 12), on Carduus
nutans; Kahramanmaras, Pazarcik, Akcalar Village,
N37°31°29,326/E37°26'14,770, May 11, 2022 (number

of insect samples: 6), on Carduus nutans;
Kahramanmaras, Tirkoglu, Kizilenis Village,
N37°20°48,6/E36°46'40,7, April 8, 2022 (number of
insect samples: 13), on Carduus nutans

Kahramanmarasg, Dulkadiroglu, Hacimustafa Village,
N37°28'29,776/E36°53'7,2773, April 25, 2022 (number
of insect samples: 18); May 5, 2022 (number of insect
samples: 6), on Carduus nutans; Kahramanmaras,
Dulkadiroglu, Ayaklicaoluk Village,
N37°36'29,314/E37°2’38,830, August 7, 2021 (number
of insect samples: 6); March 29, 2022 (number of insect
samples: 3), on Carduus nutans; Kahramanmaras,
Turkoglu, Uzunsogit Village,
N37°23'33,557/E36°50'16,226, May 31, 2022 (number
of insect samples: 5), on Echinops orientalis (new host
plant); Kahramanmaras, Dulkadiroglu, Sekamer,
N37°35'28,975/E37°3°30,066, 28.04.2022 (number of
insect samples: 6), on Carduus nutans (new host
plant).

Distribution in Tiirkiye: Adana, Ankara, Antalya,
Aydin, Bartin, Balikesir, Bilecik, Burdur, Bursa,
Canakkale, Cankiri, Denizli, Diyarbakir, Edirne,
Eskigehir, Gaziantep, Isparta, Igdir, Igel, Izmir,
Kahramanmaras, Karaman, Karabuk, Kastamonu,
Kayseri, Kirklareli, Kirgehir, Kitahya, Konya,
Manisa, Mersin, Mugla, Nigde, Osmaniye, Sakarya,
Usak, Yozgat (Lodos et al., 1978; 2003; Sert, 1995;
Pehlivan et al., 2005a; Erbey, 2010 ; Yardibi & Tozlu,
2013; Giirler, 2014; Bolu, 2016; Giiven, 2019).
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Species: Lixus circumcinctus Bohemann, 1836

Material examined: Kahramanmaras, Onikisubat,
Kahramanmaras Sut¢i Imam University Avsar
Campus, N37°35'14,400/E36°48°42,179, May 2, 2019
(number of insect samples: 3); May 15, 2019 (number
of insect samples: 8); May 16, 2019 (number of insect
samples: 3); May 23, 2019 (number of insect samples:
3); April 14, 2022 (number of insect samples: 3), on
Crambe orientalis.

Distribution in Tirkiye: Ankara, Diyarbakir, Kayseri,
Kirsehir, Mardin (Sert, 1995; Sert & Cagatay, 1999;
Pehlivan et al., 2005a; Bolu, 2016), Kahramanmarag
(new record).

Species: Lixus elongatus Goeze, 1777

Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Slt¢i Imam University Avsar
Campus, N37°35'14,400/E36°48’42,179, May 9, 2019
(number of insect samples: 2), on Sisybrium sp. (new
host plant); May 9, 2019 (number of insect samples:
13), on Carduus nutans.

Distribution in Tiirkiye: Adana, Antalya, Ankara,
Aydin, Bilecik, Bursa, Denizli, Diizce, Gaziantep,
Hatay, Icel, Kahramanmaras, Karaman, Kayseri,
Kirklareli, Kirgehir, Konya, Manisa, Nevsehir, Nigde,
Usak (Lodos et al., 1978; 2003; Altinayar, 1981; Sert,
1995).

Species: Lixus scolopax Bohemann, 1836

Examined material: Kahramanmaras, Onikisubat,
Kahramanmarag Slt¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, December 11,
2017 (number of insect samples: 3), on FEchinops
orientalis; Kahramanmaras, Tirkoglu, Uzunségit
Village, N37°39°31,17/E36°82'53,69, July 8, 2021
(number of insect samples: 2), on Echinops orientalis
(new host plant).

Distribution in Tirkiye: Adana, Antalya, Denizli,
Edirne, Gaziantep, Kahramanmaras, Mersin, Nigde,
Osmaniye, Tekirdag, Karabiik (Lodos et al., 1978;
2003; Erbey, 2010; Yardibi & Tozlu, 2013; Bolu, 2016).

Species: Lixus vilis (Rossi, 1790)

Material examined: Kahramanmaras, Onikisubat,
Sehit Abdullah Cavus Neighborhood,
N37°34'55,825/E36°53'10,106, April 21, 2022 (number
of insect samples: 2), on Sisybium sp. (new host plant);
Kahramanmaras, Pazarcik, Akcalar Village,
N37°31'29,326/E37°26'14,1770, May 11, 2022 (number
of insect samples: 2), on Carduus nutans (new host
plant).

Distribution in Tirkiye: Adana, Afyonkarahisar,
Aksaray, Ankara, Aydin, Balikesir, Bursa, Canakkale,
Edirne, Hatay, Izmir, Kastamonu, Kirklareli,
Kitahya, Manisa, Mardin, Mugla, Nigde, Osmaniye
(Lodos et al., 1978; 2003; Fremuth, 1983; Pehlivan et
al., 2005; Erbey, 2010; Avgin & Colonnelli, 2011),
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Kahramanmaras (new record).
Genus: Larinus Dejean, 1821
Species: Larinus cinerascens Capiomont, 1874

Material examined: Kahramanmaras, Turkoglu,
Uzunsogit Village, N37°23’33,557/E36°50'16,226, July
8, 2021 (number of insect samples: 2); July 2, 2022
(number of insect samples: 3); June 6, 2022 (number of
insect samples: 6), on Carthamus dentatus;
Kahramanmaras, Pazarcik, @ Akgalar  Village,
N37°31'29,326/E37°26'14,770, July 6, 2022 (number of
insect samples: 6), on Carthamus dentatus (new host
plant).

Distribution in Tiirkiye: A new record for Ttrkiye.
Species: Larinus hedenborgi Boheman, 1845

Material examined: Kahramanmaras, Turkoglu,
Uzunsogit Village, N37°23'33,557/E36°50'16,226,
August 2, 2022 (number of insect samples: 7), on
Echinops orientalis (new host plant).

Distribution in Turkiye: Adiyaman, Balikesir,
Gaziantep, Malatya, Siirt, Sivas, Sanliurfa (Giiltekin,
2008a; Gultekin & Podlussany, 2012),
Kahramanmaras (new record).

Species: Larinus latus (Herbst, 1874)

Material examined: Kahramanmaras, Dulkadiroglu,
Hacimustafa Village, N37°28'29,776/E36°53'7,2773,
April 25, 2022 (number of insect samples: 12), on
Carduus nutans; Kahramanmaras, Onikigubat,
Kahramanmarag Silit¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 17, 2022
(number of insect samples: 3), on Carduus nutans.

Distribution in  Turkiye: Adana, Adiyaman,
Afyonkarahisar, Amasya, Ankara, Antalya, Aydin,
Balikesir, Bitlis, Burdur, Bursa, Cankiri, Canakkale,
Corum, Denizli, Diyarbakir, Erzurum, Eskisehir,
Hatay, Isparta, Igdir, Icel, Izmir, Kahramanmaras,
Karaman, Karabiik, Kayseri, Kirsehir, Kirklareli,
Konya, Manisa, Mersin, Nevsehir, Nigde, Osmaniye,
Siirt, Sivas, Yozgat (Lodos et al., 1978; 2003; Sert &
Cagatay, 1994; Sert, 1995; Pehlivan et al., 2005a;
Gultekin, 2008b; Erbey, 2010; Yardibi & Tozlu, 2013;
Girler, 2014; Yilmaz, 2015; Giiven, 2019).

Species: Larinus minutus Gyllenhal

Material examined: Kahramanmaras, Onikisubat,
Kahramanmaras Sut¢i Imam University Avsgar
Campus, N37°35'14,400/E36°4842,179, May 17, 2022
(number of insect samples: 2), on Centaurea
solstitialiss Kahramanmaras, Onikigubat, Bulutoglu
Village, N37°38'17,7/E37°46'02,9, dJune 25, 2022
(number of insect samples: 3), on Centaurea solstitialis
(new host plant).

Distribution in Tirkiye: Adana, Adiyaman, Ankara,
Antalya, Balikesir, Bitlis, Burdur, Canakkale, Corum,
Diyarbakir, Edirne, Eskisehir, Gaziantep, Hakkari,
Igdar, Igel, Izmir, Karaman, Kahramanmaras, Kayseri,
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Kirsehir, Kirklareli, Kilis, Malatya, Mardin, Mersin,
Mugla, Nigde, Osmaniye, Sanliurfa, Yozgat (Lodos et
al.,, 1978; 2003; Pehlivan et al., 2005a; Sert, 1995;
Erbey, 2010; Gurler, 2014; Yilmaz, 2015; Bolu, 2016 ;
Giiven, 2019).

Species: Larinus onopordi (Fabricius, 1787)

Material examined: Kahramanmaras, Turkoglu,
Kizilenis Village, N37°20°48,6/E36°46’40,7, April 8,
2022 (number of insect samples: 8), on FEchinops
orientalis;, Kahramanmarag, Tirkoglu, Uzunsoégit
Village, N37°23°33,557/E36°50°16,226, March 29, 2022
(number of insect samples: 10); March 8, 2022 (number
of insect samples: 11); May 24, 2022 (number of insect
samples: 9); May 11, 2022 (number of insect samples:
7); May 31, 2022 (number of insect samples: 8); August
8, 2022 (number of insect samples: 3); August 11, 2022
(number of insect samples: 6), on Echinops orientalis;
Kahramanmaras, Pazarcik, Salmanipak Village,
N37°43°0,782/E37°21’5,700, May 26, 2022, on Sorghum
halapense; Kahramanmaras, Onikisubat,
Kahramanmarag Slt¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 24, 2022
(number of insect samples: 8); April 27, 2022 (number
of insect samples: 4), on Echinops orientalis;
Kahramanmaras, Dulkadiroglu, Hacimustafa Village,
N37°28'29,776/E36°53'7,2773, April 25, 2022 (number
of insect samples: 11), on FKchinops orientalis;
Kahramanmaras, Pazarcik, Sarierik  Village,
N37°20'50,503/E37°6'16,540, May 11, 2022 (number of
insect samples: 12), on Echinops orientalis (new host
plant).

Distribution in  Tirkiye: Adana, Adiyaman,
Afyonkarahisar, Antalya, Artvin, Aydin, Balikesir,
Bingol, Bitlis, Burdur, Bursa, Canakkale, Diyarbakir,
Edirne, Elazig, Erzurum, FErzincan, Gaziantep,
Hakkari, Hatay, Isparta, Igdiwr, Icel, Izmir,
Kahramanmaras, Karaman, Karabik, Kars, Kirgehir,
Kirklareli, Kilis, Malatya, Manisa, Mardin, Mersin,
Nevsehir, Nigde, Osmaniye, Sivas, Sanhurfa, Sirnak
(Lodos et al., 1978; 2003; Pehlivan et al., 2005a;
Gultekin, 2006¢; Goktirk, 2009; Erbey, 2010; Yardibi
& Tozlu, 2013; Bolu, 2016; Ozgen et al., 2016; Giiven,
2019; Sert & Ozdemir, 2019).

Species: Larinus sturnus Schaller, 1873

Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Slt¢i Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, July 18, 2018
(number of insect samples: 2), on Echinops orientalis
(new host plant).

Distribution in Tirkiye: Adana, Ankara, Artvin,
Cankir1, Isparta, Icel, Izmir, Kars, Kastamonu,
Kircehir, Konya, Mersin, Nigde (Lodos et al., 1978;
2003; Sert & Cagatay, 1994; Sert, 1995; Pehlivan & al.,
2005a; Erbey, 2010; Giirler, 2014; Yilmaz, 2015),
Kahramanmaras (new record).

Species: Larinus turbinatus Gyllenhal, 1835
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Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Siit¢gi Imam University Avsar
Campus, N37°3514,400/E36°48'42,179, May 9, 2022
(number of insect samples: 2), on Carduus nutans; May
24, 2022 (number of insect samples: 2), on Picnomon
acarna; Kahramanmarag, Tirkoglu, Uzunsogit
Village, N37°3966,15/E36°84’84,06, July 8, 2021
(number of insect samples: 3), on Picnomon acarna;
Kahramanmaras, Pazarcik, Sarierik  Village,
N37°20'50,503/E37°6'16,540, on Carduus acanthoides;
Kahramanmaras, Dulkadiroglu, Hacimustafa Village,
N37°28'29,776/E36°53'7,2773, April 25, 2022 (number
of insect samples: 2), on Carduus nutans
Kahramanmaras, Tirkoglu, Damobas1 Village,
N37°39'92,03/E36°81°95,65, July 8, 2021 (number of
insect samples: 2), on Picnomon acarna (new host
plant).

Distribution in Tirkiye: Afyonkarakisar, Ankara,
Antalya, Artvin, Balikesir, Bayburt, Bingél, Bitlis,
Burdur, Cankiri, Diyarbakir, Dizce, Hakkari, Igdir,
Karaman, Kastamonu, Kirgehir, Mardin, Mersin,
Nigde (Lodos et al., 1978; Pehlivan et al., 2005a; Erbey,
2010; Girler, 2014; Yilmaz, 2015), Kahramanmaras
(new record).

Species: Larinus rudicollis Petri, 1907

Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Siitgi Imam University Avsar
Campus, N37°3514,400/E36°48'42,179, July 4, 2017
(number of insect samples: 2); July 6, 2017 (number of
insect samples: 5); July 13, 2017 (number of insect
samples: 3); September 12, 2017 (number of insect
samples: 4); October 25, 2019 (number of insect
samples: 7); December 11, 2017 (number of insect
samples: 4), on Echinops orientalis (new host plant).

Distribution in Tirkiye: Adana, Adiyaman, Antalya,
Bayburt, Bingol, Bitlis, Elazig, Erzincan, Gaziantep,
Hatay, Icel, Kahramanmaras, Kilis, Malatya, Mus,
Osmaniye, Van (Lodos et al., 2003; Pehlivan et al.,
2005a; Gultekin, 2008c; Bolu, 2016; Korotyaev et al.,
2016).

CONCLUSION

As a result of this study, It was found that the
Curculionoidea fauna feeding on weeds in non-
agricultural areas of Kahramanmaras Province is
quite rich. In addition to investigating the relationship
between Curculionoidea and weeds, this study has
provided new data that will form the basis for future
biological control and other regional studies.
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ABSTRACT

This study was carried out to determine the biology of Xylocoris flavipes
Reuter (Heteroptera: Anthocoridae), an important predator of stored
product pests, and its prey preference on some warehouse pests. The
study was conducted under laboratory conditions at 25+2°C temperature
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and 55+10% humidity. ZEphestia kuehniella Zeller (Lepidoptera: Received 124.01.2024
Pyralidae) eggs were used to determine the biology of X. flavipes. E. Accepted 117.07.2024
kuehniella, Tribolium confusum Jacquelin du Val (Coleoptera:

Tenebrionidae), and 7rogoderma granarium Everts (Coleoptera: Keywords

Dermestidae) larvae were utilized to detect the prey preferences of X Xylocoris flavipes

flavipes. The mean development time (days) of five nymphs, female and Storage pests

male adults of Xylocoris flavipes on E. kuehniella eggs were as follows: Predator

4.2+0.63;, 3.1+0.57; 2.9+£0.57; 3.0+0.00; 4.5+0.53; 104.2+17.01; Biology

114.6+£12.34, respectively. The average egg consumption for the
aforementioned stages was: 5.0+1.76; 9.9+£3.07; 9.1+6.01; 13.3+£4.14;
22.5+4.79; 515.6+75.46; 286.2+24.39, respectively. Although mature male
X. flavipes survived longer than females, females consumed more £.
kuehniella eggs than males. The mean oviposition period of the females
was 36.7+12.39 days, and the average laid egg number was 117.3+29.86.
The consumed FE. kuehniella eggs and larvae, 7. confusum, and 7.
granarium larvae during the predator nymph period were on average
63.1+6.01; 49.6+2.76; 26.8+3,52; 12.8+4.29, respectively. The average
development time (days) of the nymphs for the aforementioned
consumption stages were 16.4+1.96; 15.4+0.52; 16.2+1.14; and 21.6+4.62,
respectively. The consumed £. kuehniella eggs and larvae, T. confusum,
and 7. granarium larvae during the predator adult period were on
average  570+231.32;  249.5+142.10; 218.1+£110.57;  22.2+6.23,
respectively. The average development time (days) of the adults for the
aforementioned consumption stages were 87.5+£30.92; 75.9+41.18;
89.3+43.55; and 24.5+7.18 days, respectively. X. flavipes preferred mostly
E. kuehniella eggs among the preys during the nymph and adult stages,
and least 7' granarium larvae.

Prey preferences

Depo Zararhlarmma Kars1 Predator Bocek, Xylocoris flavipes (Reuter) (Heteroptera: Anthocoridae)’in

Biyolojisi ve Av Tercihinin Belirlenmesi

OZET

Bu calisma, depolanmig trun zararhlarinin 6nemli bir predatéri olan

Tarimda Entomoloji

Xylocoris flavipes Reuter (Heteroptera: Anthocoridae)' nin biyolojisi ve Aragtirma Makalesi

baz1 depo zararhlari iizerindeki av tercihini belirlemek amaciyla

yuritulmustiur. Calisma 25+2°C sicaklik, %55+10 neme ayarh Makale Tarihgesi
laboratuvar kosullarinda yapilmistir. Xylocoris flavipesin biyolojisinin Gelig Tarihi  :24.01.2024
belirlenmesinde Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) Kabul Tarihi :17.07.2024

yumurtalari, av tercihinde ise £ kuehniella, Tribolium confusum
Jacquelin du Val (Coleoptera: Tenebrionidae) ve Trogoderma granarium

Anahtar Kelimeler

Everts (Coleoptera: Dermestidae) larvalari kullanilmistir Calisma Xylocoris flavipes
sonucunda, X. flavipesin ergin disi, erkek ve bes nimf déneminin Z. Depo zararlilari
kuehniella yumurtalarinda ortalama gelisme sureleri sirasiyla Predator
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104.2+17.01; 114.6+12.34; 4.2+0.63; 3.1+0.57; 2.9+0.57; 3.0+0,00; 4.5+0.53
giin, ortalama tlikettikleri yumurta sayilar1 sirasiyla 515.6+£75.46;
286.2+24.39; 5.0+£1.76; 9.9+£3.07; 9.1+6.01; 13.3+4.14; 22.5+4.79 adet
bulunmustur. Erkek X. flavipes bireyleri disilerden daha uzun siire
hayatta kalmigtir ve disiler erkek bireylerden daha fazla . kuehniella
yumurtasi tiiketmiglerdir. Disi bireyin ortalama ovipozisyon siiresi
36.7+12.39 guin, biraktig1 ortalama yumurta sayisi ise 117.3+29.86 adet
olarak belirlenmigtir. Nimf doéneminde depo zararlilarindan Z.
kuehniella yumurta, birinci ve ikinci dénem larvasi, 7. confusum, T.
granarium birinci ve ikinci donem larvalarindan sirasiyla ortalama
63.1+6.01; 49.6+2.76; 26.8+3.52; 12.8+4.29 adet olarak ortalama sirasiyla
16.4+£1.96; 15.4+0.52; 16.2+1.14; 21.6+4.62 giinde; ergin doneminde ise
570+231.32; 249.5+142.10; 218.1+110.57; 22.2+6.23 adet seklinde
sirasiyla  87.5+30.92; 75.9+41.18; 89.3+43.55; 24.5+7.18 gilinde
tuketmistir. Xylocoris flavipes nimf ve ergin donemlerinde avlarindan en
fazla E. kuehniella yumurtasi, en az 7. granarium 1. ve 2. dénem

Biyoloji
Av tercihi

larvalarin tercih etmigtir.

Atif Tgin:  Usta Gebes, G. & Géziiagik, C. (2024). Depo Zararhlarima Kars1 Predatér Bécek, Xylocoris flavipes (Reuter)
(Heteroptera: Anthocoridae)’in Biyolojisi ve Av Tercihinin Belirlenmesi. KSU Tarim ve Doga Derg 27 (Ek Say1
1), 114-123. DOI: 10.18016/ksutarimdoga.vi.1425154.
To Cite:  Usta Gebes, G. & Géziiacik, C. (2024). Determination of Biology and Prey Preference of the Predator Insect,
Xylocoris flavipes (Reuter) (Heteroptera: Anthocoridae) Against Storage Pests) KSU oJ. Agric Nat 27 (Suppl 1),
114-123. DOI: 10.18016/ksutarimdoga.vi. 1425154
INTRODUCTION Similar studies exist. However, the predator X
Pests, rodents, and microorganisms cause about flavipes was not detected in warehouses and was not

10%quantitative and qualitative loss in stored
products (Prevett, 1975). The geography and climate
conditions of Turkiye are favorable for pest
development. The pests are especially deleterious for
stored products in the Southern parts of Tirkiye
(Ferizli & Emekgi, 2010). Pest residues as body parts
and various secretions deteriorate crop quality. High
pest contamination density in stored commodities
accelerates processes such as molding, heat, and
fermentation. Consumption of pest-containing
commodities also leads to potential health risks. The
general approaches to get rid of the pests are crop
destruction or pesticide application. Pest management
in stored products encounters many limitations
including restrictions on many pesticides worldwide
and progress of insecticide resistance in pest
populations. Therefore, environment-friendly
sustainable approaches are required (Bell et al., 1996).
Many parasitoids and predators are used for biological
control in Integrated Pest Management (IPM) systems
(Schéller & Flinn, 2000; Schéller et al., 2006). Insect
natural enemies could be a potential solution for the
biological control of pests (Haines, 1984; Brower et al.,
1995; Hokkanen et al., 1995; Zettler &Arthur, 2000).
There are 22 predator and parasitoid species known in
storage ecosystems. Xylocoris flavipes (Reuter)
(Hemiptera: Anthocoridae) is a predator of many
stored crop pests. This bug is commercially produced
and sold for biological control in crop storage in North
America (Mason & Huber, 2001; Taro et al., 2008). The
presence of predator mites has been detected in
vegetable fields in our country (Kaymak et al., 2023).
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used. The potential of the biological agent X. flavipes
as a predator of stored product pests was first
evaluated by Jay et al. (1968). Ballal et al. (2013) noted
that X flavipes are an important predator of stored
product pests. X. flavipes is a predator bug of many
storage pests and has the potential for use in biological
control programs. Because X. flavipes is able to
regulate populations of stored-product pests, this
study concentrates on the investigation and
incorporation of this valuable predator as a biological
control agent in Turkiye. This study was carried out to
determine the biology of X. flavipes, an important
predator of stored product pests, and its prey
preference on some crop storage pests.

MATERIALS AND METHODS

Ephestia kuehniella Zeller (Lepidoptera: Pyralidae),
Jacquelin du Val (Coleoptera: Tenebrionidae),
Trogoderma granarium Everts (Coleoptera:
Dermestidae) crop storage pests and X FAavipes
predator were cultured and produced in Igdir
University, Faculty of Agriculture, Department of
Plant Protection, Entomology laboratory. In the study,
5 1t plastic containers, (9 X 1.5 cm) of petri dishes, 25
ml glass bottles with cork stoppers, filter paper, gauze,
rubber, flour, wheat, bulgur, rice, incubator, soft tip
brush, plastic tube, binocular stereo microscope were
used. The study was conducted under laboratory
conditions at 25+2°C temperature and 55+10%
humidity.
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Definition of Xylocoris flavipes Biology on Ephestia
kuehniella Eggs

Same day eggs of X. flavipes were laid in petri dishes
containing blue cardboard paper on the bottom. In the
study, 10 petri dishes each with 10 predator eggs were
used. Egg hatching was tracked, and X. flavipes first
instar nymphs were released after egg hatching. The
instars were fed with daily laid eggs of E. kuehniella.

20 eggs per petri dish adhered to the cardboard strips
using water and a soft-tipped brush. Cardboard strips
were checked every 24 hours, and the number of
consumed eggs was recorded and replaced with new
ones. This process continued until X. avipes matured
and died. Average egg consumption and days of life
stages for X. flavipeslst, 2nd 3rd  4th, gnd 5th instar
nymph, as well as adults, were determined (Table 1).

Table 1. Average life period (in days) of nymphs and adults of Xylocoris flavipes and number of consumed Ephestia

kuehniella eggs

Cizelge 1. Xylocoris flavipes'in nimf ve ergin donemlerinin sitiresi ve bu donemlerde tiikettikleri Ephestia

kuehniella yumurta sayilari

Biological Stages of Average life cycle Days+SD Average consumed P
Xylocoris flavipes (Min.-Max.) Ephestia kuehniella Eggs+SD

(Min.-Max.)
1. Nymph 4.2+0.63 (3-5) 5.0+1.76 (2-7) <0.001
2. Nymph 3.1+0.57 (2-4) 9.9+3.07 (5-15) 0.383
3. Nymph 2.9+0.57 (2-4) 9.1+6.01 (0-19) <0.001
4. Nymph 3.0+0.00 (3-3) 13.3+4.14 (7-21) <0.001
5. Nymph 4.5+0.53 (4-5) 22.5+4.79 (17-30) <0.001
Total 17.7 (14-21) 59.8 (31-92)
Female adult 104.2+17.01 (76-122) 515.6+75.46 (427-629) <0.001
Male adult 114.6+12.34 (100-131) 286.2+24.39 (259-319) <0.001

The abdomen of females has a longitudinal 1st and 2nd instar nymph and one adult of X. flavipes

symmetrical elongated appearance on both sides and
in the males, there is a left offset and ventral notch on
the left side of the 8th and 9th segments. Adults of X
flavipes is dark brown to black with rostrum 3 and
antennas 4 segmented. Female adults have long
symmetrical abdomens from the laterals, and the
abdomen of the male adult is tilted to the left (Fig. 1g,
h)

Detection of Xylocoris flavipes Preoviposition,
Oviposition, and Postoviposition Times on FEphestia
kuehniella Eggs

X flavipes adults were placed in pairs (12, 13) in one
petri dish containing blue cardboard on the base and
the experiment was conducted with 10 replications.
The adults were fed with £. kuehniella eggs adhered
to the cardboard strips using water and a soft-tipped
brush. The period until the first egg lay of the female
adult was recorded as preoviposition. The Petri dishes
were checked every 24 hours, and the number of eggs
laid by X. flavipes was recorded and placed in other
petri dishes. This process continued until female
adults stop laying eggs and this period was recorded as
oviposition. The days between oviposition (stop laying
eggs) and death of X. flavipes female was recorded as
postoviposition.

Consumption of Ephestia kuehniella Eggs and Larvae,
and Larvae of Tribolium confusum and 7rogoderma
granarium by Pre-mature and Adult Stages of
Xylocoris flavipes
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were placed separately in a petri dish with filter paper
on the bottom and the experiment was conducted with
10 replications. 20 eggs of E. kuehniella per petri dish
were adhered to the cardboard strips using water and
a soft-tipped brush. Every 24 hours, the number of
consumed FE. kuehniella eggs was recorded and new
cardboard strips were added. This process continued
until nymphs of X. flavipes matured and their adults
died. Likewise, one nymph and one adult of X. flavipes
were placed separately per 25 ml bottles with cork
stoppers, and 10 bottles per nymph and adult were
used. 20 first and second-stage larvae of E. kuehniella
were added to each bottle. Consumed FE. kuehniella
larvae at intervals of five days were counted and
replaced with new ones. This process continued until
the predator nymphs matured and the adults died.
Flour was added to the bottles to feed E. kuehniella
larvae. The method applied for the consumption of £.
kuehniellalarvae was also applied for the consumption
of 7. confusum and 7. granarium larvae. The
production of 7ribolium confusum pest was carried out
by considering the work of Gokee et al. (2021).

Statistical Analysis

Descriptive statistics were determined for the average
egg consumption (number) and lifespan (days) of the
nymph and adult periods. However, the width and
length data of the nymph, adult, and egg periods; days
of preoviposition, oviposition, and postoviposition and
the number of eggs laid; Mean, standard error, and
minimum-maximum values were calculated for the
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larvae and eggs (number) consumed and the time (day)
data consumed in the prey preferences of adults and
nymphs. Shapiro and Levene tests were applied to the
above-mentioned data and the normal distribution and
constant variance assumptions of the data were
examined. One-way analysis of Variance (ANOVA)
followed by the Tukey test was applied to the data
providing the hypotheses and pairwise group

S A . e
Figure 1. Eggs of Xylocoris flavipes (a), 1st nymph (b), 2nd nymph (c), 3rd nymph (d), 4th

(), adult male (g) and adult female (h)

comparisons were made. Since the data on the number
of harmful larvae consumed by adults did not meet the
assumptions of normal distribution and constant
variance, it was subjected to the Kruskal-Wallis test,
which is a non-parametric method, and then Dunn's
test for pairwise group comparisons. The experiments
were conducted with 10 replications.

1 -

nymph (e), 5th nymph

Sekil 1. Xylocoris flavipes'in yumurtasi (a), 1. nimf (b), 2. nimf (¢), 8. nimf (d), 4. nimf (e), 5. nimf (f, ergin erkek

(g) ve ergin disi (h)

RESULTS AND DISCUSSION

Definition of Xylocoris flavipes and Biology on
FEphestia kuehniella Eggs

Eggs of X flavipes is cylindrical (ellipsoid) with a
white-yellowish transparent cover on one side, turning
to orange when the nymph exits approaches, as well as
with reddish eyes and scent glands (Fig. 1a). Egg
hatching time was estimated average as 5.2+0.42 days.
1st Stage nymphs are generally light orange with red
eyes and visible scent glands with transparent
antennae, rostrum, and legs (Fig. 1b). The
development time of the 1st stage nymph was
estimated to average 4.2+0.63 days (Table 1). The 2nd
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stage nymph has similar characteristics to the 1st
stage nymph but with more prominent scent glands
(Fig. 1c) and an average development time of 3.1+0.57
days (Table 1). The 3rd stage nymph has a darker color
than the 2nd stage nymph (Fig. 1d) with a development
time of average 2.9+0.57 days. The 4th stage nymph
has a dark orange, brown color (Fig. le) with
development time of average 3.0+0.00 days (Table 1).
The 5th stage nymph looks like the adult with light
brown color (Fig 1f) and development time of average
4.5+0.53 days (Table 1). The 5th stage nymph
consumed the highest number of Z. kuehniella eggs
and the 1st stage nymph the lowest as illustrated in
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Table 1. Figure 2 shows that the egg consumption of X.
flavipes was highest in the 5th nymphal stage (peaking
on day 4 with an average of 9 eggs) and lowest in the
1st nymphal stage. The life cycle for female adult was
average 104.2+17.01 days, and 114.6+12.34 days for
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o
i

Consumed egg number

the male (Table 1).The consumed E. kuehniella eggs
for female adult was average 515.6+75.46 eggs, and
286.2+24.39 eggs for the male as seen in Table 1. It was
determined that X. flavipes adult females consumed
more K. kuehniella eggs than males (Figure 3).

Gender

Female Adult
Male Adult

0 y y T T
45 60 75 90

Adult life cycle (days)

30

105

Sekil 2. Xylocoris flavipesin nimf donemlerinin gelisme stireleri ve tiikettikleri Ephestia kuehniella yumurta
sayilar1 arasindaki iligkiyi gosteren ¢izgi grafigi
Figure 2. Line graph showing the relationship between development time of Xylocoris flavipes nymph stages and

consumed Ephestia kuehniella eggs.

The female adult’s highest egg consumption was
during day 6th with an average of 14 eggs, and the
male adult’s highest egg consumption was during day
8th with an average of 7 eggs. Arbogast et al. (1971)
and Awadallah and Tawfik (1972a) reported that
adults of X. flavipes are bright brown to dark in color
and about 2 mm tall. Additionally, gender detection is
most easily made from the abdomen. Lokanath
(2012a) reported that the average development times
of the X. flavipes nymph stages using C. cephalonica
eggs under laboratory conditions were 3.2+1.30;
2.8+0.84; 2.8+0.86; 3.2+0.84; 3.6+0.65. These results
are consistent with our findings. However, the life
cycle was reported to be 22.4+1.42 days for the female
adult, and 24.4+1.80 days for the male adult. These
results are much lower than our findings (Table 1). The
males lived longer than the females which was
consistent with our results. Parajulee et al. (1994),
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Rahman et al. (2009) determined in their research that
females of the biological agent consumed more prey
than male hunters. Russo (2004) reported 24.4 days
and Awadallah and Tawfik (1972b) stated 21.7 days
life period for the adults. These findings are lower than
our results (Table 1).

Detection of Xylocoris flavipes Preoviposition,
Oviposition and Postoviposition Times on ZKphestia
kuehniella Eggs

Xylocoris flavipes laid eggs randomly about 4.9+1.37
days after mating (Table 2). The preoviposition,
oviposition and post-oviposition times of the predator
were examined on 10 female adults and the mean
preoviposition time was on average 4.9+1.37 days. The
oviposition and post-oviposition times were about
36.7+12.39 and 1.1+0.99 days, respectively (Table 2).
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Figure 3. The relationship between development time of female and male adult of Xylocoris flavipes and number

of Ephestia kuehniella eggs they consume

Sekil 3. Xylocoris flavipes'in ergin erkek ve disi donemlerinin gelisme sitireleri ve tiikettikleri Ephestia kuehniella

yumurta sayilar: arasindaki 1liski

Table 2. Average preoviposition, oviposition and postoviposition development times and laid eggs by Xylocoris

flavipes

Cizelge 2. Xylocoris flavipes'in preovipozisyon, ovipozisyon, postovipozisyon donemlerinin ortalama gelisme
stireleri ve birakilan ortalama yumurta sayisi

Stage AverageDays+SD AverageEggs+SD
(Min.-Max.) (Min.-Max.)
Preoviposition 4.9+1.37 (3-8) 0.0+0.00 (0-0)
Oviposition 36.7+12.39 (20-62) 117.3+29.86 (73-175)
Postoviposition 1.1+0.99 (0-3) 0.0+0.00 (0-0)

The average number of eggs laid by the female adult
during oviposition was 117.3+29.86 with minimum egg
number of 73 and maximum 175 eggs per female
(Table 2). It was found that there was a positive linear
relationship (r=0.85) between the number of eggs laid
by X flavipes females and the consumption of Z.
kuehniella eggs, and as the number of eggs laid by
predator females increased, the consumption of F.
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kuehniella eggs also increased (Figure 4).

Lokanath (2012b) reported that under laboratory
conditions using Corcyra cephalonica (Stainton) eggs,
female adults of X. flavipeslaid 24-32 eggs during the
oviposition period lasting for 23-28 days. Rahman
(2004) found that the average total highest egg
numbers produced by female X. flavipes when fed with
Tribolium castaneum (Herbst) and 7. confusum
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(Jacquelin du val) were 98.65+1.81, 97.05+1.73,
respectively. Arbogast (1975) stated about 30 eggs for
29 days; Awadallah and Tawfik (1972¢) found about
41.6 eggs for 17.5 days; Rahman (2007) reported on
average 27.27+2.52 eggs during oviposition.
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Figure 4. The relationship between X. flavipes female
adult laid eggs and consumption of Z.
kuehniella eggs.

Xylocorts  flavipes'in ergin  digisinin
ovipozisyon déneminde tiikettigi Ephestia
kuehniella yumurta sayisi ile yumurtladigi
yumurta sayisi arasindaki 1liski

Sekil 4.

Consumption of Ephestia kuehniella Eggs and Larvae,
and Larvae of Tribolium confusum and Trogoderma
granarium by Pre-mature and Adult Stages of
Xylocoris flavipes

It was determined that X. flavipes nymphs consumed
about 63.1+6.01 E. kuehniella eggs, and the adults
consumed 570+231,32 eggs (Table 3). Mean
development times for nymph and adults of X. flavipes
during £. kuehniella egg consumption are 16.4+1.96;
87.5+30.92, respectively. The average consumed FZ.
kuehniella larvae was 49.6+2.76 for nymphs, and
249.5+142.10 for adults of X. flavipes with an average
development time of 15.4+0.52 days, 75.9+41.18 days,
respectively. The average consumed 7. confusum
larvae was 26.8+3.52 for nymphs, and 218.1+110.57 for
adults of X. flavipes with an average development time
of 16.2+1.14 days,89.3+43.55 days, respectively. The
average consumed 7. granarium larvae was 12.8+4.29
for nymphs, and 22.2+6.23 for adults of X. flavipes with
an average development time of 21.6+4.62 days,
24.5+7.18 days, respectively (Table 3). As shown in
Figure 5, X flavipes nymphs consumed the most £.
kuehniella larvae and the least 7. granarium larvae.
Similarly, X. flavipes adults consumed most Z.
kuehniella larvae and the least 7. granarium larvae
(Figure 6).

X flavipes nymph and adults preferred most £
kuehniella eggs and least 7. granarium larvae.
FE.kuehniella eggs were consumed more because of
their small size, and 7. granarium larvae were
preferred less because they were extremely hairy.
LeCato and Collins (1976) looked at the maximum
number of prey that a predator could consume in a
lifetime. They used 7. castaneum as the prey species
and determined that X. flavipes could consume an
average of 539 eggs, 34 larvae, or 14 pupae In a
laboratory environment. Schéller and Prozell (2011)
reported that the predator X. flavipes could suppress
T. confusum in small amounts or a thin layer of flour.

Cizelge 3. Xylocoris flavipesin nimf ve ergin dénemlerinin ortalama giin ve bu dénemlerde tiikettikleri depo

zararhlar: ortalama av miktarlar:

Table 3. Average development times and pray consumption for nymph and adults of Xylocoris flavipes

Xylocoris flavipes nymph Xylocoris flavipes adult
Period of Average Consumption Average Day +SD Average Consumption Average Day +SD

Type of prey hunt +SD (Min.-Max. Piece) (Min.-Max.) +SD (Min.-Max. Piece) (Min.-Max.)

Ephestiakuehniella Egg 63.1+6.01 16.4+1.96 570+231.32 87.5+30.92
(55-76) (14-20) (289-895) (55-135)

Ephestiakuehniella Larvae 49.6+2.76 15.4+0.52 249.5+142.10 75.9+41.18
(44-53) (15-16) (36-421) (10-126)

Triboliumconfusum Larvae 26.8+3.52 16.2+1.14 218.1+110.57 89.3+43.55
(22-32) (15-18) (50-381) (30-145)

Trogodermagranarium Larvae 12.8+4.29 21.6+4.62 22.2+6.23 24.5+7.18
(8-20) (17-28) (15-31) (12-37)

The reason for the higher egg consumption compared
to larvae could be the smaller size and immobility of
the eggs. LeCato and Davis (1973) found that X
flavipes preferred certain pest species and stages to
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others probably due to pest size and sclerotization
stage. It was detected that prey size was the most
important factor affecting early and late-stage larvae
consumption of 7. castaneum, Oryzaephilus
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surinamensis Linnaeus, P. interpunctella Hiibner and
Lasioderma serricorne Fabricius. Early-stage larvae
were more consumed than late stage. L. serricorne

40
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Figure 5. Boxplot showing the number of consumed larvae of

FEphestia kuehniella,
Trogoderma granarium by
nymps.

Tribolium confusum and
Xylocoris flavipes

Sekil 5. Xylocoris flavipes nimf doneminin kutu diyagramina

gore tiikettigi Ephestia kuehniella,

Tribolium

confusum and Trogoderma granarium larva sayisi

CONCLUSIONS

Insect damage i1s one of the biggest problems facing
managers of stored grain ecosystems worldwide. In the
study, it was seen that one of the biological agents that
can reduce insect damage with biological control,
which 1s one of the integrated control methods, is the
predator X. flavipes. X. flavipes preferred the most £.
kuehniella eggs and the least 7. granarium larvae as
prey in adult and nymph stages. E. kuehniella eggs
were consumed more as prey because they were
smaller, and 7. granarium larvae were less preferred
because they contained excessive hair. The mean
number of . kuehniella eggs (63.1+6.01; 570+231.32)
consumed in X. flavipes nymph and adult stages found
too much is higher than the number of larvae
(49.6+2.76; 249.5+142.10). It is thought that the prey
is smaller and immobile because the predator
consumes more eggs than the larva. In this study, it
was concluded that the X. flavipes predator would be
succesful in suppressing harmful insect populations of
stored products. It also reveals that mass culture of X
flavipes can be established on Z. kuehniella eggs in the
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larva is small but hairy and sticky. Consequently, the
preference for small-sized prey was confirmed.

4004
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Fligure 6. Boxplot showing the average consumed larvae of
Ephestia kuehniella, Tribolium confusum and
Trogoderma granarium by Xylocoris flavipes
adults.

6. Xylocoris flavipes ergin doneminin kutu

divagramina gore tiikettigi Ephestia kuehniella,

Tribolium confusum and Trogoderma granarium

larva sayisi

Sekil

laboratory for easy and abundant supply of the insect
as a biological control agent. When the producers
interviewed within the scope of research were asked to
state the reasons for using the biological control
method in combating pests in order of importance,
their first two choices were, respectively, "Because 1
care about human health" and "To avoid polluting the
natural environment"(Sayin et al., 2020). Support for
biological control should be increased for human and
environmental health.
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ABSTRACT Mycology

In 2023, fungal specimens were collected from the Tinaztepe Campus

of Dokuz Eylil University (Izmir-Tiirkiye). These samples Research Article
underwent a comprehensive and meticulous evaluation involving

morphological examination and phylogenetic analysis based on Article History
nrITS rDNA sequencing. The DEU AKATA & SAHIN 148 samples Received: 30.06.2024
exhibited microscopic and macroscopic characteristics that closely Accepted: 17.08.2024
matched those of Rhodocybe asyae, initially described by Sesli & Keywords

Vizzini. The genetic sequence analysis revealed over 99% similarity Rhodocybe asyae
with R. asyae Sesli & Vizzini. This report represents the second New locality
recorded occurrence of K. asyae in Tirkiye and the third globally. Asia Minor

The study documents the collection site, geographical coordinates, Mycobiota

habitat observations, the collection date, etc. Furthermore, the Turkiye

research provides macroscopic photographs, microscopic illustrations
of the specimens, and detailed discussion, demonstrating the
reliability of the present findings.

Yeni Bir Lokasyonu Kesfedilen Rhodocybe asyae Ornekleri Uzerinde Taksonomik Caligmalar

OZET Mikoloji

Mantar 6rnekleri 2023 yilinda Dokuz Eyliil Universitesi Tinaztepe

Kampiisii'mden (Izmir-Tiirkiye) toplanmistir. Bu érnekler, morfolojik Aragtirma Makalesi
inceleme ve nrITS rDNA dizilemesine dayali filogenetik analizi

iceren kapsamli ve titiz bir degerlendirmeden gecirilmistir. DEU Makale Tarihgesi

AKATA & SAHIN 148 o6rnekleri, orijinal olarak Sesli & Vizzini Gelig Tarihi  :30.06.2024
tarafindan tamimlanan Rhodocybe asyae ile yakindan eslesen Kabul Tarihi :17.08.2024
mikroskobik ve makroskobik ozellikler sergilemistir. Genetik dizi

analizi de K. asyae Sesli & Vizzini ile %99'un tizerinde benzerlik Anahtar Kelimeler
gostermigtir. Bu rapor, K. asyaenin Tirkiye'de kaydedilen ikinci ve Rhodocybe asyae
Dinya’daki tgiincii kaydini temsil etmektedir. Calisma, cografi Yeni lokalite
koordinatlar, habitat gézlemleri, toplama tarihi ve benzeri bilgileri Kigciik Asya

de icermektedir. Ayrica, arastirma makroskobik fotograflar, Mikobiyota
orneklerin mikroskobik ¢izimleri ve bulgularin guvenilirligini Turkiye

gosteren ayrintili tartismalar sunmaktadir.

Atl_f I(;ln Akata, I, Edis, G., Kumru, E., Acar, I. & Sahin, E. (2024). Taxonomic Studies on Rhodocybe asyae Specimens

: Dlscovered in a New Locat10n KSU J. Agric Nat 27 (Ek Say1 1), 124-132. DOI: 10.18016/ksutarimdoga.vi.
1507554
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INTRODUCTION range from pinkish to vinaceous cinnamon. The
The genus Rhodocybe, established by Maire (1926) as lamellae are attached in ways that range from adnate
a part of the Entolomataceae, is distinguished by its to decurrent, occasionally exhibiting slight notches
variable-shaped, often dull-coloured basidiomata, (Bas et al, 1988 Sun & Bau, 2023). The genus
which typically vary from conical to funnel-shaped produces a spore print varying from salmon to

with a central depression. The colours of the pileus brownish pink, and its basidiospores vary from
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globose to ellipsoid or tear-shaped, characterized by a
subtly nodulose or gently angular surface with
pustulate details. In the polar view, the basidiospores
are angular with 6-12 facets. Importantly, the genus
lacks clamp connections. Hymenial cystidia may be
absent or present as pseudocystidia with brightly
coloured contents or as hyaline leptocystidia
appearing as cheilocystidia and sometimes as
pleurocystidia (Baroni, 1981; Vizzini et al., 2018). The
genus members are primarily saprotrophic, thriving
in soil among debris and occasionally on decaying
wood. These species are found extensively across
temperate and tropical regions in the northern and
southern hemispheres. (Vizzini et al., 2016; Sesli &
Vizzini, 2017).

Originally categorized in 1981 by Baroni, the genus
Rhodocybe was organized into seven distinct sections,
including Claudopodes, Crepidotoides, Decurrentes,
Rhodocybe, Rhodophana, Rufobrunnea, and
Tomentosi. The Rufobrunnea section is distinguished
by its unique colouration, featuring shades of reddish-
beige, salmon pink, pinkish-brown, or ochre on the
pileus. Additionally, this section is noted for its
adnate to decurrent gills and the notable absence of
pseudocystidia (Vizzini et al., 2018). Further
research, including molecular studies, has validated
that this section is monophyletic, confirming its
natural classification within the genus (Kluting et al.,
2014; Sesli & Vizzini, 2017; Sun & Bau, 2023).

Around 50 species of the genus are recognized
globally (Sun & Bau, 2023), but only six have been
reported in Tirkiye (Sesli, 2021; Sesli & Vizzini,
2017; Sesli et al., 2020; Vizzini et al., 2018). Within
these, K. asanii Sesli & Vizzini and R. asyae Sesli &
Vizzini, belong to Rhodocybe sect. Rufobrunnea (Sesli
& Vizzini, 2017; Vizzini et al., 2018).

Rhodocybe asyae features distinctive -clitocyboid
basidiomata with exceptionally thin flesh. The species
is noted for its smooth, dish-shaped pileus that
exhibits a subtle salmon-pink hue. The lamellae are
decurrent, transitioning in colour from whitish to
light ivory, and may also have a hint of reddish beige.
The stipe is pruinose and cylindrical. It possesses
uniquely shaped basidiospores, which are ellipsoid to
broadly ellipsoid, slightly angular, and have a warty
texture. This species typically has two to four spored
basidia and shows diversity in the form of its
cheilocystidia (Sesli & Vizzini, 2017).

This study aims to enrich the knowledge of the rare
species K. asyae by reporting a newly discovered
location in Tirkiye, thus contributing to the species'
global distribution records.

MATERIALS and METHODS

The research employed a comprehensive approach,
combining morphological assessments with molecular
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methods to examine and categorize specimens
collected from Izmir province, Tirkiye. This study
involved a thorough macroscopic and microscopic
examination of the samples, which was enhanced by
analyzing ribosomal DNA (rDNA) sequences using
Internal Transcribed Spacer (ITS) sequencing
techniques.

Morphological Characterization

The collection of the specimens was followed by an
initial assessment of their macroscopic features and
environmental conditions at the collection site. The
samples were examined in detail using a binocular
light microscope (Euromex Oxion). To ensure the
reliability of the findings, each microscopic
characteristic was measured using 30 different
samples. 5% potassium hydroxide (KOH) and Congo

red were used to prepare the material for
examination.
For scanning electron microscopy (SEM), small

fragments of the fungal samples were mounted on
stubs using double-sided tape and coated with gold.
These samples were then analyzed using an EVO
40XVP SEM from LEO Ltd., based in Cambridge, UK,
operating at a 20 kV accelerating voltage.

The method for morphological identification of the
samples followed the detailed protocols outlined in
studies by Sesli & Vizzini (2017) and Aplin et al.
(2022). These research papers were crucial in guiding
the identification process and ensuring accuracy and
adherence to established scientific standards. After
accurately identifying the samples, they were
carefully preserved in the Fungarium at Ankara
University, Faculty of Science, Department of
Biology.

Molecular Characterization
Genomic DNA Isolation From Fungal Specimens

In the genomic DNA isolation method, 50 mg of dry
sporophore samples were mechanically powdered
with a mill grinder, placed in 1.5 mL microcentrifuge
tubes, and mixed with 700 pL of CTAB lysis buffer
(pH 8.0) containing 3% w vl cetyl trimethyl
ammonium bromide (CTAB), 1.4 M NaCl, 20 mM
EDTA, 100 mM Tris, 3% w v'! polyvinylpyrrolidone
(PVP), and 0.2% v v! JB-mercaptoethanol. The
samples were vortexed for 1 minute and incubated at
65 °C for 30 minutes. Following lysis, the samples
were centrifuged at 13.000 rpm for 10 minutes, and
500 uL of the supernatant was transferred to new
tubes. An equal volume of chloroform-isoamyl alcohol
(24:1) solution was added, vortexed briefly, and
centrifuged again at 13.000 rpm for 5 minutes. The
resulting supernatants were carefully transferred to
new tubes, mixed with an equal volume of cold
isopropanol, and stored at -20 °C for 30 minutes.
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After this incubation, the samples were centrifuged at
13.000 rpm for 10 minutes to precipitate the genomic
DNA as pellets. The supernatants were discarded,
and the DNA pellets were washed twice with 70%
ethanol. Residual ethanol was removed by incubating
the DNA pellets at 60 °C. The partially dried DNA
pellets were dissolved in an appropriate volume of
nuclease-free distilled water. The concentration and
purity of the isolated genomic DNA were determined
spectrophotometrically using the Nanodrop Lite
(Thermo Scientific) device. The integrity of the DNA
was verified by agarose gel electrophoresis using a
TAE buffer (40 mM Tris-acetate 1 mM EDTA; pH 8.3)
with 0.8% agarose. Electrophoresis was performed at
a standard voltage of 5 volts per centimetre. Imaging
was done using a safe blue light transilluminator and
safe green dye. A 1 kb Plus DNA Ladder was the
DNA marker in the agarose gel electrophoresis.

PCR Amplification of the Internal Transcribed Spacer
(IT'S) rDNA Region and Determination of Nucleotide
Sequences for Molecular Phylogeny of the Specimens

Genomic DNA samples isolated from macrofungal
sporophores using the CTAB method were used as
templates to amplify the ribosomal DNA region (ITS)
for fungal molecular phylogeny studies. To prevent
the formation of undesirable primer dimers during
PCR, a hot start DNA polymerase enzyme was used.
The PCR reaction was performed in 200 upL
polypropylene tubes with a total volume of 50 pL. The
reaction mixture included 5 uLi of 10X DNA
polymerase buffer (containing 25 mM MgCls), 1 uL of
a deoxynucleoside triphosphate (ANTP) mixture (10
mM of each nucleotide), 300-400 ng of genomic DNA
template, 1 uL of each 10 pL sequence-specific
oligonucleotide primer, five units of DNA polymerase
enzyme, and enough nuclease-free dH20 to bring the

total volume to 50 uL. The sequences and melting
temperatures (Tm) of the oligonucleotide primers
used in PCR are provided in Table 1. PCR
thermocycling conditions were optimized based on the
Tm of each primer pair, the lengths of the amplified
gene regions, and their copy number in the genome.
The “Touchdown” approach was employed to
minimize undesirable primer dimer formation.

The general PCR conditions were 30 seconds at 95 °C,
15 seconds at 6550 °C (using the touchdown
approach), and 15-30 seconds at 72 °C for 35 cycles,
following an initial 2-minute denaturation step. The
extension time at 72 °C was adjusted according to the
length of the amplicon and the DNA polymerase
enzyme used. The reaction concluded with a final
extension step of 7 minutes at 72 °C. Thermal cycling
was conducted using the MiniAmp Plus Thermal
Cycler (Applied Biosystems). The resulting amplicons
were analyzed by electrophoresis in a 1% agarose gel
to assess the success and quality of the amplification,
indicated by the presence of a single band in the gel
and the absence of non-specific amplifications.
Agarose gel electrophoresis was performed as
described earlier. A GeneRuler 100 bp Plus DNA
Ladder (Thermo Scientific) was used as a size marker
for the DNA amplicons.

Amplicons of confirmed quality were then cleaned and
purified using the GeneJET Gel Extraction and DNA
Cleanup Micro Kit (Thermo Scientific) according to
the manufacturer's instructions. The concentration
and purity of the purified amplicons were measured
spectrophotometrically using the Nanodrop Lite
device. DNA sequencing was performed using the
Sanger dideoxy chain termination method. The same
oligonucleotide primers used for PCR were used to
sequence the amplicons. DNA sequence analysis of
the amplicons was outsourced to an external facility.

Table 1. Sequences and Tm temperatures of Oligonucleotide Primers Used in the PCR
Cizelge 1. PCR'da Kullanilan Oligontikleotid Primerlerin Dizileri ve Tm sicakliklar

LOCUS Primer Oligonucleotide Sequence (5-3) Tm Temperature (°C)
ITS ITS1 TCCGTAGGTGAACCTGCGG 62
ITS4 TCCTCCGCTTATTGATATGC 53

Molecular Phylogenetic Analyses of the Fungal
Specimen

Molecular phylogenetic analyses of the specimens
were conducted using MEGA-X software (https:
www.megasoftware.net) based on their nucleotide
sequences. The amplicon sequences were initially
analyzed with NCBI's Nucleotide BLAST (Basic Local
Alignment Search Tool) to identify similar sequences.
The sequences in the GenBank DNA database that
showed the highest similarity to the analyzed
amplicon sequences were selected as the ingroup for
phylogenetic analyses. Additionally, sequences from
distantly related macrofungi that did not show
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similarity to the analyzed amplicon sequences were
chosen as the outgroup for the analyses.

The sequences were first aligned with the ingroup
and outgroup sequences using the MUSCLE (Multiple
Sequence Comparison by Log-Expectation) algorithms
to construct a phylogenetic tree. The most appropriate
nucleotide substitution model was then determined,
and phylogenetic trees were constructed using the
Neighbor-Joining algorithm. To assess the reliability
of the tree branches, 1000 bootstrap replicates were
applied.
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RESULTS

The specimens collected from Dokuz Eylil University
Tinaztepe Campus were identified as Rhodocybe

asyae. This species was Dbriefly described,
encompassing macroscopic and microscopic
characteristics observed in the samples. The

documentation includes the collection date, the
precise location of the samples, habitat descriptions,

geographic coordinates, and unique collection
identifiers. Macroscopic photos, illustrations of
microscopic  structures, and Scan

.
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Figure 1. Rhodocybe asyae: a-d bamdimta (al bars: 10 mm)
Sekil 1. Rhodocybe asyae- a-d basidiomata (dlgekler: 10 mm)

Figure 2. Rhodocybe asyae a-d. basidiospores (SEM), (scale bars: 200 nm)

Microscope (SEM) images of the basidiospores were
also provided.

Taxonomic overview

Basidiomycota R.T. Moore

Agaricales Underw.

FEntolomataceae Kotl. & Pouzar

Rhodocybe asyae Sesli & Vizzini (2017), (Figure 1-3).
Sesli & Vizzini (2017) thoroughly characterized the
type specimens.

Sekil 2. Rhodocybe asyae: a-d. sporlar (SEM), (6lgekler: 200 nm)
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Figure 3. Rhodocybe asyae: a. basidiospores, b. basidia, c. basidioles, d. cheilocystidia, e. subhymenium, f. hyphae
of the hymenophoral trama, g. pileipellis, h. stipitipellis (scale bars: 10 pm).

Sekil 4. Rhodocybe asyae- a. basidiosporlar, b. bazidiyumlar, c. bazidiyoller, d. keylosistidyumlar, e.
subhimeniyum, f. himenoforal trama hifleri, g.pileipellis, h. stipitipellis (6lcekler:10 um).
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Macroscopic and microscopic features

Habit tricholomatoid. Pileus 15-30 mm broad, convex
at first, soon convex to the plane, slightly depressed
in the centre, salmon pink with ivory to beige hue,
paler pinkish towards the margin, reddish brown in
the centre, dry, smooth, slightly hygrophanous.
Margin slightly inrolled when young, soon plane,
ivory to beige. Lamellae are adnate to subdecurrent,
whitish, light ivory to beige orange, fragile and
regular. Stipe 25-30 X 5 mm, cylindrical, hollow,
intensely pruinose at apex, typically tapering towards
base, light pinkish to light orange-brown, and with a
white-tomentose bulb. Odor and Taste not distinctive.
Flesh thin, whitish to ivory or grayish-beige.
Basidiospores (4-)4.5-7.5 (-8) x (3-)3.2-5.3(-5.6) um
including apiculus [(n = 30), Q = 1.18-1.45 Qav =
1.39], ellipsoid to broadly ellipsoid and subangular in
profile view, containing tiny droplets or granules,
hyaline, and inamyloid. Basidia 24-32 x 6.5-9 um, 2—
4 spored, slenderly clavate, thin-walled, and has 3-5
um long sterigmata. Basal clamp not observed.
Basidioles similar to basidia and18-25 X 4.5-6.5 um.
Subhymenium ranges from lobed and rounded to
nearly spherical, broadly elliptical, and occasionally
even angular, 4.5- 7 X 5.5-9 um. Hymenophoral trama
regular, consisting of cylindrical and septate hyphae,
measuring 6.5-12.5 pm broad. Pleurocystidia not
observed. Cheilocystidia rarely observed, 18-24 X 4—6
um, slenderly cylindrical to slightly subclavate and
thin-walled. Pileipellis is a cutis comprising two
distinct layers: A thin upper layer of narrow, 3—4.5
um cylindrical hyphae and a thicker lower layer
consisting of multicellular structures of 6.5-10 pm
broad. Stipitipellis is a cutis comprising cylindrical,
septate, and thin-walled, 4-8 pum broad hyphae.
Clamp connections not observed.

Ecology and distribution: The species was described
from Tiirkiye (Trabzon) and recorded in the United
Kingdom (East Sussex). It usually grows singly or in
small groups within coniferous forests, including pine,
spruce, and fir trees. It is often found amid fallen pine
needles and grass tufts, predominantly emerging
during autumn (Sesli & Vizzini, 2017; Aplin et al.,
2022).

Material examined: TURKIYE— Izmir, Dokuz Eyliil
University Tinaztepe Campus, under Turkish pine
(Pinus brutia Ten), 210 m, 38° 22' 13" N, 27° 12' 43"
E, 01.12.2023, DEU AKATA & SAHIN 148 (nrITS
rDNA sequence GenBank accession number:
PP944722.1).

Evolutionary History of DEU AKATA & SAHIN 148

The evolutionary lineage of specimen DEU AKATA &
SAHIN 148 was examined based on its nrITS rDNA
sequence, which was obtained using standard
molecular techniques and archived in the NCBI
GenBank under accession number PP944722.1. To
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explore its evolutionary relationships, nrITS rDNA
sequences from various members of the Rhodocybe
genus were selected for comparison, with Zuber
melanorufum's nrITS rDNA sequence serving as an
outgroup. Molecular phylogenetic analysis identified
ten distinct clades, including Clade 1, which
contained different isolates of Rhodocybe asyae and
DEU AKATA & SAHIN 148. The remaining clades
(Clade 2-10) included other Rhodocybe species. T.
melanorufum formed a separate branch, confirming
its role as the outgroup. BLAST analyses showed over
99% similarity between the nrITS rDNA sequences of
DEU AKATA & SAHIN 148 and various isolates of R.
asyae. Phylogenetic analyses confirmed the close
relationship between DEU AKATA & SAHIN 148 and
R. asyae, with bootstrap branch support validating
the reliability of their grouping.

DISCUSSION and CONCLUSION

The genetic diversity of fungal species exceeds their
morphological diversity, prompting the integration of
genetic information with traditional morphological
methods for more precise species identification.
Various genetic markers, such as rRNA gene regions
like nrITS, nrSSU, and nrLSU, as well as protein-
coding gene sequences, have Dbeen utilized in
molecular systematic studies for decades (Raja et al.,
2017; Akata et al., 2023; 2024a; 2024b; Altuntas et
al., 2021). The ITS region stands out in fungal
molecular taxonomy, offering valuable insights. High-
throughput sequencing technologies and
bioinformatics tools have advanced whole genome
comparisons and phylogenomic analyses among
fungal taxa, potentially replacing molecular
phylogenetic analyses based on a few marker genes
(Marian et al., 2024). In the present study, nuclear
ITS rDNA sequences were employed for the molecular
identification of DEU AKATA & SAHIN 148,
revealing a similarity of over 99% with the specimen
(GenBank ID: PP944722.1) and R. asyae (Figure 4).

Rhodocybe asyae, species within  Section
Rufobrunnea, shares several morphological and
ecological traits with its close relatives. Notably, it
exhibits similarities to species such as K. asanii E.
Sesli & Vizzini, R. fusipes Silva-Filho, D.L. Komura &
Wartchow, K. fumanellii R.J. Ferrari, Vizzini & Fellin
and R. subasyaeT. Bau & Y.L. Sun.

Rhodocybe asanii shares similar habitats (pine,
spruce, and fir) and several characteristics with Z.
asyae, including a small pileus size (20-45 mm) and
similar size of basidia (20-30 X 7-8 pum) and
basidiospores (5.4—6.8 x 3.9-4.9 um). Both species
exhibit a change in the surface color of the pileus
upon aging or when damaged. Despite these
similarities, K. asanii is distinct in its tricholomatoid
morphology. The pileus of K. asanii, described as light
ivory to beige-red, displays a range of shapes from

a
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convex to plane or even irregular and is notably
fragile. The lamellae are adnexed to sinuate and
transition from whitish to reddish beige, with a
tendency to become more reddish when injured. The
stipe of R. asanii is pruinose, contributing to its
unique textural qualities and lack of cheilocystidia
(Sesli & Vizzini, 2017).

R. fumanellii is recognized by its solid, tricholomatoid
basidiomata, vibrant reddish-brown tinges, and

closely spaced adnate lamellae. Microscopically, it
stands out due to its long cheilocystidia (35-95 X 3—
6.5 mm) and its ellipsoid basidiospores. Caulocystidia
are also present. K. fumanellii has larger basidiomata
(pileus: 35-100 mm and stipe: 40-70 X 5-15 mm).
Additionally, this species has rhizomorphs at the
stipe base and 4-spored basidia and usually grows
among the leaf litter under deciduous trees (Vizzini et
al., 2018).

Rhodocybe asyae KATO Fungi 3640 from TYPE material (NR 154443.1)
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Rhodocybe brunnecaurantiaca strain JP40 (OR827577.1)

Rhodocybe brunnecaurantiaca CAL 1825 from TYPE material (NR 176746.1)

Rhodocybe fusipes voucher DLK 298 (MN306209.1)

150 | Rhodocybe fusipes voucher DLK 587 (MN306210.1)

A l Rhodocybe fumanellii MCVE 20550 from TYPE material (NR 166243.1) ]
1

CUH AM720 (MW023201.1) 1

] Clade 4

oo | Rhodocybe fumanellis voucher HFRG PC200928 1 (MW401761,1)
Rhodocybe fumanelid voucher FRJ-100-20198 (MT114428.1)
Rhodocybe fumanellii voucher BOLGH 22122001 (OR831361.1)
Rhodocybe matesina MCVE 20262 from TYPE material (NR 154455.1) |
100 Rhodocybe matesina voucher MCVE: 29261 (KY629062.1)
Rhodocybe matesina voucher F3-2 (M2088085.1)
cher NA13102020 (MW375030.1)
— Rhodocybe asanil voucher KATO:Fungi:3657 (KX834265.1)
Rhodocybe asanii KATO Fungi 3659 from TYPE material (NR 154442.1)
Rhodocybe nuciolens isolate JK186 (ON478246.1)
i isolate OMDL K. Canan iNaturalist 147467010 (PP526052.1)
isolate CA FUNDIS iNaturalst 192266673 (PPB26184.1)
Rhodocybe nuciolens isolate $.0. Russell ONT WCMB23 INaturalist 147466601 (OR168848.1)
Rhodocybe nuciolens isolate CA FUNDIS iNaturalist 191794660 (PP826388.1)
Rhodocybe roseiavellanea isolate OMDL K. Canan iNaturalist 125830572 (PPB50330.1)
FLAS-F-69250 (0Q725160.1)
Rhodocybe roseiavellanea strain PBMA0SE (TENN) (MFE86525.1)
Rhodocybe roseiavellanea voucher FLAS-F-71316 (OR239767.1)
FLAS-F-69258 (0Q725150.1)
Rhodocybe tugrulii isolate IMG-7316 (MG050105.1)
Rhodocybe tugrulii voucher WU-MYC 0022202 (OP363094.1)
*| Rhodocybe tugrulii voucher WU-MYC 0004222 (OP363991.1)
Rhodocybe tugrulii voucher GB-01] 1395 (OP363996.1)
s | Rhodocybe tugrulil KATO Fungl 3340 from TYPE material (NR 154436.1)
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Figure 4. The phylogenetic tree, constructed using the nrITS rDNA region and the Neighbour Joining algorithm
with the T92+G nucleotide substitution model, reveals the evolutionary relationships among 40 fungal
specimens. Confidence levels were indicated by assigning bootstrap rates (>50) to each branch. The
sequences used in constructing the tree were obtained from the NCBI GenBank, except DEU AKATA &
SAHIN 148. Additionally, Tuber melanorufum was included in the phylogenetic tree as the outgroup
representative. A GenBank accession number accompanies each sequence, and a scale bar in the lower
left corner represents a genetic distance of 0.20.

Sekil 4. nrITS rDNA bolgesi ve T92+G niikleotit yerini alma modeli ile Komsu Birlestirme algoritmasi
kullanilarak olusturulan filogenetik aga¢, 40 mantar oOrnegi arasindaki evrimsel iliskileri ortaya
koyuyor. Giiven seviyeleri, her subeye onylikleme oranlar1 (>50) atanarak belirtildi. Agacin
olusturulmasinda kullanilan diziler, DEU AKATA & SAHIN 148 hari¢, NCBI GenBank'tan elde edildi.
FEk olarak Tuber melanorufum, dis grup temsilcisi olarak filogenetik agaca dahil edildi. Agagtaki her
diziye ait GenBank erisim numaras: belirtilmis ve sol alt kosedeki olcek ¢ubugu 0.20'lik genetik

mesafeyi temsil etmektedir.
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Rhodocybe fusipes are distinguished by their orange
to red colored pileus and prominently expansive
umbonate center. Its lamellae are white, adnate to
slightly decurrent, close or crowded, and sometimes
forked. The stipe transitions from white to a subtle
sordid orange and is characterized by a tapering that
culminates in a distinctively fusiform base. It
produces subglobose to broadly ellipsoid basidiospores
and differs with the absence of cheilocystidia.
Pileipellis is similar to a cutis and additionally, .
fusipes lacks hymenial pseudocystidia and clamp
connections. The central stipe of this species displays
a reddish hue. It is found in the biodiverse
Amazonian forests, which are rich in families such as
Lecythidaceae,  Sapotaceae,  Burseraceae, and
Fabaceae members but do not include coniferous
trees. K. fusipes can be distinguished from R. asyae
with the color of pileus, larger stem, unique spore
morphology, and the absence of cheilocystidia (Silva-
Filho et al., 2020).

R. subasyae differs from orange-white to beige-red
and 19-25 mm pileus. It grows under the canopy of
mixed forests composed of pine, larch, and oak trees.
It is distinguished with sinuate to adnate lamellae,
ellipsoid to broadly ellipsoid, and 5.4-6.8 X 3.9—4.9
um basidiospores. Its lamellae range from adnexed to
sinuate. The stipe i1s 22-37 X 5-7 mm, cylindrical,
fibrillose, and orange-white and with white
rhizomorphs. Cheilocystidia are 22.4-28.2 X 3.9-6.8
um, slenderly clavate, and occasionally branched
(Sesli & Vizzini, 2017; Sun & Bau, 2023).

In the study conducted by Sesli and Vizzini (2017),
the morphological traits of Rhodocybe asyae samples
are thoroughly documented, detailing specific
features of wvarious macroscopic structures, the
properties, and dimensions of basidiospores, basidia,

cheilocystidia, and other microscopic structures in the
hymenium, pileus, and stipe. Similarly, Aplin et al.
(2022) described some macroscopic structures and the
properties and dimensions of basidiospores and
basidia. Table 2. compares the specimens of R. asyae
analyzed in the present study with those documented
by Sesli and Vizzini (2017) and Aplin et al. (2022).
This table thoroughly details the dimensions of
various macroscopic and microscopic structures
observed in the presented samples, providing a
comprehensive overview of their measurements. The
detailed comparison highlights the similarities and
differences in measurements and characteristics
between the present study's samples and those of the
type specimens and the specimens analyzed by Aplin
et al. (2022).

The comparative analysis of the macroscopic and
microscopic features of K. asyae specimens with those
documented by Sesli & Vizzini (2017) and Aplin et al.
(2022) highlights a significant degree of congruence,
particularly regarding dimensional attributes. This
consistency reinforces the reliability of these
characteristics as critical identifiers for the species.
However, the present findings also reveal some
notable discrepancies. Specifically, the habit of the
present specimens diverges from the previously
reported descriptions. While Sesli & Vizzini (2017)
characterized the type specimen as having a different
habit (clitocyboid), the present specimens exhibit a
distinct tricholomatoid habit. This variation in habit
could suggest potential intraspecific diversity or
environmental influences affecting morphological
expression. Additionally, the analysis of microscopic
features aligns with previous studies, further
validating the species identification.

Table 2. Comparison of various measurements of the morphological structures of Rhodocybe asyae
Cizelge 2. Rhodocybe asyae'nin morfolojik yapilarinin ¢esitli ol¢iimlerinin karsilastirilmasi

Aplin et al. (2022)

Current study

Dimensions Sesli and Vizzini (2017)
Habit clitocyboid
Pileus 10-30 mm broad
Stipe 25-30 X 25 mm

(4.8-)5-7(-8) x 4-5(-5.5) um
Q=1.1-1.4, Qav=1.3

Basidiospores (average)
Basidiospores (Q-values)

Basidia 20-30 X 6.5-8.5 um
Sterigmata 3-8 um long
Cheilocystidia 20-30 X 4-6 pm
hymenophoral trama 6-15 pm broad
(hyphae)

3-5 pm broad
6—12 pum broad
7—-16 um broad

Pileipellis (upper layer)
Pileipellis (lower layer)
Stipitipellis

up to 35 X 5 mm

5.2-6.8 x 3.56—4.6 pm

tricholomatoid
15—-30 mm broad
25-30 X 5—7 mm
(4-)4.5-7.5 (-8) x (3-)3.2-5.3(~5.6) um
Q=1.18-1.45 Qav =1.39
24-32 X 6.5-9 pm
3-5 4 m long
18-24 X 4-6 um
6.5-12.5 um broad

not provided

up to 35 mm

not provided
not provided
not provided
not observed

not provided

3—4.5 um broad
6.5-10 um
4-8 pum broad

not provided
not provided

not provided
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ABSTRACT

In this study, Aphrophoridae (Hemiptera:) specimens collected from
Sinop and Kastamonu between 2016 May-2018 October were
evaluated. Specimens was collected by sweeping net and a hand
aspirator over the plants during the daytime. Nine species belonging
to 4 genera were identified in the study area: Aphrophora alni (Fallén,
1805), A. salina (Goeze, 1778), A. geruzei Tanyeri & Zeybekoglu, 2021,
Lepyronia coleoptrata (Linnaeus, 1758), Neophilaenus albipennis
(Fabricius, 1798), N. campestris (Fallén, 1805), N. lineatus (Linnaeus,
1758), N. minor (Kirschbaum, 1868), Philaenus spumarius (Linnaeus,
1758). Information provided covering distributional data of the species
in Tirkiye and worldwide, collection localities, and number of species
were given. Of the identified species Neophilaenus albipennis is the
first record for the Black Sea Region of Turkiye. General photographs
of N. albipennis and N. lineatus and drawings of genital structures
are given.

OZET

Bu c¢alismada 2016 Mayis-2018 Ekim doéneminde Sinop ve
Kastamonu'dan toplanan Aphrophoridae (Hemiptera: Cicadomorpha)
familyasina ait 6rnekler degerlendirilmistir. Ornekler giin igerisinde
bitkilerin lizerinden atrap ve aspiratér kullanilarak toplanmagtir.
Calisma alaninda 4 cinse ait 9 tiir tespit edilmistir: Aphrophora alni
(Fallén, 1805), A. salicina (Goeze, 1778), A.geruzei Tanyeri &
Zeybekoglu, 2021, Lepyronia coleoptrata (Linnaeus, 1758),
Neophilaenus albipennis (Fabricius, 1798), N. campestris (Fallén,
1805), N. lineatus (Linnaeus, 1758), N. minor (Kirschbaum, 1868),
Philaenus spumarius (Linnaeus, 1758). Tespit edilen tiirlerin
Turkiye'deki ve diinyadaki yayilislari, toplandiklar: lokaliteler, 6rnek
sayilar1 verilmistir. Tespit edilen tirlerden Neophilaenus albipennis,
Turkiye'nin Karadeniz Bolgesinden ilk kez kaydedilmigtir. N
albipennis ve N. lineatusun genel fotograflar: ve genital yapilaruna
ait ¢izimler verilmigtir.
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INTRODUCTION is classified into five families Cercopidae,

Among the Hemiptera, the suborder Cicadomorpha is
a diverse group of varied sizes, which may reduce crop
yield by feeding on plant fluid and weakening the
terminal young branches (Mozaffarian, 2018). The
Cercopoidea superfamily (Hemiptera: Cicadomorpha)

Aphrophoridae, Clastopteridae, Machaerotidae and
Epipygidae. The superfamily comprises approximately
3000 species that have been described to date
worldwide. The species of the superfamily Cercopoidea
is known as spittlebugs because it produces a foamy
mass during the nymphal periods of their development
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(Cryan & Svenson, 2010). They are called froghoppers
since the adults have jumping ability.

Aphrophoridae spittlebugs are the most abundant and
widespread xylem-sap feeder insects and they have
been mentioned as pests with economic importance on
rice, sugarcane, strawberry, alfalfa, perennial plants
and some pasture plants etc (Mozaffarian & Wilson,
2015). The plant pathogenic Xylella fastidiosa is
transmitted to plants by several xylem-sap feeding
insects belonging to the Cicadomorpha suborder,
mainly the Aphrophoridae family and causes diseases
such as Olive quick decline syndrome (Smaili et al.,
2022). In this family member, Aphrophora alni is a
potential vector for Candidathus phytoplasma. P.
spumarius is the vector of Candidathus phtoplasma
and Xylella fastidiota. The genera Neophilaenus and
Aphrophora are also considered potential vectors of
Xylella fastidiota (EPPO, 2017; Germain, 2016). Demir
& Unver (2019) drew attention to the Cicadomorpha
species which can be potential vectors in hazelnuts in
Turkiye and A. alni, P. spumarius listed in that study.
That's why local records are considered to be very
important.

The first studies of this family in Turkiye are
Fahringer (1922), Dlabola (1957) and Metcalf (1962).
Lodos & Kalkandelen (1981) evaluated the materials
collected from field and museum and listed 4 new
records and species of this family from Turkiye. In the
following years, limited local records were given. In
Turkiye, research on Aphrophorid spittlebugs was
focused on polymorphism, mainly the meadow
spittlebug P. spumarius (Yurtsever, 2001; Yurtsever et
al., 2010).

According to Onder et al. (2011), Tirkiye
Aphrophoridae fauna consists of 14 species belonging
to 6 genera. This number has increased to 15 with new
records and species reported from our country in
subsequent studies (Tanyeri & Zeybekoglu, 2021).
Although they are an economically and ecologically
important insect group, it has been observed that there
is no comprehensive study in this region. In this study,
it was aimed to determine the Aphrophoridae species
in Sinop and Kastamonu in the Western Black Sea
region of Turkiye.

MATERIAL and METHOD

The material was collected from Sinop and Kastamonu
provinces (North Tiirkiye) between May 2016 and
October 2018 periodically during the daytime. In the
sampling of the adults, a standard sweeping net and a
hand aspirator were used. The specimens were
prepared according to standard insect preparation.
The genital capsule of males and pregenital sternite
VII in females were separated from the body with the
help of a dissecting needle. Features of the genital
structures were examined and they were identified by
the first author using previously published articles

134

(Emeljanov, 1967; Holzinger et al., 2003; Mozaffarian
& Wilson, 2015). An overview photograph of dry
samples was taken with a Canon EOS 70D model

camera connected to a Zeiss Stem 2000-C
stereomicroscope. The shapes of genital structures
were drawn  using Zeiss discovery  V-20

stereomicroscope attached drawing attachment.

The material is deposited in Sinop University, Faculty
of Arts and Sciences, Department of Biology,
Invertebrata Laboratory.

RESULTS and DISCUSSION
Genus: Aphrophora Germar, 1821
Aphrophora alni (Fallén, 1805)
Examined material:

Kastamonu: 22.07.2017: 41° 38' 14.7 N 33° 17' 28.6 E
(1 &), 41° 37" 14.1' N 33° 07" 08.8 E (4 29)leg.RT;
06.08.2017: 41° 47" 35.8 N 34° 04' 53.2 E (4 33,4 29)
leg. RT&UZ; 15.06.2017: 41° 58' 11.3'N 34° 05' 25.4'E
(2 33) leg.RT; 16.06.2017: 41° 39' 33.3' N 33° 08' 02 E
(233,299 leg. RT

Sinop: 09.06.2017: 41° 47" 06.0'N 35° 11' 08.4'E (2 33)
leg. RT; 08.06.2017: 42° 00' 52.1' N 34° 58' 24.4' E (3
43,3 99),41° 59 41.7N 34° 54 00.2E (4 33,4 29),
41° 57 15.6 N 34° 48" 05.3 E (5 3, 4 29) leg. RT;
13.06.2017: 41° 45' 40.7'N 34° 58' 32.5 E (14 44, 11
29), 41° 35" 50.1' N 34° 51' 04.6 E (1 Q) leg. RT;
30.07.2017: 41° 41' 58.1"N 34° 35' 42.1'E (2 34, 1 9),
41° 58' 02.4'N 34° 50' 32.3 E (1 &, 4 29) leg. RT;
01.08.2017: 41° 52' 23.8 N 34° 51' 57.0E (2 33) leg.
RT&UZ; 17.08.2017: 41° 46' 17.8 N 35°12' 204 E (1 &,
2 99) leg. RT&UZ

Distribution in Tirkiye: Adana, Afyon, Ankara,
Antalya, Artvin, Aydin, Balikesir, Bitlis, Bolu,
Canakkale, Corum, Diyarbakir, Erzincan, Erzurum,
Giresun, Istanbul, Izmir, Kayseri, Kirklareli, Konya,
Katahya, Mardin, Manisa, Mugla, Ordu, Rize,
Samsun, Sinop, Tekirdag, Trabzon, Yozgat (Onder et
al., 2011; Demir, 2019).

Distribution in the world: Austria, Belgium, Bosnia
and Herzegovina, Britain, Bulgaria, Crete Croatia,
Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece Hungary, Ireland, Italy,
Netherlands, Spain, Sweden, Switzerland, Near East,
North Africa, Latvia, Lithuania, Macedonia, Malta,
Moldova, Norway, Poland, Portugal, Romania, Russia
(Southern Europe, Northern Europe, Central Europe),
Sardinia, Sicily, Slovakia, Slovenia, West Palearctic,
Yugoslavia (Anonymous, 2021)

Aphrophora salicina (Goeze, 1778)
Examined material:

Kastamonu: 20.07.2017: 41° 14’ 15.1'N 33° 21' 57.0 E
(15 343,13 99) leg.RT
Sinop: 13.06.2017: 41° 36' 02.1' N 34° 51' 02.4'E (23
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33,6 29) leg.RT

Distribution in Tirkiye: Balikesir, Canakkale, Elazg,
Giresun, Gﬁml’ishal_@e, Kirklareli, Konya, Kutahya
(Onder et al., 2011; Ozgen et al., 2018; Demir, 2019)

Distribution in the world: Albania, Austria, Belgium,
Britain I, Bulgaria, Central European Russia, Croatia,
Czech Republic, Danish, East Palearctic, Estonia,
French, Germany, Greek, Hungary, Ireland, Italian,
Latvia, Lithuania, Moldova, Near East, North
European Russia, Norwegian, Poland, Portuguese,
Romania, Sardinia, Slovakia, Slovenia, South
European Russia, Spanish, Sweden, Switzerland, The
Netherlands, Ukraine, Vatican City (Anonymous,
2021)

Aphrophora geruzei Tanyeri & Zeybekoglu, 2021
Examined material:

Kastamonu: 15.06.2017: 41° 58' 11.3'N 34° 05' 25.4' E
(499,833),48.7N 34°09 16.1'E (5 29, 7 3&) leg.RT

Sinop: 08.06.2017: 41° 46' 20.0' N 35° 12' 18.4'E (10
22, 6 43) leg. RT; 09.07.2017: 41° 44’ 25.7' N 35° 13’
49.7E (8 22,9 33) leg.RT

Distribution in Tiirkiye: Kastamonu, Sinop (Tanyeri &
Zeybekoglu, 2021)

Distribution in the world: Tirkiye (Tanyeri &
Zeybekoglu, 2021)

Genus: Lepyronia Amyot & Serville, 1843

Lepyronia coleoptrata (Linnaeus, 1758)
Examined material:
Kastamonu: 20.07.2017: 41° 36' 53.5'N 33° 07' 09.1'E

(13),41°38 29.7N 33°07' 05.2 E (1 &), 41° 43' 09.5'

N 33°27 235 E (1 &), 41° 39' 33.3 N 33° 08 02°E (3
Q9), 41° 39 20.1'N 33° 35" 14.2°E (1 Q) leg.RT;

16.06.2017: 41° 18' 01.2'N 33° 31' 54.4'E (1 @) leg. RT;
22.07.2017: 41° 38" 48.7N 33° 35' 49.2 E (2 34, 1 9),

41°38 14.7N 33° 17 28.6 E (7 33,2 29), 41° 37" 14.1"
N 33°07' 08.8E(1 3,2 29),41°42' 29.9N 33° 04' 34.6

E1J4,3299 leg. RT

Sinop: 27.05.2017: 41° 44' 52.0'N 34° 57 40.9E (2 33),
41° 32" 45.1'N 34° 47 0.01'E (5 34, 9 29) leg. RT;
12.08.2017: 41° 41' 58.1'N 34° 35' 42.1 E (2 29) leg.
RT&UZ; 30.07.2017: 41° 36' 03.6'N 34° 51' 284 E (5
33) leg. RT

Distribution in Tirkiye: Adana, Afyon, Ankara,
Antalya, Artvin, Aydin, Bilecik, Bursa, Canakkale,
Cankiri, Corum, Diyarbakir, Edirne, Elazig, Erzincan,

Gumiushane, Izmir, Kahramanmaras, Kars,
Kahramanmaras, Konya, Kiitahya, Manisa, Mardin,
Mugla, Mus, Sakarya, Samsun, Siirt, Tokat

(Fahringer, 1922; Dlabola, 1957; Kartal et al., 1994;
Onder et al., 2011; Ozgen et al., 2018; Demir, 2019)

Distribution in the world: Albania, Austria, Belgium,
Bosnia and Herzegovina, Bulgaria, Central European
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Russia, Croatia, Czech Republic, Danish, East
Palearctic, Estonia, Finland, French, Germany, Greek,
Hungary, Ireland, Italian, Latvia, Lithuania,
Macedonia, Moldova, Near East, North Africa, North
European Russia, Norwegian, Poland, Portuguese,
Romania, Sardinia, Sicily, Slovakia, Slovenia, South
European Russia, Spanish, Sweden, Switzerland, The
Netherlands, Ukraine, Yugoslavia (Anonymous, 2021)

Genus: Neophilaenus (Haupt, 1935)
Neophilaenus albipennis (Fabricius, 1798)
(Figures 1,2)

Examined material:

Kastamonu: 06.08.2017: 41° 55' 57.5 N 34° 11" 13.1'E
(833, 4 29) leg. RT&UZ

Sinop: 30.07.2017: 41° 41’ 58.1'N 34° 35" 42.1'E (1 &)
leg.RT

Distribution in Tirkiye: Ankara, Kirklareli (Demir,
2006; Onder et al., 2011)

Distribution in the world: Europe, North Africa,
Eastern Palearctic (Anonymous, 2021)

Neophilaenus campestris (Fallén, 1805)
(Figure 3,4)
Examined material:

Kastamonu: 14.06.2017: 41° 15’ 12.2'N 33° 59’ 53.8 E
(433,329 leg. RT; 16.06.2017: 41° 42" 09.1'N 33° 26°
41.9E (2343, 3 29) leg. RT; 20.07.2017: 41° 13' 21.9N
33°25' 38.0E (4 34, 2 99) leg. RT

Sinop: 27.05.2017: 41° 47° 23.9'N 35° 09' 26.9E (1 &, 1
0) leg. RT; 08.06.2017: 41° 46' 20.0N 35° 12' 18.4°E (1
@) leg. RT; 13.06.2017: 41° 33' 55.8 N 34° 48' 49.9E (4
33, 3 99) leg. RT; 12.08.2017: 41° 25' 13.1'N 34° 58'
442 E (4 33,3 90) leg. RT&UZ

Distribution in Tirkiye: Adana, Adiyaman, Afyon,
Ankara, Antalya, Artvin, Bitlis, Bursa, Canakkale,
Eskigehir, Elazig, Giresun, Hatay, Istanbul, Izmir,
Kirklareli, Konya, Kiitahya, Manisa, Mugla, Nevsehir,
Samsun, Sinop, Siirt, Trabzon, Van (Lodos
&Kalkandelen, 1981; Onder et al., 2011; Ozgen et al.,
2018; Demir, 2019)

Distribution in the world: Austria, Bulgaria, Czech
Republic, East Palearctic, Estonia, France, Germany,
Greece, Hungary, Italian, North Africa, Poland,
Romania, Sardinia, Slovakia, Slovenia, Switzerland,
Ukraine, Yugoslavia (Anonymous, 2021)

Neophilaenus lineatus (Linnaeus, 1758)
Examined material:

Sinop: 14.06.2017: 41° 35" 17.4N 34°51' 01.3E(1 &, 1
Q) leg. RT
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Figure 1. Neophilaenus albipennis (Fabricius, 1798) (J) Figure 3. Neophilaenus campestris (Fallén, 1805), (3)

(Scale: 1 mm) (Scale: 1 mm)
Sekil 1. Neophilaenus albipennis (Fabricius, 1798) (5) Sekil 3. Neophilaenus campestris (Fallén, 1805), (J)
(Olgek: 1 mm) (Olgek: 1 mm)

e f

Figure 2. Genital structures of Neophilaenus albipennis an aedeagus from dorsal; b, aedeagus from lateral; c,
stylus, d, the tip of the stylus; e, genital plates; f, the tip of the female abdomen from ventral (Scale a,
b, ¢, d, e: 0,1 mm:; f: 0,5 mm)

Sekil 2. Neophilaenus albipennis’te genital yapilar a) Aedegus dorsal, b) Aedegus lateral, ¢) Stilus, d) Stilusun ug
kismi, e) Genital plaklar, e) Disi abdomenin u¢ kismi (Olgek a, b, ¢, d° 0,1 mm- e: 0,5 mm)
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Figure 4. Genital structures of Neophilaenus campestris an aedeagus from dorsal; b, aedeagus from lateral; c,
stylus, d, the tip of the stylus; e, genital plates; f, the tip of the female abdomen from ventral (Scale a,

b, c, d, e: 0,1 mm; f: 0,5 mm)

Sekil 4. Neophilaenus campestris’ te genital yapilar a) Aedegus dorsal, b) Aedegus lateral, ¢) Stilus, d) Stilusun ug
kismi, e) Genital plakiar, e) Disi abdomenin ug¢ kismi (Olgek a, b, ¢, d° 0,1 mm; e’ 0,5 mm)

Distribution in Tirkiye: Afyon, Ankara, Bursa,
Erzincan, Istanbul, Izmir, Konya, Nevsehir, Van
(Onder et al., 2011; Demir, 2019)

Distribution in the world: Albania, Austria, Balearic
Islands, Belgium, Britain, Bulgaria, Central European
Russia, Czech Republic, Danish, East Palearctic,
Estonia, Finland, French, Germany, Greek, Hungary,
Ireland, Italian, Latvia, Lithuania, Macedonia,
Moldova, Near East, Nearctic Region, North Africa,
North  European Russia, Norwegian, Poland,
Portuguese, Romania, Sardinia, Sicily, Slovakia,
Slovenia, South European Russia, Spanish, Sweden,
Switzerland, The Netherlands, Ukraine, Yugoslavia
(Anonymous, 2021)

Neophilaenus minor (Kirschbaum, 1868)
Examined material:

Sinop: 13.06.2017: 41° 35' 17.4 N 34°51' 01.3E(1 &, 1
Q) leg. RT

Distribution in Tirkiye: Ankara, Antalya, Konya,
Manisa, Mersin, Sivas (Dlabola, 1957; 1981; Onder et
al., 2011, Demir, 2019)

Distribution in the world: Albania, Austria, Belgium,
Bulgaria, Czech Republic, East Palearctic, Finland,
France, Germany, Greece, Hungary, Italian, Latvia,
Lithuania, Near East, Poland, Portuguese, Slovakia,
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The Netherlands, Ukraine, Yugoslavia (Anonymous,
2021)

Genus: Philaenus Stal, 1864
Philaenus spumarius (Linnaeus, 1758)
Examined material:

Kastamonu: 15.06.2017: 41° 14' 03.9'N 34° 00' 45.7' E
(5633,429) leg. RT; 16.06.2017: 41° 43" 09.5'N 33° 27"
23.8E (2 443), 41° 42' 09.3 N 33° 26' 41.8 E (228 44,
80 99), 41° 40' 56.6'N 33° 23' 34.1'E (3 44), 41° 36’
53.5'N 33° 07" 09.1'E (3 3J) leg. RT; 20.07.2017: 41°
18 01.2'N 33° 31' 54.4'E (16 34, 13 99), 41° 14" 15.1"
N 33°21' 57.00 E (7 33, 4 99), 41° 13" 21.9'N 33° 25’
38.0E (21 33,20 99), 41° 38’ 48.7N33° 35' 49.2°E (14
33, 4 99) leg. RT; 02.08.2018: 41° 37' 14.1'N 33° 07"
08.8E (14 33, 2599) leg. RT&UZ

Sinop: 31.05.2016: 41° 53' 07.9'N 34° 33' 52.6 E (4 47,
15 99) leg. RT; 07.06.2016: 42° 01'21.5'N 35° 12' 06.7
E (16 34, 20 99), 42°05'41.9 N 34°56'50.8' E (3 34, 3
29) leg. RT; 06.06.2016: 42°01'03.9'N 34°54'03.7'E (2
33), 42°03' 04.8 N 35° 02' 25.6 E (2 34, 1 Q) leg. RT;
27.05.2017: 41°52'32.2'N 34° 59' 54.5 E (4 33, 6 29),
42° 00' 505"N 34° 56' 906"E (70 3, 12 99),42°01'21.5
N 35° 12" 06.7 E (4 99) leg. RT; 01.06.2016: 41° 32’
45.1'N 34° 47 0.01"E (10 &), 41° 48" 46.9' N 35° 10’
23.5E (33 343,34 99), 41°50' 22.0N 35° 03' 02.2°E (3
33,7 29) leg. RT; 08.06.2017: 41° 46' 18 N 35° 11' 12



KSU Tarim ve Doga Derg 27 (Ek Say1 1), 133-140, 2024
KSU J. Agric Nat 27 (Suppl 1), 133-140, 2024

Arastirma Makalesi
Research Article

E (118 44, 88 99), 41° 46' 20.0' N 35° 12' 18.4'E (35
33,29 99), 41° 44" 25.7N 35° 13' 49.7E 3 44,1 9),
41° 47 24.4'N 35° 09’ 27.4 E (18 33, 16 29), 41° 53’
21.8 N 35° 00 52.0 E(21 43, 30 29), 42°01' 21.6'N 35°
12' 06.8 E (49 43, 31 29); 01.06.2017: 41° 57" 15.6 N
34° 48" 05.3E (133 33, 60 229) leg. RT; 09.06.2017: 41°
44" 21.9 N 35° 13" 53.1' E (23 2d, 16 29) leg. RT;
01.08.2017: 42°01'21.5’N 35° 12" 06.7E (3 4, 10 29);
12.08.2017: 41° 36 03.5' N 34° 51' 28.3 E (3 29) leg.
RT&UZ; 17.08.2017: 41° 46' 02.5' N 35° 12' 11.00E (3
29) leg. RT&UZ

Distribution in Tiirkiye: Agri, Amasya, Ankara,
Antalya, Artvin, Aydin, Balikesir, Bilecik, Bitlis, Bolu,
Bursa, Canakkale, Elazig, Erzincan, FErzurum,
Eskigehir, Giresun, Giimiishane, Hakkari, Istanbul,
Izmir, Kars, Kirklareli, Kuzeydogu Karadeniz Bélgesi,
Kastamonu, Kocaeli, Konya, Kutahya, Malatya,
Manisa, Mardin, Mugla, Ordu, Rize, Samsun, Siirt,
Sinop, Tekirdag, Trabzon, Tokat, Van (Dlabola, 1957;
1981; Lodos &Kalkandelen, 1981; Kartal et al., 1994
Onder et al., 2011; Tanyeri & Zeybekoglu, 2018; Demir,
2019)

Distribution in the world: Afro-tropical Region,
Albania, Australian Region, Austria, Azores Islands,
Balearic Islands, Belgium, Bosnia and Herzegovina,
Bulgaria, Canary Islands, Central Cyclades Is.,
European Russia, Channel Islands, Corsica, Croatia,
Cyprus, Czech Republic, Danish, the Dodecanese Is.,
East Palearctic, Estonia, Finland, French, Germany,
Gibraltar, Greek, Hungary, Ireland, Italian, Kriti,
Latvia, Lithuania, Macedonia, Malta, Moldova, Near
East, Nearctic Region, Neotropical Region, North
Aegean Is., North Africa, North European Russia,
Norwegian, Oriental Region, Poland, Portuguese,
Romania, Sardinia, Sicily, Slovakia, Slovenia, South
European Russia, Spanish, Sweden, Switzerland, The
Netherlands, Ukraine, Yugoslavia (Anonymous, 2021).

During this study, it was found that 10 species were
distributed in the provinces of Sinop and Kastamonu.
These are; Aphrophora alni, A. salicina, A. geruzei,
Lepryonia coleoptrata, Neophilaenus albipennis, N.
campestris, N. exclamationis, N. lineatus, N. minor
and Philaenus spumarius.

Aphrophora is the largest genus in the family
Aphrophoridae. Three species were identified from the
study area. Species included in the genus Aphrophora
are similar to each other in terms of body structures.
The ratio of the body parts to each other, the swelling
of the frontoclipeus, and the prominence of the anterior
wing veins differ in terms of colour and patterning.
Male genital structure characteristics are quite
different between species (Komatsu, 1997). In
addition, it has been shown that the species identified
from this study area differ in terms of host plants and
are in a close relationship with the host plants. A. alni
is a major species found in pastures. However, in
Japan, it has also been detected on trees such as Salix
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spp. and Populus spp. (Komatsu 1997). In the study
area, samples were collected from pastures and were
not found in the tree layer. Mozaffarian & Wilson
(2015), reported that A. salicinahas a host relationship
with Salix spp. This species was also found on Salix
spp. in the study area. A. gauze was collected from
Pinus spp. A. corticea which was reported to be found
in the region according to Onder et al., (2011), but was
not found in this area. It should be clearly stated that
the species Aphrophora geruzei Tanyeri & Zeybekoglu,
2021, which was given in this study and which is
essentially part of the Aphrophoridae section of the
first author’s PhD thesis, was separated from this
study and evaluated in a previous study for a new
species article.

The hook-like at the tip of the stylus is one of the
important taxonomic characters in specimens
belonging to the genus MNeophilaenus. The body
structure, wing patterning and genital structure of the
examined specimens in the region are consistent with
the definitions and drawings of Holzinger et al., (2003).
N. campestrisin terms of colour and patterning is very
similar to typica phenotype of Philaenus spumarius.
Although there are differences in body sizes, genital
structures should be examined for the diagnosis of
samples belonging to these two species. N. lineatus and
N. minorwere collected from the tree layer, while other
taxa were collected from pastures and herbaceous
vegetation.

N. Iineatus and N. minor are characterized by a
longitudinal black band on the lateral parts of the
wings and are very similar to each other. Also, there is
a similarity in genital structures. This makes their
diagnosis difficult. N. lineatus is relatively smaller
than this taxon. (4-5mm). V. minoris 3-3.5 mm in size.
It also differs in the structure of the stylus of M.
lineatus and N. minor. The distance between the outer
tooth and the inner tooth in the stylus is shorter in V.
minor compared to the others. According to the
measurements of the individuals obtained in the study,
this distance in the stylus was 0.15 mm in V. /ineatus
and 0.08 mm in N. minor.

N. albipennis has a characteristic patterning. In the
lower 1/3 of the anterior wing, there is a dark band
extending from the clavus to the wing margin (Figure
1. 5 34, 2 929 individuals were collected from
Kastamonu and Sinop. The genital structures of the
diagnosed specimens are consistent with the drawings
of Holzinger et al. (2003).

L. coleoptrata, known as a polyphagous species, is the
only known taxon from Turkiye belonging to the
Lepyronia. L. coleoptrata which is found in both
herbaceous and tree layers, was collected from the
herbaceous layer in this study. It has been determined
that it is found on different plants belonging to the
Apiaceae family. When the material was evaluated, it
was determined that the female and male individuals
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of this species exhibited a significant sexual
dimorphism in terms of body size and the females were
larger than the males. The average size is 6.1 mm in
males and 7.6 mm in females.

P. spumarius, known as the meadow spittlebug, is
common and is distributed in the warm regions of both
hemispheres and also attracts attention with its colour
and patterning polymorphism. 8 phenotypes of this
species from Sinop province and 9 different phenotypes
from Kastamonu were determined and evaluated in
previous studies. (Tanyeri & Zeybekoglu, 2018; 2019).

CONCLUSION

At the end of the study, six species; A.salicina, L.
coleoptrata, N. albipennis, N. lineatus, and N. minor
were first recorded from Sinop and Kastamonu
provinces. A. alni and N. campestris were recorded for
the first time from Kastamonu provinces. V.
albipennis which is known to be distributed in Ankara
and Kirklareli, was recorded for the first time in the
Black Sea Region of Turkiye.

A. alni, A. salicina, L. coleoptrata, N. albipennis, N.
campestris, N. lineatus, N. minor, P. spumarius are
considered as potential vectors for the bacterium
Xylella fastidiosa associated with serious diseases in a
wide range of plants in Europe (European Food Safety
Authority, 2013). Considering the damage potential of
Aphrophoridae spittlebugs, taxonomic and faunistic
records from different regions are thought to be
important.
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Yaglik ve Yesil Sofralik Amaca Yonelik Erkenci Bir Zeytin Cesidi: ‘As Topakagy’

Sabahittin ABAY?, Ipek SEZER?, Adem DALS3, Yazgan TUNC* 5, Emel ABAY?
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OZET

Turkiyede zeytin genetik kaynaklarinin ele alinmasi ve seleksiyon
calismalarina 1968 yilinda baslanmis olup, bu amacla gunumize kadar
farkli bolgelerde yer yer bu calismalara devam edilmistir. Hatay
Zeytincilik Arastirma Enstittist Mudurlugu tarafindan Hatay ili Arsuz
llcesinde 2017-2020 yillar1 arasinda yapilan seleksiyon 1slahi
kapsaminda ‘As Topakas1’ isimli yeni bir zeytin cesidi tespit edilmigtir.
Bu yeni yerel cesidin, gesit tanimlamasini yapmak amaciyla tretici
bahgesinden 5 tane ‘As Topakasi’ zeytin cesidi segilerek isaretlenmistir.
Cesit tanimlama ozellikleri 20.10.2011 tarihli TG/99/4 sayilhi UPOV
kriterlerine gore yapilmistir. Erken olgunlasan ‘As Topakasi’ zeytin
cesidi, yesil sofralik ve yaglik olarak tiiketilmektedir. Agaci orta kuvvette
ve yayvan gelisim gostermektedir. Meyvesi orta irilikte olup, yag orani
%31’dir. ‘As Topakast’ zeytin gesidi 28 Ekim 2020 tarihinde T.C. Tarim
ve Orman Bakanlig1r Cesit Tescil ve Tohumluk Sertifikasyon Merkezi
Midurliga tarafindan tescil edilmigtir.

An Early Olive Variety for Oil and Green Table Purposes: ‘As Topakagr’

ABSTRACT

In Turkiye, olive genetic resources and selection studies were started in
1968, and for this purpose, these studies have continued in different
regions until today. A new olive variety named 'As Topakasi' was detected
within the scope of the selection breeding carried out by the Hatay Olive
Research Institute Directorate in the Arsuz district of Hatay between
2017 and 2020. To identify this new local variety, 5-piece ‘As Topakasr’
olive varieties were selected and marked from the producer's garden.
Variety identification features were made according to UPOV criteria
numbered TG/99/4 dated 20.10.2011. The early ripening ‘As Topakas1’
olive variety is consumed as green table and oil. The tree has medium
vigour and spreading growth. The fruit is medium-sized and its oil
content is 31%. The ‘As Topakas1’ olive variety was registered by the
Variety Registration and Seed Certification Center Directorate of the
Ministry of Agriculture and Forestry of the Republic of Tirkiye on
October 28, 2020.
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GIRIS genotipleri korumus hem de zeytin dikim alanim

Herdem yesil ve kurakeil bir bitki olan zeytin (Olea
europaea L..), Akdeniz Bolgesinin dogal bitki értiistidiir
(Tun¢ & Yilmaz, 2022a). Tarihte zeytin yetistiren ilk
ciftciler, dogadan dustiin genotipleri segip, bu
genotipleri vejetatif yontemlerle cogaltarak dogal
seleksiyon  yapmiglardir. Boylece hem  istin

genigleterek  zeytin  yetistiriciliginin  Akdeniz
Havzasi’na yayilmasinmi saglamiglardir. Ayrica dogal
seleksiyon yontemi kullanilarak zeytinde

gesitlendirme c¢aligmalar1 baglatilmig ve dinyada
yetigtirilen bircok yeni g¢esit ortaya c¢ikmagtir
(Petruccelli ve ark., 2022).
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Turkiye cografi konum olarak diinya tizerinde bulunan
Ui¢ oOnemli gen havuzunun kesistigi yerde
bulunmasindan dolay1r zengin bitki  genetik
kaynaklarina sahiptir (Ozbek, 1978; Anonim, 2010;
Guner & Aslan, 2012; Pinar ve ark., 2017; Yaman,
2022a; Kaya ve ark., 2023). Ote yandan dogada
bulunan bu bitki genetik kaynaklari, yoredeki halk
tarafindan yerinde Dbilinen g¢esitlerle asilama,
sehirlesme, yol yapimi, sanayilesmeye doniik organize
sanayi bolgelerinin olusturulmasi gibi farkhh yatirim
projeleri ile arazilerin imara ag¢ilmasi gibi etmenlerden
dolay1 kaybolma durumundadir. Bu genetik cgesitlilik

icerisinden seleksiyon yapilarak tstin nitelikli
bireylerin belirlenmesi, toplanmasi ve bunlarin
koruma  altina  alinmasi1  bitki  gesitliliginin

sturdirulebilirligi acisindan 6nem arz etmektedir
(Uzun ve ark., 2021; Yildiz ve ark., 2023). Buna bagh
olarak koruma altina alinan tstiin nitelikli bireylerin
tohum ve bitki gen Dbankalar1 ile olusturulan
koleksiyon bahcelerinde ex-situ olarak muhafaza
altina alinmasi, ayrica yetistigi dogal ortamlarinda

mevcut ekolojik kosgullarinda adaptasyonun
stirdiirilebilirligi i¢in in-situ olarak muhafaza altina
alinmasi, morfolojik, pomolojik, biyokimyasal,

molekiiler gibi ¢ok yonli karakterizasyonu, tiretimde
yenilenme ve ilgili arastirma kurum ve kuruluglarinin
kullanimina sunulmasi oldukca énemlidir (Altindag &
Akgiin, 2015; Yaman, 2022b). Cesit gelistirme

Bokres=Fs——i3

Ankara
N, 1

konusunda yapilan seleksiyon c¢alismalarinin asil
amaci, Uretime yeni ¢esitler kazandirmak, gen bankasi
olusturmak, bu gen bankas icerisinden teknolojik ve
agronomik olarak istenilen o6zelliklere sahip genetik
cesitliligi amag¢ dogrultusunda degerlendirmek ve
ayrica selekte bireyleri 1slah programlarina da dahil
ederek gen bankasi igerisindeki ebeveyn agacglar
secmek olmalidir (Rallo, 1995).

Bu calismanin asli amaci, zeytin cesitlerinin ayirt
edilmesinde kullanilan morfolojik ve pomolojik
tanimlama bilgilerine goére, erken olgunlasan hem
yaglik hem de yesil sofralik olarak degerlendirilen ‘As
Topakasg’” zeytin ¢esidinin 6zelliklerinin  ortaya
konulmasi ve gesit taniminin ve tanitiminin yapilip
yayginlastirilmasidir.

MATERYAL ve METOD

Materyal

‘As Topakasr, Hatay ili Arsuz ilcesinde (Sekil 1) Hatay
Zeytincilik  Arastirma Enstitist  Mudarlaga

tarafindan 2017-2020 yillar1 arasinda 4 yil siireyle
yurutilen seleksiyon islahi yontemiyle elde edilen
erkenci, yagh ve yesil sofralik amaca yonelik bir zeytin
cesididir (Anonim, 2020). Arastirma, 36°24'46"N
35°53'12"E koordinatlarinda  bulunan  tretici
bahcesinden secilen ‘As Topakasi’ zeytin ¢esidine ait 5
agag uzerinde yurutilmustir.

Sekil 1. Hatay ili Arsuz ilgesinde ytirtitilen dogal seleksiyon 1s1ah1 alanina ait gériintii (Anonim, 2024)
Figure 1. Images of the natural selection breeding are carried out in the Arsuz district of Hatay province

(Anonymous 2024)

Method
Fenolojik gézlemler ve pomolojik analizler

Fenolojik dénemler Turanoglu (2015)na gére

belirlenmistir.
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Ciceklenme baglangici: Cigeklerin yaklasik olarak
%5’inin agtig1 donem.

Tam ¢igeklenme: Cigeklerin yaklagik olarak %70’inin
actig1 donem.

Cigeklenme sonu- Cigeklerin tamaminin ac¢tig1 donem.

Ciceklenme siiresi: (Ciceklenme baglangici ile
ciceklenme sonu arasinda gecen ginlerin toplama.
Meyve olgunlasma dénemi Ozdag ve Koyuncu

(2020)’ya gore belirlenmistir.

Erken: Ekim ay1 sonuna kadar.

Orta’ 15 Kasim-15 Aralik aylar: arasi.
Geg: 15 Aralik ve sonrasi.

Meyve ve cekirdek pomolojisine ait 6zellikler Ozdemir
ve ark. (2023)’na gére belirlenmistir.

Meyve boyu (mm): Meyvelerin stil ucu ile meyvenin
sap1 arasinda kalan mesafenin oOlgiilmesi ile tespit
edilmigtir.

Meyve eni (mm): Meyvelerin orta eksenine dik olacak
sekilde en genis mesafenin ol¢tilmesi ile belirlenmisgtir.

Meyve indeksi (boy/en): Meyve boyunun meyve enine
oranlanmasi ile tespit edilmigtir.
tartilmas1 ile

Meyve agirligr  (g)° Meyvelerin

belirlenmigtir.

Meyve eti agirligr (g)° Meyvenin toplam agirligindan
cekirdegin agirhigi cikarilarak saptanmigtir.

Cekirdek boyu (mm): Cekirdek stil ucu ile cekirdegin
en tepesi arasindaki mesafenin o6lgiilmesi ile tespit
edilmigtir.

Cekirdek eni (mm): Cekirdeklerin orta eksenine dik
olacak sekilde en genis mesafenin Olgiilmesi ile
belirlenmigtir.

Cekirdek indeksi (boy/en): Cekirdek boyunun cekirdek
enine oranlanmasi ile tespit edilmigtir.

Cekirdek agirligi (g): Cekirdeklerin tartilmasi ile
belirlenmigtir.

Yaprak morfolojisine ait 6zellikler Kaya ve ark. (2014);
Hakan (2017); Gozel (2018); Ozdag & Koyuncu
(2020)’ya gore belirlenmistir.

Yaprak uzunlugu (cm): Yapraklarin ucundan sap
kismina kadar olan mesafenin OGlgilmesi ile
belirlenmigtir.

Yaprak genisligi (cm): Yapraklarin orta eksenine dik
olacak sekilde en genis mesafenin Olgiilmesi ile
belirlenmigtir.

Yaprak indeksi (uzunluk/genislik): Yaprak boyunun
¢ekirdek enine oranlanmas ile tespit edilmigtir.

Cigek salkimina ait ozellikler Ozdag ve Koyuncu
(2020)’ya gore belirlenmistir.

Cicek salkimi uzunlugu (cm): Cigek salkimi ucundan
dip kisma kadar 6l¢tilmesiyle belirlenmistir.

Cicek salkimi genisligi (cm): Cicek salkiminin orta
eksenine dik olacak sgekilde en genis mesafenin
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Olciilmesi ile belirlenmistir.

Morfolojik 6zellikler ve yag orani analizi

Calismada bitki, yaprak, ¢icek yapisi, ¢icek stirgiinii,
c¢icek salkimi, meyve ve c¢ekirdek oOzellikleri
belirlenmigtir. Cesit tanimlamasinda kullanilan s6z
konusu morfolojik 6zellikler UPOV (TG/99/4, 2011)
kriterlerine gore yapilmistir (Tablo 1). Agacin 160-180
cm arasindaki yiikseklikten 8 ile 10 adet yillik
stirgiinin orta kisimlarindan alinan 40 adet yaprakta
yaprak ozellikleri (Ozdag & Koyuncu, 2020), cesidi
temsil eden agacin giiney cephesinden alinan 40 adet
meyvede de meyve ve c¢ekirdek 6zellikleri
belirlenmistir (Kaya ve ark., 2018; 2023). Yaprak,
meyve ve ¢ekirdek érneginde INSIZE marka 0.01 mm
hassasiyete sahip dijital kumpas kullanilarak
olciimler yapilmistir (Kaya ve ark., 2018; 2023). Meyve
agirhigr 40 adet meyvenin 0.0001 g hassasiyete sahip
DENSI HZK-110FA markali dijital terazide tartilmas:
sonucu belirlenmistir (Asayesh ve ark., 2023). Cicek
salkim1 6zellikleri agacin dort bir yoniinden 8 ile 10
adet meyve dali lzerinden, c¢icekler somak
evresindeyken almman 40 adet c¢icek salkiminin
olgiilmesiyle saptanmistir (Ozdag ve Koyuncu, 2020).
Ayrica c¢esidin yag orani soxhlet ekstraksiyon
cihazinda Anonim (1973) ve Kaya ve ark. (2018;
2023)na gore Dbelirlenmistir. Hasat doéneminde
toplanan meyveler tartilmistir. Taze meyveler sabit
agirhga gelene kadar etiivde kurutulmustur. Sabit
agirhiga gelen kuru meyve érnekleri tartilmistir. Kuru
agirligi belirlenen meyve ornekleri c¢ekirdegi ile
ezilerek soxhlet ekstraksiyon cihazinda hekzan
yardimiyla yag ekstraksiyon iglemi yapilmigtir. Sonra
soxhlet ekstraksiyon cihazindaki balonlarin igerisinde
bulunan hekzan ucgurulup, geriye kalan ham yag
tartilmigtir. Elde edilen ham yag miktari, ilk basta
tespit edilen yas meyve 6rneginin agirligina boélinerek
yas meyve Ornegindeki yag oranm tespit edilmigtir.
Yasg orani siniflandirilmasi Kaya ve ark. (2018; 2023)e
gore yapilmistir.

Diisiik yag orani: <%18, orta yag orani’ %18-%22,
yiiksek yag orani’ >%22.

Pomolojik analizler, morfolojik degerlendirmeler ve
yag oram1 analizi Hatay Zeytincilik Arastirma
Enstitiistt Midiirligi, Hassa Istasyonunda bulunan
laboratuvarda gercgeklestirilmigtir.

BULGULAR ve TARTISMA

2017-2020 yillar1 arasinda gergeklesen fenolojik
evrelerin ortalamasi Tablo 2de detayli olarak
verilmigtir. Fenolojik evreler yillar arasinda iklimsel
olaylara gore degismekle Dbirlikte, ¢iceklenme
baglangic1 18-25 Nisan; tam ¢igeklenme 26 Nisan ile 2
Mayis; ¢igeklenme sonu 5-12 Mayis; ¢igeklenme stiresi
18-19 giin; yesil olum evresi 1-5 Ekim; pembe olum
evresi 10-16 Ekim; siyah olum evresi 9-13 Kasim
tarihleri arasinda gergeklegsmistir.
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Tablo 1. 20.10.2011 tarihli ve TG/99/4 sayil1 zeytin (Olea europaea L.) UPOV kriterleri (UPOV, 2011)
Table 1. Olive (Olea europaea L.) UPOV criteria dated 20.10.2011 and numbered TG/99/4 (UPOV, 2011)

Ozellikler Aciklamalar
Gelisme kuvveti Zayif, orta, kuvvetli
Agac Biytme sekli Sarkik, yayvan, dik

Tag¢ yogunlugu

Seyrek, orta, yogun

Cigek siirgiini

Yan strgiinlerin sayisi

Az, orta, ¢ok

Yaprak ayasi

Uzunluk

Genigslik

Uzunluk geniglik orani

Ust diizeyde yesil rengin yogunlugu
Uzunlamasina eksenin egriligi
Doénme

Kisa (<5 cm), orta (5-7 cm), uzun
(>7 cm)

Dar (<1 c¢m), orta (1-1,5 cm), genis
(>1,5 cm)

Hafif uzun (eliptik) (<4), orta
derecede uzun (uzun eliptik) (4-6),
cok uzun (mizrak) (>6)

Acik, orta, koyu

Kavisli, diz, kivrik

Yok veya zayif, orta, glcli

Kisa (<25 mm), orta (25-35), uzun

Cicek salkimi Uzunluk (>35 mm)
Geniglik Dar, orta, genis
Cigek Korolla lobunun durugu Dik, yatay, refleksli
Uzunluk Cok kisa, kisa, orta, uzun, ¢ok uzun
B konumunda geniglik Cok dar, dar, orta, genis, ¢cok genis
- Kiiciik (<2 g), orta (2-4 g), iri (4-6
Aglrllk g)’ gok ir] (>6 g)
) Yuvarlak (<1.25), orta (1.25-1.45),
A konumunda sekil wzun (>1.45)
A konumunda uzunluk/geniglik orani Hafif uzun, orta derecede uzun, gok
Meyve uzun

Tam olgunlukta st renk
A konumunda simetri

A konumunda ug sekli

Ug

A konumunda taban sekli
Yiizeyin puslulugu

Acik, orta, koyu

Simetrik, zayif asimetrik, giigli
asimetrik

Sivri, genis, yuvarlak

Yok veya zayif, orta, genis
Yuvarlak, yuvarlak kit, kit
Zayif, orta, gicli

Olgunlagmamis meyve

Yesil rengin yogunlugu
Lentisellerin buyukligu
Lentisellerin sayis1

Acik, orta, koyu
Kictk, orta, buytk
Az, orta, ¢cok

Cekirdek

B konumunda sekil

Uzunluk
B konumunda genisglik

Uzunluk/geniglik orani
Agirlik
A konumunda simetri

B konumunda simetri

Bazal ugtaki yiv sayisi
Bazal uctaki yivlerin dagilimi

A konumundaki ug sekli
Ug

B konumunda taban sekli
Yiizeyin buruguklugu

Oval, dikdértgen, eliptik, dairesel,
obovat

Kisa, orta, uzun

Dar, orta, genis

Hafif uzun, orta derecede uzun, ¢ok
uzun

Kiigiik (<0.3 g), orta (0.33-0.45 g),
iri (0.45-0.70 g), ¢ok iri (>0.70 g)
Simetrik, zayif asimetrik, giicli
asimetrik

Simetrik, zayif asimetrik, giigli
asimetrik

7'den az, 7-10 arasi, 10'dan fazla
Esit dagilmis, sttir etrafinda zayif
gruplanmg, stitiir etrafinda gticla
gruplanmig

Sivri, genig, yuvarlak

Yok veya zayif, orta, genis
Yuvarlak, yuvarlak kiit, kiit

Zayif, orta, glcli
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Tablo 2. 2017-2020 yillar1 arasinda gergeklesen fenolojik evreler ve ortalamasi

Table 2. Phenological stages and average between 2017-2020

Yillar ve Ciceklenme Tam Ciceklenme Ciceklenme Yesilolum  Pembe olum  Siyah olum
ortalamas1  baglangici  c¢iceklenme sonu siiresi (giin) _evresi evresi evresi
2017 18 Nisan 26 Nisan 5 Mayis 18 1 Ekim 10 Ekim 9 Kasim
2018 22 Nisan 1 Mayis 11 Mayis 19 2 Ekim 11 Ekim 12 Kasim
2019 25 Nisan 2 Mayis 12 Mayis 18 5 Ekim 16 Ekim 13 Kasim
2020 20 Nisan 28 Nisan 9 Mayis 19 4 Ekim 14 Ekim 8 Kasim
Ortalama 21 Nisan 29 Nisan 9 Mayis 19 03 Fkim 13 Ekim 10 Kasim

‘As Topakasr’ zeytin cesidinin cesit 6zelliklerine (pomolojik ve morfolojik) iliskin detayl bilgiler Tablo 3’de

sunulmustur.

Tablo 3. ‘As Topakas1’ zeytin cesidinin cesit tanimlama sertifikas1 (Anonim, 2020)

Table 5. Variety identification certificate of ‘As Topakasi’ olive variety (Anonymous, 2020)

Ozellikler Aciklamalar
Geligsme kuvveti Orta

Agag Biyiume sekli Yayvan
Tag yogunlugu Yogun

Cigek stirgiini Yan slirgiinlerin sayis1 Orta
Uzunluk 5.89 cm (Orta)
Geniglik 1.20 cm (Orta)

Yaprak ayasi

Uzunluk genislik orani

Ust diizeyde yesil rengin yogunlugu
Uzunlamasina eksenin egriligi
Doénme

5.25 (Orta)
Koyu

Diiz

Yok veya zayif

Gicek salkum Uzunluk 23.79 mm (Kisa)
Geniglik Orta
Cicek Korolla lobunun durusu Yatay
Uzunluk Kisa
B konumunda genislik Orta
Agirlik 3.08 g (Orta)
A konumunda sekil 1.08 (Yuvarlak)
A konumunda uzunluk/geniglik oram Hafif uzun
Meyve Tam olgunlukta tist renk Koyu menekge
A konumunda simetri Halfif simetri
A konumunda u¢ sekli Genisg
Uc Orta
A konumunda taban sekli Kut
Yiizeyin puslulugu Orta
Yesil rengin yogunlugu Acgik
Olgunlagsmamis meyve Lentisellerin buyukligu Kucuk
Lentisellerin sayis1 Orta
B konumunda sekil Dikdértgen
Uzunluk Orta
B konumunda genislik Orta
Uzunluk/geniglik oram Hafif uzun

Agirhik
A konumunda simetri

0.40 g (Orta)
Hafif asimetrik

Cekirdek B konumunda simetri Simetrik
Bazal ugtaki yiv sayis1 10’dan fazla
Bazal ugtaki yivlerin dagilimi Esit dagilmis
A konumundaki ug sekli Genisg
Ug Var
A konumunda taban sekli Yuvarlak
Yiizeyin burusuklugu Zayif

Meyve olgunlagma zamani Erken

Meyve yag orani %31
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Genel olarak agag bliiylime sekli yayvan olup, yogun bir
tac yapisina sahiptir (Sekil 2). Meyve sekli yuvarlak,
meyve agirligi orta agirliktadir. Cigcek salkiminin boyu
kisa olup, cicek salkimi orta genisliktedir (Sekil 3).
Kismi periyodisite gosteren ‘As Topakast’ ¢esidinin,
T.C. Tarim ve Orman Bakanligi Cesit Tescil ve

A S A ¢
L g 5 d it

Canakkale'nin Ezine ilgesinde seleksiyon 1slah1
sonucunda ‘Hanmim Parmagi’ isimli yeni bir gesitte
tescil calismas1 gerceklestirilmistir (Kaya ve ark.,
2018). Benzer sgsekilde bagka bir calismada da
Antalya’nin Manavgat ilgesinde ‘Beylik’ isimli yeni bir
cesitte tescil calismas1 gergeklestirilmigtir (Kaya ve
ark., 2023). Lavee (1978), Israil'de gerceklestirdigi
seleksiyon 1slahi ¢alismasi kapsaminda ‘Kadesh’ isimli
sofralik yeni bir g¢esit gelistirdigini bildirmistir.
‘Kadesh’ ¢esidinin ¢ekirdek agirligi meyve agirliginin
%16,6’s1m1 olusturmasindan dolay1r meyve et oraninin
yiiksek oldugunu rapor etmistir. Lavee ve ark. (1999),
Israil’de yuruttikleri bir c¢alisma kapsaminda
“Maalot” isimli yeni bir zeytin cesidini selekte ederken,
Rallo ve ark. (2008) Ispanya’da ‘Chiquitita’ isimli yeni
bir zeytin c¢esidini tespit edip tamitmislardir.
Camposea ve ark. (2021), Italya’da yaptiklar1 bir
calismada ‘Lecciana’ isimli zayif dallanan, siiper
yiksek sk dikime uygun zeytin ¢esidini rapor

. 'kv.’v.'
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tarafindan diger ¢esitlerden farkli, yeterince homojen
ve stabil oldugu rapor edilmistir (Anonim, 2020). ‘As
Topakast’ zeytin ¢esidinin yag orami %31 olarak tespit
edilmigstir. Ceside ait yaprak, meyve ve cekirdek
gorintiileri Sekil 4'te sunulmustur.

-

=3 : b - , e SOV ooy VECHE 7 B S P ‘;
Sekil 2. ‘As Topakast’ zeytin cesidinin agac biiyiime sekli ve tac yogunlugu (Sabahittin ABAY’dan alinmistir)
Figure 2. Tree growth habit and canopy density of ‘As Topakasi’ olive variety (taken from Sabahittin ABAY)

etmiglerdir. Valverde ve ark. (2024), Ispanya'da
yaptiklari c¢alisma kapsaminda ‘Sultana’ ismini
verdikleri ¢it bahgeleri i¢in uygun bir zeytin cesidi
geligtirdiklerini  bildirmiglerdir. Konu hakkinda
¢alisma yapan arastirmacilarin bulgular:1 Tablo 4.’de
detayh bir gekilde verilmistir. Bu baglamda, bulgular
arastiricilarin  bulgular1 ile kiyaslandiginda bazi
ozelliklerin benzer bazi o6zelliklerin farkli oldugu
gorulmektedir. Ortaya c¢ikan bu farkhihigin sebebi
¢esidin genetik yapisinin ve bulundugu y6renin farkli
olmas: ile aciklanabilir. Ayrica, elma (Sansavini ve
ark., 2004), alic (Pan, 2011), kayis1 (Asma, 2012; Wu ve
ark., 2024), iiziim (Park ve ark., 2020), Japon erigi
(Guevara ve ark., 2021), kiraz (Jiang ve ark., 2022),
armut (Bell ve ark., 2023), badem (Dicenta ve ark.,
2023), ceviz (Ozcan ve ark., 2023), findik
(Mehlenbacher ve ark., 2023), yaban mersini (Stringer
ve ark., 2023), aronya (Brand, 2024), nektarin (Kwon
ve ark., 2024), seftali (Chen & Okie, 2024), kivi (Scorza



KSU Tarim ve Doga Derg 27 (Ek Say1 1), 141-151, 2024
KSU J. Agric Nat 27 (Suppl 1), 141-151, 2024

Aragtirma Makalesi
Research Article

ve ark., 2024), kizileik (Boggess & Trigiano, 2024) gibi
farkli meyve tiir ve cesitlerinde de 1slah metoduyla
yeni cesit(ler) gelistirilmis ve diinyaya tanitilmistir.

Turkiyede seleksiyon yoluyla ¢esit ¢alismalar: bircok

¢esidin Uretime kazandirilmasina katki saglamigtir.
Genis genetik kaynaklarin kazandirmis oldugu bu
gesitlerin ardindan ginimizde klonal zeytin anag
calismalar1 da baglatilmigtir (Tun¢ &Yilmaz, 2022a;
2022b).

Sekil 3. ‘As Topakas!’ zeytin gesidinin cicek salkimina ait gériintii (Sabahittin ABAY’dan alinmistir)
Figure 3. Image of the inflorescence of the 'As Topakasi' olive variety (taken from Sabahittin ABAY)

Sekil 4. ‘As Topakas!’ zeytin gesidinin yaprak, meyve ve cekirdek yapisi (Sabahittin ABAY’dan alinmistir)
Figure 4. Leaf, fruit and stone structure of ‘As Topakasi’ olive variety (taken from Sabahittin ABAY)
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Tablo 4. Konu hakkinda ¢alisma yapan arastiricilarin bulgular:
Table 4. Findings of researchers working on the subject

Lavee Kayave Camposeo Kayave Valverde
Lavee K Rallo ve I K N K
(978) Veark (2008 K ve ark. ark. ve ark.
(1999) ' (2018) (2021 (2023) (2024)
Ozellikler Aciklamalar
Gelisme kuvveti - Orta Zayif Kuvvetli Zayif Kuvvetli Zayif
Agac Biytime sekli - Sarkik Sarkik Yayvan Dik Yayvan Sarkik
Tag¢ yogunlugu - - Yogun Orta Orta Orta Yogun
Cicek stirglint Yan stirglinlerin - - - - Orta
sayisi
5.36 cm 6.12 cm
Uzunluk Uzun (Orta) Uzun (Orta) Uzun
.. 1.19 cm 1.39 cm
Geniglik Dar (Orta) (Orta) Orta
Uzunluk Uzun 4.50 cm 4.40 cm Uzun
eniglik oram1 ' elipik  oZun Uzun ik
Vaorak avast genis p eliptik) eliptik) p
P Y Ust diizeyde
yesil rengin - - - - - Orta
yogunlugu
Uzunllamezs%n.a}- - Diiz Diiz Diiz Diiz Diiz
eksenin egriligi
Dénme i i i Yok veya
zayif
. Uzunluk - - - - Kisa - Orta
Cigek sallam1 4 ik - - - - - - Orta
Cicek Korolla lobunun i i i i Refleksli
durusu
Uzunluk 24cm  Uzun - - Orta - Orta
B kgngmunda 19cm - Orta - Dar - Orta
geniglik
- 4.65¢g 6.38 g
Agirhik 6g <2g Orta (irD) Orta (Cok iri) Orta
A konumunda 1.35 .. 1.52
sekil Oval (Oval) Eliptik (Uzun) Oval
A konumunda Orta
uzunluk/geniglik - - - - - - derecede
orani uzamig
Meyve Tam olgunlukta i Siyah Koyu Koyu Koyu Acik
ust renk menekse menekse menekse
Akonumunda - Simetrik  Simetrik 2% Acimetrik G048
simetri asimetrik Asimetrik
A konum unda - Yuvarlak  Yuvarlak Yuvarlak Sivri Kesik
uc sekli
Ug - - Yok - Yok - Yok
A konumunda - Yuvarlak - Kiit - Kesik
taban gekli
Yuzeym' - - - - - - Orta
puslulugu
Olgunlagmamaig Ye§1l rengin Acik
meyve yogunlugu
Lentisellerin . Lo -
biiytikliigi Kicik Orta Kigciuk Buyik
Lentisellerin - - - Az Az sayida Azsayida Orta
sayisl sayida
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B konumunda .. .. ..
sekil Eliptik Eliptik Eliptik
Uzunluk Orta Orta
B kc.)ngmunda Orta Dar Orta
geniglik
Uzunluk/genislik _ 1.91 1.91 dogjce iy
orani (Eliptik) (Eliptik)

uzamis
- 0.62¢g 1.02 g
Agirhk Orta (ir) Orta (Cok iri) Orta
A konumunda Simetrik  Simetrik Y Qimetrik  Simetrik
simetri asimetrik
B konumunda Simetrik  Simetrik Simetrik ~ Simetrik
Cekirdek simetrl
Bazal ugtaki yiv 7-10 aras1 7-10 arasi 7-10 aras1
sayisl (Orta) (Orta) (Orta)
Sutir
Bazal ugtaki Zraéllr)lia
yivlerin dagilimi selzil de
gruplanmig
A konumundaki Sivri Sivri Sivri Sivri Sivri
uc sekli
Ug Var Var Var Var
A konumupda Yuvarlak Yuvarlak
taban gekli
Yiizeyin R R
burusuklugu Gigla Orta Giugla Orta Zayif
Meyve olgunlagsma zamani - Geg Cok erken
o, -
M 5 orani <%18 2/0220 19.6% 19% 18%
eyve yag ora (distik) (orta) (orta) (orta) (orta)

SONUC ve ONERILER

Hatay Zeytincilik Arastirma Enstitisi Mudurliga
tarafindan  yapilan  dogal  seleksiyon 1slahi
caligmasinda, ‘As Topakasi’ zeytin ¢esidi, T.C. Tarim
ve Orman Bakanhgi Cesit Tescil ve Tohumluk
Sertifikasyon Merkezi Mudiirligi tarafindan 28 Ekim
2020 tarihinde tescil edilerek ulusal ¢esitler listesine
eklenmigtir. Gegmis donemlerden giiniimiize kadar
bolgede yetistirilen ‘As Topakasr’ zeytin cesidi yorede
Ekim ayinin ortasina kadar olgunlagsmasi nedeni ile
erkenci, yesil olum evresinde hem meyvesinin orta
irilikte hem de yag oraninin yliksek olmasindan dolayi
alternatif cift yonlii (yesil sofralik/yaghk) bir cesit
olarak kayitlara gegmigtir. Genel olarak agag bliiylime
sekli yayvan olup, yogun bir tag yapisina sahiptir.
Meyve sekli yuvarlak, meyve agirligi orta agirliktadir.
Cesit tUzerinde yuriutiulecek yayim c¢alismalar:
kapsaminda boélgede daha genis alanlara yayilma
sans1 bulacaktir. Ayrica ‘As Topakasi’ zeytin cesidi
hakkinda daha detayh arastirmalar yuritilerek farkl
ozellikler1 de belirlenip literatiire kazandirilacaktir.
‘As Topakast’ zeytin ¢esidi fidanlar1 ¢ogaltilarak Hatay
Zeytincilik  Arastirma Enstittusi Mudurlugu
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tarafindan koruma altina alinmis olup, Hatay
Zeytincilik Arastirma Enstitisi Mudurliginden
fidanlar temin edilebilmektedir.

Aragtirmacilari Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catismasi Beyani

Makale yazarlar1 aralarinda herhangi bir gkar

catismasi olmadigini beyan ederler.
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OZET Bahge Bitkileri

Hidroponik feslegen (Ocimum bacilium) yetistiriciliginde solucan giibresi

(vermikompost) uygulamasinin bitki gelisimi, verim ve bazi kalite Aragtirma Makalesi
parametreleri tizerine etkilerinin arastirildigi bu aragtirmada,

vermikompost yapraktan plskirtme, kokten besin soliisyonu ile Makale Tarihgesi
uygulama ve hem kokten hem yapraktan verilme seklinde Gelig Tarihi  :25.12.2023
uygulanmigtir. Kontrol uygulamasinda sadece besin soliisyonu Kabul Tarihi :12.08.2024

uygulanmig, yapraklardan sadece su puskurtilmiustir. Tohumlar file
saksilarda her saksiya 10 tohum olacak sekilde torf ortamina elle
ekilmig, tohum ekiminden 84 gun sonra bitkiler yaklagitk 25 cm
boylandiginda tek seferde hasat yapilarak deneme sonlandirilmistir.
Ekim sonrasi 45’lik viyollere konan file saksilar, 22+2°C sicaklik ve %85
nemde c¢imlendirme odasinda 4 gin tutulmustur. Fideler 2 gercek
yaprakli olduklar1 zaman hidroponik sisteme (Besleyici Film Teknigi,
NFT) yetistirme kanallarina aktarilmistir. Kapal sistem yetistiricilikte
besleme+drenaj tanklari her konu i¢in ayrilarak, tanklardaki EC ve pH
degerlerinin kontroli yapilarak yetistiricilik yapilmigtir. Arastirmada
bitki morfolojik gelisim parametreleri, biyokiitlesi, bitki agirlig1 ve verim,
yaprak renk degerleri, vitamin C ve nitrat icerikleri belirlenmistir. Elde
edilen veriler degerlendirildiginde, vermikompost uygulamasinin bitki
geligimi ve verimini arttirdigi; uygulama yeri olarak yapraktan yapilan
puskiirtme seklinde uygulamanin diger uygulamalara gore daha iyi
sonu¢ verdigi gorilmiustir. Bu nedenle hidroponik feslegen
yetigtiriciliginde kaliteden 6diin vermeden mevcut verimi arttirmak ve
erkencilik saglamak adina sivi vermikompostun yapraktan uygulamasi
onerilmektedir.

Effect of Vermicompost Applications on Hydroponic Basil Cultivation

ABSTRACT

In this study, the effects of vermicompost (earthworm compost)
application on plant growth, yield, and some quality parameters were
investigated in hydroponic basil (Ocimum bacilium) cultivation. The
vermicompost was applied through foliar spray, nutrient solution (to
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root), and root and foliar application methods. In the control group, only Received 125.12.2023
a nutrient solution was applied, and water was sprayed on the leaves. Accepted 112.08.2024
Seeds were manually planted in peat medium in mesh pots, with 10 seeds

per pot. The experiment was finished when the plants reached Keywords

approximately 25 cm in height, 85 days after seeding, with a single Ocimum bacilium

harvest. Mesh pots placed in 45-cell trays after seeding were kept in a NFT

germination chamber at a temperature of 22+2°C and 85% humidity for Vermicompost

4 days. When the seedlings had two true leaves, they were transferred to Yield

the hydroponic system (Nutrient Film Technique, NFT). In closed-system Biomass

cultivation, feeding, and drainage tanks were separated for each
treatment, and cultivation was carried out by monitoring the EC and pH
values in the tanks. Plant morphological development parameters,
biomass, plant weight and yield, leaf colour values, vitamin C, and nitrate
contents were determined. The results indicated that vermicompost
application increased plant growth and yield. Among the application
methods, foliar spray yielded better results compared to other
applications. Therefore, for hydroponic basil cultivation, it 1is
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recommended to apply liquid vermicompost through foliar spray to
increase current yield without compromising quality and to ensure early

harvesting.
Atif Sekli : Oztekin GB, Demircan AK, Durdu T 2024. Hidroponik feslegen yetistiricili§inde vermikompost uygulamalarinin
etkileri. KSU Tarum ve Doga Derg 27 (Ek Say1-1), 152-162. https://doi.org/10.18016/ksutarimdoga.vi. 1406624
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GIRIS tarimda su kultiriinde en ¢ok Uretilen Urindir ve

Gerek tad1 ve gerekse gorselligi nedeni ile sevilen bir
bitki olan feslegen, en ¢ok uretilen ve tiiketilen tibbi ve
aromatik bitki gurubunda yer almaktadir. Feslegen
bircok sektor (gida, ilag, baharat vb.) tarafindan yogun
bir halde yas/taze kesme (yaygin kullanimi1) ya da
kurutulmus sekillerde (konserve yiyeceklerde, bitki
caylarinda, parfimeri materyali, baharat, saglik,
aromaterapi, kozmetik ve geleneksel tip alaninda da
ucucu yag) degerlendirilmektedir (Labra et al., 2004;
Telci ve ark., 2005; Naghibi et al., 2022). Bunlarin
yaninda ek olarak pesto sos olarak ve de peyzaj
alaninda sis bitkisi olarak evlerde, minik saksilar
icerisinde  yetistirilmektedir =~ (Dumanoglu &
Mokhtarzadeh, 2021; Karagoz, 2020). Tirkiye de
saksilarda kucuk yaprakli feslegenlerin gérintii ve hog
kokusu nedeni ile mutfaklarda yerini aldigi, tibbi ve
aromatik bitki olarak da biiyiik alanlarda iri yaprakl
feslegenlerin yetistirildigi goriilmektedir.
Yetigtirildigi iklime bagli olarak degisik renklerde
olabilen ve 30-80 cm boylana bilen (Darrah, 1988;
Ceylan, 1997) feslegen, Ocimum  cinsinde
Ballibabagiller (Lamiaceae) familyasina ait olup, tek
ve cok yillik yetistirilebilen bir bitkidir (Ekren ve ark.,
2009). Genis bir varyasyonu bulunan bitki, pek cok alt
tir ve varyetelere ayrilmaktadir (Camhca & Yaldiz,
2017). Feslegenin Ocimum bacilium L. tiirii ekonomik
oneme sahip ve tek yillik kiltira yapilan tardir ve bu
tiiriin tath, mor renkli (reyhan), kiiciik veya biiyiik
yaprakli, limon veya anason kokulu alt tirleri
mevcuttur (Telci ve ark., 2005).

Besin degeri ve igerdigi vitaminler agisindan zengin
bir aromatik bitki (Anonymous, 2020) olan feslegenin
saghk acisindan da faydali oldugu bilinmektedir
(Anonymous, 2022). Diinyada y1lda ortalama 90-95 ton
civarinda turetiminin yapildigi tahmin edilmektedir

Turkiye'de feslegen cesitleri yayilim géstermemesine
ragmen genel olarak Bati ve Glney Anadolu’da
(Ceylan, 1997; Ekren ve ark., 2009), temel olarak
cesnilik, baharat ve sis  bitkiler1  olarak
yetigtirilmektedir. Tiurkiye’de feslegen yetistiriciligi
yapilan tarim arazilerinin az miktarda oldugu
bilinmektedir. Ekonomik getirisi yiiksek bir tiriin olan
feslegen, her gecen giin iireticilerin dikkatini daha da
cok cekmektedir.

Topraksiz tarimda su kiltiiriinde ticari olarak en ¢ok
yetigtirilen tUrunler yesillikler olarak da bilinen
yapraklar1 yenilen sebzeler olup, ilk sirayr marul
almaktadir. Feslegen maruldan sonra topraksiz
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Besleyici Film Teknigi (NFT) ile Derin Akan Su
Kiiltiirii Teknigi (DFT) bu amagcla en fazla kullanilan
sistemlerdir. Ticari olarak topraksiz tarimda feslegen
yetigtiriciligin topraksiz tarimin ticarilesmesi kadar
eski oldugu, 197011 yillara dayandigi
distnilmektedir. Feslegenin topraksiz tarimda
yetistiriciligi konvensiyonel tiretime gore daha temiz,
daha kisa surede ve yiksek verimli {rian
alinabilmesine neden olmaktadir (Walters & Currey,
2015). Bunlara ilaveten, yil icerisinde daha fazla
uretim yapilmasina imkan saglamaktadar.
Yesilliklerin su kultirinde yetigtirilme kolaylig:
nedeni 1ile de arastirmanin topraksiz tarim
sistemlerinden su kiltirinde yapilmasi
diustinilmustir.

Vermikompost, diger bir ifade ile solucan glbresi,
topraklardaki solucanlarin beslenmek icin
vicutlarindan gecirdikleri ve disar1 attiklari besin
degeri yuksek materyaldir ve tarimda ¢evre dostu ve
sturdurulebilir o6zellikleri nedeni ile giibre olarak
olduk¢a fazla kullanilmaktadir. Vermikompost
yapiminda en g¢ok Kaliforniya Solucami, Humbricus
rubellis ve FKisenia foetida, Dendrobena veneta
tiirlerindeki solucanlar kullanilmaktadir (Singh, 1997;
Karacal& Tiifenkei, 2010). Kiiciik ve orta 6lcekli tarim
igsletmelerinde de uygulanabilirligi olan vermikompost
ile tarimsal iretim siirecinde olugsan artik ve/veya atik
sinifindaki materyaller ticari degeri yiiksek bir tirtine
déniistiiriillmektedir (Simsek-Ersahin, 2007).

Ince dokulu, torf benzeri gézenekli bir yapisi olan
vermikompost, yiiksek havalanma, drenaj, su tutma
kapasitesine ve mikrobiyal aktiviteye sahiptir.
Vermikompostun bitki tarafindan ihtiya¢ duyulan
bitki besin maddelerini elverigli bir sekilde temin
ettigi ve bu besin maddelerinin bitki tarafindan
alimim artirdigi (Masciandaro et al., 1997; Citak ve
ark., 2011), bitki verimini olumlu etkiledigi (Sahni et
al., 2008; Misirhioglu, 2011), bitki kok gelisimine katk:
sagladigi (Sahni et al, 2008; Misirlioglu, 2011),
tuzlulugun bitki tizerindeki toksik etkisini azalttigi
(Demir & Kiran, 2020), hastalik ve zararlilar
baskiladigi (Arancon et al.,, 2005; Simsek-Ersahin,
2007), topraktaki mikroorganizma populasyonunu
arttirdign (Arancon et al.,, 2006), topragin fiziko-
kimyasal ve biyolojik ézelliklerini iyilestirdigi (Singh
et al., 2008; Parthasarathi et al., 2008; Zaller, 2007a,b;
Warman & Anglopez, 2010) 6nceki calismalar ile
ortaya konmustur.
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Vermikompost kat1 ve s1v1 halde piyasada ticari olarak
bulunmakta ve tarimsal uretimde cokea
kullanilmaktadir. Yurttilen bu c¢alismada son
giinlerin yiiksek trendi tibbi ve aromatik tek yillik bir
bitki olan feslegenin (Ocimum bacilium) hidroponik
yetistiriciliginde vermikompostun kékten, yapraktan,
kokten ve yapraktan birlikte uygulamasinin bitki
geligimi verim ve kaliteye etkilerinin belirlenmesi, en
uygun uygulama yerinin saptanmasi amac¢lanmagtir.

MATERIAL ve METOD

Calisma Ege Universitesi (EU) kampiisii icerisinde
(Bornova/lzmir) yer alan EU Ziraat Fakiiltesi Bahge
Bitkileri Bélumii Ortiialt: Sebze Yetistirme Bilim
Dal'na ait egitim ve arastirma seralarinda
yuritilmustir. 16.56 x 50 m Olc¢ilerinde ve plastik
(PE) ortii materyali ile 6rtiilmiis bitiinel seranin, yan
ve cat1 havalandirmalar1 boécek neti ile kaplhidir.
Isitmasiz seranin yaklagik 10 m?lik bir béliminde
yetigtiricilik yapilmigtir.

Bitkisel materyal olarak iri yapraklh feslegen tiirtiniin
Yesil (standart) cesidi (Mitofarm Tohumculuk,
Gaziantep) kullanilmistir. Tohumlar 25 g hacimli file
saksilarda ithal torf ortamina, her bir saksiya 10 adet
tohum gelecek sekilde 31.10.2022 tarihinde elle
ekilmigtir. Saksilar, kendileri i¢in 6zel hazirlanmis
45’lik viyollere yerlestirilmistir. Viyollerde ortamlarin
nem kaybini o6nlemek ic¢in viyoller stre¢ film ile
kaplanilmig ve tohumlarin ¢imlenmesi igin
cimlendirme odasina (karanlik, gece/giindiiz 22+2°C,
%85 nem) konularak ve burada 4 giin tutulmustur.
Stire sonunda stre¢ filmleri agilarak fide yetistirmek
icin oOzellesmis fide adaptasyon serasina alinan
viyoller, 1-2 gercek yapragi c¢ikana kadar burada
tutulmus (yaklagik 15 giin); fidelere, ortamlarin nem
durumuna gére seradaki su rampasi (boom) sistemi ile
yaprak ustiinden sadece su verilerek sulama
yapilmistir. 1-2 adet gercek yapraklarimi olusturan
fideler, saksilariyla beraber serada hidroponik
sistemine aktarilmigtir.

Bitkiler serada “besleyici film teknigi (NFT: Nutrition
Film Tecnique)’nde, kapali besleme sistemi ile
yetistirilmigtir. NFT sistemi %4 egimle yerlestirilmig
350 cm uzunlugunda, 10 cm genigliginde ve 4 cm
yiksekligindeki 16 adet PVC yetistirme kanallarindan
olusmustur. Her bir kanal, tizerinde 10 cm araliklar ile
acilmis 32 adet delige sahiptir. Her 4 kanal (128 saks1
fide?) bir uygulamay olusturmustur. File saksilardaki

fideler, saksisiyla beraber bu deliklere
yerlegtirilmistir. Saksilarin kanallara
yerlegtirilmesinden  itibaren  besin sollisyonu

uygulamasina baglanmigtir. Her 4 kanal/uygulama
icin NFT kanallar altinda 1 besleme tank: yer almig
ve her bir uygulama kendi tankindan beslenmigtir.
Sistem kapali sistem oldugu igin, kanallardan drene
olan besin ¢ozeltisi kendi tankina toplanmis ve tank
icindeki dalgi¢ pompa ile (35 W, H-max 1.5 m, saatte
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2000 L su basma kapasiteli) kanal baglarina tekrar
basilmigtir. Besin soliisyonu NFT kanallarindan ince
bir film seridi halinde 24 saat boyunca kesintisiz
olarak dondirmustir.

Besin soliisyonu olarak Alberici et al. (2007)nin
yesilliklerin hidroponik Uretimi i¢in 6nerdigi, gerekli
makro ve mikro besin elementlerini igeren besin
recetesi modifiye edilerek [N:160, P:80, K:180, Ca:140,
Mg:34, S:86, Fe:2.2, Mn:0.50, Zn:0.05, B:0.50, Cu:0.02,
Mo:0.01 ppm] kullamlmistir (pH: 5.5-6.5, EC: 1.8-2.0
dS m'). Besin recetesi iizerinden hidroponik sisteme
uygun suda eriyebilir giibreler ile giibrelerin karigsa
bilirlik durumuna goére makro ve mikro elementler igin
stok soliisyonlar hazirlanmig, bu stok soliisyonlar ile
her bir uygulamanin kendisine ait 50 L hacimli
besleme tanklari, haftada 2 defa eksilen kismin
tamamlanmasi seklinde doldurulmustur. Eksilen
kisim yukseklik olarak olgiliip, hacim hesabi
uzerinden litreye cevrilerek ve bu litre su igin stok
soliisyonlar ilave edilip, elektriksel iletkenlik (EC) ve
hidrojen potansiyeli (pH) kontrolii tasinabilir EC ve
pH metre ile yapilmigtir. Uretim dénemi sonuna
yaklagildiginda besleme tanklarinin yeni besin
soliisyonu ile doldurulmasi yapilmamis; mevcut besin
solisyonunun sifir atik mantig1 ile bitene kadar
kullanilmasi saglanmastir.

Deneme konusunu olusturan vemikompost olarak
piyasada ticari olarak bulunabilen Ekosolfarm: %100
organik siv1 solucan giibresi (Ekosol Tarim, Manisa)
kullanilmistir. Kat1 formda (toz-graniil) %100 solucan
giibresinin  sivilagtirma  siirecinden  gegirilerek
uretilen, konsantre, yogun kivamda ve sivi formda
olan solucan giibresi i¢in garanti edilen igerik soyle
belirtilmigtir: organik madde %35, toplam azot %1.2,
organik azot %1, C/N 14, toplam humik+fulvik asit
%20, pH:6.5-8.5, ECmax 5 dS m'! (ECOSEL, 2023).

Vermikompost bitkilere (1) kékten: besin soliisyonuna
karistirma, (2) yapraktan: yapraklara piiskiirtme, (3)

kokten ve yapraktan Dbirlikte olacak sekilde
uygulanmigtir. Vermikompost uygulamasi
yapilmayan bitkiler (4) kontrol grubunu

olusturmustur. Yapraktan puskiirtme yapildigi zaman
kontrol bitkilerine sadece su spreylenmesi yapilmigtir.
Vermikompost uygulama dozu firma beyanina gore 3
mL Ekosolfarm L7 olmustur. Her 4 NFT kanal (128

saks1) bir deneme konusunu olusturmustur.

Aragtirma slresi boyunca sera i¢inde sicaklik ve nem
degerleri HOBO cihaziyla otomatik olarak kayit altina
alinmigtir. Bitkiler tohum ekiminden 84 giin sonra
23.01.2023 tarihinde hasat olgunluguna gelmis her
konudan 40 saks1 alinarak laboratuara getirilmigtir.
Ornek bitkiler saksi tizerinden kesilerek kok ve
vejetatif aksam olarak ayrilmiglardir. Serit metre
yardimi ile bogum aras1 (cm), bitki boyu (cm), dijital
kumpas yardimi ile gévde kalinligi (mm) dl¢iilmiistiir.
Bir bitkideki yaprak sayilar: (adet) sayilmistir. Aym
orneklerde yaprak rengi renk élcerle (Konica Minolta
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CR-400 Chroma Meter, Japonya) élciilmiis L*, a*, b* degerlendirilmigtir. Elde edilen verilere bilgisayarda

tizerinden 6lciilmiis, a*/b*, hue (4°) ve kroma () JMP (siirtim 5.0.1) istatistiksel analiz paket programi
degerleri hesaplanmistir (Mcguire, 1992). Daha sonra kullanilarak varyans analizi yapilmigtir. Ortalamalar
érneklerin vejetatif aksam ve kék yas agirliklar (g arasindaki farklhiliklari belirlemek igin %5 O6nem

bitkil) hassas terazi ile tartihp 65 °C etiivde diizeyinde Tukey testi kullanilmigtir.
kurutulduktan sonra kuru agirhklarn (g bitkil)

alinmis; elde edilen veriler yas ve kuru agirlik (g) ve BULGULAR

kuru madde (%) olarak verilmistir. Bitkilerin nitrat
icerigi (mg kg'!) Cataldo et al. (1975)’e gore, vitamin C
icerigi  (mg 100 g1 Pearson (1970)e gore
spektrofotometrik yontemle belirlenmigtir. Alinan yas
agirhik ve saksidaki bitki sayisi tizerinden verim degeri
hesaplanmigtir. Besin soliisyonu 6rneklerinin EC ve
pH élctimleri EC metre (Mettler Toledo, MC-126) ve
pH metre (Mettler Toledo, Seven Easy) yardimi ile
6lctilmiistiir.

Sera I¢i Tklim Verileri

Uretim dénemi boyunca sera i¢inde 6l¢iilen minimum,
ortalama ve maksimum sicaklik ve oransal nem
degerlerinin  degisimi  Sekil 1'de  verilmigtir.
Maksimum sicakliklar 16.8-32.7 °C (ortalama 24.5°C),
minimum sicakliklar 2.6-15.2 °C (ortalama 7.9°C),
ortalama sicakhiklar 8.7-18.4°C (ortalama 13.4°C)
arasinda degismigtir. Oransal nem degerleri minimum

. . ., . %33.8-81.6 (ortalama %48.2), maksimum %69.6-96.2
Deneme Tesadtf Parselleri Deneme Desenine gore (ortalama %89.5) ve ortalama %60.5-88.6 (ortalama

kurulmus ve tek faktérli olarak (uygulama yeri) %76.5) arasinda degismistir.

SICAKLIK ['C) ORANSAL NEM (%)
Temperatusg Redutrve Humidity

Mg <{n ~Man wMn =t <M

Sekil 1. Uretim dénemi boyunca sera icinde 6lgiilen sicaklik ve nem degerleri degisimi
Figurel. Variation of temperature and relative humidity values measured in the greenhouse during the production

period
Bitki Geligimi aksam ve kok biyokiitlesini (yas ve kuru agirligini)
Uygulamalarin bogum arasi1 uzunlugu, bitki boyu ve arttirmigtir.  Bitkinin  yesil aksam yag agirhg

govde capi Uzerine etkileri istatistiki olarak O6nemli 5.10+0.34 - 1.36i0.19gbitki.'la'rasmda, kok yas aél_rhgl
bulunmustur (Cizelge 1). Bogum arasi 5.50+0.25 cm 6.56+0.22 - 19-9.&0-70 g bitki! arasinda deglsm1§t1r.
(yapraktan) ile 3.07+0.08 cm (kontrol), bitki boyu En yuksek b1yokut.le . ygpraktan Vgrmlkompogt
29.62+0.44 cm (yapraktan) ile 16.24+0.86 cm (kontrol), uygulamasi ile elde edilmistir. Benzer sekilde vejetatif
gévde cap1 3.24+0.08 mm (yapraktan) ile 1.99+0.09 mm aksarp kuru agirhgi da en fazla' yaprakte}n
(kontrol), yaprak sayis1 10.32+0.17 adet (yapraktan) ile vermlkor:npogt uygulamasll.ndan elde‘ edﬂn}lsmr. Kok
9.20+0.29 adet (kontrol) arasinda  degisim kuru agirhginda en yiiksek deger kok+yaprak

gostermigtir. Vermikompost uygulamalarinin bogum uygulamasindan elde edilirken, kokten ve yapraktan
arasim dolayisiyla bitki boyunu ve gévde capim uygulama ile aym istatistiksel simifta kék kuru
arttirdigy  gozlemlenmistir. Bitki yaprak sayisi agirliklarina sahip olmustur. Yesil aksam ve kok kuru
uygulamalardan etkilenmemistir. Uygulama yeri madde icerigi ise tersi durumda en fazla kontrol
olarak yapraktan yapilan vermikompost uygulamasindan elde edilmistir, vermikompost
uygulamasinin diger uygulamalara goére daha iyi uygulamalar1 kuru madde igerigini azaltmigtir

sonug verdigi, kontrole gére bogum arasini %66.4, bitki (Cizelge 2).
boyunu %82.4, gévde ¢apini %62.12 ve yaprak sayisini

%12.2 oraninda arttirdig1 saptanmistar. Verim Degerleri

Vermikompost uygulamalarinin vejetatif aksam ve Bir fide saksidaki bitkilerin agirhigi, ortalama bitki
kék, yas ve kuru agirlig: ile kuru madde icerigi iizerine agirhigi ve toplam verim uygulamalardan istatistiksel
etkileri 6nemli bulunmustur (Tablo 2). Vermikompost olarak etkilenmistir. Vermikompost uygulamasi verim
uygulamasi hidroponik feslegen yetistiriciliginde yesil degerlerini arttirmakla beraber, en yiiksek verim
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degerleri yapraktan yapilan uygulamadan elde
edilmigtir. Yapraktan uygulamayir ayn istatistiksel
gurupta yer alan kokten ve kokten+yapraktan
uygulamasi izlemigtir. Kontrol uygulamasina gore

yapraktan yapilan vermikompost uygulamasi saksida
bitki agirhigimi %277.9, ortalama bitki agirhigim
%328.4, toplam verimi %297.3 oraninda arttirmistir
(Cizelge 3).

Cizelge 1. Uygulamalarin bitki morfolojik gelisim parametrelerine etkileri
Table 1. Effects of treatments on plant morphological development parameters

Uygulamalar Bogum arasi (cm)  Bitki boyu(cm) Gévde cap1 (mm)  Yaprak sayisi (adet)

(Applications) Internode (cm)  Plant height (cm) Stem diameter (mm) Leaf number (pcs)
Kontrol (Control) 3.07+0.08¢ 16.24+0.86P 1.99+0.09¢ 9.20+0.29
Koékten (Root) 5.11+0.27ab 27.34+0.632 2.90+0.062> 9.67+0.30
Yapraktan (Leaf) 5.50+£0.252 29.62+0.44a 3.24+0.082 10.32+0.17
Gootitenh 4.31£0.140 26.56+0.05 2.53£0.100 9.32+0.38

P <0.0001 <0.0001 <0.0001 0.0819
Cizelge 2. Uygulamalarin bitki biyokiitlesi Gizerine etkileri
Table 2. Effects of treatments on plant biomass
Vejetatif / Yesil Aksam (Govde+Yaprak) Kok
Vegetative / Green Parts (Stem+Leaf) (Root)
YA KA KM YA KA KM
(g bitki1) (g bitki1) (%) (g bitki1) (g bitki1) (%)
Uygulamalar W DW DM rw DW DM
(Applications) (g plant') (g plant!) (%) (g plant!) (g plant!) (%)
Kontrol (Control) 1.36+0.19¢  0.132+0.02¢ 9.71+0.582 6.56+0.22P 1.282+0.04P 19.56+0.082
Kokten (Root) 3.45+0.20> 0.214+0.01P 6.23+0.14b 13.47+0.492b 1.822+0.172ab 13.64+0.36P
Yapraktan (Leaf) 5.10+£0.342  0.364+0.012 7.19+0.20P 19.91+0.702 1.793+0.072b 10.79+0.27P
KoktentYapraktan o 77,0110 02110010 7.6160.260 14712083  2157+0.100  14.92+0.54>
(Root+Leat)
P <0.0001 <0.0001 <0.0001 0.0209 0.0064 0.0095

YA: yas agirlik, KA: kuru agirlik, KM: kuru madde (FW: fresh weight, DW: dry weight, DM: dry matter)

Cizelge 3. Uygulamalarin verim degerlerine etkileri
Table 3. Effects of applications on yield values

Saksida Bitki Agirhigi*

Ort. Bitki Agirlig: Toplam Verim

(g saks1'}) (g bitkil) (kg m)
Uygulamalar Plant Weight in Pots Avg. Plant Weight Total Yield
(Applications) (g pot) (g plant?) (kg m?)
Kontrol (Control) 12.27+1.40¢ 1.27+0.12¢ 1.10+0.154
Kékten (Root) 30.22+0.85P 3.68+0.27° 3.17+0.04P
Yapraktan (Leaf) 46.38+1.042 5.44+0.37a 4.37+0.162
Kokten+Yapraktan (Root+Leaf) 26.43+0.80P 3.05+0.08b 2.62+0.10¢
P <0.0001 <0.0001 <0.0001

*Her bir file saksidaki ortalama bitki agirhig (saksida bitki sayis1 7-10 bitki saks1! arasinda degigmistir)

Kalite Degerleri

Yesil renk degerini belirleyen a renk degeri harig,
uygulamalarin renk parametreleri tlizerine etkileri
onemli bulunmustur (Cizelge 4). En parlak renkli
yapraklar yiksek L degeri ile kokten yapilan
uygulamadan alinmas, yapraktan yapilan
uygulamalar feslegen yapraklarinin parlakligini
azaltmistir. a* renk degeri uygulamalardan
etkilenmemis, yaprak yesil renk degerleri birbirine
yvakin bulunmustur.a* ve hue degerleri birlikte
incelendiginde yapraklarin hafif sarimtirak bir yesil
renge sahip oldugu gérilmiustiir. a*/b* renk oransal
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degeri ve kroma degeri kokten yapilan uygulamada
yiksek bulunmus, bu uygulamadaki bitkiler en
doygun yesil renkli yapraklara sahip olmuslardir.

Vermikompostun farkli uygulama yerlerinin feslegen
yapraklarinin nitrat ve vitamin c i¢erigi tizerine etkisi
onemsiz bulunmugtur. Nitrat icerigi 986.5+112.20
(kontrol) ile 1456.0+167.61 (yapraktan) mg kg
arasinda degismig; Vitamin C igerigi ise 17.07+0.35
(yapraktan) ile 17.50+0.34 (kokten+yapraktan) mg 100
gl arasinda degisim gostermistir (Sekil 2)
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Cizelge 4. Uygulamalarin renk degerlerine etkileri
Table 4. Effects of applications on color values
Uygulamalar
(Applications) L a* b* a*/b* he Ce
Kontrol (Control) 51.15+0.70> -17.61+0.19  33.97+1.22>  -0.52+0.01bc  117.45+0.592>  38.26+0.37>
Kokten (Root) 57.97+0.432 -16.98+0.34  38.77+0.962 -0.44+0.01» 113.69+0.85¢ 42.34+0.812
Yapraktan (Leaf) 50.35+0.70> -18.08+0.22  33.77+0.49 -0.54+0.01¢ 118.18+0.602 38.31+0.35P
Doen  Yaprakian 53654107 17541056 37950054 -0.46:0.02% 1148260.93% 41824038
oot+Leaf)
P 0.0009 0.2579 0.0019 0.0037 0.0039 0.0028

L, siyah:0’dan beyaz:100’a olacak sekilde rengin parlakligini; negatif a* yesili; pozitif b* sariy1; hue agis1 (A9 rengin temel bilesenlerini (0°:
kirmizi, 90° sar1, 180° yesil ve 270°: mavi); kroma (C*) rengin doygunlugunu ve canlhiligim belirler.

P: 0.1721 NO, icerigi
NO; content
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Sekil 2. Uygulamalarin nitrat ve vitamin C degerlerine etkileri
Figure 2. Effects of treatments on nitrate and vitamin C values

Besin soliisyonu EC ve pH Degerleri

Besin soliisyonu EC degeri tim konular i¢in 1.30-2.25
dS m! arasinda degismisg, ortalama EC degeri 1.94 dS
m! olmustur. Konulara ait besleme tanklarinda
yapilan 5 gunlik o6l¢imlerde besin solisyonu EC
degeri kontrol uygulamasinda 1.46-2.25 dS m'1, kékten
yapilan uygulamada 1.30-2.25 dS m’l, yapraktan
yapilan uygulamada 1.49-2.15 ds ml,
kokten+yapraktan yapilan uygulamada 1.49-2.24 dS
m’! arasinda degismis, ortalama degerler sirasi ile
1.96, 1.94, 1.90 ve 1.95 dS m™ olmustur (Sekil 3). Besin
soliisyonu pH degeri ise 6.12-7.50 arasinda degilmis ve
ortalama 6.74 olmustur. Besleme tanklarinin pH
degerleri ise kontrol uygulamasinda 6.16-7.18, kokten
yapilan uygulamada 6.47-7.50, yapraktan yapilan
uygulamada 6.12-7.07, koktentyapraktan yapilan
uygulamada 6.37-7.36 arasinda degismis, ortalama
degerler sirasi ile 6.57, 6.90, 6.60 ve 6.90 olmustur
(Sekil 3).

TARTISMA ve SONUC
Hidroponik feslegen yetistiriciliginde farkli uygulama
yerlerinden verilen sivi  vermikompostun bitki

geligimi, verim ve kaliteye olan etkilerinin arastirildig:
bu c¢aligmada, vermikompost uygulamasinin 6zellikle
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bitkinin morfolojik gelisimi ve verimini arttirdig:
saptanmigtir. Elde edilen bu sonug, tarla bitkilerinde
(Sahni et al.,, 2008), tahillarda (Misirhoglu, 2011),
baklagillerde (Jeyabal & Kuppuswamy, 2001) ve
degisik sebze tiirlerinde (Atiyeh et al., 2000; Arancon
et al., 2006; Gutiérrez-Miceliet al., 2007; Singh et al.,
2008; Warman & Anglopez, 2010) yapilan calismalar
ile de desteklenmigtir. Bununla birlikte
vermikompostun fide yetigtirme ortamina eklenerek
kullanildig: calismalarda fide kalitesini iyilestirdigi de
belirlenmistir (Zaller, 2007a; Matta et al., 2008; Zhang
et al., 2009; Ivenish, 2011).

Arastirmadan elde edilen sonuglar kokten besleme
seklinde verilen vermikompost uygulamasinin da

kontrole gore 1yl sonuglar ortaya koydugunu
gostermistir. Ancak en yiksek sonuglar yapraktan
yapilan uygulamalardan elde edilmigtir.

Vermikompost, icinde bulunan fenolik ve himik
maddeler varligi ile de bitki gelisimini etkilemektedir.
Bitkilerin etkilenme derecesi kullanilan
vermikompost miktari, kaynagi ve bitki tiir ve gesidine
baglh olarak degismektedir (Ivenish, 2011; Zaller,
2007b). Vermikompostun uygulandigi ortama bitki
gelisimi diizenleyici maddeler saglayarak da bitki
gelisimine etkisi oldugu yo6niinde c¢aligsmalar da
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mevcuttur (Atiyeh et al.,, 2001). Bu maddelerin
yapraktan alimim kolayligi nedeni ile etkileri daha
c¢abuk gorilmis ve yapraktan yapilan uygulamalarda

EC (dSm™)

e K it K&k ==Yip e=@uKik+Yapr

bitki gelisimi ve buna bagl olarak verim degerleri
yiksek ¢ikmigtir.

pH

e K cutt K&k = Yopy e@uefiksYapr

Kont: Kontrol, Kok: Kokten, Yapr: Yapraktan, Kok+Yapr: KoktentYapraktan
Sekil 3. Besin soliisyonu EC ve pH degerlerinin iretim dénemi i¢indeki 5 giinliik degisimi
Figure 3. 5-day variation of nutrient solution EC and pH values during the production period

Denemede m?’deki verim kontrol uygulamasinda 1.10
kg m2 olmus, vermikompost uygulamalarinda 2.62-
4.37 kg m2 arasinda degismistir. Topraksiz tarimda
yapilan onceki c¢alismalarda ise verim degerlerinin
3.14 kg m?2 (Miceli et al., 2003) ile 14.41 kg m™>

(Ferrarezi & Bailey, 2019) arasinda degistigi
belirtilmistir. Oztekin ve Sayin (2023) NFT sisteminde
yetistirdikleri feslegenlerin toplam verimini

uygulamalara gore degismekle birlikte 3.03 ile 5.25 kg
m? olarak Dbelirlemiglerdir. Bu baglamda kontrol
uygulamasinda verim degerlerinin dusik kaldig,

ancak  vermikompost uygulamalarinda  verim
degerlerinin 6nceki calismalardan elde edilen verilerle
uyumlu oldugu goérulmustir. Burada verim

degerlerinin kullanilan c¢eside, yetistirme sekline,
yetistirme doénemindeki sicakliklara, birim alandaki

(bitki m™2) bitki sayisina, hasat edilen bitki
uzunluguna, fUretim slirecinde ka¢ defa hasat
yapildigina ve  yetistirilen cografyaya  gore

degigebilecegi unutulmamalidir (Oztekin & Sayin,
2023). Bu kriterler icerisinde “hasat edilen bitki boyu”
verimi 6nemli 6l¢lide etkilemektedir. Ticari feslegen
yetistiren firmalar yurtdisina yaptigi taze feslegen
ticaretinde kullanilan nakliye paketlerine bitkilerin
s1igmasi i¢in bitki boyunu ortalama 25 cm olarak tercih
etmektedirler. Yuritiilen denemede de fide boylar1 25
cm civarina (ortalama 24.9 cm) ulastiginda kok
bolgesinden 2-4 cm yukaridan hasat yapilmagtir.
Vermikompost uygulamasi bitki boyunu uzatmistir ve
giibre uygulamalarinda boy 26.5+0.05 ile 29.6+0.44
arasinda degigmistir. Ancak toprakh tarimda yapilan
onceki calismalarda bitki boyu daha uzun (31.4-61.0
cm) olabilmistir (Lachowicz et al., 1997; Kacar ve ark.,
2009).

Topraklh tarimda taze/yesil herba verimi (kg da)
olarak ifade edilen feslegen verimini Vémel ve Ceylan
(1977) bitkileri 28-33 cm’den hasat ettiklerinde 315-

672 kg da! olarak; Verma et al. (1989) 3679 kg da'l;
Cabar (2016) ise 2318.1-2874.3 kg da! arasinda
bulmusglardir. Bu acgidan bakildiginda elde edilen
verim degerleri toprakl feslegen yetistiriciliginden ise
oldukea yiiksek bulunmustur. Oztekin ve Sayin (2023)
bu sonucu toprakli yetistiricilikte sira arasi ve uzeri
mesafelerin, dolayisiyla birim alandaki bitki
yogunlugunun ve bir dikim noktasinda bulunan bitki
sayisinin (calismada 10 bitki saks1!) diigiik olmasina
baglamiglardir.

Feslegenin toprakl tarimda yetistirme siiresini Aslan
(2014) 81-99 giin olarak belirtmislerdir. Arastirmada
bitkiler NFT sistemine aktarildiktan 68 gin sonra
hasat edilmistir ve feslegenin klasik yetigtiriciligine
gore onemli bir erkencilik elde edilmistir (Oztekin &
Sayin, 2023). Yetistirildigi dénem baz alindiginda da
sera ici sicakliklarin (ortalama max.: 24.5°C, min.: 7.9
°C, ort.: 13.4 °C) feslegenin optimum yetisme
sicakligindan (25-30°C) (Barickman et al., 2021) diisiik
oldugu, bitkilerin sorunsuz yetistirildigi ancak
iklimsel faktorlere bagh olarak yavas gelisim
gosterdigi, yine de topraksiz tarim etkisi ile toprakl
tarima gore erkencilik sagladig gérilmustir.

Yapraklar: yenilen sebzelerde énemli bir albeni kriteri
olan yaprak rengi, yurutilen calismada
uygulamalardan etkilenmistir. Moncada et al. (2021)
topraksiz tarimda feslegen yapraklarinin renk
degerlerini L*: 46.6, a™ -20.7, b*: 38.8; A°: 120.1 ve C*:
42.2 olarak; Alibas ve ark. (2021) ise taze feslegenlerde
L*, a*, b*, A° ve C° degerlerini siras: ile 43.55, -7.27,
18.19, 111.79 ve 19.60 olarak; Oztekin ve Sayin (2023)
ise L* degeri 44.21 ile 46.42; a* degeri -16.62 ile -17.33,
b* degeri 24.39 ile 25.97 arasinda; A° degeri 123.59 ile
124.70 arasinda; C° degeri ise 29.60 ile 31.18 arasinda
6l¢miglerdir. Yiritilen ¢galismadan elde edilen renk
degerlerinin (Cizelge 4) énceki calismalarda belirtilen
Olcimler ile uyumlu  oldugu goriilmustir.
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Vermikompost uygulamalarinda kokten
uygulamalarin gozle gorulur bir fark yaratmadan
yaprak renklerinde kismen aciklik yarattig:
gérilmustuir.

Yapraklar1  tuketilen sebzelerin igsel  kalite
ozelliklerinde vitamin C ve nitrat miktar1 6nemli bir
kalite kriteridir. Bilindigi gibi yesillikler iyi bir
vitamin C kaynagidir. Nitekim, taze feslegen
yapraklarinda vitamin C igerigi 18 mg 100 g! olarak
belirtilmistir (USDA, 2023). Topraksiz tarimda
yurutulen 6nceki ¢alismalarda feslegen yapraklarinin
vitamin C icerigini Aldiyab (2020) 47.39-64.14 mg 100
g1 arasinda, Dasgan ve ark. (2022) 40.7 ile 55.0 mg
100 g arasinda, Oztekin ve Sayin (2023) 20.51 ile
24.43 mg 100 g! arasinda bulmustur. Yuritilen bu
calismada feslegen bitkilerinde vitamin C igerigi
17.07+0.35 - 17.50+0.34 mg 100 g! arasinda degismis
ve daha oOnceki topraksiz tarimdan elde edilen
sonuclardan disiik oldugu gorilmustiir. Bu durumun
bitkilerin vitamin C igeriginin iretim zamani ve

yetistirme  kosullarina goére  degisebilmesinden
kaynaklandign diisiiniilmektedir (Esiyok ve ark.,
2006). Vermikompost uygulamasi feslegen

yapraklarinin vitamin C igerigini etkilememistir.

Beslenmek igin tiiketilen yapraklarla alinan nitrat,
midede nitrite dontiserek toksik etki yaratmakta, bu
durum insan sagligini tehdit ederek kansere kadar
gidebilmektedir. Bu nedenle yapraklarin yiiksek nitrat
igerigi alinan nitrat miktarini arttirdig1 i¢in tehlike
yaratmaktadir (Kara, 1993; Ozdestan & Uren, 2010).
Avrupa Birligi Komisyon Tiuzugu taze yesillikler i¢in
maksimum nitrat sinir degerlerini 3500 mg kg! olarak
belirlemistir (EUR-LEX, 2017). Hidroponik sistemde
yetistirilen feslegenlerde ise nitrat miktarini Rouphael
et al. (2017) 2584-4102 mg kg, Orsini ve Pascale
(2006) en diigiik 1650 mg kg1, Aldiyab (2020) 2645-
4524 mg kg, Moncada et al. (2021) 55 ile 558 mg kg1,
Oztekin ve Saymn (2023) 172.11 ile 322.62 mg kg!
arasinda bulmustur ve degisiklikler yetigtirme
kosgullari, yetistirme zamani ve 6zellikle 151k siddeti
farkindan kaynaklanmigtir. Yirttilen ¢alismada elde
edilen nitrat miktar1 (986.5+112.20 - 1456.0+167.61
mg kg?) insan saghfm tehdit edecek nitrat
seviyesinin ¢ok altinda ve 6nceki calismalardan elde
edilen simir degerler iginde ¢ikmigtir. Vermikompost
uygulamas1 feslegen yapraklarinin nitrat igerigini
etkilememistir (Paul & Metzger, 2005). Ancak kontrole
gére vermikompost uygulamalari ile nitrat igerigi
istatistiksel anlamda 6nemsiz olsa da ortalama %35
artig géstermistir.

Topraksiz tarimda  ozellikle kapali  sistemde
yetigtiricilik igin besin soltisyonu EC ve pH degerleri
oldukg¢a énemlidir. Yegillikler i¢gin EC’nin 1.8-2.0 dS m-
1 arasinda, pH'in 5.5-6.5 arasinda olmasi istenir.
Boylece bitkilerin besin elementlerinden maksimum
diizeyde faydalanmalar1 saglanmir. Yiritilen bu
calismada uygulamalara gore degismekle beraber
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ortalama EC degerleri 1.94 dS m'!, pH degerleri 6.74
olmustur ve oOnerilen degerlere uyumlu/yakin
bulunmustur. Uygulamalar arasinda besin soliisyonu
EC ve pH degeri acisindan o6nemli bir farklihik
gorulmemistir. Beklenenin aksine, S1V1
vermikompostun (ECort 3.85 dS m'?) besin soliisyonuna
katilarak uygulanmasi (kékten yapilan uygulamalar)
solisyonun EC ve pH degerlerinde ¢nemli bir
degisiklik yaratmamigtir. Bu durumun uygulama
dozunun (1/300 oranminda seyrelteme) ve ortam
sicakliginin yiksek olmamasindan kaynaklandig:
dustniulmektedir. Ayrica uretici firma, ticari preparat
icinde bulunan zengin faydali mikroorganizma
varliginin, su ile birlestiginde aktif hale geldigini ve
EC ve pH degerlerini diugtrebildiklerini beyan etmigtir
(Ekosel, sozlii goriisme). Arastirma  siiresince
vermikompost uygulamasi ile bitkilerde herhangi bir
tuz zarar1 goriilmemistir. Yurutilen arastirmada elde
edilen besin soliisyonu ECmax degeri 2.25 dS m'! olarak
belirlenmistir. Her ne kadar feslegen tuza hassas bitki
olarak kategorize edilse de yetistirme kosulu ve ¢eside
gore degismekle birlikte 3.75 dS m! 'ye kadar sulama
suyu elektriksel iletkenligine toleranslh olabildigi de
literatiirde belirtilmistir (de Sousa et al., 2021).

Elde edilen tiim veriler birlikte degerlendirildiginde,
vermikompost uygulamasinin bitki geligimi ve
verimini arttirdigi; uygulama yeri olarak yapraktan
yapilan puskirtme seklinde uygulamanin diger
uygulamalara goére daha 1iyi sonu¢ verdigi
gorilmustir. Bu nedenle hidroponik feslegen
yetigtiriciliginde kaliteden 6diin vermeden mevcut
verimi arttirmak ve erkencilik saglamak adina sivi
vermikompostun yapraktan uygulamasi
onerilmektedir.

Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir cikar

catismasi olmadigini beyan ederler.
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ABSTRACT

Powdery mildew disease (Erysiphe necator Schwein) is a significant
threat to grape cultivation in vineyards. Severe yield and quality losses
could occur in vineyards when this pathogen is not managed correctly.
Several commercial grape varieties are highly susceptible to powdery
mildew. Therefore, large quantities of fungicides are applied throughout
the growing season. In addition to yields and quality, new grapevine
varieties that are genetically resistant to powdery mildew are required
for sustainable viticulture. This study was conducted through molecular
screening of powdery mildew resistance genes in nine different Vitis
labrusca L. genotypes (TEG-VI-1, TEG-VI1-2, TEG-V1-3, TEG-VI-4, TEG-
V1-5, TEG-V1-6, TEG-V1-7, TEG-VI-8, and TEG-VI1-9) grown in the Black
Sea Region of Tirkiye. After PCR amplifications using Renl, Ken3 and
Ren9 locus-specific primers, Kenl, and Ken 9 genes were detected in
three genotypes (TEG-VI-1, TEG-VI-3, and TEG-VI-4). However, the Ren3
gene was not detected in any genotypes. It was concluded based on
present findings that Vitis labrusca L. genotypes with resistance genes
could be used as genetic resources in grapevine breeding programs and
significant economic benefits can be provided accordingly.
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Vitis labrusca L. Genotiplerinde Kiillemeye Direngle Iligkili Genlerin (Reni, Ren3ve Ren9 Varhgimin

Tespiti
OZET

Baglarda goriilen kiilleme hastalign (Erysiphe necator Schwein) {iziim
yetigtiriciligi icin buyik bir tehdittir. Bu patojene karsi miicadele
edilmediginde, lUzim verim ve kalitesinde 6nemli distisler meydana
gelmektedir. Cogu ticari tiziim ¢esidi, kiilllemeye karsi oldukca hassastir.
Bu nedenle yetistirme dénemi boyunca fazla miktarlarda fungisit
uygulanmaktadir. Strdurilebilir bir bageilik i¢in verim ve kalitenin
yaninda, killeme hastaligina karsi genetik olarak direngli yeni asma
cesitlerine ihtiya¢ duyulmaktadir. Bu ¢alismada, Turkiye’nin Karadeniz
Bolgesi'nde yetistiriciligi yapilan dokuz farkli Vitis Jlabrusca L.
genotipinde (TEG-VI-1, TEG-VI-2, TEG-VI-3, TEG-VI-4, TEG-VI-5, TEG-
V1-6, TEG-V1-7, TEG-VI-8 ve TEG-V1-9) kiilleme hastaligina direncli
genlerin molekiiler taramasi yapilmigtir. Kenl, Ren3ve Ren9lokuslarina
0zgi primerler kullanilarak gergeklestirilen PCR amplifikasyonu
sonrasinda {i¢ genotipte (TEG-V1-1, TEG-V1-3 ve TEG-V1-4) Renlve Ren9
genlerinin bulundugu tespit edilmigtir. Ancak Rend3 geni higbir 6rnekte
saptanamamigtir. Arastirma sonucglarinda direng genlerine sahip
olduklar1 belirlenen Vitis labrusca L. genotiplerinin, gelecekte direncli
asma ¢esitlerinin 1slahinda genetik kaynaklar olarak kullanilabilecekleri
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ve bu sayede oOnemli ekonomik faydalar saglanabilecegi
dustinulmektedir.
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INTRODUCTION from Central Asia (e.g., ‘Kishmish Vatkana' and

Cultivation is a process in which humans select and
genetically modify organisms for their desired traits
(Jiao et al., 2021). This process often leads to a
reduction in genetic diversity in the breeding
population and the loss of parental genes (Doebley et
al., 2006). The occurrence of grapevine species dates to
28 million years ago, and today, there are more than
60 species belonging to the genus Vitis (Wan et al.,
2013). Of these, V. vinifera, native to the
Mediterranean and Central Europe, is known to be the
most widely cultivated vine species and was cultivated
~8,000 years ago during the Neolithic era (This et al.,
2006; Jaillon et al., 2007; Zhou et al., 2017). However,
V. vinifera is highly susceptible to powdery mildew
caused by 'Erysiphe necator Schw.' (Gadoury et al.,
2003; Jiao et al., 2021). E. necator infects all green
tissues of vines. It is easily recognized through white-
grayish powdery mildew symptoms on the surface of
shoots, stems, leaves, buds, cluster skeletons, flowers,
peduncles, and young berries (Bendek et al., 2002;
Calonnec et al., 2004). Moreover, powdery mildew
negatively  affects cluster weight, ripening,
photosynthetic activity, transpiration (Sosa-Zuniga et
al., 2022), the sugar/acid ratio, and anthocyanin levels
(Calonnec et al., 2004).

Although V. viniferais the most widely cultivated Vitis
species, the resistance of this species to powdery
mildew is lower than that of Muscadinia species with
germplasms of wild Vitis spp. from North America or
Central Asia (Riaz et al., 2013; Pap et al., 2016;
Mermer Dogu et al., 2022; Sosa-Zuniga et al., 2022). As
described in previous studies, the natural powdery
mildew resistance of North American and Central
Asian genotypes is largely related to the evolutionary
history of these genotypes (Hoffmann et al., 2008; Dry
et al., 2010; Blanc et al., 2012; Pap et al., 2016). These
resistant genotypes can be included in grapevine
breeding programs and become valuable germplasm
sources (Atak, 2023). In recent years, especially in
table grape breeding, this system has increased in
demand and is spreading worldwide (Montaigne et al.
2021).

The Vitaceae family has two primary gene families
responsible for powdery mildew resistance: Run
(resistance to Uncinula necator) and Ren (resistance to
Erysiphe necator) (Sosa-Zuniga et al., 2022). To date,
15 loci belonging to the Run and Ren gene families
associated with the defence response of grapevines
against powdery mildew have been described (Maul,
2023). Several of these Ren loci are used in different
breeding programs to strengthen the defence response
of plants and increase plant resistance (Li et al., 2013;
Feechan et al., 2015; Agurto et al., 2017). RenlI loci
have been detected in some genotypes of V. vinifera
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‘Dzhandzhal Kara’ varieties from Uzbekistan). The
Ren3 locus was discovered in the ‘Regent’ variety,
which has resistant parents such as V. aestivalis, V.
berlandieri, V. cinerea, V. lincecumii and V. rupestris
(Eibach & Tépfer, 2003; Welter et al., 2007). Zendler et
al. (2017) characterized the Ren9 locus as a second
resistance-coding region during a detailed genetic
mapping study of Kend on chromosome 15. However,
loci on the same chromosome in different regions can
be separated into different genotypes.

Turkiye has reasonably available ecological conditions
for various plant species and thus has an important
position in world agriculture. It also has genetic
potential in terms of plant genetic resources (Ergiil &
Agaoglu 2001; Ergiil et al., 2011, Dilli et al., 2014). The
humid climate of the Black Sea Region of Tirkiye,
which has an average annual rainfall of more than
1000 mm, limits the viticulture of Vitis vinifera L.
Therefore, Vitis labrusca species or hybrids resistant
to fungal diseases can grow in this region (Cangi et al.,
2006; Celik et al., 2008; Tahmaz et al., 2022). These
species can be grown without pesticides in the Black
Sea Region; thus, the must obtained from these grapes
contains resveratrol and antioxidants, which are
extremely important for human health and nutrition
(Unes, 2016; Atak & Sen, 2021; Tahmaz et al., 2022).
Although it is not known exactly how and when the
Vitis labrusca L. species, originating from North
America, arrived in the region, it was reported that
there were several varieties and genotypes of this
species in the region, and most of them were resistant
to fungal diseases (Cangi et al., 2006; Celik et al., 2008;
Atak, 2017; Tahmaz et al., 2022).

Various studies have revealed that V. Jabrusca
genotypes generally exhibit greater mildew resistance
than V. wvinifera varieties. However, the level of
resistance may vary from variety to variety (Atak et
al., 2017; Sargolzaei et al., 2021). Yildirim et al. (2019)
reported that a genotype derived from hybridization
between V. labrusca and V. vinifera possessed the
Rpv3 gene, which is associated with resistance to
mildew. Among these genotypes, '57 Gerze 04' (V.
labrusca x V. vinifera) and 'Mortensen' (V. labrusca %
V. vinifera) demonstrated resistance to mildew,
whereas the Kofteci Uziimi' (V. labrusca x V. vinifera)
genotype exhibited a greater level of resistance.
Furthermore, this study revealed that resistance to
grapevine anthracnose in V. labrusca is governed by
three independent genes. While An7 and An2 are the
dominant susceptibility genes, An3 is the only
dominant resistance gene (Mortensen, 1981; Gao et al.,
2012).

However, in several studies on the pathogen resistance
genes of different Vitis spp. Species, there are almost
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no studies on Vitis labrusca L. Therefore, there is a
need for research to elucidate the molecular basis of
powdery mildew resistance in genotypes of V. labrusca
L. species. In this study, molecular analyses were
conducted to detect the presence of the renl, ren3, and
ren9genes in nine different Vitis labrusca L. genotypes
grown in the Black Sea Region of Tiirkiye.

MATERIAL and METHOD
Plant Material

Grapevine genotypes were collected from the Erbaa
district of Tokat Province (Tiirkiye) (Figure 1, Figure
2, Figure 3 and Figure 4). The grapevine genotypes
used in this study and their collection sites are

delineated in Table 1. During the winter dormancy
period, 20 cuttings were obtained from each of nine
different Vitis labrusca genotypes. These genotypes
were then cultivated in a greenhouse at the Faculty of
Agriculture, Tokat Gaziosmanpasa University, for
further study. For molecular analysis, bud samples
were collected from all cuttings of the nine genotypes.
Three shoot tips and young leaf samples were selected
from each genotype to serve as plant material for the
study.

Shoot tips taken from plant materials were delivered
to the Sivas Cumhuriyet University Advanced

Technology Research and Application Center in cooler
boxes, frozen at -20°C and stored until analysis.

Shoot sampling from marked

Figure 1. Naturally-grown V. Figure 2. Genotype marking Figure 3.
labrusca genotypes process genotypes after defoliation.
Sekil 1. Kendiliginden yetisen V. Sekil 2. Genotiplerde isaretleme Sekil 3. Yaprak dokiimii sonrasi isaretli
labrusca tiiriine  ait islemleri genotiplerden stirgiin
genotipler orneklerinin alinmasi
\\ Ayvacsh
: :
r
Figure 4. The region from which grapevine genotypes were collected
Sekil 4. Calismada kullanilan asma genotiplerinin toplandig1 bolge
DNA Isolation (advantageously accelerating this step will

Genomic DNA isolation was performed according to
Doyle and Doyle (1990) with slight modifications as
outlined below:
1. Tissues stored at -80°C were crushed with a
pestle and transferred to Eppendorf tubes
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provide an advantage in terms of DNA quantity).
In cases of low tissue volume, tissue can be
crushed inside the Eppendorf tube to prevent
DNA loss).

2. Each sample was homogenized by adding 700 ul
of preheated 2% CTAB buffer (100 mM Tris-HCI,
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25 mM EDTA, pH 8.0, and 2.5 M NaCl).

3. The tubes were incubated in a water bath at
65°C for 60 minutes with occasional inversion.

4. After incubation, the samples were centrifuged
at 7378 xg for 10 minutes at 4°C, and the
supernatant was carefully transferred to a new
tube.

5. An equal volume of chloroform:isoamyl alcohol
(24:1) was added to the samples and mixed by
inversion.

6. The samples were centrifuged at 7378 Xg for 10
minutes at 4°C, and the supernatant was
transferred to a new tube.

7. To precipitate the DNA, an equal volume of
isopropanol (-20°C) was added to the samples
and incubated at -20°C for 30 minutes.

8. The precipitated DNA was centrifuged at 14462
xg for 10 minutes at 4°C, after which the
supernatant was removed.

9. For washing, the pellets in the tubes were
centrifuged at 14462 xg for 5 minutes at 4°C
after adding 500 ul of 70% ethanol (-20°C).

10.The resulting pellets were air-dried at room
temperature and dissolved in 30/60 pl of TE
buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0).

11.RNase A was added to each sample (1/100 pul
DNA sample) and incubated at 37°C for 1 hour.

DNA quality and quantity were evaluated by
electrophoresis in a 1% (w/v) agarose gel and using a
NanoDrop 1000 spectrophotometer (Thermo Scientific,
Wilmington, DE), respectively. The isolated DNA was
stored at -80°C until PCR was performed.

Table 1. Grapevine genotypes and sampling locations

Cizelge 1. Calismada kullanilan asma genotipleri ve
toplandiklari lokasyonlar

No Genotype Location
3 TEG-V1-3 ‘égog‘éfég”g
4 TEG-V1-4 ggogz%”g
5 TEG-VI-5 ggogéggg
o mews e
P mows
9 TEG-V1-9 B

Polymerase Chain Reaction (PCR)

To determine whether the 9 DNA samples used in the
study were resistant to powdery mildew, three
resistance gene regions, namely, renl, ren3, and ren9
were selected. The sequences of the primers used for
these gene regions were obtained from previous
studies (Akkurt et al., 2007; van Heerden et al., 2014;
Pozharskiy et al., 2020). Information on the primers
used for resistance-related marker amplification in
Vitis labrusca L. genotypes is presented in Table 2.

Table 2. Markers used to describe alleles corresponding to loci associated with resistance to powdery mildew in

Vitis labrusca
Tablo 2. Vitis labrusca'da kiillemeye direngle iliskili lokuslara karsilik gelen alelleri tanimlamak i¢in kullanilan
markerler
. . Fragment Annealing
Locus Marker Forward / Reverse primer Mildew Length (bp) Temperature (T%) Reference
GF13- .
) GTGCATCTTCTTCTTCCCAACC/ Pozharskiy
renl 12}?}“3 GCATTTGTCAAAGTCGTGTACTTC * 214 60 et al., 2020
ScORAT-
ren3 760F GAAACGGGTGTGAGGCAAAGGTGG/ 760 60 Akkurt et
ScORAT7- GGCCATTAGGAAATCAACATTAC al., 2007
760R
g CenGen6F  TGAATTTTGTTCTTTAGGATTTGGA/ N 087 55 ‘}’Ian den et
717 CenGen6R  CACAAGAACAATTTCTACGCACA alee; 0‘;2 ©

Table 3. PCR amplification conditions for markers associated with powdery mildew resistance in Vitis labrusca
Cizelge 3. Vitis labrusca'da kiillemeye direngle 1liskili markerler icin PCR amplifikasyon kosullari

Initial denaturation 5 min at 94°C

Denaturation 30 s at 94°C
Annealing 30 s at 55-60°C
Extension 2 min at 72 °C

Final Extension 10 min at 72°C

30 cycles
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Powdery mildew-related genes and PCR conditions
were evaluated with the primers given in Table 3.

All PCRs were prepared in a final volume of 25 pl. The
25 ul reaction volume contained: 0.125 U of Tag DNA
polymerase (Fermentas), 2.5 ul of reaction buffer (100
mM Tris-HC1, pH 8.8, 500 mM KCIl, and 0.8% Nonidet
P-40), 1 ul each of 10 pmol primer, 2.5 pul of 2.5 mM
dNTPs (MBI Fermentas), 2.5 ul of 25 mM MgClz and 1
ul of 100-500 ng of template DNA, which was added to
a final volume of 25 ul with dH20. PCRs were
performed in a Blue-Ray Biotech thermocycler under
the following conditions.

The amplification products were subjected to 1.5%
agarose gel electrophoresis containing ethidium

bromide (2 pg/ml) and imaged under a UV
transilluminator.
RESULT and DISCUSSION

PCR amplification results for markers associated with
the renl, ren3, and ren9loci in DNA samples

To determine the genotypes associated with powdery
mildew resistance, a comprehensive analysis was
conducted on nine samples utilizing polymerase chain
reaction (PCR) to detect the presence of the Renli,
Ren3 and Ren9loci. Subsequently, the genotypes were
classified based on their resistance or sensitivity to
powdery mildew, which was determined through
visualization of the amplified products via gel
electrophoresis.

Analysis via molecular markers identified specific
alleles correlated with resistance to powdery mildew
within V. labrusca genotypes, as detailed in Table 4.
Figure 5 shows the results of PCR amplification
employing primers tailored for the Renl, Ren3, and
Ren9 loci. For the Renl gene, 214 bp PCR products
encompassing TEG-VI-1, TEG-V1-2, TEG-VI-3, TEG-
VI-4, TEG-VI-5, TEG-V1-6, TEG-VI-7, TEG-VI-8, and
TEG-VI-9 were discerned in all examined samples,

10

8

Number of genotypes

constituting a 100% detection rate, as depicted in
Figure 6. Conversely, for the Ren9 gene, a 287 bp PCR
product including TEG-V1-1, TEG-VI-3, and TEG-V1-4
was identified in three samples, representing a 33.33%
occurrence rate, as highlighted in Figure 7. Notably,
the Ren3gene was absent in all the samples analyzed.

This investigation corroborates and extends upon the
established body of knowledge, highlighting the
significant genetic diversity within the Vitis genus,
especially concerning powdery mildew resistance. The
majority of commercial grape cultivars exhibit
vulnerability to this pathogen, yet resistance often
occurs within wild populations, suggesting substantial
potential for breeding. Previous studies have identified
V. labrusca for its distinctive resistance properties
against fungal diseases (Cangi et al., 2006; Celik et al.,
2008; Tahmaz et al., 2022), although the precise
molecular mechanisms conferring this resistance
remain largely unexplored. In this context, this
research aimed to identify the presence of the Renl,
Ren3, and Ren9 genes within nine Vitis labrusca L.
genotypes from the Black Sea region of Tirkiye.

Table 4. Distribution of the renli, ren3 and ren9 genes
in the investigated genotypes

Cizelge 4. Incelenen genotiplerde renl, ren3 ve ren9
genlerinin dagilimi

Genotype Lo
renl rend ren9

TEG-VI-1 + - +
TEG-VI-2 + - -
TEG-VI-3 + +
TEG-V1-4 + +
TEG-VI-5 + -
TEG-VI-6 +
TEG-VI-7 +
TEG-VI-8 +
TEG-VI-9 +

Mrenl

M ren3

ren9

Resistance gene to powdery mildew

Figure 5. Distribution of the ren, ren3 and ren9 genes in the investigated genotypes
Sekil 6. Incelenen genotiplerde renl, ren3 ve ren9 genlerinin dagilimi
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Figure 6. Electrophoretic separation of PCR amplicons of the Ren gene obtained from the GF13-13F / GF13-13R

primer pair

Sekil 6. GF13-13F / GF13-13R primer ¢iftlerinden elde edilen Renl geninin PCR amplikonlarinin elektroforetik

ayrimi

Figure 7. Electrophoretic separation of PCR
amplicons of the Ren9 gene obtained from
the CenGen6F / CenGen6R primer pair

Sekil 7. CenGen6F / CenGen6R primer ¢iftlerinden
elde edilen Ren9 geninin PCR
amplikonlarinin elektroforetik ayrimi

Molecular analyses in this research revealed that all
nine genotypes harbor the Renl gene. The dominant
locus Renl (resistance to Erysiphe necator 1) belongs
to ‘Kishmish Vatkana’ and ‘Dzhandzhal Kara’, two
Central Asian V. vinifera cultivars (Korbuly, 1999;
Kozma et al., 2006; Reisch et al., 2014). However, the
Ren3 gene was conspicuously absent in all genotypes
examined in this study, consistent with findings from
other investigations indicating the gene's sparse
distribution among grape varieties (Welter et al., 2007;
Pozharskiy et al., 2020). On the other hand, the Ren9
gene was detected in three out of the nine genotypes
analyzed, which suggests a nuanced distribution of
resistance genes within V. labrusca, indicating the
complexity of the mechanisms underlying resistance to
powdery mildew.

Interestingly, this study documents the identification
of the Renl locus within North American-derived V.
labrusca genotypes. The detection of the Renl gene in
the examined V. labrusca genotypes highlights the
possibility of natural hybridization between V.
labrusca and V. vinifera, especially in Turkiye, where
the cultivation of V. vinifera cultivars has historically
been widespread. This finding suggests that the
examined genotypes may not be pure V. labrusca but
likely represent hybrids with V. vinifera. A similar
study was conducted by Cadle-Davidson et al. (2011a)
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with different Vitis species at two different locations
and the results were similar to the results of this study.
In this study, two different treatments, natural
infection and artificial inoculation with a single isolate,
were applied for powdery mildew disease on grapevine
leaves and the results revealed significant differences
between the species. One of the most susceptible
species was V. wvinifera, while interspecific hybrids
were found to be more resistant to powdery mildew. V.
labrusca was found to be one of the most resistant
species. Similar to the results of this study, Reisch et
al. (1993) reported that the interspecific hybrid variety
Alden was tolerant to powdery mildew and resistant to
mildew, while another interspecific hybrid variety,
‘Kay Gray’, had good resistance to mildew and powdery
mildew. Almost all V. wvinifera cultivars are highly
susceptible to powdery mildew; nevertheless, several
Vitaceae species have developed resistance
mechanisms against this fungus but lack commercial
qualities (Riaz et al., 2007; Glawe, 2008; Dry et al.,
2010; Gadoury et al., 2012). In this context, resistant
genotypes have become valuable germplasms for
inclusion in grapevine breeding programs. These
natural powdery mildew resistance sources correspond
to some North American and Asian genotypes, and the
resistance trait is related to their evolutionary history,
as described by several works (Riaz et al.,
2007; Hoffmann et al., 2008; Coleman et al., 2009; Dry
et al.,, 2010; Feechan et al., 2011; Ramming et al.,
2011; Blanc et al., 2012; Gadoury et al., 2012; Qiu et
al., 2015; Pap et al., 2016). Resistance to pathogenic
microorganisms is a common and important trait to be
incorporated into new plant cultivars. Many sources of
resistance to grapevine powdery mildew have been
identified, including some North American and
Chinese species, and even some Asian V.
vinifera cultivars, which exhibit different levels of
resistance but lack commercial qualities (Barker et al.,
2005; Welter et al., 2007; Ramming et al., 2011; Blanc
et al., 2012; Feechan et al., 2015; Pap et al., 2016). An
important issue in the development of new pathogen-
resistant cultivars is the emergence of new virulent
isolates with the ability to overcome R gene recognition
(Peressotti et al., 2010; Cadle-Davidson et al., 2011Db).
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Hence, pyramiding two or more R genes from
different Vitis species has become a durable and secure
strategy; even if any mutation or loss of an avirulence
factor occurs, the pathogen will still be recognized by
at least one R gene (Feechan et al., 2015; Armijo et al.,
2016; Pap et al.,, 2016). In a hybridization study,
Agurto et al. (2017) used segregating plants from V.
vinifera ‘Dzhandzhal Kara’ x V. vinifera ‘Laszta’ and
the fifth pseudobackcross of M. rotundifolia x V.
vinifera as two genetically different sources of
resistance against the biotrophic fungus F£. necator
carrying Renl and Runl loci, respectively, and
pyramided them in single grapevine plants until the
seventh pseudobackcross with V. vinifera ‘Crimson
Seedless’. Such dual-purpose hybrids can significantly
contribute to the diversity of genetic resources in the
viticulture industry. By providing valuable genetic
material for the development of high-quality grape
varieties and offering natural resistance to diseases,
these hybrids can support sustainable viticulture
practices (Atak & Goksel, 2019). The genotypes
examined in the present study have the potential to
carry the commercial traits of certain V. vinifera high-
quality grape varieties, while also harboring the
disease resistance characteristics of V. labrusca.

Therefore, the discovery and utilization of hybrid
genotypes hold considerable promise for transforming
and improving the viticulture industry. The outcomes
of this study emphasize the strategic significance of
amalgamating multiple resistance loci to forge robust
and enduring resistance against powdery mildew. The
co-occurrence of the Renl and Ren9 genes within the
same genotypes supports the ability of diverse
resistance mechanisms to bolster disease resistance.
This approach is in harmony with contemporary
breeding objectives that aim for sustainable resistance
through the incorporation of various modes of action,
thereby reducing evolutionary pressures on pathogens
and delaying the emergence of virulent fungal strains.

The molecular analysis of the Vitis labrusca genotypes
TEG-VI-1, TEG-VI-3, and TEG-VI-4 highlighted the co-
occurrence of the Renl and Ken9 genes, marking a
noteworthy discovery for grapevine breeding
endeavors. The identification of two distinct powdery
mildew resistance loci within the same genotype
represents a pivotal achievement. This dual locus
presence aligns with the broader consensus among
researchers advocating for the integration of Ren genes
from varied genetic backgrounds as a strategy to
establish durable resistance in agricultural settings.
By pyramiding resistance genes from diverse sources,
the intention is to reduce the selection pressure on
pathogen populations, thereby decelerating the
emergence of virulent fungal strains (Feechan et al.,
2015; Pap et al.,, 2016). Such strategic breeding is
deemed crucial for preventing mutations within
pathogen effector molecules that might otherwise
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elude recognition by the Ken proteins, ensuring the
continued efficacy of resistance mechanisms (Pap et
al,, 2016). These findings underscore the strategic
importance of considering the geographical origins and
genetic diversity of resistance loci. The aim is to
compile a mosaic of resistance sources, thereby
broadening the genetic base upon which new grapevine
cultivars resistant to powdery mildew are developed
(Sosa-Zuniga et al., 2022). Zendler et al. (2020) further
support this approach by suggesting that resistance
traits identified in the Ken3 and Ken9loci from North
American grapevine species, when coupled with those
exhibiting strong resistance from European origins,
can lead to enhanced durability and efficacy of
resistance against powdery mildew. This collective
body of work advocates for a nuanced and globally
informed approach to grapevine breeding. By
embracing genetic diversity and the integration of
resistance genes from internationally distinct Vitis
species, breeders can forge new paths toward the
cultivation of grapevine varieties endowed with
comprehensive and enduring resistance to powdery
mildew. This endeavor not only holds promise for
safeguarding the viticulture industry against current
and future pathogenic challenges but also exemplifies
a forward-thinking commitment to the sustainable
management of plant health and productivity.

The findings of this study endorse a strategic breeding
methodology that capitalizes on genetic diversity and
integrates resistance alleles from disparate sources.
By prioritizing the combination of resistance genes
from geographically and genetically diverse Vitis
species, breeders can cultivate grapevine varieties
with enhanced and lasting resistance to powdery
mildew, contributing significantly to the sustainable
future of viticulture (Feechan et al., 2015; Pap et al.,
2016; Sosa-Zuniga et al., 2022; Zendler et al., 2020).
This strategy not only leverages the intrinsic genetic
potential within the Vitis genus but also serves as a
bulwark against the rapid evolution of pathogenic
threats, ensuring the longevity and productivity of
grapevine populations worldwide.

CONCLUSION

The findings of the present study may help to elucidate
the molecular basis of resistance mechanisms against
powdery mildew across various V. labrusca genotypes.
This research indicated that the distribution of
resistance genes differed among the genotypes,
suggesting underlying genetic diversity as a potential
influencer. These identified grapevine genotypes
present an opportunity for registration as new grape
varieties that exhibit resistance to FErysiphe necator,
thereby contributing to the diversification and
enhancement of disease-resistant cultivars. The
genotypes characterized by these resistance genes are
poised to illuminate future research aimed at
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augmenting resistance to powdery mildew across
different species and varieties. These findings could
serve as valuable resources for researchers striving to
devise optimal combinations of genes and loci for
enhanced disease resistance. This knowledge can
significantly accelerate the development of grapevine
varieties with improved resilience against powdery
mildew, aligning with the broader goals of sustainable
viticulture and crop protection. Comprehensive studies
involving physiological, biochemical, and
transcriptomic analyses are highly recommended to
better understand and decipher the intricate effects of
these resistance genes. Such in-depth investigations
will pave the way for a more nuanced appreciation of
the resistance mechanisms at play, potentially leading
to the discovery of novel strategies for managing
powdery mildew in grapevines. Moreover, it 1is
imperative that future evaluations of these genotypes
be conducted under field conditions or controlled
environments. Proper experimental setups are
essential for validating resistance traits and ensuring
the practical applicability of these genotypes in real-
world viticultural practices. This approach will not
only corroborate the initial findings but also facilitate
the integration of these resistant genotypes into
breeding programs, thus bolstering global efforts to
mitigate the impact of powdery mildew on grape
production.

Researchers’ Contribution Rate Statement Summary

AY prepared the original manuscript. SD, AB, and
DSA contributed to supervision, editing, and
conceptualization. AY, SD, and AB gathered relevant
research articles and reviewed the manuscript. DSA
also contributed to reviewing and editing the
manuscript. All the authors have read and approved
the final manuscript.

Conflict of Interest Statement

The authors declare that they have no conflicts of
interest.

REFERENCES

Agurto, M., Schlechter, R.O., Armijo, G., Solano, E.,
Serrano, C., Contreras, R.A., Zaiiga, G.E., & Arce-
Johnson, P. (2017). RUNI and RENI pyramiding in
grapevine (Vitis vinifera cv. Crimson Seedless)
displays an improved defense response leading to
enhanced resistance to Powdery Mildew (Erysiphe
necator). Frontiers in Plant Science 8, 758, 1-15.
https://doi.org/10.3389/fpls.2017.00758.

Akkurt, M., Welter, L., Maul, E., Topfer, R., & Zyprian,
E. (2007). Development of SCAR markers linked to
Powdery Mildew (Uncinula necator) resistance in
grapevine (Vitis vinifera L. and vitis sp.). Molecular
Breeding 19, 103-111. https://doi.org/10.1007/

170

$11032-006-9047-9.

Armijo, G., Espinoza, C., Loyola, R., Restovic, F.,
Santibafiez, C., Schlechter, R., Agurto, M., & Arce-
Johnson, P. (2016). Grapevine biotechnology-
molecular approaches underlying abiotic and biotic
stress responses. In A. Morata, & I. Loira (Eds.),
Grape and Wine Biotechnology Rijeka. InTech.
https://doi.org/10.5772/64872

Atak, A. (2017). Determination of Downy Mildew and
Powdery Mildew resistance of some grape cultivars
and genotypes. South African Journal of Enology
and Viticulture, 381), 11-17. https://doi.org/
10.21548/38-1-671.

Atak, A., Akkurt, M., Polat, Z., Celik, H., Kahraman,
K.A., Akgiil, D.S., Ozer, N., Séylemezoglu, G., Sire,
G.G., & Eibach, R. (2017). Susceptibility to Downy
Mildew (Plasmopara viticola) and Powdery Mildew
(Erysiphe necator) of different Vitis cultivars and
genotypes. Ciéncia e Técnica Vitivinicola 32, 23—32.
https://doi.org/10.1051/ctv/20173201023.

Atak, A., Sen, A. (2021). A Grape Breeding Programme
using Different Vitis Species. Plant Breeding 140,
1136-1149. https://doi.org/10.1111/pbr.12970.

Atak, A., Goksel, Z. (2019). Determination of some
phenolic substance changes in cultivar/genotypes of
different Vitis species. Journal of Agriculture
Faculty of Ege University 66, 153-161,
https://doi.org/10.20289/zfdergi.467136

Atak, A. (2023). New Perspectives in Grapevine ( Vitis
spp.) Breeding. IntechOpen. https://doi.org/10.5772/
intechopen.105194

Barker, C. L., Donald, T., Pauquet, J., Ratnaparkhe,
M. B., Bouquet, A., Adam-Blondon, A. F., Thomas,
M.R., & Dry, I. (2005). Genetic and physical
mapping of the grapevine powdery mildew
resistance gene, Runl, using a bacterial artificial
chromosome library. Theoretical and Applied
Genetics 111, 370-377. https://doi.org/10.1007/
s00122-005-2030-8

Bendek, C.E., Torres, R., Campbell, P.A., & Latorre,
B.A. (2002). Aportes al conocimiento y control del
oidio de la wvid. Aconex 76, 5-11.
https://hdl.handle.net/20.500.14001/36685.

Blane, S., Wiedemann-Merdinoglu, S., Dumas, V.,
Mestre, P., & Merdinoglu, D. (2012). A reference
genetic map of Muscadinia rotundifolia and
identification of Rens, a new major locus for
resistance to grapevine Powdery Mildew.
Theoretical and Applied Genetics 125, 1663-1675.
https://doi.org/10.1007/s00122-012-1942-3.

Calonnec, A., Cartolaro, P., Poupot, C., Dubourdieu,
D., & Darriet, P. (2004) Effects of Uncinula necator
on the yield and quality of grapes (Vitis vinifera)
and wine. Plant Pathology 563,  434-445.
https://doi.org/10.1111/3.0032-0862.2004.01016.x.

Cadle-Davidson, L., Chicoine, D.R., & Consolie, N.H.
(2011a). Variation within and among Vitis spp. for
foliar resistance to the powdery mildew pathogen


https://doi.org/10.1007/s00122-012-1942-3
https://doi.org/10.1111/j.0032-0862.2004.01016.x

KSU Tarim ve Doga Derg 27 (Ek Say1 1), 163-173, 2024
KSU J. Agric Nat 27 (Suppl 1), 163-173, 2024

Arastirma Makalesi
Research Article

FErysiphe necator. Plant Disease 95, 202-211.
https://doi.org/10.1094/PDIS-02-10-0092

Cadle-Davidson, L., Mahanil, S., Gadoury, D.M.,
Kozma, P., & Reisch, B.I. (2011b). Natural infection
of Runl-positive vines by mnaive genotypes of
FErysiphe necator. Vitis 50, 173-175.

Cangi, R., Celik, H., & Kose, B. (2006). Determination
of ampelographic characters of some natural foxy
grape (Vitis labrusca 1.) types grown in northern
Turkey (Ordu and Giresun province). Asian Journal
of Plant Sciences 2A2), 171-176.
https://doi.org/10.3923/1jb.2006.171.176.

Coleman, C., Copetti, D., Cipriani, G., Hoffmann, S.,
Kozma, P., Kovacs, L., Morgante, M., Testolin, R.,
& Di Gaspero, G. (2009). The powdery mildew
resistance gene REN1 co-segregates with an NBS-
LRR gene cluster in two central Asian grapevines.
BMC Genetics 10, 89. https://doi.org/10.1186/1471-
2156-10-89

Celik, H., Kése, B., & Cangi, R. (2008) Determination
of fox grape genotypes (Vitis labrusca L.) grown in
northeastern Anatolia. Horticultural Science 35,
162—-170. https://doi.org/10.17221/655-HORTSCI.

Dilli, Y., Unal, A., Kesgin, M., Inan, M.S., &
Soylemezoglu, G. (2014). Comparison of
ampelographic characteristics of some important
grape varieties are grown in the Aegean Region,
rootstock and clones. Turkish Journal of
Agricultural and Natural Sciences 2, 1546—1552.

Doebley, J.F., Gaut, B.S., & Smith, B.D. (2006). The
molecular genetics of crop domestication. Cell 127,
1309-1321.  https://doi.org/10.1016/j.cell.2006.12.
006.

Doyle, J.J., & Doyle, J.L. (1990). Isolation of plant DNA
from fresh tissue. Focus 12, 13-15.
https://doi.org/10.2307/2419362.

Dry, I.B., Feechan, A., Anderson, C., Jermakow, A.M.,
Bouquet, A., Adam-Blondon, A.F., & Thomas, M.R.
(2010). Molecular strategies to enhance the genetic
resistance of grapevines to Powdery Mildew.
Australian Journal of Grape and Wine Research 16,
94-105.  https://doi.org/10.1111/.1755-0238.2009.
00076.x.

Eibach, R., & Tépfer, R. (2003). Success in resistance
breeding: ‘Regent’ and its steps into the market.
Acta Horticulturae 603, 687—691.
https://doi.org/10.17660/ActaHortic.2003.603.95.

Ergiil, A., & Agaoglu, Y.S. (2001) Molecular similarity
analysis of some grapevine rootstocks from
different nursery in Turkey. Journal of Agricultural
Sciences 7A2), 141-143.

Ergil, A., Perez-Rivera, G., Soéylemezoglu, G., Kazan,
K., & Arroyo-Garcia, R. (2011). Genetic diversity in
Anatolian wild grapes (Vitis vinifera subsp.
sylvestris) estimated by SSR markers. Plant
Genetic Resources 93), 375-383.
https://doi.org/10.1017/S1479262111000013.

Feechan, A., Kabbara, S., & Dry, LB. (2011).

171

Mechanisms of powdery mildew resistance in the
Vitaceae family. Molecular Plant Pathology 12,
263-274. https://doi.org/10.1111/1.1364-
3703.2010.00668.x
Feechan, A., Kocsis, M., Riaz, S., Zhang, W., Gadoury,
D.M., Walker, M.A., Dry, 1.B., Reisch, B., & Cadle-
Davidson, L. (2015). Strategies for RUNI
deployment using RUNZ2 and REENZ to manage
grapevine Powdery Mildew informed by studies of
race specificity. Phytopathology 105, 1104-1113.
https://doi.org/10.1094/PHYTO-09-14-0244-R.
Gadoury, D.M., Seem, R.C., Ficke, A., & Wilcox, W.F.
(2003). Ontogenic resistance to Powdery Mildew in
grape berries. Phytopathology 93, 547-555.
https://doi.org/10.1094/PHYTO.2003.93.5.547.
Gadoury, D.M., Cadle-Davidson, L., Wilcox, W.F., Dry,
I.B., Seem, R.C., & Milgroom, M.G. (2012).
Grapevine powdery mildew (Erysiphe necator): a
fascinating system for the study of the biology,
ecology and epidemiology of an obligate biotroph.
Molecular Plant Pathology 13, 1-16.
https://doi.org/10.1111/1.1364-3703.2011.00728.x
Gao, M., Wang, Q., Wan, R., Fei, Z., & Wang, X. (2012).
Identification of genes differentially expressed in
grapevine associated with resistance to FElsinoe

ampelina  through  suppressive  subtraction
hybridization. Plant Physiology and Biochemistry
58, 253-268.

https://doi.org/10.1016/j.plaphy.2012.07.009.

Glawe, D.A. (2008). The powdery mildews: a review of
the world’s most familiar (yet poorly known) plant
pathogens. Annual Review of Phytopathology 46,
27-51.  https://doi.org/10.1146/annurev.phyto.46.
081407.104740

Hoffmann, S., Di Gaspero, G., Kovacs, L., Howard, S.,
Kiss, E., Galbacs, Z., Testolin, R., & Kozma, P.
(2008). Resistance to FErysiphe necator in the
grapevine ‘Kishmish Vatkana’ is controlled by a
single locus through restriction of hyphal growth.
Theoretical and Applied Genetics 116, 427-438.
https://doi.org/10.1007/s00122-007-0680-4.

Jaillon, O., Aury, J.M., Noel, B., Policriti, A., Clepet,
C., Casagrande, A., Choisne, N., Aubourg, S., &
Vitulo, N. (2007). The grapevine genome sequence
suggests ancestral hexaploidization in major
angiosperm  phyla. Nature 449, 463-465.
https://doi.org/10.1038/nature06148.

Jiao, C., Sun, X., Yan, X, Xu, X,, Yan, Q., Gao, M., Fei,
Z., & Wang, X. (2021). Grape transcriptome
response to Powdery Mildew infection: comparative
transcriptome profiling of chinese wild grapes
provides insights into powdery mildew resistance.
Phytopathology 111, 2041-2051.
https://doi.org/10.1094/PHYTO-01-21-0006-R.

Korbuly, J. (1999). Evaluation of different sources of
resistance for breeding Powdery Mildew resistant
grapevine varieties. [International Journal of
Horticultural Science 5(1-2), 35-40.


https://doi.org/10.1094/PDIS-02-10-0092
https://doi.org/10.3923/ijb.2006.171.176
https://doi.org/10.1186/1471-2156-10-89
https://doi.org/10.1186/1471-2156-10-89
https://doi.org/10.17221/655-HORTSCI
https://doi.org/10.2307/2419362
https://doi.org/10.17660/ActaHortic.2003.603.95
https://doi.org/10.1017/S1479262111000013
https://doi.org/10.1111/j.1364-3703.2010.00668.x
https://doi.org/10.1111/j.1364-3703.2010.00668.x
https://doi.org/10.1094/PHYTO-09-14-0244-R
https://doi.org/10.1094/PHYTO.2003.93.5.547
https://doi.org/10.1111/j.1364-3703.2011.00728.x
https://doi.org/10.1016/j.plaphy.2012.07.009
https://doi.org/10.1007/s00122-007-0680-4
https://doi.org/10.1038/nature06148
https://doi.org/10.1094/PHYTO-01-21-0006-R

KSU Tarim ve Doga Derg 27 (Ek Say1 1), 163-173, 2024
KSU J. Agric Nat 27 (Suppl 1), 163-173, 2024

Arastirma Makalesi
Research Article

https://doi.org/10.31421/IJHS/5/1-2/19.

Kozma, P., Kiss, E., Hoffmann, S., Galbéacs, Z.S., &
Dula, T. (2006). Using the Powdery Mildew
resistant Muscadinia rotundifolia and Vitis vinifera
‘Kishmish Vatkana’ for breeding new cultivars.
ISHS  Acta  Horticulturae 827, 559-564.
https://doi.org/10.17660/ActaHortic.2009.827.97.

Li, C., Erwin, A., Pap, D., Coleman, C., Higgins, A.D.,
Kiss, E., Kozma, P., Hoffmann, S., Ramming, D.W.,
& Koviacs, L.G. (2013). Selection for Runl-Renl
dihybrid grapevines using microsatellite markers.
American Journal of Enology and Viticulture 64,
152-155. https://doi.org/10.5344/ajev.2012.12060.

Maul, H. (2023). Vitis International Variety Catalogue
2023. Available online: www.vive.de (Accessed on:
04.02.2023).

Mermer Dogu, D., Zobar, D., Dogu, K., Ozer, N.,
Bayraktar, H. (2022). Reactions of some grape
cultivars to downy mildew disease under natural
infection conditions. KSU Journal of Agricultural
and Natural 256), 1279-1286.
https://doi.org/10.18016/ksutarimdoga.vi.911000.

Montaigne, E., Coelho, A., Zadmehran, S.A. (2021).
Comprehensive  Economic Examination and
Prospects on Innovation in New Grapevine
Varieties dealing with Global Warming and Fungal
Diseases. Sustainability 15, 13254.
https://doi.org/10.3390/su132313254.

Mortensen, J. (1981). Sources and inheritance of
resistance to anthracnose in Vitis. Journal of
Heredity 72, 423-426. https://doi.org/10.1093/
oxfordjournals.jhered.a109545.

Pap, D., Riaz, S., Dry, 1.B., Jermakow, A., Tenscher,
A.C., Cantu, D., Olah, R., & Walker, M.A. (2016).
Identification of two mnovel Powdery Mildew
resistance loci, Ren6 and Ren7, from the wild
Chinese grape species Vitis piasezkii. BMC Plant
Biology 16, 170. https://doi.org/10.1186/s12870-016-
0855-8.

Pozharskiy, A.S., Aubakirova, K.P., Gritsenko, D.A.,
Tlevlesov, N.I., Karimov, N.Zh, Galiakparov, N.N.,
& Ryabushkina, N.A. (2020). Genotyping and
morphometric analysis of Kazakhstani grapevine
cultivars versus Asian and European cultivars.
Genetics and Molecular Research 19(1), gmr18482.
http://dx.doi.org/10.4238/gmr18482.

Peressotti, E., Wiedemann-Merdinoglu, S., Delmotte,
F., Bellin, D., Di Gaspero, G., Testolin, R.,
Merdinoglu, D., & Mestre, P. (2010). Breakdown of
resistance to grapevine downy mildew upon limited
deployment of a resistant variety. BMC Plant
Biology 10, 147. https://doi.org/10.1186/1471-2229-
10-147

Qiu, W., Feechan, A., & Dry, I. (2015). Current
understanding of grapevine defense mechanisms
against the biotrophic fungus (Erysiphe necator),
the causal agent of powdery mildew disease.
Horticulture Research 2 15020.

172

https://doi.org/10.1038/hortres.2015.20

Ramming, D.W., Gabler, F., Smilanick, J., Cadle-
Davidson, M., Barba, P., Mahanil, S., & Cadle-
Davidson, L. (2011). A single dominant locus, Ren4,
confers rapid non-race-specific resistance to
grapevine powdery mildew. Phytopathology 101,
502-508. https://doi.org/10.1094/PHYTO-09-10-
0237

Reisch, B.I., Peterson, D.V., Pool, R.M., & Martens,
M.H. (1993). Table grape varieties for cool climates,
Information Bulletin 234. Cornell Cooperative
FExtension, Cornell University, New York, 9 p.

Reisch, B.I., Luce, R.S., & Mansfield, A.K. (2014).
Arandell-A disease-resistant red wine grape.
HortScience 49, 503-505. https://doi.org/10.21273/
HORTSCI.49.4.503.

Riaz, S., Doligez, A., Henry, R.J., & Walker, M.A.
(2007). “Grape,” in Fruits and Nuts. Springer,
Berlin:Ed. Kole, C. 63-101. https:/doi.org/
10.1007/978-3-540-34533-6_2

Riaz, S., Boursiquot, J.M., Dangl, G.S., Lacombe, T.,
Laucou, V., Tenscher, A.C., & Walker, M.A. (2013).
Identification of mildew resistance in wildand
cultivated Central Asian grape germplasm. BMC
Plant  Biology 13, 149.  http:/dx.doi.org/
10.1186/1471-2229-13-149.

Riaz, S., Tenscher, A.C., Ramming, D.W., & Walker,
M.A. (2011). Using a limited mapping strategy to
identify major QTLs for resistance to grapevine
Powdery Mildew (Erysiphe necator) and their use
in marker-assisted breeding. 7Theoretical and
Applied Genetics 122, 1059-1073.
http://dx.doi.org/10.1007/s00122-010-1511-6.

Sargolzaei, M., Rustioni, L., Cola, G., Ricciardi, V.,
Bianco, P.A., Maghradze, D., Failla, O., Quaglino,
F., Toffolatti, S.L., & De Lorenzis, G. (2021).
Georgian Grapevine Cultivars: Ancient
Biodiversity for Future Viticulture. Frontiers in
Plant  Science 12, 1-13. http://dx.doi.org/
10.3389/fpls.2021.630122.

Sosa-Zuniga, V., Vidal Valenzuela, A., Barba, P.,
Espinoza Cancino, C., Romero-Romero, J.L., &
Arce-Johnson, P. (2022). Powdery Mildew
resistance genes in vines: an opportunity to achieve
a more sustainable viticulture. Pathogens 11, 703.
https://doi.org/10.3390/pathogens11060703.

Tahmaz, H., Yiksel Kiiskii, D., S6ylemezoglu, G., &
Celik, H. (2022). Phenolic compound and
antioxidant capacity contents of Vitis labrusca L.

genotypes. Journal of Tekirdag Agricultural
Faculty 192), 318-331. https:/doi.org/10.33462/
jotaf.952108.

This, P., Lacombe, T. & Thomas, M.R. (2006).

Historical origins and genetic diversity of wine
grapes, 7Trend in Genetics 22, 511-519.
https://doi.org/10.1016/.tig.2006.07.008.

Unes, D. (2016). Izabella Uziimii (Vitis labrusca L.)
Meyvesinin Fenolik Bilesenleri ve Antioksidan


https://doi.org/10.31421/IJHS/5/1-2/19
https://doi.org/10.17660/ActaHortic.2009.827.97
https://doi.org/10.5344/ajev.2012.12060
https://doi.org/10.3390/su132313254
https://doi.org/10.1186/s12870-016-0855-8
https://doi.org/10.1186/s12870-016-0855-8
http://dx.doi.org/10.4238/gmr18482
https://doi.org/10.1186/1471-2229-10-147
https://doi.org/10.1186/1471-2229-10-147
https://doi.org/10.1038/hortres.2015.20
https://doi.org/10.1094/PHYTO-09-10-0237
https://doi.org/10.1094/PHYTO-09-10-0237
http://dx.doi.org/10.1007/s00122-010-1511-6
https://doi.org/10.1016/j.tig.2006.07.008

KSU Tarim ve Doga Derg 27 (Ek Say1 1), 163-173, 2024
KSU J. Agric Nat 27 (Suppl 1), 163-173, 2024

Arastirma Makalesi
Research Article

Etkisinin Arastirilmasi (Tez no 437984). [Yiiksek
Lisans Tezi, Bartin Universitesi Fen Bilimleri
Enstitiisii Orman Endustri Mihendisligi Ana Bilim
Dali]. Yiiksek6gretim Kurulu Ulusal Tez Merkezi.
van Heerden, C.J., Burger, P., Vermeulen, A., & Prins,
R. (2014). Detection of Downy and Powdery Mildew
resistance QTL in a  ‘Regent’x‘RedGlobe’
population. Fuphytica 200, 281-295.
https://doi.org/10.1007/s10681-014-1167-4.

Wan, Y., Schwaninger, H.R., Baldo, A.M., Labate, J.A.,
Zhong, G.Y., & Simon, C.J. (2013). A phylogenetic
analysis of the grape genus ( Vitis L.) reveals broad
reticulation and concurrent diversification during
neogeneand quaternary climate change. BMC
Evolutionary Biology 13, 141.
https://doi.org/10.1186/1471-2148-13-141.

Welter, L.J., Gokturk-Baydar, N., Akkurt, M., Maul,
E., Eibach, R., Tépfer, R., & Zyprian, E.M. (2007).
Genetic mapping and localization of quantitative
trait loci affecting fungal disease resistance and leaf
morphology in grapevine (Vitis wvinifera L).
Molecular Breeding 20, 359-374. https://doi.org/

173

10.1007/s11032-007-9097-17.

Yildirim, Z., Atak, A., & Akkurt, M. (2019).
Determination of Downy and Powdery Mildew
resistance of some Vitis spp. Ciéncia e Técnica
Vitivinicola 34(1), 15-24. https://doi.org/10.1051/
ctv/20193401015.

Zendler, D., Schneider, P., Topfer, R., & Zyprian, E.
(2017). Fine mapping of Ren3 reveals two loci
mediating  hypersensitive  response against
FErysiphe necator in grapevine. FKuphytica 213, 68.
https://doi.org/10.1007/s10681-017-1857-9.

Zendler, D., Tépfer, R., & Zyprian, E. (2020).
Confirmation and fine mapping of the resistance
locus Ren9 from the grapevine cultivar ‘Regent’.
Plants 11), 24. https://doi.org/10.3390/
plants10010024.

Zhou, Y., Massonnet, M., Sanjak, J.S., Cantu, D., &
Gaut, B.S. (2017). Evolutionary genomics of grape
(Vitis vinifera ssp. vinifera) domestication.
Proceedings of the National Academy of Sciences
114(44), 11715-11720.  https://doi.org/10.1073/
pnas.1709257114.


https://doi.org/10.1007/s10681-014-1167-4
https://doi.org/10.1186/1471-2148-13-141
https://doi.org/10.1007/s10681-017-1857-9

KSU Tarim ve Doga Derg 27 (Ek Say1 1), 174-184, 2024
KSU J. Agric Nat 27 (Suppl 1), 174-184, 2024
DOI:10.18016/ksutarimdoga.vi.1461812

o)

Kahramanmarag Dulkadiroglu Ilgesinde Yetisen Uziim Cesitlerinin Belirlenmesi ve
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OZET Bahge Bitkileri

Uziim tireticilerinin kendi bslgelerinde tercih edilen tiziim gegitlerinin

tanimlanmasi ve koruma altina alinmasi genetik kaynaklarin gelecek Aragtirma Makalesi
nesillere aktarilabilmesi i¢in énem arz etmektedir. Bu c¢alismada,

Kahramanmaras Dulkadiroglunda yetistiriciligi yapilan Uzim Makale Tarihgesi
cesitlerinden 32 adet genotip incelenmistir. Bu gesitler; Horuzyiiregi Gelig Tarithi @ 30.03.2024
(Sinonim= Iman Uziimii), Kirmizali Mahrabagi, Kararan Mahrabasi, Kabul Tarihi :09.08.2024
Ag Mahrabagi, Ag Uziim, Hatun Parmagi, Kibris Uziimi, Red Globe,

Kokulu Uziim, Kirkit Uziimii, Seker Uziimii, Yediveren, Bandirma, Anahtar Kelimeler

Pafi, Azezi, Kiinefi, Kirmiz1 Gaziantep Kiinefisi, Sar1 Sergilik, Honi Dulkadiroglu,

Kabarcik (Sinonim= Tosbaga Kabarcigi, Kuzucak Kabarcigi), Tiiylii Uziim genotipleri,
Kabarcik, Cirt Kabarcik, Izmir Kabarcigl, Kizaran Kabarcik, Sararan Ampelografi,

Kabarcik, Siyah Kabarcik, Kilis Kara Sergilik, Orak Karasi, Kara Oo1v

Sergilik, Deve Gozi (Sinonim= Okiizgozi), Sultani Cekirdeksiz,
Dokiilgen ve Perpil olarak siralanmistir. Calismadaki asma
genotipleri uluslararasi anlamda kabul gérmiis ve arastirmacilar
tarafindan yogun bir sekilde kullanilan OIV (The International
Organisation of Vine and Wine, Uluslararas: Bag ve Sarap Orgiiti)
kriterlerine (siirgiin 6zellikleri, genc yaprak 6zellikleri, olgun yaprak
ozellikleri, tane o6zellikleri, fenolojik ve pomolojik 6zellikler) gore
tanimlanmistir. Bu c¢alisma ile bolgedeki asma genotiplerinin
literatiire kazandirilmasi1 ve mevcut gen kaynaklarinin korunmasi
amaglanmigtir. Calisma sonucunda, Kahramanmarag Dulkadiroglu
ilgesinin zengin bir asma genetik kaynagina sahip oldugu
anlasilmigtir. Yapilan ¢iftci ziyaretleri sonucunda, Kabarcik en fazla
uretimi yapilan c¢esit olarak tespit edilmigtir. Perpil cesitinin V.
labrusca L. turiine ait oldugu dugintlirken diger cesitlerin
tamaminin Vitis vinifera L. tirtne ait oldugu tespit edilmistir. Tespit
edilen ¢esitlerin benzerlik iligkilerini belirlemek i¢in molekiiler bazli
analizlerin yapilmas: gerekmektedir.

Determination of Grape Varieties Growing in Kahramanmarag Dulkadiroglu District and Investigation
of Ampelographic Characteristics

ABSTRACT Horticulture

Identification and protection of grape varieties preferred by grape

producers in their regions are important to transfer genetic resources Research Article

to future generations. In this study, 32 genotypes of grape varieties

grown in Kahramanmaras Dulkadiroglu were examined. These Article History

varieties; Horuzyiiregi (Synonym= Imam {iziimii), Kirmizih Received : 30.03.2024
Mahrabagi, Kararan Mahrabagi, Ag Mahrabagi, Ag Uztimii, Hatun Accepted :09.08.2024
Parmagi, Kibris Uzimi, Red Globe, Kokulu Uzim, Kirkit Uzimi,

Seker Uziimii, Yediveren, Bandirma, Pafi Uziimii, Azezi, Kinefi, Keywords

Kirmiza Gaziantep Kiinefisi, Sar1 sergilik, Honi Kabarcik (Synonym = Dulkadiroglu,

Tosbaga Kabarcigi, Kuzucak Kabarcigl), Kara Sergilik, Cirt Grape Genotypes,
Kabarcik, Izmir Kabarcigi, Kirmizili Kabarcik, Sararan Kabarcik, Ampelography,

Siyah Kabarcik, Kilis Kara Sergilik, Orak Karasi, Kara Sergilik, Deve o1V

Gozit (Synonym= Okiizgozii), Sultani Cekirdeksiz, Dékiilgen and
Perpil. Grapevine genotypes were compared according to OIV (The
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International Organisation of Vine and Wine) criteria (shoot
characteristics, young leaf characteristics, mature leaf characteristics,
berry characteristics, phenological and pomological characteristics),
which are internationally accepted and wused extensively by
researchers. With this study, it was aimed to introduce the grapevine
genotypes in the region to the literature and to protect the existing
genetic resources. As a result of our study, it was understood that
Kahramanmaras Dulkadiroglu district has a rich grapevine genetic
resource. As a result of the grower’s visits, Kabarcik was determined
to be the most produced variety. While the Perpil variety was thought
to belong to the V. labrusca L. species, all other varieties were
determined to belong to the Vitis vinifera L. cultivar. It 1is
recommended to perform molecular-based analyzes to determine the

similarity relationships of the detected varieties.

Atif Igin:  Yilmaz, T., & Takas, M (2024). Kahramanmaras Dulkadiroglu Ilgesinde Yetigsen Uziim Cesitlerinin Belirlenmesi
ve Ampelografik Ozelliklerin Arastirilmasi. KSU Tarim ve Doga Derg 27 (Ek Sayr 1), 174-184. DOL:
10.18016/ksutarimdoga.vi.1461812.

To Cite: Yilmaz, T., & Takas, M (2024). Determination of Grape Varieties Growing in Kahramanmaras Dulkadiroglu
District and Investigation of Ampelographic Characteristics. KSU J. Agric Nat 27 (Suppl 1), 174-184. DOI:
10.18016/ksutarimdoga.vi.1461812.

GIRIS ¢ok zengin ve degisik 6zelliklere sahip yerel gesit ve

Turkiye'de 2022 yilinda toplam 384537 ha alandan
yaklagik 4165000 ton tUzlim uretimi yapilmigtir
(FAOSTAT, 2024). Kahramanmaras ta ise 2022
yilinda Dulkadiroglu (25265 ton), Onikisubat (17304
ton), Pazarcik (12860 ton) ilgeleri basta olmak tizere
toplam 64681 ton iiziim iiretimi yapilmistir (TUIK,
2024). Asmanin tanimlanmasi ile ilgilenen bilim
dalina Ampelografi ad1 verilmektedir. Ilk olarak Sachs
tarafindan 1661 yilinda yayinlanan “Ampelographia”
adli eserde kullanilan ampelografi terimi; Yunanca
"ampelos" (asma) ve "graphe" (nitelemek, tasnif
etmek) kelimelerinden tiiretilmistir (Oraman, 1959).

Asma gen kaynaklarinin belirlenmesi ve
tanimlanmasinda  uluslararasi  yontem  birligi
saglamak amaciyla “Uluslararas1 Bagclik ve

Sarapcilik Ofisi” (OIV- Office Internaternatiolel de la
vigne et du Vin), “Uluslararas1 Bitki Gen Kaynaklar1”
(IBPGR- International Board for Plant Genetic
Resources) ve “Uluslararas1 Yeni Bitki Cesitlerinin
Korunmas1 Birligi” (UPOV- International Union For
the Protection of New Varieties of Plants) tarafindan
olusturulan “Uzim Tammlayicilar1” (Descriptor for
Grape) yaygin olarak kullanilmaktadir (Anonim, 1983;
OIV, 1983). Tanmimlayicilar geleneksel olarak siirgiin
ucu (sekil, tiiyliiliik ve renklenme), yaprak (sap cebi,
dilimler ve digler ile aya sekli), meyve salkimlar:
(biiyiikliikk ve sekil) ve taneler (biiyiiklik, sekil ve
renklenme) gibi gorsel ozellikleri kapsamaktadir
(Keller, 2020; OIV, 1983). Tirkiye Asma (Vitis vinifera
L)nin anavatani olan cografya icerisinde yer
almaktadir. Yuzyillardir siiregelen bagcilik kiiltiirid
sonucunda Tirkiye diinya asma gen potansiyeli
bakimindan s6z sahibi tilkelerden biridir. Tirkiye'nin
hemen  her  bolgesinde  izlim  yetistiriciligi
yapilmaktadir. Bu nedenle homonim (farkl)) ve
sinonim (ayn1) bakimdan genis bir varyasyon gésteren

175

tipler bulunmaktadir. Bu cesit ve tiplerin dogru
tanimlanmasi, toplam cesit sayisinin belirlenmesi ve
¢esit standardizasyonu agisindan buyik O6nem
tasimaktadir (Ergil ve ark., 2006). Tirkiye asma
genetik kaynaklarinin toplanmasi ve muhafazasi 1965
yilinda Tekirdag Bagcilik Arastirma Enstitisi
tarafindan yuritilmeye baslayan “Turkiye Asma
Genetik Kaynaklarinin Belirlenmesi, Muhafazas1 ve
Tanimlanmas1” isimli proje 1ile olmustur. Proje
calismalar1 bugiine kadar 11 Tarim ve Orman
Mudirlukleri, Universitelerin lgili
bélimleri/akademisyenleri ve dogrudan treticiler ile
irtibat saglanarak yuritiilmistiir. Ik yillarda yapilan
envanter ¢alismalari sonucu Tirkiye’'de yaklasik 1.600
adet lizim c¢esidinin bulundugu tespit edilmis olup,
ginimizde Milli koleksiyon baginda 1.435 c¢esit
muhafaza edilmektedir (Uysal & Yasasin, 2017). Bu
¢alismanin amaci Kahramanmaras ili Dulkadiroglu
ilgesinde yetistirilen uzimlerin ¢esit varlhiklarinin

uluslararas: normlara gore tanimlanmasim
saglamaktir.

MATERYAL ve METOD

Materyal

Bu c¢alisma Kahramanmaras Dulkadiroglu ilgesi
Merkez, Bertiz Bolgesinde bulunan tretici baglarinda
yuritulmistur. Calismada tespit edilen 32 uzim
gesidinin  OIV  kriterlerine gére ampelografik
ozellikleri ortaya konulmustur. Calismada tespit
edilen tUziim cegitleri, tretim alanm ve rakim bilgileri
Cizelge 1’de gosterilmistir.

Metot

Bu ¢alisma Dulkadiroglu ilgesini temsil edecek sekilde
Yusufhacili, Peynirdere, Cokyasar, Yenigehir, Cobanli
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ve Hacieytplu baglarinda yuriutilmustr.
Yetisticilerden ayrintili alinan bilgiler dogrultusunda,
15-20 yaglar arasinda, saglikli ve verimli omcalar yaz
gelisme doneminde yaprak ve salkim 6rnekleri alinmig
ve igaretlemeler yapilmigtir. Caligmada Uuzim
cesitlerinin ampelografik olarak tanimlanmasinda
uluslararas: yontem birligi saglamak amac ile ‘Uziim

Research Article
tamimlayicilarr’ adi altinda yayinlanan kriterler
kullanilmistir ~ (OIV,  1983). OIV  kriterleri

dogrultusunda her bir ¢esitten alinan 6rnekler siirgiin,
gen¢ yaprak, olgun yaprak, salkim, fenolojik ve
pomolojik 6zellikleri Kahramanmaras Siit¢ii Imam
Universitesi Bahce Bitkileri Laboratuvarlarinda
incelenmisgtir.

Cizelge 1. Kahramanmaras Dulkadiroglu ilgesinde tespit edilen tziim gesitleri ve toplandiklar: alan ve rakim

bilgileri

Table 1. Grape varieties identified in Kahramanmaras Dulkadiroglu district and information about the area and

altitude where they are collected

Cesit Ad1 (Cultivar Name)

Rakim (Attitude)

Horoz Yiiregi (Sinonim; Imam Uziimii) 1249
Kirmizili Mahrabasi 820
Kararan Mahrabasi 893
Ag Mahrabasi 893
Ag Uziim 851
Hatun Parmag 718
Kibris Uzimi 1249
Red Globe 1249
Kokulu Uziim 1249
Kirkit Uztimii 1249
Seker Uzimi 820
Yediveren 851
Bandirma Uziimii 1249
Pafi Uzimii 820
Azezi Uzimi 851
Kiinefi Uziimii 1249
Kirmiz1 Gazi Antep Kiinefisi 1249
Sar1 Sergilik 744
Honi Kabarcik (Sinonim; Tosbaga Kabarcigi, Kuzucak Kabarcig1) 851
Tuylu Kabarcik 820
Cirt Kabarcik 820
Izmir Kabarcig 1249
Kizaran Kabarcik 1249
Sararan Kabarcik 1249
Siyah Kabarcik 851
Kilis Kara Sergilik 820
Orak Karasi 763
Kara Sergilik 893
Deve Gézii (Sinonim; Okiiz Gozii) 851
Izmir Sultani Cekirdeksiz 851
Dokiilgen 851
Perpil 531
BULGULAR ve TARTISMA tespit edilmistir. Siiliiklerin siirgiindeki dizilisi (OIV

Uziim Cesitlerinin Siirgiin Ozellikleri

Siirgiin ucunun sekli bakimindan (OIV 001) Kirmizil
Mahrabasi, Kararan Mahrabasi, Hatun Parmagi, Red
Globe, Kirkit, Seker Uziim, Yediveren, Bandirma
tiztim cesitleri “aqik”, Ag Uziim, Siyah Kabarcik ve
Kilis Kara Sergilik Gzim cesitleri ‘yar1 agik’ olarak
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016) bakimindan Horoz Yiregi, Kibris Uziim, Red
Globe, Kirkit, Yediveren, Bandirma, Pafi, Kirmizi
Gaziantep Kunefisi, Honi Kabarcik, Tuyli Kabarcik,
Cirt Kabarcik, Izmir Kabarcik, Kizaran Kabarcik,
Perpil gesitleri “kesikli”, diger gesitler “devamli” olarak
tespit edilmistir. Bu sonuglar 6nceki g¢alismalarda
paralellik gostermektedir (Kara, 1990; Unal, 2000;
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Uyak, 2010). Siirgiin ucundaki yatik tiiylerin
yogunlugu (OIV 004) bakimindan Ag Uziim, Kibris
Uziimii, Kokulu Uziim, Izmir Kabarcik, Kilis Kara
Sergilik, Orak Karasi, Kara Sergilik, Deve Gozi, Izmir
Sultani Cekirdeksiz, Dokulgen tiziim cesitleri “seyrek”,
Horuz Yuregi, Kirkit, Perpil Gzim cesitleri “orta”,
Kirmizili Mahrabasi, Kararan Mahrabasi, Ag
Mahrabasgi, Pafi, Kizaran Kabarcik, Sararan Kabarcik,
Siyah Kabarcik gesitleri “sik”, Tuylu Kabarcik, “cok
s1k”, diger c¢esitler ise “cok seyrek” olarak
belirlenmigtir. Stirgiin ucunda dik tiylerin yogunlugu
(OIV 005) bakimindan Ag Uziim, Red Globe, Kokulu
Uziim, Seker Uziim, Yediveren, Bandirma cesitleri
“cok seyrek”, Sararan Kabarcik ve Siyah Kabarcik
uzim cgegsitleri “seyrek”, Pafi ve Tuylu Kabarcik

cesitleri  “sik”,  diger ¢esitler “yok”  olarak
degerlendirilmigtir. Calismanin sonucunda elde edilen
bu bulgular 6nceki c¢aligmalarla uyumluluk

gostermektedir (Kara, 1990; Unal, 2000; Uyak, 2010).
Bogum aralarinin sirt rengi (OIV 007) bakimindan Ag
Uzim, Hatun Parmagi, Red Globe, Kirkit, Seker
Uziim, Yediveren, Bandirma, Pafi tzim cesitleri
“kirmizi-gizgili yesil”, Ag Mahrabagi, Sar1 Sergilik,
Honi Kabarcik tziim cesitleri “yesil”, diger cesitler
“kirmiz1” simifina girmistir. Bogum aralarinin karin
tarafinin rengi (OIV 008) bakimindan Kibris Uziimi,
Azezi, Kiinefi, Tuyli Kabarcik, Cirt Kabarcik, Izmir
Kabarcik cesitleri “kirmizi”, Kirmizili Mahrabasgi,
Kararan Mahrabasi, Ag Mahrabasi, Red Globe, Kirkit,
Seker Uziim, Yediveren, Bandirma, Pafi, Sar1 Sergilik,
Honi Kabarcik tziim cesitleri “yesil”, diger cesitler
“kirmizi-gizgili yesil” sinifina girmigtir. Bogumlarin
sirt rengi (OIV 009) bakimindan Ag Mahrabasi, Ag
Uziim, Red Globe, Kirkit, Yediveren, Bandirma, Pafi,
Kirmizi Gaziantep Kunefisi, Honi Kabarcik cesitleri
“kirmizi-¢izgili yesil”, Sar1 Sergilik cesidi “yesil”, diger
cesitler  “kirmiz1”  olarak  tespit  edilmigtir.
Bogumlardaki dik tiyler bakimindan Kirmizih
Mahrabagi, Kararan Mahrabasi, Ag Mahrabasi, Ag
Uziim, Red Globe, Kirkit, Seker Uziim, Yediveren,
Bandirma, Pafi gesitleri “gok seyrek”, Tuyli Kabarcik
cesidi “s1k”, diger cesitler “yok” olarak
degerlendirilmistir. Siiliiklerin uzunlugu (OIV 017)
bakimindan Ag Uziim ve Kizaran Kabarcik “orta”, Ag
Mahrabas1t cesidi “uzun”, digerler cesitler “kisa”
siifina girmistir.

Uziim Cesitlerinin Geng Yaprak Ozellikleri

Ust yiiziin rengi (OIV 051) bakimindan Ag Mahrabas,
Ag Uziim, Kibris Uztimi, Kirmizi Gaziantep Kinefisi,
Sar1 Sergilik, Honi Kabarcik, Tiyla Kabarcik, Cirt
Kabarcik, Izmir Kabarcik, Kizaran Kabarcik gesitleri
“bronz benekli yesil”, Kirkit tiziim ¢esidi “bakir saris1”,
Kirmizili Mahrabagi, Kararan Mahrabasi, Hatun
Parmag1 tzim g¢esitleri “yesil”, Azezi ve Kiunefi
cesitleri “kirmiz1”, diger cesitler “bronz benekli sar1”
sinifina girmistir. Damar aralarindaki yatik tiyler
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(OIV 053) bakimindan Kirmizili Mahrabasi, Kararan
Mahrabasi, Ag Mahrabasi, Ag Uziim cesitleri “yok”,
Kibris Uziimii, Kokulu Uziim, Izmir Kabarcik, Kizaran
Kabarcik, Sararan Kabarcik, Siyah Kabarcik, Orak
Karasi, Kara Sergilik, Deve Gozi, Izmir Sultani
Cekirdeksiz, Dokiilgen cesitleri “seyrek”, Horoz Yiregi
ve Perpil cesitleri “orta”, Tuyli Kabarcik ve Cart
Kabarcik ¢esitleri “cok sik” diger gesitler “cok seyrek”
sinifina girmistir. Damar aralarindaki dik tiiyler (OIV
054) bakimindan, Tiiyli Kabarcik ve Cirt Kabarcik
cesitleri “sik”, Kibris Uziimii, Kirkit ve Izmir Kabarcik
uzim cesitleri “seyrek”, diger tizim cesitleri “yok”
sinifina dahil olmustur.

Uziim Cesitlerinin Olgun Yaprak Ozellikleri

Olgun yaprak uzunlugu (OIV 066) bakimindan
Kirmizili Mahrabasi, A Mahrabasi, Kibris Uziim,
Kokulu Uztm, Kirkit, Pafi, Azezi, Kirmizi Gaziantep
Kinefisi tUzim cesitleri “orta”, Horuz Yiregi, Ag
Uziim, Sar1 Sergilik, Honi Kabarcik, Tuyli Kabarcik,
Cirt Kabarcik tuzim cgesitleri “uzun”, diger cesitler
“kisa” sinifina girmistir. Olgun yaprak ayasinin sekli
(OIV 067) bakimindan Kibris Uziim, Red Globe,
Kokulu Uzim, Kirkit, Seker Uzimii, Azezi, Tuyli
Kabarcik, Cirt Kabarcik ve Perpil tzim ¢esitleri
“besgen”, Kirmizili Mahrabagi, Ag Mahrabasi,
Yediveren, Kiinefi ve Kirmizi Gaziantep Kiinefisi
tiziim cesitleri “yuvarlak”, Izmir Sultani Cekirdeksiz
ve Dokulgen lUzum cgesitleri “bobrek”, diger cesitler
“kama geklinde” sinifina girmistir. Olgun yaprak dilim
sayist  (OIV  068) bakimindan Izmir Sultani
Cekirdeksiz ve Perpil tzum cesitleri “dilimsiz”, Ag
Mahrabasgi tiziim ¢esidi “l¢ dilim”, diger tiziim cesitleri
ise “beg dilim” olarak tespit edilmigtir. Olgun yaprak
dilim sayisinin ve olgun yaprak ayasinin seklinin
ekolojik faktorlerden etkilenmeyecegi digtunilirse bu
parametrelerin lzim tamimlamalarinda dogrucu
bilgileri sunacagi énceki arastirmacilar tarafindan
bildirilmistir (Diri, 1996). Olgun yapragin iist yiiziiniin
rengi (OIV 069) bakimindan A Mahrabasi ve Ag
Uziim tiziim cesitleri “cok acik yesil” diger cesitler
“yesil” olarak tespit edilmistir. Olgun yapragin st
tarafinin rengi yoreden yoreye veya beslenme
programlarina gore degisiklik gosterebilecegi goz
ontinde bulundurulursa, bu parametrenin
yetistiriciligi yapilan bélgede cesit ayriminda 6nemli
bir parametre oldugu diisiiniilmektedir (Anonim,
1983).

Uziim Cesitlerinin Tane Ozellikleri

Tane sekli (OIV 223) bakimindan Pafi, Sar1 Sergilik,
Deve Gozii, Izmir Sultani Cekirdeksiz, Dokiilgen tiziim
gesitleri “yumurta geklinde”, Kararan Mahrabas:
Uzim ¢esidi “ters yumurta seklinde”, Ag Mahrabas: ve
Ag Uziim cesitleri “uzun oval”, Kibris Uziim, Kokulu
Uziim, Seker Uzim, Kinefi, Kirmizi Gaziantep
Kiinefisi tiziim gesitleri “silindirik”, Kirkit Uziim, Orak
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Karasi, Kara Sergilik tGzim c¢esitleri “kisa oval”,
Bandirma ve Kilis Kara Sergilik tzim ¢esitleri
“parmak seklinde”, diger cesitler “yuvarlak” sinifina
girmigtir. Farkli aragtirmacilar tarafindan ekolojik
isteklerin, kilturel uygulamalardaki farklilhiklar ve
farkl tozayicilarin tane sekli tizerinde 6nemli etkileri
oldugu bildirilmistir. Arastirmacilara gore tane sekli
cevre faktorlerinden ¢ok etkilenmeyen bir kriter
olarak bildirilmektedir ve bu sayede ¢esit tanimlama
kriterlerinde kullanilmasinda 6nemli bir yeri vardir
(Fidan, 1985). Tane enine kesiti (OIV 224) bakimindan
lzim  cesitlerin  tamami  “yuvarlak”  smifina
girmiglerdir. Tane kabuk rengi (OIV 225) bakimindan
Horoz Yiregi ve Kirmizili Mahrabag: tizim gesitleri
“kirmizi-gri”, Kararan Mahrabagy, Kiinefi Uziim,
Siyah Kabarcik, Kilis Kara Sergilik, Kara Sergilik
izim cesitleri “siyah”, Ag Uziim cesidi “sar1”, Red
Globe, Kirmizi Gaziantep Kiinefisi ve Perpil tiziim
gesitleri “koyu kirmizi-mor”, Pafi, Kizaran Kabarcik,
Orak Karasi, Deve Gozi ve Izmir Sultani Cekirdeksiz
uzim cesitleri “diger”, diger cesitler ise “yesil-sar1”
sinifina girmistir. Tane meyve etinin rengi (OIV 230)
bakimindan Bandirma, Pafi, Azezi, Kizaran Kabarcik,
Deve Gozii, Izmir Sultani Cekirdeksiz, Dokiilgen tiziim
cesitleri “cok hafif renkli”, Horoz Yiiregi, Kirmizih
Mahrabasgi, Ag Mahrabasi, Red Globe lUzim cesitleri
“hafif renkli”, Siyah Kabarcik ve Orak Karasi tiziim
cesitleri “orta renkli” Kararan Mahrabasgi, Kiinefi,
Kirmiz1 Gaziantep Kiinefisi, Kilis Kara Sergilik, Kara
Sergilik ve Perpil tiziim gesitleri “¢cok kuvvetli renkli”,
diger gesitler “renksiz” sinifina girmistir. Ben diigme
doneminden 6nce tanedeki yesil renk belirginligini
stirdirirken bu dénemden sonra ¢esit rengine baglh
olarak tanedeki renk degisimi baglamaktadir. Tane
rengi ¢eside 6zgu olarak degisim gostermekle birlikte
etkili sicaklik toplami gibi iklim sartlari dolayisiyla
¢ogu zaman ayni cesitler igerisinde bile farklilik
gosterdigi tespit edilmistir. Tane cekirdek varlhigi (OIV
241) bakimindan cesitlerin cekirdekli olup olmadig:
bakimindan Sultani Cekirdeksiz tzim c¢esidi “yok”,
diger otuzbir Uzum cesitlerinde 1-3 arasinda “var”
olarak degerlendirilmistir.

Uziim Cegsitlerinin Fenolojik ve Pomolojik Ozellikleri

Uziim cesitlerinde gézlerin uyanmasi (OIV 301) genel
anlamda Mayis ayinin birinci yarisi olarak tespit
edilmigtir. Erkenci cegitler ise Nisan 15 gibi erken

uyandigl  goézlemlenmistir. En erken uyanma
01.04.2022 tarihinde Orak Karasi ve Ag Uzum
cesitlerin de  gozlemlenmigtir. Yediveren ise

18.05.2022 tarihinde en ge¢ uyanan Uiziim ¢esidi olarak
tespit edilmigtir. Olgunlagsma zamam bakimindan
(OIV 304) genel anlamda cesitler haziran aymin ilk
yarisinda gergeklesmektedir. En erken olgunlasan
cesit 15.06.2023 tarihinde Orak Karas1 ve Ag Uziim
cesitlerinde goézlemlenirken, en ge¢ olgunlasan cesit
05.10.2022 tarihinde Yediveren cesidi olarak tespit
edilmigtir. Olgunluk doénemine etki eden faktérler
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gozlerin surmesinden sonraki alinan toplam etkili
sicaklik toplami, bagin bulundugu yer ve yoney,
asmanin yasi, terbiye sekli, topragin genel yapisi ve
icsel hormonlarin tziim tanesindeki dagilimi
etkilerinin bir toplami oldugu bildirilmektedir (Fidan,
1985). Salkim agirligi bakimindan (OIV 502) Perpil
gesidi  “gok  kiugik”, Kirmizilh Mahrabagsi, Ag
Mahrabasi, Red Globe, Kokulu Uziim, Kirkit, Izmir
Kabarcik, Kizaran Kabarcik, Sararan Kabarcik, Siyah
Kabarcik, Kilis Kara Sergilik, Izmir Sultani
Cekirdeksiz c¢esitleri “orta”, Kunefi ve Kirmizi
Gaziantep Kiinefisi gesitleri “blyik” ve diger cesitler
“ktcik” sinifina girmistir. Tane agirligr bakimindan
(OIV 503) Pafi, Kilis Kara Sergilik, Izmir Sultani
Cekirdeksiz ve Perpil tizim cesitler: “kiicik”, Kokulu
Uziim ve Bandirma tiziim gesitleri “biiytik”, Red Globe
tizlim cesidi “cok bliylik” ve diger cesitler “orta” sinifina
girmiglerdir. Uziim c¢esitlerinin hasat déneminde
yapilan analizlere gore suda ¢oztunebilir kuru madde
(SCKM) miktarlar1 (OIV 505) bakimindan Kararan
Mahrabasi, Ag Mahrabasi, Kibris Uzim, Pafi, Honi
Kabarcik, Tuyla Kabarcik, Cirt Kabarcik, Kizaran
Kabarcik, Sararan Kabarcik, Ddékilgen ve Perpil
uzim cesitlerinde “orta”, Hatun Parmagi, Bandirma
ve Kinefi tziim ¢esitlerinde “yuksek”, Kirkit, Azezi,
Orak Karasi, Deve Gozii ve Izmir Sultani Cekirdeksiz
uzim cegsitlerinde “cok yiliksek”, diger cesitler ise
“diigik” smifinda yer almistir. Tespit edilen biitin
cesitler asit icerigi bakimindan (OIV 506) “diisiik”
olarak nitelendirilmistir. Uziim tanesindeki siranin
seker ve asit miktar1 kriterleri iklim kosullarina ve
ceside gore farklihk  gostermektedir. Uzim
tanelerindeki su miktarlarindan tespit edilen SCKM
miktarlar1 genetik faktorler ile farklilik gostermesinin
yaninda, ayrica denemenin yapildig1 yillar arasinda
her yi1l aym1 zamanin denk getirilememesi olarak da
sonuclandirilabilmektedir (Fidan, 1985; Kara, 1990).

SONUC ve ONERILER

Bu ¢alisma sonucunda Kahramanmaras Dulkadiroglu
ilgesi asma gen kaynagi bakimindan zengin bir yore
olarak kabul edilmistir. Kabarcik ¢esidi Dulkadiroglu
ilgesinde %80 oraninda en fazla tiretimi yapilan ¢esit
olarak belirlenmigstir. Calismada en yuksek SCKM
miktar1 Deve Gozii (%29), en yiiksek salkim agirlig:
Kiinefi (850 g) iiziim cesitinden elde edilmistir. En
erken uyanma ve olgunlasma Ag Uziim cesidinde
05.04.2023 ve 15.07.2023 tarihlerinde tespit
edilmigtir. Bu calismada tespit edilen uzum
cesitlerden bazilar1 (Kabarcik, Sultani Cekirdeksiz,
Dokiilgen, Okiiz gozii, Red Globe, Yediveren, Azezi,
Antep {iziimii, Mahrabasi, Red Globe) daha énceden
farkli arastirmacilar tarafindan tanimlamalar
yapilmigtir (Sabir ve ark., 2009; Bilen, 2017; Isci &
Altindigli, 2017; Karatas ve ark., 2019; Candar ve ark.,
2021; Baykul & Séylemezoglu, 2023).
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Sekil 1. Horozyiiregi salkim (A1) ve olgun yaprak (B1), Kirmizili Mahrabas1 salkim (A2) ve olgun yaprak (B2)

gorintileri
Figurel. Images of Horozyiiregi cluster (A1) and mature leaf (B1), Kirmizili Mahrabasi cluster (A2) and mature
leaf (B2)

1]

Sekil 2. Kararan Mahrabas1 salkim (A1) ve olgun yaprak (B1), A§ Mahrabas: salkim (A2) ve olgun yaprak (B2)
gorintileri

Figure2. Images of Kararan Mahrabasi cluster (A1) and mature leaf (B1), Ag Mahrabasi cluster (A2) and mature
leaf (B2)

Sekil 3. Ag Uziim salkim (A1) ve olgun yaprak (B1), Hatun Parmag1 salkim (A2) ve olgun yaprak (B2) goriintiileri
Figures. Images of Ag Uziim cluster (A1) and mature leaf (B1), Hatun Parmagi cluster (A2) and mature leaf (B2)

:

Sekil 4. Kibris Uziimii salkim (A1) ve olgun yaprak (B1), Red Globe salkim (A2) ve olgun yaprak (B2) gériintiileri
Figure4. Images of Kibris Uziimii cluster (A1) and mature leaf (B1), Red Globe cluster (A2) and mature leaf (B2)
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Sekil 5. Kokulu Uziim salkim (A1) ve olgun yaprak (B1), Kirkit Uziimii salkim (A2) ve olgun yaprak (B2)
gorintileri ) )
Figures. Images of Kokulu Uziim cluster (A1) and mature leaf (B1), Kirkit Uziimii cluster (A2) and mature leaf

Sekil 6. Seker Uziimii salkim (A1) ve olgun yaprak (B1), Yediveren salkim (A2) ve olgun yaprak (B2) gérintiileri
Figure6. Images of Seker Uziimii cluster (A1) and mature leaf (B1), Yediveren cluster (A2) and mature leaf (B2)

Sekil 7. Bandirma salkim (A1) ve olgun yaprak (B1), Pafi salkim (A2) ve olgun yaprak (B2) gériintiileri
Figure7. Images of Bandirma cluster (A1) and mature leaf (B1), Pafi cluster (A2) and mature leaf (B2)

——

Sekil 8. Azezi salkim (A1) ve olgun yaprak (B1), Kiinefi salkim (A2) ve olgun yaprak (B2) gériintiileri
FigureS. Images of Azezi cluster (A1) and mature leaf (B1), Kiinefi cluster (A2) and mature leaf (B2)
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Sekil 9. Kirmiz1 Gaziantep Kiinefisi salkim (A1) ve olgun yaprak (B1), Sar1 Sergilik salkim (A2) ve olgun yaprak
(B2) goriintiileri

Figure9. Images of Kirmiz1 Gaziantep Kiinefisi cluster (A1) and mature leaf (B1), Sar1 Sergilik cluster (A2) and
mature leaf (B2)

m— ] N
”
.

Sekil 10. Honi Kabarcik salkim (A1) ve olgun yaprak (B1), Tiiylii Kabarcik salkim (A2) ve olgun yaprak (B2)
gorintileri

Figurel0. Images of Honi Kabarcik cluster (A1) and mature leaf (B1), Ttiylii Kabarcik cluster (A2) and mature leaf
(B2)

Sekil 11. Cirt Kabarcik salkim (A1) ve olgun yaprak (B1), Izmir Kabarcig: salkim (A2) ve olgun yaprak (B2)

goruntileri ]
Figurell. Images of Cirt Kabarcik cluster (A1) and mature leaf (B1), Izmir Kabarcigi cluster (A2) and mature leaf
(B2)

Sekil 12. Kizaran Kabarcik salkim (A1) ve olgun yaprak (B1), Sararan Kabarcik salkim (A2) ve olgun yaprak (B2)
gorintileri

Figurel2. Images of Kizaran Kabarcik cluster (A1) and mature leaf (B1), Sararan Kabarcik cluster (A2) and mature
leaf (B2)
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Sekil 13. Siyah Kabarcik salkim (A1) ve olgun yaprak (B1), Kilis Kara Sergilik salkim (A2) ve olgun yaprak (B2)
gorintileri

Figurel3. Images of Siyah Kabarcik cluster (A1) and mature leaf (B1), Kilis Kara Sergilik cluster (A2) and mature
leaf (B2)

Sekil 14. Orak Karas1 salkim (A1) ve olgun yaprak (B1), Kara Sergilik salkim (A2) ve olgun yaprak (B2) gériintiileri
Figurel4. Images of Orak Karasi cluster (A1) and mature leaf (B1), Kara Sergilik cluster (A2) and mature leaf (B2)

Sekil 15. Deve Gézii salkim (A1) ve olgun yaprak (B1), Sultani Cekirdeksiz salkim (A2) ve olgun yaprak (B2)
goruntileri

Figurels. Images of Deve Gozii cluster (A1) and mature leaf (B1), Sultani Cekirdeksiz cluster (A2) and mature leaf
(B2)

Sekil 16. Dokiilgen salkim (A1) ve olgun yaprak (B1) ve Perpil salkim (A2) ve olgun yaprak (B2) gériintiileri
Figurel6. Images of Dokiilgen cluster (A1) and mature leaf (B1), Perpil cluster (A2) and mature leaf (B2)

Ayrica Tekirdag Bagcilik Arastirma Enstitiisi Devegf'jzii, Mahrabags1 ve Azezi’ olarak siralanmigtir
tarafindan yaymnlanan Tirkiye Asma Genetik (Anonim, 2024).11 genelinde 1995-96 yillarinda
Kaynaklar1  Katalogunda Kahramanmaras 1l yuritilmiis olan tek bir ampelografi ¢aligmasinda ise

genelinde yetistirilen cesitler ‘Bandirma, Kirkit, Kara 23 beyaz ve 10 renkli Uzim tespit edilmisti?.
Sergi, Ag Sergi, Kabarcik, Agmahrabast, Horoz Yiiregi, (Yalinkilig, 1996). Yalinkili¢c (1996) tarafindan tespit
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edilen Ata sansi, San yildiz, Miskiye, Kibris, Hasani ve
Yildiz cesitleri mevcut ¢calismada yer almamaktadir.
Fakat bu calisma sonucunda 7 farklh Kabarcik
(Kizaran Kabarcik, Honi Kabarcik (Sinonim; Tosbaga
Kabarcigy, Kuzucak Kabarcig)), Siyah Kabarcik,
Sararan Kabarcik, Tuyla Kabarck, Cirt Kabarcik,
Izmir Kabarcig1) ve 3 farkli Mahrabagi (A3 Mahrabast,
Kirmizili Mahrabasi, Kararan Mahrabas1) cesitleri
benzer isimler altinda fakat farkli tzim cesitleri
olarak literatire kazandirilmigtir. Perpil ziim
cesitinin Vitis labrusca ve diger cesitlerinin Vitis
Viniferaya ait oldugu tespit edilmigtir. Ciftci
ziyaretleri sonrasinda yorede modern bagcilikta
kullanilan telli terbiye sistemleri gibi verim ve kaliteyi
artirici unsurlarin ¢ok sik kullanilmadig: gézlenmistir.
Modern bagcilikta kullanilan sistemlerin ciftciye
tanitilmasi 6nerilmektedir. Béylece hem bdélge halkina
hem de ilke ekonomisine katkida bulunacag:
distinilmektedir. Ayrica Diinyada ve Tirkiye’de etkili
olan filoksera zararlisinin asmalara olan zarari hala
devam ettigi diustuntldiginde bu tir calismalarin
devami, ¢esitlerin tespiti ve korunmasina olan 6nemi
bir kat daha artirmaktadir. Bu ¢alismada kullanilan
cogu kriterlerin ekolojik faktoérlere, liretilen bolgeye ve
bakim kosullarina goére farkliliklar gésterecegi bir
gercektir. Bu sebeple, ¢calismada tespit edilen tUzim

cesitlerinin  yeni  nesil  molekiler teknikler
kullanilarak akrabalik iligkilerinin belirlenmesi
gerekmektedir.
TESEKKUR

Bu ¢alisma Mehmet TAKAS'1n yliksek lisans tezinden
uretilmigtir.

Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis
olduklarini beyan eder.
Cikar Catismasi Beyani
Makale yazarlar1 aralarinda herhangi bir ¢ikar

catismasi olmadigini beyan ederler.
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OZET

Turkiye farkli iklim ve ekolojik kosullara sahip olmasi nedeniyle
floranin ¢ok sayida bitki tiirt ve ¢esidi igermesi bakimindan dogadan
toplanan ve Kkiultirti yapilan tibbi bitkiler acisindan biiyik bir
ekonomik potansiyele sahiptir. Calismada Opuntia ficus-indica
bitkisinin meyve kismindan farkli ekstraksiyon yontemleriyle elde
edilen ekstrelerin antidiyabetik, antitirozinaz, antioksidan ve hiicre
canhiligr tizerine etkileri incelenmigtir. Bu amagla meyve kismi
kurutulduktan sonra %70’lik metanol ile maserasyon ve ses dalgalari-
destekli sivi ekstraksiyonu yontemleriyle hazirlanan ekstrelerin a-
amilaz, a-glikozidaz, tirozinaz inhibitor etkileri yaninda antioksidan
kapasiteleri DPPH ve ABTS yontemleri ve hiicre canliligl iizerine
etkileri ise RL95-2 ve A549 kanser hiicrelerinde tayin edilmistir.
Sonug olarak ekstrelerden ses dalgalari-destekli sivi ekstraksiyonu
yoéntemiyle hazirlanan ekstrenin a-amilaz (IC50=395.123+3.477 pg ml°
1) ve tirozinaz enzimi {izerinde inhibisyon etkisinin
(IC50=551.633+1.159 nug ml1), ABTS radikal siipiiriicii aktivitesinin
(0.522+0.041 pMTrolox/gekstre) diger ekstreden daha yiiksek oldugu
gorilmustir. Ayrica ayni ekstresinin toplam fenolik medde ve
flavonoit miktarnin da daha yiksek oldugu Dbelirlenmistir
((181.189+4.576 mgGAE/gekstre ve 125.635+1.946 mgCA /gekstre ).
Ekstrelerin a-glikozidaz, antitirozinaz ve hiicre canliligl tizerine
etkileri orta diizeyde bulunmustur. Bu c¢alismanin sonuglar1 ile
ozellikle ses dalgalari-destekli sivi ekstraksiyonu yoéntemiyle
hazirlanan ekstrenin a-amilaz inhibitér etki ve antioksidan etkisinin
hangi bilesiklerden kaynaklandigini ve etki mekanizmalarini
belirlemek i¢in daha ileri ¢calismalara ihtiya¢ duyulmaktadir.

ABSTRACT

The Flora of Tiurkiye contains many plant species and varieties due to
its different climate and ecological conditions. It has great economic
potential in terms of cultivated and natural medicinal plants. In this
study, the effects of extracts obtained from the fruit part of the O.
ficus-indica plant by different extraction methods were examined on
antidiabetic, antityrosinase, antioxidant, and cell viability. For this
purpose, after drying the fruits, the extracts were prepared with %70
methanol by maceration and ultrasound-assisted extraction methods.
Then the a-amylase, a-glucosidase, and tyrosinase inhibitory effects
as well as antioxidant capacities with DPPH and ABTS methods and
cell viability of extracts were determined on RL95-2 and A549 cancer
cells. As a result, it was shown that, the inhibitory effect of the extract
prepared by ultrasound-assisted extraction method on a-amylase
(IC50=395.123+3.477 pg mlY) and tyrosinase enzyme
(IC50=551.633+1.159 pg ml! and ABTS radical scavenging activity
(0.522+0.041 uMTrolox/gextract) Was found to be higher than the other
extract. It was also determined that the total phenolic and flavonoid
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content of the same extract was higher

((181.189+4,576
mgGAE/extract and 125.635+1.946 mgCA/extract). The effects of the
extracts on a-glucosidase and tyrosinase enzymes and cell viability
were found to be moderate. In conclusion, further studies are needed
to understand which compounds were related to a-amylase inhibitory
effect and antioxidant activity and mechanisms of action.

Atif Icin:  Pasayeva, L., Kicali, S & Karaboga Arslan, A. K.(2024). Opuntia ficus-indica (L.) Mill. Bitkisinden Hazirlanan
Farkli Ekstrelerin Antidiyabetik, Antitrozinaz, Antioksidan ve Sitotoksik Etkisinin Arastirilmasi. KSU Tarim
ve Doga Derg 27 (Ek Say1 1), 185-193. DOI: 10.18016/ksutarimdoga.vi.1463666.
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GIRIS oturtulmasi  ama¢hh  yapilan c¢alismalar hiz
Diyabet diinya genelindeki baslica saghk kazanr.na}{tadu". Ozellikle halk arasinda kullanimi
sorunlarindan  biri olup insiilin  salgisindaki olan bitkiler bu acidan énem tagimaktadir (Arituluk,

bozukluklardan, insiilin etkisinden veya her ikisinden
kaynaklanan hiperglisemi ile karakterize metabolik
hastaliklardan biridir (Association, 2010; Petersmann
ve ark., 2018). Diyabet tedavisinde temel yaklasim
yasam tarzi degisikligi, artan fiziksel aktivite ve besin
alinnmina dikkat edilmesidir. Mevcut olan tedavi
yaklasimlarinda oral antidiyabetik ajanlar, insulinler
ve insilin analoglari, stilfoniliireler, glinidler,
biguanidler, glitazonlar  (tiazolidindionlar) ve
glikozidaz inhibitérleri bulunmaktadir (Skyler, 2004).
Diyabet hastalarindaki temel amag erken postprandial
hiperglisemiyi azaltmak, gec postprandial
hiperglisemiyi kontrol altina almaktir. Bu kontrola
sadece diyetle kontrol altina alamayan Kkisilerde
karbonhidrat absorbsiyonunu yavaglatacak ajanlarin
etkili olmas1 mimkiindir. Bu nedenle gastrointestinal
sistemdeki enzimlerin aktivitesini gegici olarak inhibe
edebilen 1ilaglarin postprandial glikoz yukselmeleri
tuzerinde etkili olmasi beklenir. Bu duruma bagh
olarak a-glikozidaz ve a-amilaz enzim inhibitérleri
diyabetik hipergliseminin diizenlenmesinde etkili bir
ila¢ grubu olarak geligtirilmiglerdir. Bu grup ilaglar,
insiilin sekresyonu ve insiilin etkisi tizerinde dogrudan
etkileri olmayip, daha cok lokal etkileri ile glikozun
absorbsiyonunu  yavaslatarak dolayli  yoldan
hipergliseminin énlenmesine yardimei olurlar (Skelin
ve ark., 2010).

Tirozinaz melanin sentezinde yer alan bir enzimdir.
Melanin sentezi yoluyla hidrojen peroksit ve hidroksil
radikalleri gibi yiiksek ara reaktif molekiilleri turetilir.
Bundan dolayi, tirozinaz inhibitérlerinin, antioksidan
ozellikleri ve anti-tirozinaz aktivitelerine dayanarak
cilt beyazlatma ve cilt kanserinde kozmetik ve klinik
olarak faydali olabilecegi diiginiilmektedir. Ayrica son
zamanlarda yiiksek tirozinaz inhibitériu aktivitesinin
Parkinson hastaliginin tedavisinde uygulanmasi da
dikkat cekmektedir (Kaewnarin ve ark., 2016; Nanok
& Sansenya, 2020).

Insanhigin cesitli rahatsizliklarin tedavisinde tibbi

bitkileri kullaniminin tarihi eskiye dayanmaktadir.
Gunumiizde bu tedavi yaklagimlarinin bilimsel temele
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2012; Giiven & Giilcin, 2020).

Dikenli incir (O. ficus-indica (L.) Mill.) Akdeniz ve Ege
bélgelerinin 6zellikle kiyi1 seridinde dogal olarak
yetigebilme yetenegine sahip olup Cactaceae
familyasina ait bir bitkidir. Yetistigi bolgeye gore “hint
inciri, papaz yemisi, frenk inciri, dikenli incir ve
babutsa” gibi farkli yerel isimlerle anilmaktadar.
Dikenli incirin vatam Meksika olmakla birlikte genel
olarak Akdeniz Bolgelerinde yaygin olan ve
ginimizde pek c¢ok tilkede kendiliginden ya da
kiltire alinarak yetistirilmektedir. Kurak iklimlerin
yaninda daha c¢ok subtropik iklim 6zelliklerine sahip
olan bolgelerde yaygin olarak gorulmektir. Dikenli
incire yol kenarlarinda, tarim arazilerinin ya da
konutlarin etraflarinda rastlama olasiligi oldukga
yiiksektir (Dumanoglu ve ark., 2020). O. ficus-indica
bitkisinin dogal olarak yetistigi iller arasinda Mersin,
Adana, Osmaniye yer almaktadir. Bitkinin halk
arasinda  farkli  kisimlarinin  spazm  ¢ozicd,
yumusatici, idrar sokturicti olarak kullanildig:
bilinmektedir. Cigeklerinde gozlenen astrenjan
ozelliginden dolayr kanamalari azaltmak igin
kullanimi1 mevcuttur. Dikenli incirin meyve ve
govdesinin geleneksel olarak diyabet tedavisinde,
cigeklerinin ise prostat tedavisinde halk tarafindan
kullanildig1 bildirilmistir (Saenz, 2000).

Bu ¢alisma kapsaminda O. ficus-indica bitkisinin
meyve kisimlarindan ekstre verimi ve fenolik
bilesikleri daha yiiksek oranda elde etmek amach
maserasyon ve ses dalgalari-destekli S1v1
ekstraksiyonu metotlar: kullanilarak %70’lik metanol
ekstresi hazirlanmig ve bu ekstrelerin a-amilaz, a-
glikozidaz, tirozinaz enzimlerini inhibisyon -etkisi,
antioksidan kapasite ve sitotoksik etkisi incelenmisgtir.

MATERYAL ve METOD

Bitkisel materyal ve ekstraksiyon

Calismada kullanilan O. ficus-indica bitkisinin meyve
kismi (OF) Mersin’in Silifke ilgesi civarindan
(Karahacili koyi 165m) 2022 yilinda toplanmistir.
Toplanan bitkisel materyal golgeli ve havali ortamda 1
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hafta stireyle kurutularak degirmen yardimiyla toz
edildikten sonra %70’lik metanol ile oda sicakliginda
maserasyon (Atiya ve ark., 2023) ve ultrasonik
banyoda %50 sonikasyon amplitudu ve 30 dk stiireyle
ses dalgalari-destekli sivi ekstraksiyonu yontemiyle
(Gouws ve ark., 2019) ekstre edilmistir. Ekstreler daha
sonra siizge¢ kagidi yardimiyla stizililerek ¢oziclisi
Rotary evaporatorde 38 °C’de dusuk basing altinda
ugurulmustur. Sonu¢ olarak maserasyon yoéntemiyle

OFM ekstresi, ve ses dalgalari-destekli sivi
ekstraksiyonu yontemi ile OFU ekstresi elde
edilmigtir. Kuruluga kadar wucurulan ekstreler

Labconco 7750020 cihazi kullanilarak -51°C sicaklik
ve 0,018 mBar basinc altinda liyofilize edilerek
calismalara bu ekstreler lizerinden devam edilmistir.
Calisma anina kadar ekstreler -20°C’de saklanmagtir.

Enzim inhibitor aktivite testleri

Ekstrelerin a-amilaz ve a-glikozidaz inhibe edici etkisi
Pagsayeva ve ark. 2021 metoduna goére yapilmigtir
(Pasayeva ve ark., 2021). Her iki deneyde akarboz
referans madde olarak kullanilmis ve ekstreler
olmaksizin kontrol hazirlanarak her deney t¢lu tekrar
halinde yapilmistir. Calisma kapsaminda ekstrelerin
tirozinaz enzimi inhibisyon etkisinin incelenmesi
amaciyla hem OFM hem de OFU ekstrelerinin farklh
konsantrasyonlar1 hazirlanarak mikroplate 20 ul
olarak tatbik edilmistir (Pasayeva ve ark., 2021). Daha
sonra 20 pl enzim ¢ozeltisi (250 U/ml) ve 100 pl fosfat
tamponu ¢ozeltisi (100 uM, pH 6.8) eklenerek 25°C’de
10 dk inkibe edilmigtir. Devaminda 20 pl substrat
cozeltisi (L-tirozin 3mM) ilave edilerek 30 dk daha
inktibasyon yapilmigtir. Sonuglar 492 nm’de
mikroplak okuyucuda okunmustur. Deneyde pozitif
kontrol olarak kojik asit kullanilmigtir. Ekstreler
olmaksizin kontrol hazirlanarak her deney ti¢li tekrar
halinde yapilmigtir.

Ekstrelerin kimyasal bilegimi

Toplam fenolik madde (TPC) ve toplam flavonoit
miktar1 (TFC)

Ekstrelerin icerdikleri toplam fenolik madde ve toplam
flavonoit miktar1 Fatullayev ve ark. (2023)nin
calismalarinda kullandiklari metot kullanilarak
yapilmistir (Fatullayev ve ark., 2023). Ekstrelerin TPC
miktarim belirlemek i¢in 1 ml distile su igeren 25
mLlik kap igerisine 1 ml 6rnek ¢ozelti ve 1 ml Folin-
Ciocalteu reaktifi ilave edilmigtir. 5 dakika karanlikta
bekletildikten sonra 10 mL %7’ 1lik NazCO3 25 mL’ye su
ile tamamlanmigtir. Kontrol olarak ekstre icermeyen
reaktif karigimi kullanilmigtir. 25 °C’de 90 dk inkiibe
edildikten sonra 750 nm’de absorbans:i ol¢iilmiis ve
gallik asit kalibrasyon egrisi ile karsilagtirilmigtir.
Toplam fenolik madde miktar1 gallik asite esdeger
olarak hesaplanmigtir.

Calisma kapsaminda ekstrelerin TFC degerlerini
belirlemek i¢in, 1 mL ekstre t=0. dakikada 4 mL su ve
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0.3 mL %51ik NaNOz ¢ozeltisi ile karigtirilmig ve 5
dakika bekletilmistir. t=5. dakika’da 0.3 mL % 10’luk
AlCl3.6H20 ¢ozeltisi ilavesinden sonra, t=6. dakika’da
2 mL 1 M NaOH ¢ézeltisi eklenmis ve toplam hacim 10
mL’ye su ilave edilerek tamamlanmigtir. 510 nm’de
kore karsi absorbans oOlglilmustiir. FEkstrelerin
icerdikleri toplam flavonoit miktarlar1 kategine
esdeger olarak mg CE/gekstre 0larak hesaplanmagtir.

Antioksidan kapasite tayini

Bu calismada ekstrelerin antioksidan etkileri DPPH
ve ABTS yontemleri ile gerceklestirilmistir (Pasayeva
ve ark., 2022).

Ekstrelerin DPPH (1,1-difenil-2-pikrilhidrazil)
radikalini stipurici etki tayini igin 50 pL. numune
cozeltisi, 950 pL Tris-HCI tamponu (50 nM, pH 7,4) ve
1mL 0,1 mM metanolde hazirlanmis DPPH ¢6zeltisi ile
karigtinlmistir. Kontrol olarak ekstre icermeyen
reaktif karigtmi ve pozitif kontrol olarak BHA
kullanilmigtir. Oda sicaklhiginda ve karanhkta 30
dakika inkiibe edildikten sonra absorbanslar 517
nm’de okunmustur.

Calisma kapsaminda ekstrelerin ABTS (2,2'-azino-bis
(3-etilbenztiazolin-6-sulfonik asit) radikalini siipiiriicii
kapasitesini belirlemek amaciyla ABTS radikali (7
mM), ABTS’ in sulu cézeltisi ile K2S20s (2.6 mM, son
konsantrasyon)’ un karanlikta 12 saat bekletilmesiyle
hazirlanmis ve absorbansi oda sicakliginda 734 nm’de
1.1 + 0.02 olacak sekilde ayarlanmistir. Bu sekilde
hazirlanan radikal ¢ozeltisi (2850 pL) ile numune
cozeltisi (150 pL) karistirilarak oda 1sisinda 30 dk.
inkube edilmigtir. Adsorbanslar 734 nm’de o6l¢ulerek
inhibisyon yiizdeleri Troloks’a esdeger olarak (TEAC)
hesaplanmigtir.

Hiicre kiltiiri

Calisma kapsaminda RL95-2 (ATCC, CRL-1671™)
hiicreleri %5 CO:z ve 37 °C sicakliktaki inktibatorde
inkiibe edilerek, %10 (h/h) fetal sigir serumu (FBS),
200 mM L-glutamin, %1 (h/v) penisilin-streptomisin ve
0.005 mg/ml insilin iceren DMEM:F12 besiyeri ile
A549 (ATCC, CCL-185™) ise %10 (h/h) FBS ve %1
(h/v) penisilin-streptomisin iceren F-12K hiicre
medyumunda cogaltilmistir. Cogalmakta olan hiicre
pasajlari, %70-80 doygunluga ulasinca yeniden
pasajlanmistir. Pasaj alimirken %0.25 tripsin-EDTA
soliisyonu uygulanmig ve 3-4 dk. slireyle inkiibatorde
birakilmigtir. Hiicre sayim cihazi kullanilarak tripan
mavisi ile hiicre sayimi yapilmistir (Karaboga Arslan
ve ark., 2018).

MTT (3-(4,5-dimetiltiyazol-2-i1)2,5-difenil tetrazolyum
bromiir) testi

Tetrazolyum bazli kolorimetrik analiz olan MTT
yontemi, in vitro hicre canliliginin belirlenmesinde
kullanilan bir sitotoksisite testidir (Ferrari ve ark.,
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1990). Bu ¢calismada OFM ve OFU ekstrelerinin RL95-
2 (insan endometriyum kanser hiicre hatt1) ve A549
(insan akciger kanseri hiicre hatt) kanser
hiicrelerinin canliligini azaltici etkisi MTT yontemi ile
belirlenmigtir. Bunun i¢in oncelikle OFM ve OFU
ekstreleri DMSO igerisinde c¢oziilerek stok ¢ozelti
olusturulmustur. Hiicreler 10.000 hiicre/kuyu olacak
sekilde ekilmis ve 24 saat sonra hiicrelere OFM ve
OFU ekstrelerinin farkhh konsantrasyonlar: (0, 3, 10,
30, 45, 60, 90, 140, 180, 240, 300 ve 400 pg/ml)
uygulanmagtir. Hiucreler, 961 plakanin her bir
kuyusuna 0.5 g/ml MTT eklenerek 37°C'de 2 saat
inkibe edilmistir. Kuyucuklarda olusan formazan
tuzu kristallerini ¢6zmek i¢in 100 uL. dimetilstlfoksit
(DMSO) uygulanarak mikroplaka okuyucuda 570
nm'de absorbanslar olgilmustir. OFM ve OFU’nun
uygulandigi  kuyularin absorbanslar1  kontrol
absorbansina bolinerek % canlihk {izerinden
hesaplama yapilmistir.

Istatiksel analiz

Hucre kiultira calisma gruplarindan elde edilen
sonuclar, GraphPad Prisim 8.3.0 (San Diego-
California, ABD) yazilimi kullanilarak analiz
edilmistir. Sonuclarin analizinde, deney ve kontrol
gruplari arasindaki anlamlilig1 saptamada
farkliliklara uygun olarak tek yonlu varyans analizi ile
istatistiksel farkliliga sahip parametreleri saptamada
post-hoc test olarak Dunnet testi kullanilmagtir.
Veriler, 3 ayr1 deneyden hesaplanan ortalama =+
ortalamanin standart hatasi olarak verilmigtir.

Enzim inhibisyon ve antioksidan etki testlerinde
Olctimler uger kez yapilip sonuclar ortalama + standart
sapma cinsinden ifade edilmistir (Pasayeva ve ark.,
2022).

BULGULAR ve TARTISMA
Enzim inhibitor aktivite test sonuclar

Ekstrelerin a-amilaz, a-glikozidaz ve tirozinaz enzimi
inhibitor aktivitesi sonuclar: Cizelge 1. ve Sekil 1’de
verilmigtir. Tum  bulgular degerlendirildiginde
ekstreler arasinda OFU ekstresinin a-amilaz
(IC50=395.123+3.477 pg ml!) ve tirozinaz enzimi
tizerinde inhibisyon etkisinin (IC50=551.633+1.159 ng
ml1) diger ekstreye goére daha yiiksek oldugu
belirlenmigtir. Caligilan ekstreler birbiri arasinda ve
referans maddeler (akarboz ve kojik asit) ile
istatistiksel olarak anlamli bulunmus (sirasiyla,
P=0.049 ve P=0.041) ve ekstrelerden hicbirinin a-
glikozidaz enzimi T{zerinde inhibisyon etkisinin
olmadig1 gérilmustiir.

TPC ve TFC sonuclar

Calisma kapsaminda iki farkli yontemle hazirlanan
ekstrelerden ses dalgalari-destekli sivi ekstraksiyonu
ile hazirlanan OFU ekstresinin daha yuksek ekstre
verimine sahip oldugu bulunmustur (%35) (Cizelge 2.).
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Bunun disinda ekstrelerden OFU ekstresinde toplam
fenolik madde ve flavonoit miktarinin da sirasiyla
181.189+4.576 mgcAE/ekstre ve 125.635+1.946 mgca
/gekstre 0ldugu belirlenmistir.

Cizelge 1. Ekstrelerin enzim inhibitor etkisine ait

ICs0 degerleri
Tablel. ICso values of the enzyme inhibitory effect of
extracts
Esktreler a-amilaz Tirozinaz

(ICs0 pg/ml) (ICs0 pg/ml)

OFU 395.123+3.477 a 551.633+1.159 a
OFM 802.101+2.128 b 741.267+2.285 b
Akarboz 228.367+2.318 ¢ -
Kojik asit 34.997+1.963 ¢

Degerler meantSD (n=3) seklinde ifade edilmistir. Her
stitunda farkli harflerle goésterilen degerler arasindaki
farklilik istatistiksel olarak anlaml bulunmustur.

B
100
+« ¢+ OFM
50 N x * = OFU
. § 4 Akarboz
— A
SENE
L
Paflt 1 o
100 }
K|

I I L] 1
250.00 500.00 1000.00  2000.00

Konsantrasyon (gg/ml)

L] 1
62.50 125.00

Sekil 1. OF ekstrelerinin a-glikozidaz inhibitor etkisinin
tayini. Ortalama + SS olarak verilen degerler
+%95 giiven araliginda belirtilmigstir.

Figure 1. Determination of the a-glucosidase inhibitory effect
of OF extracts. Values are expressed as the mean
+ 88 and stated within +95% confidence

Antioksidan etki sonuglari

Bu ¢alismada ekstrelerin antioksidan etkisi ABTS ve
DPPH yontemleri ile 6l¢tilmiis ve sonuglara gére OFU
ve OFM ekstrelerinin yalnmizca ABTS deneyinde
birbirine yakin degerlerle (sirasiyla, 0.522+0.041 ve
0.555+0.028 lJ.MTrolox/gekstre) radikal stupurict etki
gosterdigi belirlenmistir (Cizelge 2.). Ekstrelerin
standart madde olarak kullanilan BHA ile istatistik
olarak anlaml oldugu gériilmiistiir (sirasiyla, P=0.026
ve P=0,032). Calisma kapsaminda ekstrelerden
hi¢birinin DPPH radikal stipturici etki deneyinde
etkili olmadig1 belirlenmistir (Sekil 2.).

MTT sonuglarn

Calismada RL95-2 ve A549 hiicrelerinde 48 saat sonra
artan konsantrasyonlarda (0, 3, 10, 30, 45, 60, 90, 140,
180, 240, 300 ve 400 pg/ml) OFM ve OFU’nun canliliga
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etkisi degerlendirilmistir. Sonug¢ olarak OFM ve OFU
ekstrelerinin RL95-2 hiicre canlhihigimi en ylksek
konsantrasyon olan 400 pg/ml’de sirasiyla %73.33’e ve
%74.98%e diistirdiigii gorilmiistiir (Sekil 3a.). Bunun

Cizelge 2. Ekstrelerin antioksidan etki sonuglari
Table 1. Antioxidant effect results of extracts

disinda ekstrelerden OFM ekstresinin A549 hiicre
canliligini en yliksek konsantrasyon olan 400 pg/ml’de
%83.49¢, OFU ekstresinin ise %89.63’e dugurdugi
bulunmustur (Sekil 3b).

TPC TFC ABTS ..
EkStreler (mgGAE /gekstre) (mgCA /gekstre) (HM TI‘OIOX/gekstre) EkStre verimi (%)
OFU 181.189+4.576 125.635+1.946 0.522+0.041¢ %35
OFM 156.471+0.908 111.734+0.554 0.555+0.028b« %20
BHA - - 9.871+0.0192

Degerler mean+SD (n=3) geklinde ifade edilmistir. Her stitunda farkl harflerle gosterilen degerler arasindaki farklilik

istatistiksel olarak anlamli bulunmustur.

100
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= OFU
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)
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Sekil 2. OF ekstrelerinin DPPH inhibitor etkisinin tayini.
Figure2. Determination of the DPPH inhibitory effect of OF extracts.
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Sekil 3. OFM ve OFUnun 3-400 ug/mL arasindaki konsantrasyonlarinin 48 saatlik inkiibasyon siiresinde (a)
RL95-2 ve (b) A549 hiicre canliligina etkisi. Gruplar kontrole gére kat degisimi olarak verildi (n=3).
Sonuglar, ortalama + ortalamanin standart hatasi olarak sunuldu.

Figure 3. Effect of OFM and OFU concentrations between 3-400 ug/mL on (a) RL95-2 and (b) A549 cell viability
during 48 hours of incubation period. Groups are presented as fold change compared to the control
(n=3). Results are presented as mean + standard error of the mean.

Literatiurde O. ficus-indica bitkisinin farklh kisimlar:

ile yapilan antidiyabetik etki calismalar
bulunmaktadir. Yapilan bir c¢alismada bitkinin
tohumlarindan elde edilen yagin alloksanla

indiklenmig diyabetik farelerde koruyucu etkisi
incelenmis ve yagin 2 mL/kg dozuyla tedavi edilen
farelerde alloksan kaynakli 6lim ve hiperglisemiyi
onemli olciide azalttig1 bulunmustur (Berraaouan ve
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ark., 2015). Bir bagka ¢alismada bitkinin meyve ve etli
govdesinden hazirlanan su ekstresi stretozotosin ile
indiiklenen yiliksek yagh diyetle beslenen diyabetik
sicanlara oral yolla verilmig ve sonug olarak ekstrenin
kan glukoz diizeylerini 6nemli 6l¢iide azalttig1 ve a-
glikozidaz enzimini 67.33 pg/ml ICs0 degeri ile inhibe
ettigi gorilmiistiir (Hwang ve ark., 2017). Diger bir
calismada O. ficus-indica bitkisinin kladodlarindan
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hazirlanan su ekstresi ve tescilli ggvde/meyve kabugu
karisiminin (75/25 oraninda) kan glukoz diizeyleri ve
plazma insulin seviyelerine etkisi arastirilmigtir.
Sonug olarak 6-176 mg/kg dozda oral yolla verilen su
ekstresinin kan glukoz diizeylerini ve plazma
insulinini azalttig1 goriilmiistiir (Butterweck ve ark.,
2011). Ydjedd ve ark. (2021) yaptig1 bir calismada O.
ficus-indica bitkisinin kirmizi ve sari1 varyetelerinden
elde edilen betalain ekstresinin a-amilaz inhibitor
etkisi arastirilmig ve sar1 varyetenin su ekstresi ve
kirmizi varyetenin metanol ekstresinin gii¢lii inhibitor
etkiye sahip oldugu bulunmustur (sirasiyla, %57.28 ve
%43.52). Bunun yaninda yapilan farkli klinik
calismalarda  bitkinin  gévdesinden  hazirlanan
preparatlarin tip 2 diyabetli hastalarda kan glukoz
seviyelerini 6nemli o6l¢ide azalttigr kaydedilmigtir
(Frati ve ark., 1990; Lépez-Romero ve ark., 2014).
Diger bir calismada bitkinin meyve kabuklarindan
farkli  ¢oziiciler ve  ekstraksiyon  yontemleri
kullanarak hazirlanan ekstrelerin anti-tirozinaz etkisi
degerlendirilmistir. Sonug¢ olarak Soxhlet yontemi ve
metanol ile elde edilen ekstrenin antitirozinaz etkisi
%72 inhibisyon degeri ile digerlerine gore daha yiiksek
bulunmustur (Atiya ve ark., 2023). Tunus menseli O.
ficus-indica bitkisinin ¢i¢eklerinden farkl ¢oziiciilerle
elde edilen ekstrelerin tirozinaz enzimi iizerine
inhibisyon etkisinin incelendigi bir calismada ise
aseton ekstresinin diger ekstrelerden daha etkili
oldugu bulunmustur (IC50=0.285+0.03 mg/ml)
(Masmoudi ve ark., 2024). Bu verilerden yola c¢ikarak
OFU ekstresinin hipoglisemik etkisinin literatir
verileri ile oOrtustiigi halde anti-tirozinaz etkisinin
literatiir verilerinden daha diisik bulunmasinin
sebebinin ekstraksiyon yo6ntemi, bitkinin yetigtigi

kogullar ve bitki turd 1ile iligkili oldugu
diisinulmektedir.

O. ficus-indica bitkisinin  sitotoksik  etkisinin
incelendigi ¢aligmalar degerlendirildiginde cesitli

kanser hiicre hatlarinda bitkinin farkl ekstrelerinin
incelendigi ancak OFU ekstresinde de oldugu gibi
sitotoksik etki bulunamadigi gorilmustir. Bir
calismada Meksika O. ficus-indica bitkisinden elde
edilen meyve suyunun MCF-7, PC-3 ve HepG2 kanser
hiicre hatlarinda hiicre canliliginmi sirasiyla %7.6, %5.1
ve %12.6 oranda indirdigi goriilmiistiir (Chavez-
Santoscoy ve ark., 2009). Serra ve ark. (2013)
tarafindan yapilan ¢alismada Portekiz orijinli bitkinin
meyve suyunun HT29 hiicre hattinda denenen biitiin
konsantrasyonlarda anti-proliferatif etki gosterdigi
bildirilmistir (%2-20) (Serra ve ark., 2013). Ayrica O.
ficus-indica sar1 meyve kisimlarindan elde edilen su
ekstresinin insan kolon kanseri hiicrelerinde canlilig:
%50 oraninda (Naselli ve ark., 2014), Misir mensgeli
bitkinin meyve kabugu ve etli kismindan hazirlanan
etanol ekstresinin HepG2, Caco-2 ve MCF-7 kanser
hiicre hatlarinda canliligi artan konsantrasyonlarda
indirdigi gorilmiistiir (El-Beltagi ve ark., 2019).
Yapilan bir doktora tezi kapsaminda O. ficus-indica
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bitkisinden elde edilen meyve suyu, posasi ve
kladotlar1 kimyasal icerik ve aktivite yoniinden
incelenmigtir. Calisma kapsaminda bitkiden elde
edilen ana ekstre ve izole edilmis bilesiklerin (flavonol
aglikonu,  izoramnetin  glikoziti)  antioksidan
aktiviteleri, sitotoksik, antidiyabetik ve antiobezite
etkileri ¢aligilmistir. Sonuclar olarak DPPH radikaline
karsi hem ekstrenin hem de bilesiklerden izoramnetin
glikozitinin  antioksidan  aktivite  gosterdikleri,
sitotoksik ag¢idan kullanimlarinin doza bagh olarak
givenli oldugu, antidiyabetik ve antiobezite
etkilerinin ise istatistiksel olarak anlamli c¢iktig:
bulunmustur (Keles, 2023).

Literatiirde dikenli incirin meyve kabugu ve etli

kismiyla 1lgili ¢ok sayida antioksidan c¢aligsmasi
bulunmaktadir. Genel olarak, dikenli incir
meyvelerinin,  slperoksit radikalleri, hidrojen

peroksit, hidroksil radikalleri ve tekli oksijen dahil
olmak tzere serbest radikal tiirlerine kars1 yliksek bir
antioksidan  kapasite sergiledigi  bilinmektedir
(Giraldo-Silva ve ark., 2023). Bununla ilgili yapilmis
bir ¢alismada bitkinin farkli lokasyonlardan toplanan
meyvelerinden hazirlanan metanol ekstrelerinin
DPPH radikal stiptriici etki degeri %52-59 arasinda
bulunmusken (Belviranli ve ark., 2019) bir baska
calismada meyve kismindan elde edilen metanol
ekstresinin DPPH radikal stiptriici etki degeri 6.70
uM Troloks/g m.a., ABTS radikal stipiiriicti etki degeri
ise 5.22 uM Troloks/g m.a. olarak belirlenmigtir
(Fernandez-Lépez ve ark., 2010). Ayrica diger bir
calismada bitkinin meyve kismindan elde edilen
metnaolli sulu ekstresinin 2.32-2.88 mg/ml oraninda,
bir bagka c¢alismada ise 0.5 mg/ml konsantrasyonda
DPPH radikal silipuricii etkisi %71.6 olarak
bulunmustur (Ishtiaque ve ark., 2014; Siriwardhana
ve ark., 2006). Bunun disinda El Mannoubinin (2021)
yaptigl calismada sari meyveden elde edilen aseton
fraksiyonunun radikal stpiirict etkisi DPPH deneyi
i¢cin 784 pg/ml ECso degeri olarak bulundugu halde
ABTS antioksidan etki deneyi igin ise 40 pg/ml olarak
bulunmustur. Bulunan bu sonuglarin OFU ekstresinin

antioksidan etkisini destekler nitelikte oldugu
gorulmektedir.

Antioksidan etkinin genellikle farkli ekstrelerde
bulunan askorbik asit, tokoferol, glutatyon,

karotenoitler ve fenolik bilegiklerle iligkili oldugu
bilinmektedir (Krishnaiah ve ark., 2011). Yapilan
glncel literatir taramasi sonucunda  farklh
ekstraksiyon yontemlerinin kullanilmasinin dikenli
incir meyvelerinin TPC verimi tzerinde dogrudan
etkisi oldugu kanisina varilmistir (Cano ve ark., 2019;
Zeghad ve ark., 2019). Séyle ki yapilan bir calismada

firrmda  kurutulmus meyve kabugunun TPC
degerlerinin varyeteye baglh olarak 1.7 ile 2.4
gGA/100gekstre  arasinda  degistigi  goérulmustur

(Bourhia ve ark., 2020). Bir baska calismada yiiksek
hidrostatik basinca (HHP) maruz birakilan Meksika
meyvesinin kabuk ve etli kismimin TPC degerinin 11
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ila 4 gGA/gekswe (Gémez-Maqueo ve ark., 2020),
Meksika yesil ve kirmiz1 meyve kabuklarinin ise 648
ila 734 mg GA/100 gekstre arasinda degisen TPC
degerlerine karsiik geldigi goriilmiistiir (Manzur-
Valdespino ve ark., 2020). Dért farklh kurutma
tekniginin (dondurarak kurutma, mikrodalgada
kurutma, 35 ve 55°C'de firinda kurutma) kullanildig:
bir ¢alismada ise Avustralya dikenli incirinin meyve
kisimlar1 kullanilmigs ve sonug¢ olarak dondurarak
kurutma tekniginin sonucunda en ylksek TPC degeri
elde edildigi gosterilmistir (Gouws ve ark., 2019).
Yapilmis olan bu ¢alismada O. ficus-indica turinin
ses dalgalar1 destekli-ekstraksiyon yontemi ile
hazirlanan ekstresinin hem fenolik madde hem de
flavonoit igeriginin zengin oldugu, dolayisiyla da bu
bitkinin  meyvelerinden fenolik ve flavonoit
bilesiklerini elde etmek i¢in en uygun ekstraksiyon
yonteminin ses-dalgalar: destekli ekstraksiyon oldugu
diistincesine varilmigtir. Elde edilen sonucglara gore
OFU ve OFM ekstresinin ABTS antioksidan testinde
daha iyi etki gosterirken DPPH testinde bu etkinin

goriillememesi ekstrelerin sadece hidrofobik
antioksidan sistemlerinde degil, ayni zamanda
hidrofilik antioksidan sistemlerinde de

degerlendirebilecegini gostermekle birlikte bu etkinin
sadece flavonoitlerden degil flavanoit yapisinda
olmayan fenolik bilesiklerden kaynaklandigimi da
ortaya koymaktadir (Floegel ve ark., 2011). Tiim bu
verilerden yola ¢ikarak 6zellikle halk arasinda yaygin
olarak kullanimi olan dikenli incirden hazirlanan
ekstreler i¢cin daha ileri ¢aligmalarin yapilmasi ve
standartize ekstresinin elde edilmesi gerektigi
diisinulmektedir.

SONUC ve ONERILER

Yapilan calisma kapsaminda O. ficus-indica bitkisinin
meyve kismindan 2 farkli ekstraksiyon yontemiyle
hazirlanan metanol ekstrelerinin  hipoglisemik,
antioksidan ve hiicre canlilig: tizerine etkileri yaninda
fenolik madde ve flavonoit igerigi incelenmigtir.
Ekstrelerden ses dalgalari-destekli siv1 ekstraksiyonu
yontemiyle hazirlanan ekstrenin daha ylksek
miktarda fenolik bilesik tasidign (181.189+4.576
MEGAE/Zekstre)  gOTilmils, aynm1 ekstrenin a-amilaz
(IC50=395.123+3.477 png ml-1) ve tirozinaz enzimini
inhibe edici etkisinin (IC50=551.633+1.159 pg ml-1) ve
ozellikle ABTS yonteminde antioksidan kapasitesinin
0.555+0.028 pMrtrolox/gekstre degeri ile daha yiliksek
oldugu bulunmustur. Boylelikle ses dalgalari-destekli
sivi ekstraksiyonu yontemiyle hazirlanan ekstrenin
daha yiksek miktarda fenolik bilegik tagimasi ve
hipoglisemik ve antioksidan etkinin de fenolik
bilesiklerden kaynaklandig: distintilmekle birlikte bu
bilesiklerin belirlenip standartizasyon c¢alismalarinin
yapilmasina ve etki mekanizmalarinin
aydinlatilmasina énayak olacagi diisiiniilmektedir.
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OZET

Bu ¢alisma, S2 kademesindeki Kirgizistan ve Tiirkiye yerli domates
genotiplerinin UPOV kriterlerine gore morfolojik ve agronomik
ozelliklerinin belirlenmesi amaciyla yapilmistir. Calismanin temeli
2022 yilinda atilmis 14 genotip ile calismaya baslanmig, butiin
genotipler ayri ayri incelenmistir. Yapilan incelemeler sonucunda, 2
adet Kirgizistan ve 2 adet Turkiye kokenli sanayi domatesi iimit var
olarak tespit edilmistir. Calismada se¢ilmis genotiplerde bazi bitki ve
meyve oOzellikleri incelenmigtir. Arastirma sonucunda genotipler
arasinda meyve olgunluk rengi bakimindan o6nemli farklhiliklar
bulunmamistir. Genotiplerin ortalama yaprak uzunlugu degerleri
23.3 cm (KR202) ile 25 cm (TR123-1) arasinda, ortalama yaprak
genigligi ise 17.5 cm (TR95) ile 22.3 cm (KR207) arasinda degismistir.
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Anahtar Kelimeler
Solanum lycopersicum
Sanayilik domates

UPOV

Morfolojik karakterizasyon

Genotiplerin ikisi sirik ikisi de oturak tip olarak belirlenmigtir.
TR123-1, KR202 ve KR207 genotiplerinde fide doneminde
antosiyanin gozlemlenmis, ancak TR95’de gozlemlenmemistir. Fide
doneminde sap kirilmasi yalnizca li¢ genotipde gorulmustiir. TR95 ve
KR207 numarali genotiplerde meyvede ortalama parlaklik az ve
govdede tuyluluk orta seviyede iken TR123-1 ve KR202 numaral
genotiplerde meyvede parlaklik ve govdede tiylilik yogun sekilde
gézlemlenmistir. KR207 genotipi 5.116 kg bitki! verim degeriyle en
yiksek bitki basina verimi vermistir. Yapilan degerlendirmeler
sonucunda bu genotiplerin yeni ¢esit gelistirmek i¢in imit var oldugu
soylenebilir.

Determination of Morphological and Agronomic Characteristics of Local Industrial Tomato Genotypes
of Turkey and Kyrgyzstan

ABSTRACT Horticulture
This study was carried out to determine the morphological and

agronomic characteristics of Kyrgyzstan and Turkey native tomato Research Article
genotypes at the S2 stage according to UPOV criteria. The study laid

its foundation in 2022. The study started with the 14 genotypes; all Article History

Received: 26.04.2024
Accepted: 23.08.2024

genotypes were examined separately. As a result of the examinations,
two industrial tomatoes of Kyrgyzstani origin and two industrial
tomatoes of Turkish origin were determined to be promising. In the
study, some plant and fruit characteristics were examined in selected
genotypes. As a result of the research, no significant differences were
found between genotypes in terms of fruit ripeness or colour. The
average leaf length values of the genotypes varied between 23.3 cm
(KR202) and 25 cm (TR123-1), and the average leaf width varied
between 17.5 cm (TR95) and 22.3 cm (KR207). The plant growth type
of the genotype was determined to be two-pole and two-seated.
Anthocyanin was observed in seedling stages in TR123-1, KR202, and
KR207, but not in TR95. Stem breakage during the seedling period
was observed in three genotypes. In genotypes numbered TR95 and
KR207, the average brightness of the fruit was low and the hairiness

Keywords
Solanum lycopersicum
Industrial tomato

UPOV
Morphological characterization
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of the stem was moderate, while in genotypes numbered TR123-1 and
KR202, the glossiness of the fruit and hairiness on the stem were
intense. The KR207 genotype gave the highest yield per plant, with a
yield value of 5.116 kg plant-1. As a result of the evaluations, it can be
said that there is hope for developing new varieties of these genotypes.

AtifI¢in:  Yardim, Z., Ozen, O., Bozaba, E., A, B., & Paksoy, M., (2024). Tiirkiye ve Kirgizistan Yerel Sanayilik Domates
Genotiplerinin Morfolojik ve Agronomik Ozelliklerinin Belirlenmesi. KSU Tarim ve Doga Derg 27 (Ek Say1 1),
194-204. DOI: 10.18016/ksutarimdoga.vi. 1474041
To Cite: Yardim, Z., Ozen, O., Bozaba, E., Ar1, B., & Paksoy, M., (2024). Determination of Morphological and Agronomic
Characteristics of Local Industrial Tomato Genotypes of Turkey and Kyrgyzstan. KSU J. Agric Nat 27 (Suppl
1), 194-204. DOI: 10.18016/ksutarimdoga.vi. 1474041
GIRIS turlerine gore gruplandirilmasiyla birlikte genetik ve

Cin Halk Cumbhuriyeti, yillhik 68 341 799.62 ton
domates tiretimi ile diinyanin en ¢ok domates lreten
tlkesi konumundadir. Hindistan 20 694 000 ton
turetimi ile Cin Halk Cumhuriyetinden sonra yerini
almaktadir. Turkiye, yillik 13 milyon ton tretim ile
ticiincii sirada yer almaktadir (FAO, 2022). Domatesin
anavatani Tirkiye olmamasina ragmen, Tirkiye'de
Karadeniz Bolgesi'nin ¢ok yagigli olan bdélgeleri
disindaki her yerde domates yetistirilebilmektedir.
Ozellikle Marmara, Ege ve Akdeniz Bélgelerinde
biiyiik 6lceklerde domates yetistirilmektedir (Vural ve
ark., 2000).

Turkiye'de uretilen domateslerin %3-4’lik bir kismi
yurtdisina ihra¢ edilmektedir. Yizde yirmisi
endustriyel alanda kullanilmakta, geri kalan kismi ise
dogrudan tuketilmekte ya da guneste kurutulmusg
domates vb. tUrunlere iglenmektedir. Sanayi domates
yetigtiriciliginde Marmara Bolgesinde ve Ege Bolgesi
ilk siralarda yer almaktadir (Giinay, 1992; Vural ve
ark, 2000).

Tum bitki turlerinde oldugu gibi domateste de degisen
talepler dogrultusunda yeni 1slah programlarinin
geligtirilmesi bir zorunluluk haline gelmigtir. Islah
programlarinda Uretici ve tuketici taleplerine uygun
yeni ¢esitler ortaya cikarirken, diger taraftan bu tstiin
cesitlerle rekabet sansi diisik olan yerel gen
kaynaklarinin yok olmasina neden olmaktadir
(Altintas ve ark., 2016). “Ege Tarimsal Arastirma
Enstitiisii (ETAE) Bitki Genetik Kaynaklar1 Bsliimii
Gen Bankasi’nda tilkemizin degisik yerlerinden
toplanmig 80’den fazla genotip muhafaza edilmektedir
(Oguz, 2010). Bitki gen kaynaklarinin karakterizasyon
calismalar yapilarak degerlendirilmesi
gerekmektedir (Bliss, 1981).

Sebze 1slahinda, agronomik 6zelliklerin olusturdugu
genetik varyasyon o©nem tagimakta, genotipler
arasindaki farkliliklar ile populasyonlarin genetik
ozelliklerinin  belirlendigi ¢aligmalarin  yapilmasi
onemlidir (Balkaya ve ark., 2010; Bozokalfa & Esiyok,
2010). Bu acidan domates yerel gen kaynaklar
usuliine uygun olarak toplanmakta ve kayit ve koruma
altina alinmaktadir. Bitkisel gen kaynaklarinin
korunmasi ve 1slah ¢aligmalarinda etkili bir sekilde
kullanilmasinda ki 6nemli basari, materyalin cins ve
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agronomik o6zelliklerin belirlenmesine materyaldeki
genetik degisimin izlenmesine ve kullanim i¢in gerekli
olan o&zelliklerin belirlenmesine baghdir (Kayak,
2017). Domatesin en dikkat cekici  morfolojik
karakterizasyonlari; meyve sekli, meyve sikiligi,
meyve et rengi veya meyve suyu pH’s1 gibi 6zelliklerdir
(Altintas ve ark, 2016). Arastirmacilar amaclar
dogrultusunda “Yeni Bitki Cesitlerini Koruma Birligi
(The International Union for the Protection of New
Varieties of Plants UPOV)” kriterlerinde ¢esitli
modifikasyonlar yaparak c¢alismaktadirlar (Kurt,
2019).

Bu calismanin amaci Tirkiye'nin ve Kirgizistanin
farkli yerlerinden toplanan ve iki kademe kendilenmig
sanayilik domates tipindeki genotiplerin bazi
agronomik 6zelliklerinin belirlenmesidir.

MATERYAL ve METOT
Materyal

Sekil 1’de Tirkiye ve Kirgizistan’dan toplanan yerel
domates genotiplerine ait goérseller verilmistir. Bu
calismada bitki materyali olarak; Kirgizistan’dan 2
yerel genotip, Turkiye'den 2 yerel genotip olmak tizere
toplam 4 adet domates genotipi kullamilmagtir.

Metot

Calismada kullanilan genotiplerin tohumlari 13 Nisan
2023 tarihinde torf ile doldurulmus 70 ml kék hacmine
sahip viyollere ekilmigtir. Tohumlarin
cimlenmesinden fideler dikim buyukligine gelene
kadar her turli  bakim islemi eksiksiz yerine
getirilmigtir. Deneme arazisi tinli yapida, pH’ s1 7.51
(hafif alkalin), tuzsuz (199 pS cm), ¢ok fazla kirecli
(%39.4), organik madde ve inorganik azot miktari
azdir. Ayrica toprakta az miktarda N, P, K ve Fe
elementleri bulunmaktadir. Giibrelemede Azot (N) 15
kg da’!, Fosfor (P) 8 kg P20s da’l, Potasyum (K) 15 kg
K20 da? dozlarinda damlama sulama ile
uygulanmigtir. Demir giibrelemesi olarak demir stlfat
(%19 Fe ) 4 kg da! olacak sekilde ikinci ¢apayla
topragin 8-10 cm derinligine karistirilmigtir. Dikim
biyiikligine gelen fideler 22 Mayis 2023 tarihinde
Selguk Universitesi Ziraat Fakiiltesi Bahce Bitkileri
Bolumi’ne ait arastirma arazisinde, sira arasi 1 m,
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sira lzerl 66 cm olacak sekilde acik araziye her
genotipten on iki fide olacak sekilde dikilmigstir. Fide
dikiminden sonra sulama damla sulama ile yapilmisg

micadele gibi kiltirel iglemler diizenli yapilmistir
(Vural ve ark, 2000). Bitkilerde dikimden 1 ay sonra
ise gorilen Fusarium hastaligina karsi ise mancozeb
etkili bir ilag ile micadele yapilmigtir.

Sekil 1. Turkiye ve Kirgizistan’dan toplanan yerel domates genotipleri
Figurel. Local tomato genotypes collected from Tiirkiye and Kyrgyzstan

ve vejetasyon donemi icinde c¢apalama, bogaz
doldurma, giibreleme, hastalik ve zararllarla
Bitki gelisimi doéneminde yaprak, c¢icek, meyve

ozellikleri Uluslararasi Yeni Bitki Cesitlerini Koruma
Birligi (UPOV) ozellik belgesine goére genotiplerin
morfolojik 6zellikleri belirlenmistir (Upov, 2019). Her
genotipi temsil eden 3 adet meyve segilerek gézlem,
6lcim ve analizler yapilmistir. Cizelge 1’de sanayilik
domates popiilasyonunun morfolojik
karakterizasyonunda kullanilan kriterler verilmistir.

Genotiplerin yaprak uzunlugu (cm) ve genisligi (cm)
bir cetvel yardimi ile o6l¢ilmiustiur. Cekirdek evi
(Karpel) sayis1 adet olarak belirlenmistir, SCKM (%)
miktar1 kirmizi olum doéneminde hasat edilen
meyvelerden elde edilen meyve suyunun
refraktometre yardimi ile 6l¢tilmesiyle belirlenmigtir.
Meyvelerin pH miktar: elde edilen meyve sularindan
pH metre yardimiyla ile tespitedilmisgtir. Meyve eni
(mm), meyve boyu (mm), kaliks boyu (mm), kaliks eni
(mm), perikarp kahinligi (mm), meyve cekirdek evi
biiyiikliigii (mm), meyve sap1 biiyiikliigii (mm) ve cicek
burnu biyiikligii (mm) bir kumpas yardimi ile
Olculmistir. Meyve eti sertligine bakilirken,
meyvelerinin kabugu kaldirilip ve meyve etinin
uzerine dijital penetrometre ile bastirilarak
belirlenmigtir. Bitkilerden elde edilen biitiin meyveler
bir terazi yardimi ile tartilarak verim (kg bitki)
olarak bulunmustur. Meyvelerde renk 6l¢imia D25A-9
model hunter marka renkoélcer ile lic meyvede orta
bolgeden birer okuma seklinde yapilmig ve L, a ve b
olarak belirlenmigtir.
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Istatistik Analizler

Calisma sonucunda elde edilen veriler, IBM SPSS
Statistics 27 istatistik paket programi kullanilarak
istatistiksel olarak degerlendirilmis ve varyans
analizine tabi tutulmus genotiplerin birbirleri
arasindaki farkhihklar Duncan testi (P< 0.05) ile
belirlenmigtir.

BULGULAR ve TARTISMA
Meyve Ozelliklerine Ait Bulgular

Cizelge 2’de domates genotiplerinin meyve boyu ve
meyve eni degerleri arasindaki istatistiki farkliliklar
belirlenmistir. Meyve boyu degerleri KR207 (75.51
mm) ve KR202 (70.15 mm) genotipleri ilk grubu
olusturmus, TR123-1 genotipi son grupta yer almigtir.
Kuzucu ve ark. (2004) sanayi domates tipindeki
Uno’da meyve boyunun 5.11 cm ve Rio Grande’de ise
6.42 ¢cm oldugunu bildirmiglerdir. Meyve eni degerleri
bakimindan TR123-1 (74.25 mm) en yiiksek degere
sahipken, KR207 (48.19 mm) en diisiik meyve enine
sahip olmustur. Genotipler arasinda TR123-1
numarali genotipin basik meyve yapis1 ile diger
genotiplere gére meyve eninin daha genis oldugu
gozlemlenmistir (Cizelge 2). Levent ve ark. (2015)
yaptiklar1 ¢alismada domates meyve genigliginin 73
mm oldugunu bildirmiglerdir. Bu ¢aligsma elde edilen
bulgular1 destekler niteliktedir.
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Cizelge 1.  Sanayilik domates popilasyonunun morfolojik karakterizasyonunda kullanilan kriterler
Table 1. Criteria used in the morphological characterization of the industrial tomato population
Kriterler Sinif degeri Sinif puam1  Kriterler Sinif degeri  Sinif puani
Beyaz 1 Cok buytk 9
Sar1 2 Sar1 1
. Turuncu 3 Cigek rengi Turuncu 2
Meyve olgunluk rengi Pembe 4 Yar: dik 3
Kirmiz: 5 Yatay 5
Kahverengi 6 Yaprak durus sekli Yar1 sarkik 7
Yesil 7
Duzlestirilmis 1 Sirik 1
Yass1 2 Bitki geligsim gekli Oturak 2
Dairesel 3 Turuncu 1
Dikdortgen 4 Beyaz 2
Meyve boyuna kesit gekli Silindirik 5 Kirmiz1 3
Eliptik 6 Meyve kabuk rengi Sar1 4
Cordate 7 Pembe 5
Oval 8 Fide dénemi antosiyani Var !
yanin
Obovate 9 Yok 2
Pyriform 10 Az 1
Cok zayrf 1 . Orta 2
Zayf 9 Bitki bilyiime giicii Cok 3
Orta 3 Agik 1
Giicli 4 Yaprak yesil rengin Orta 2
Meyve sapinda damarlanma Cok gii¢la 5 yogunlugu Yogun 3
Cok zayif 1 Var 1
Zayf 3 Yaprak ayas1 Yok 2
Orta 5 . Az 1
Y k parlakl
Meyve sapinda ¢ukur Guclu 7 aprak pariaxugl Orta 2
Girintili 1 Yogun 3
. . Duz girintili 2 Var 1
Meyve gigek burnu sekli Diiz 3 Meyve sap1 kirilmasi Yok 2
S@Vr%mSi 4 Meyve olgunlugundan C(.).k }iuguk !
Sivri 5 once yegil yakalilik Kigik 3
Zayrf 1 O?ta“ 5
Orta 9 Biyiik 7
Meyve parlaklig: Giiclii 3 (‘)Azt ;
1%)1 ik 3 Govdede titylitlitk Yogun 3
Orta 5
Meyve boyutu Buyuk 7
Cizelge 2. Domates genotiplerinde meyve eni ve meyve boyu (mm)
Table 2. Fruit width and fruit length of tomato genotypes (mm)
N  Meyve boyu (mm) Standart Meyve eni (mm) Standart
Genotipler (Ortalama+SH) sapma (Ortalama+SH) sapma
TR95 3 59.85+0.11b 0.19 52.96+0.28P 0.49
TR123-1 3 45.98+1.44c¢ 2.50 74.25+1.702 2.95
KR202 3 70.15+3.43= 5.94 55.23+0.69P 1.21
KR207 3 75.51+3.442 5.97 48.19+1.65¢ 2.86
P degeri 0.001 0.001

P<0.05 diizeyinde anlamhidar.
Aym siitunda gésterilen farkl: harfler (a,b,c) istatistiksel olarak anlamli farkliliklar géstermektedir (P< 0.05)
Different letters (a,b,c) shown in the same column indicate statistically significant differences (F<0.05)
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Domates genotiplerine ait kaliks boyu, kaliks eni ve
perikarp kalinlig1 degerleri Cizelge 3'de sunulmustur.
Genotiplerin  kaliks eni ve  kaliks  boyu
degerlendirildiginde, KR202 (11.55 mm) genotipinin
diger genotiplere gore kaliks boyunun daha kisa
oldugu tespit edilmigtir. Kaliks eninde ise genotipler
arasinda 6nemli farkliliklar bulunmamistir (P=0.689).
Calismada en yiiksek perikarp kalinligina KR202

(8.54 mm) ve KR207 (7.35 mm) genotiplerinin sahip
oldugu tespit edilmis en dustik perikarp kalinligina ise
TR123-1 (4.28 mm) genotipinin sahip oldugu
gozlemlenmistir (Cizelge 3). Benzer bir calismada
Demir ve Unli (2023) hatlarin meyve eti kalinligini
ortalama en diisiik 6.81 mm ve en yliksek 10.54 mm
olarak belirlemiglerdir.

Cizelge 3. Domates genotiplerine ait kaliks boyu, kaliks eni ve perikarp kalinlig1 degerleri (mm)
Table 8. Calyx width, calyx length and pericarp thickness values of tomato genotypes (mm)

N Kaliks boyu Standart Kaliks eni (mm) Standart Perikarp Standart
(mm) sapma (Ortalama+SH) sapma kalinlig1 (mm) sapma

Genotipler (Ortalama+SH) (Ortalama+SH)

TR95 3 14.22+0.14 0.25 3.36+0.26 0.46 6.73+£0.58P 1.01
TR123-1 3 14.67+0.92 1.59 3.60+0.25 0.44 4.28+0.36¢ 0.63
KR202 3 11.55+0.99 1.72 3.78+0.36 0.63 8.54+0.12a 0.22
KR207 3 13.52+0.60 1.04 4.03+0.60 1.05 7.35+0.232b 0.41

P degeri 0.074 0.D. 0.689 0.D. 0.001

P<0.05 diizeyinde anlamhidir.

Ayni siitunda gésterilen farkli harfler (a,b,c) istatistiksel olarak anlaml farkliliklar géstermektedir (P< 0.05)
Different letters (a,b,c) shown in the same column indicate statistically significant differences (F<0.05)

Cizelge 4'de domates genotiplerine ait bazi élgtimler
yer almaktadir. Calismada TR123-1 genotipi 50.01
mm ile en biyik meyve cekirdek evi biytikligine
sahiptir. Meyve ¢ekirdek evi biiytikligi tohum tretimi
icin 6nemli bir 6zellik tasidigi i¢in, bu genotipin diger
genotiplere gore tohum tiretiminde daha yiiksek verim
saghycag1 ongorilmektedir. Calismada meyve sapi

buytuklugine bakildiginda en uzun meyve sapina
TR123-1 (8.64 mm) genotipinin sahip oldugu
gozlemlenmistir. Genotiplerin cicek burnu
buyuklugine bakildiginda ise en biyiik ¢icek burnu
biiyiikligi TR123-1 (11.32 mm) genotipinin en kiiciik
cicek burnu buyikligi ise KR207 (0.89 mm)
genotipinde belirlenmistir (Cizelge 4).

Cizelge 4. Domates genotiplerine ait ¢ekirdek evi buytlikligi, meyve sap1 buyuklugia ve ¢icek burnu buyuklugi

ozellikleri (mm)

Table 4. Seed chamber size, fruit stem size and flower nose size characteristics of tomato genotypes (mm)

N Cekirdek evi Standart Meyve sap1 Standart Cicek burnu Standart
buyuklugi sapma buyuklugi sapma buyuklugi sapma
(mm) (mm) (mm)
Genotipler (Ortalama+SH) (Ortalama+SH) (Ortalama+SH)
TR95 3  25.00+0.64b 1.11 7.82+0.353b 0.61 1.68+0.08p 0.13
TR123-1 3 50.01+0.532 0.93 8.64+0.252 0.44 11.32+0.252 0.43
KR202 3 24.46+1.71b 2.97 6.25+0.33¢ 0.57 1.04+0.05¢ 0.10
KR207 3  24.13+1.00b 1.74 6.96+0.13bc 0.23 0.89+0.04c 0.07
P degeri 0.001 0.002 0.001

P<0.05 diizeyinde anlamhidir.

Aymi siitunda gosterilen farkl: harfler (a,b,c) istatistiksel olarak anlamli farkliliklar géstermektedir (P< 0.05)
Different letters (a,b,c) shown in the same column indicate statistically significant differences (F<0.05)

Cizelge 5'te, domates genotiplerinin meyvelerindeki
SCKM ve pH degerleri sunulmustur. Caligmada
kullanilan genotiplerin SCKM degerleri %5.1-7.9
arasindadir ve bu degerler ile sanaylik domates i¢in iyi
bir kaynak niteligindedirler. Yapilan g¢alismalarda
sanayilik domateslerde SCKM miktarin1 Paksoy
(2008) %5.0-5.50 arasinda, Kazak ve ark. (2018) %4.30
— 5.67 arasinda bulmustur. Genotiplerde pH degeri
4.1-5.1 arasinda bulunmustur. Adeniji ve ark. (2020) 4
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domates genotipi ile 2 domates cesidinde, yaptiklar:
calismada pH degerini 4.65-5.17 olarak bulmuslardir.
Her iki ¢alismada da pH degerlerinin benzer aralikta
yer aldign gozlemlenmektedir (Cizelge 5). Calismada
en uzun meyve boyuna sahip KR207 genotipinin en
disik SCKM degerine sahip oldugu belirlenmisgtir.
Ote yandan, en kisa meyve boyuna sahip TR123-1
genotipinin en yiksek SCKM degerine sahip oldugu
gozlemlenmistir. Benzer sonucglar Adeniji ve ark.
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(2020)nin yapmis oldugu calismada da elde edilmistir.
Calismada, domates genotiplerinin meyve Kkalite
ozellikleri  acisindan  yaptiklar1  karsilastirma

sonucunda meyve yuksekligi ile SCKM arasinda
negatif anlamda bir iligki oldugu s6ylenmistir.

Cizelge 5. Domates genotiplerinin meyvelerinde SCKM ve pH degerleri
Table 6. Brix and pH values in fruits of tomato genotype

N SCKM (%) Standart PH Standart
Genotipler (Ortalama+SH) sapma (Ortalama+SH) sapma
TR95 3 5.70+0.11¢ 0.20 4.10+0.05P 0.10
TR123-1 3 7.90+0.052 0.10 5.09+2.642 0.04
KR202 3 6.20+0.15P 0.26 5.00+0.022 0.04
KR207 3 5.10+0.054 0.10 5.12+0.182 0.32
P degeri 0.001 0.001

P<0.05 diizeyinde anlamlidir.
Aymi siitunda gosterilen farkl: harfler (a,b,c) istatistiksel olarak anlaml farkhiliklar: géstermektedir (P< 0.05)
Different letters (a,b,c) shown in the same column indicate statistically significant differences (P<0.05)

Cizelge 6'da domates genotiplerinin Lab renk degerleri genotiplerine oranla daha yuksek Lab degerlerine

verilmigtir. Genotiplerin Lab renk 6lglimiine
bakildiginda L degeri 36.07-41.33 araliginda, a degeri
20.85-30.90 araliginda b degeri ise 17.73-27.26
araliginda oldugu gorilmektedir. Elde edilen veriler
sonucunda, Kirgizistan genotiplerinin  Turkiye

Cizelge 6. Domates genotiplerinde L, a ve b renk degerleri

Table 6. L, a and b color values of tomato genotypes

sahip oldugu belirlenmistir. Bu degler Renna ve ark.
(2019)1n yaptigr calismadaki degerler ile rakamsal
olarak benzerlik géstermektedir. Aragtirmalarinda L
degerini 36.4-44.3 , a degerini 27.70-30.9 , b degerini
31.2-37.7 arasinda tespit etmiglerdir.

N L Standart A Standart B Standart
Genotipler (Ortalama+SH) sapma (Ortalama+SH)  sapma (Ortalama+SH)  sapma
TR95 3 38.80+1.15P 1.99 27.31+0.20b 0.35 25.07+0.08b 0.14
TR123-1 3  36.07+0.15¢ 0.27 20.85+0.27¢ 0.48 17.73+0.48¢ 0.84
KR202 3 41.33+0.262 0.45 28.75+0.53b 0.93 26.85+0.712 1.23
KR207 3  40.55+0.112b 0.20 30.90+0.772 1.34 27.26+0.332 0.57
P degeri 0.001 0.001 0.001

P<0.05 diizeyinde anlamhidir.

Ayni siitunda gésterilen farkli harfler (a,b,c) istatistiksel olarak anlaml farkliliklar géstermektedir (P< 0.05)
Different letters (a,b,c) shown in the same column indicate statistically significant differences (P<0.05)

Cizelge 7de domates genotiplerinin geng, orta olum ve
olgun meyvelerindeki sertlik degerleri verilmigtir.
Genotiplerin meyve eti sertligi gozlemlendiginde geng
olum meyve sertliginde genotipler arasinda 6nemli
farkhilhiklar bulunmamistir (P=0.332). Orta olumda en
sert meyve KR202 (%16.66) ve olgun meyvede en sert
meyve etine sahip genotip KR207 (%4.50) olarak

gozlemlenmigtir. En yumusak meyve etine sahip
genotipler ise orta olumda TR95 (%6.03) ve olgun
meyvede KR207 (%1.76) olarak tespit edilmistir
(Cizelge 7). Saka (2023) yaptig1 arastirmada birinci
yetigtiricilik yilinda meyve eti sertligini %10-36
arasinda ve ikinci yilinda meyve eti sertligini %10-32
arasinda tespit etmistir.

Cizelge 7. Domates genotiplerine ait meyve eti sertligi 6zellikleri (%)
Table 7. Fruit flesh firmness characteristics of tomato genotypes (%)

N Geng meyve (%) Standart Ortaolum (%)  Standart Olgun (%) Standart
Genotipler (Ortalama+SH) sapma (Ortalama+SH) sapma (Ortalama+SH) Sapma
TR95 3 16.03+1.88 3.26 6.03+0.67> 1.17 1.77+£0.07 0.12
TR123-1 3 23.77+2.85 4.93 9.88+0.29b 0.50 3.20+0.643b 1.12
KR202 3  20.58+5.01 8.68 16.67+2.022 3.51 4.23+0.882 1.52
KR207 3  24.40+£2.70 4.68 6.87+0.68P 1.18 4.50+0.202 0.35
P degeri 0.332 O.D. 0.001 0.031

P<0.05 diizeyinde anlamlidir.

Aymi siitunda gésterilen farkl: harfler (a,b,c) istatistiksel olarak anlaml farkliliklar géstermektedir (P< 0.05)
Different letters (a,b,c) shown in the same column indicate statistically significant differences (F<0.05)
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Domates genotiplerine ait bazi meyve o6zellikleri
cizelge 8'de verilmigtir. Genotiplerin meyve 6zellikleri
incelendiginde biitin genotiplerin olgunluk rengi
kirmizi olarak belirlenmistir. Oguz (2010) yaptig
calismada meyve rengi acisindan inceleme yaptiginda
kirmizi, koyu kirmizi ve pembe olarak gézlemlenen
materyalleri dikkate deger bulmustur. Genotiplerin
boyuna kesit seklleri TR95 ve KR207de eliptik,
TR123-1'de yass1 ve KR202de oval olarak
tespitedilmigdir. Meyve sapinda damarlanma butiin
genotiplerde orta dizeyde goriulirken TR123-1 de ¢ok
gicli olarak gozlemlenmigtir. Biitin meyvelerde;

Cizelge 8. Domates genotiplerine ait meyve 6zellikleri
Table 8. Fruit characteristics of tomato genotypes

Meyve sapinda cukur orta diizeydeyken TR123-1’de
¢ok buyik bir ¢ukur tespitedilmistir. Meyvelerin ¢icek
burnu sekline bakildiginda Turkiye genotiplerinin diiz
girintili KR202nin diiz KR207'nin ise sivrimsi bir
¢igek burnu sekline sahip oldugu goézlemlenmigtir.
Henaerh ve ark. (2014) yaptig1 calismada
genotiplerinin yarisinin ¢igcek burnu seklinin nokta
oldugunu tespit etmigtir. Meyve parlakligi kriterine
bakildiginda TR95 genotipinin parlakliginin az oldugu
diger genotiplerin ise orta diizeyde bir parlakliga sahip
oldugu gozlemlenmistir (Cizelge 8).

Meyve Meyve Meyve sapinda Meyve sapinda Meyve cicek Meyve
olgunluk boyuna kesit damarlanma ¢ukur burnu sekli parlaklig:
Genotipler rengi sekli
TR95 Kirmizi(5) Eliptik(6) Orta(3) Orta(3) Diiz girintili(2)  Zayif(1)
TR123-1 Kirmizi(5) Yass1(2) Cok giiclii(5) Cok biiyiik(5) Diiz girintili(2)  Orta(2)
KR202 Kirmizi(5) Oval(8) Orta(3) Orta(3) Diiz(3) Orta(2)
KR207 Kirmizi(5) Eliptik(6) Orta(3) Orta(3) Sivrimsi(4) Orta(2)

Cizelge 9da domates genotiplerine ait bazi meyve
ozellikleri verilmisgtir. Goézlemlenen meyve boyutu

kriterine bakildiginda KR202 numarali genotip
digerlerinden farkl olarak buyuk olarak
belirlenmigtir. Morfolojik gézlemlerden meyve kabuk
rengine  bakildiginda  herhangi  bir  farhlik
gorilmemigtir. Butiin genotipler turuncu olarak

gozlemlenmistir. . Bu calismada meyve olgunlugundan
once yesil yakalihk Turkiye genotiplerinde orta

Kirgizistan genotiplerinde ¢ok  kiigiik olarak
bulunmustur. Tembe ve ark. (2018) yaptiklar1 bir
calismada yerli domates genotiplerinin yesil
yakaliliklarim1  incelemis, genotiplerin  yaklagik

%80’'inde meyvelerde yesil yakalilik tespit etmiglerdir.

Cizelge 9. Domates genotiplerine ait meyve 6zellikleri
Table 9. Fruit characteristics of tomato genotypes

Genotiplerin meyve eti rengine bakildiginda Tirkiye
genotiplerin kirmizi Kirgizistan genotiplerinin ise
pembe et rengine sahip oldugu go6zlemlenmigtir
(Cizelge 9). Cukadar (2011) yaptig1 calismada biitiin
yerli domates genotiplerinin meyve eti rengini kirmizi
olarak belirlemigstir. Cekirdek evi sayis1 TR95, KR202
ve KR207 de 2 ila 3 arasinda degisirken TR123-1
genotipinde 10 olarak bulunmustur. Sekil 2’de
domates genotiplerinin enine kesit sekli
gorulmektedir. Calisma sonucunda elde edilen verilen
benzer caligmalara ornek niteligindedir.
Pradeepkumar ve ark. (2006) yaptig1 calismada
cekirdek evi sayisimi1 2-7 arasinda belirlemigtir.

Meyve eti rengi  Meyve boyutu Meyve kabuk Meyve Cekirdek
rengi olgunlugundan evl sayisl
once yesil

Genotipler yakalhlik
TR95 Kirmizi(5) Orta(5) Turuncu(1) Orta(5) 2
TR123-1 Kirmizi(5) Orta(5) Turuncu(1) Orta(5) 10
KR202 Pembe(4) Biiyiik(7) Turuncu(1) Cok kiiciik(1) 3
KR207 Pembe(4) Orta(5) Turuncu(1) Cok kii¢iik(1) 2

Yaprak Goézlemlerine Ait Bulgular

Domates genotiplerine ait baz1 yaprak o&zellikleri
cizelge 10’da verilmistir. Yapilan degerlendirmeler
sonucunda yaprak uzunlugunda genotipler arasinda
onemli farklihklar bulunmamistir (P=0.571). Yaprak
genigligine bakildiginda ise TR95 17.50 cm olarak
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bulunup genotipin digerlerine gére daha dar yaprak
yapisina sahip oldugu tespit edilmigtir. Pradeepkumar
ve ark. (2006)na ait calismada domates hatlarindaki
yaprak uzunlugunun 41.33-59.33 c¢m, yaprak
genigliginin ise 34.00-57.33 cm arasinda oldugu
belirlenmigtir.
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Sekil 2. Tirkiye ve Kirgizistan’dan toplanan yerel domates genotiplerirﬁn enine kesiti
Figure2. Cross-section of local tomato genotypes collected from Tiirkiye and Kyrgyzstan

Cizelge 10. Domates genotiplerine ait yaprak 6zellikleri (cm)

Table 10. Leaf characteristics of tomato genotypes (cm)

N  Yaprak uzunlugu (cm)  Standart Yaprak genisligi (cm) Standart
Genotipler (Ortalama+SH) sapma (Ortalama+SH) sapma
TR95 3 24.90+1.47 2.55 17.50+1.21b 2.10
TR123-1 3 25.00+1.05 1.81 20.10+0.452 0.79
KR202 3 23.30+1.66 2.87 20.80+0.11a 0.20
KR207 3 23.00+0.34 0.60 22.30+0.452 0.78
P degeri 0.571 0.D. 0.007

P<0.05 diizeyinde anlamlidar.

Aymi siitunda gosterilen farkli harfler (a,b,c) istatistiksel olarak anlamh farkliliklar: gostermektedir (P< 0.05)
Different letters (a,b,c) shown in the same column indicate statistically significant differences (P<0.05)

Cizelge 11’de domates genotiplerine ait baz1 yaprak
gbézlemleri verilmigtir. Calismada genotiplerin yaprak
ozelliklerine bakildiginda TR95, KR202 ve KR207
numarali genotiplerin yar1 dik yaprak durusuna sahip

oldugu, TR123-1 genotipinin ise yatay yaprak
durusuna sahip oldugu goézlemlenmistir . Benzer
sekilde Turhan ve Seniz (2009) calismasinda

genotiplerin yaprak durus seklini yar1 dik ve yatay
olarak gozlemlemistir (Cizelge 11). Her iki calisma da
genotiplerin yaprak duruglarinin benzer o6zellikler
gosterdigi tespit edilmistir. Yapilan go6zlemler
sonucunda  bitin genotiplerde yaprak ayasi
bulunmakta olup yapraklarda yesil renk yogunlugu
KR207 hari¢ biitin genotiplerde orta diizeyde ancak
KR207 de yogun olarak gozlemlenmistir. Zhou ve ark.
(2015) yaprak ozelliklerinin fenotipik varyasyonun
6nemli bir kismini olusturdugunu g¢aligmalarla ortaya
koymustur. Saka (2023) ise yaptig1 calismada

201

genotipler arasindan yapraklarin 17 tanesinin agik, 6
tanesinin koyu ve 35 tanesinin orta koyulukta yesil
renk yogunluguna sahip oldugunu belirtmektedir.
Yaprak parlakligi TR95 ve KR207 genotiplerinde az,
ancak TR123-1 ve KR202de yogun olarak
gbzlemlenmigtir.

Bitki G6zlemlerine Ait Bulgular

Domates genotiplerinin bitki 6zellikleri ¢izelge 12’de
verilmigtir. Bu calismada genotipler arasinda cicek
rengi bakimindan farklilhiklar goézlemlenmemis ve
TR95 hari¢ Dbiitin  genotiplerde  antosiyanin
gozlemlenmistir. Saka (2023) yaptig1 yerel domates
popiilasyonu c¢alismasinda bu calismay1r destekler
nitelikte bulgular elde etmigtir, fide doneminde
antosiyanin olusumu ile bitkideki ¢igek rengi
Ozelliginin butin genotiplerde benzer oldugunu
soylemigtir. Bitki biiyime giici TR123-1 genotipinde
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az ancak diger genotiplerde orta seviyede gorilmuistur.
Meyve sap1 kirillmasi TR95,TR123-1 ve KR202de
gorilmustir ancak KR207’de meyve sap1 kirilmasi
yoktur. Goévdede tiuylulik TR95 ve KR207 de orta
diizeyde iken TR123-1 ve KR202’de yogun olarak
tiyliliikk belirlenmistir. Sénmez ve ark. (2015) yerli
domates genotiplerinde yaptiklar1i c¢alismada 15

Cizelge 11. Domates genotiplerine ait yaprak ozellikleri

Table 11. Leaf characteristics of tomato genotypes

genotipte az, 44 genotipte orta ve 2 genotipte yogun
tuylilik oldugunu soylemiglerdir. Bitki gelisim sekli
Turkiye genotiplerinde sirik, Kirgizistan
genotiplerinde oturak olarak gérilmiistiir (Cizelge 12).
Demir ve Unli (2023) ¢alismalarinda kullandiklar:
hatlarin tamaminin sirik biiyime tipine sahip oldugu
tespit etmiglerdir.

Yaprak Yaprak Yaprak Yaprak yesil rengin
durus parlakligi ayasl yogunlugu
Genotipler sekli
TR95 Yar1 dik(3) Az(1) Var(1) Orta(2)
TR123-1 Yatay(5) Yogun(3) Var(1) Orta(2)
KR202 Yar1 dik(3) Yogun(3) Var(1) Orta(2)
KR207 Yar: dik(3) Az(1) Var(1) Yogun(3)
Cizelge 12. Domates genotiplerine ait bitki 6zellikleri
Table 12. Plant characteristics of tomato genotypes
Cicek rengi  Fide donemi Bitki buytime Meyve sap1  Govdede Bitki gelisim
Genotipler antosiyanin glicl kirilmasi taylilik sekli
TR95 Sari(1) Yok(2) Orta(2) Var(1) Orta(2) Sirik(1)
TR123-1 Sari(1) Var(1) Az(1) Var(1) Yogun(3)  Sirik(1)
KR202 Sari(1) Var(1) Orta(2) Var(1) Yogun(3)  Oturak(2)
KR207 Sar1(1) Var(1) Orta(2) Yok(2) Orta(2) Oturak(2)
Verim Bulgular: SONUC ve ONERILER

Domates genotiplerine ait verim degerleri ¢izelge 13’de
verilmigtir. Bu ¢calismadaki domates genotiplerin bitki
bagina verim degerleri, 5.116 kg ile 2.514 kg arasinda
belirlenmigtir. Verim degerlerinin yillar ortalamas:
incelendiginde ise 0.20-1.65 kg bitki-1 arasinda
belirlenmistir (Saka, 2023). Calismadaki genotiplerin
meyve verimleri sirasiyla KR207 (5.116 kg), KR202
(4.151 kg), TR123-1 (3.178 kg) ve TR95 (2.514 kg)
olarak tespit edilmistir (Cizelge 13). Paksoy (2003)
yaptig1 calismada bazi sanayilik cesitlerin verim
degerelerini; 5740.1-8900.4 kg da! arasinda tespit
etmistir. Scarano ve ark. (2020) yaptiklar1 ¢alismada
bitki basina verim degerlerini 1.67-5.67 kg arasinda ve
Cebolla-Cornejo ve ark. (2013) yaptiklar1 calismada
0.5-5.5 kg arasinda belirlemiglerdir.

Cizelge 13. Domates genotiplerinin bitki basina
verimi

Table 13. Yield per plant of tomato genotypes

Genotipler Verim (kg bitki?)

TR95 2.51

TR123-1 3.19

KR202 4.15

KR207 5.11
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Ulkemiz yerel domates genotipleri stres kosullarina
toleranshi ve meyve o6zellikleri bakimindan nitelikli
popiilasyonlar1 blinyesinde barindirmaktadir. Bu
genetik ¢esitliligin korunmasi, stirdiiriilebilmesi ve bu
kaynaklarin farkli o6zellikler acisindan incelenerek
1slah programlarina alinmasi oénemlidir. Boylelikle
yerel kaynaklardan elde edilen farkli genetik
ozelliklere sahip materyallerden ustiin nitelikli ve
verimli ¢esitlerin elde edilmesi mimkiin olabilecektir.
Bu calismada baz1 yerel domates genotiplerinin
morfolojik 6zellikleri tespit edilmistir. Elde edilen

veriler 1s18inda  yerel genotiplerin farkli 1slah
calismalarinda  genetik  birer kaynak olarak
kullanilabilecegi disuniilmektedir. Genotiplerden

verimli ve kaliteli sanayi tipi F1 hibrit domates
gesitlerinin ¢ikarilabilecegi, bu cesitlerin yerel ve
uluslaraaras1  pazarlarda  rekabet  edebilecegi
diustniulmektedir.

TESEKKUR

Denemenin kuruldugu arazi ve analizlerin yapildig:
laboratuvarin ait oldugu Selguk Universitesi Ziraat
Fakiltesi Bahcge Bitkileri Bélimii'ne tegsekir ederiz.

Aragtirmacilarin Katki Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katk: saglamigtir.
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Cikar Catismasi Beyan:

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi yoktur.

Etik Kurul Karari
Makalede etik kurul kararina gerek yoktur.
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ABSTRACT Botany

Plants are natural products used in the prevention and treatment of

many diseases. In this study, antioxidant, antimicrobial, Research Article

anticholinesterase activities and total phenolic and flavonoid contents of } }

Tagetes patula L. samples collected from Iraq were determined. The Artlc.le History

aerial parts of the plant were extracted with ethanol in a soxhlet device. Received - 20.03.2024

The antioxidant potential of the extracts was measured with Rel Assay Accepted +23.06.2024

kits. Antimicrobial activity was determined by the agar dilution method

against standard bacterial and fungal strains. To determine Keywords

anticholinesterase activity acetyl and butyrylcholinesterase inhibitions Ant} A.lzhellmer,

were tested. The total phenolic content of the samples was carried out Antimicrobial,
Antioxidant,

using the Folin-Ciocalteu reagent. The quantification of flavonoids was
conducted using an aluminum chloride assay. As a result of the analyses,
the total antioxidant value of the plant extract was determined as
5.386+0.142 mmol Trolox equiv./L, the total oxidant value was
8.287+0.146 pmol H20:2 equiv./LL and the oxidative stress index was
determined as 0.154+0.003. Plant extracts showed the highest activity
against Candida species. It was also effective against bacterial and fungal
strains at concentrations between 50-400 pg/mL. Acetylcholinesterase
activity of the plant extract was determined as 24.97+0.98, and
butyrylcholinesterase activity was determined as 35.65+0.94.
Additionally, its total phenolic content was determined as 63.64+0.74
mgGAE/g and its total flavonoid content was 108.9+1.55 mgQE/g. It has
been determined that the plant has antioxidant, antimicrobial, and
antiallergic potential.

French marigold,
Medicinal plants

Tagetes patulamnin (Asteraceae) Antioksidan, Antimikrobiyal ve Antialzheimer aktiviteleri

OZET Botanik

Bitkiler birgok hastaligin 6nlenmesinde ve tedavisinde kullanilan dogal Arast Makalesi
urunlerdir. Bu calismada 7Tagetes patulanin Irak’dan toplanan agtirma fakalest
orneklerinin antioksidan, antimikrobiyal, antikolinesteraz aktiviteleri ve Makale Tarihcesi

toplam fenolik ve flavonoid igerikleri belirlenmigtir. Bu kapsamda
bitkinin toprak Ustii kisminin etanol ile soxhlet cihazinda o6ztitleme
islemi yapildi. Oziitlerin antioksidan potansiyeli Rel Assay kitleri ile

Gelis Tarthi  :20.03.2024
Kabul Tarihi :23.06.2024

6lculdi. Antimikrobiyal aktivite standart bakteri ve fungus suslarina Anahtar Kelimeler
karsi agar diliisyon metodu ile belirlendi. Antikolinesteraz aktivite i¢in Antialzheimer,
asetil ve bitirilkolinesteraz inhibisyonlar1 test edildi. Numunelerin Antimikrobiyal,
toplam fenolik igeriginin miktarinin belirlenmesi, Folin-Ciocalteu Antioksidan,
reaktifi kullanilarak gerceklestirildi. Flavonoidlerin miktarinin Fransiz kadife ¢igegi,
belirlenmesi, bir aliminyum klorar tahlili kullanilarak gercgeklestirildi. Sifali Bitkiler

Yapilan analizler sonucunda bitki 6ziitiiniin toplam antioksidan degeri
5.386+0.142 mmol Trolox equiv./L,, toplam oksidan degeri 8.287+0.146
pmol H202 equiv./LL ve oksidatif stress indeksi 0.154+0.003 olarak
belirlendi. Bitki ozitleri en yiiksek aktiviteyi Candida tirlerine karsi
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gosterdi. Ayrica bakteri ve fungus suslarina karsi 50-400 pg/mL
arasindaki konsantrasyonlarda etkili oldugu tespit edildi. Bitki
OzUtunun asetilkolinesteraz aktivitesi 24.97+0.98 pg/mlL,
butirilkolinesteraz aktivitesi 35.65+0.94 pg/mL olarak belirlendi. Ayrica
toplam fenolik igerigi 63.64+0.74 mgGAE/g, toplam flavonoid igerigi
108.9+1.55 mgQE/g olarak tespit edildi. Bu kapsamda bitkinin
antioksidan, antimikrobiyal ve Antialzheimer potansiyelinin oldugu

tespit edilmigtir.
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INTRODUCTION

Traditional medicine has a very important place in
human history. Different natural products are used in
the fight against many diseases, based on old
information (Comlekcioglu et al., 2022). The most
commonly used among these natural products are
plants. Many plants are used in different communities
for many purposes such as burning, shelter, food, or
medicine (Dogan et al., 2023). In many studies
conducted on plants, it has been reported that plants
have many activities such as antioxidant, anticancer,
antiaging, anti-inflammatory, antiproliferative,
hepatoprotective, antioxidant, antimicrobial, and DNA
protective (Tutus et al., 2010; Mohammed et al., 2020a;
Madani et al., 2022; Unal et al., 2022; Kalkan et al.,
2023; Sevindik et al., 2023; Uysal et al., 2023). For this
reason, determining the biological activities of plants
is very important in terms of their usage potential. One
of these plants is 7. patula, which originates from
America and is widespread around the World (Rueda
et al, 2018). Z7Tagetes sp. has demonstrated
antibacterial, antifungal, and insecticidal activity in
the control of many pests and diseases, especially in
nematode management programs (Ismail et al., 2019;
Gongalla, 2020).

It is an annual plant species of 7. patula (Asteraceae)
known as French marigold. It is easily grown with
thousands of different varieties in bright shades of
yellow and orange. It blooms from July to October. Its
flowers are used to color foods (Romagnoli et al., 2005).
Tagetes has approximately 30 species and is also used
in traditional medicine in many regions of the world
(Xu et al., 2012). The flowers and leaves of marigolds
are used as folk medicine in the treatment of fever,
liver diseases, diarrhea, vomiting, colic, and skin
diseases (Kafaltiya et al., 2019). Plant extracts and
essential oils are bioactive and potentially allelopathic
against many pathogenic organisms such as bacteria,
fungi, nematode viruses, acarid, and insects (Rueda et
al., 2018). In this study, while determining the total
phenolic content, total flavonoid content, and
antimicrobial activity of the plant, we also aimed to
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determine the total antioxidant and total oxidant
values and anticholinesterase activity of 7. patula for
the first time.

MATERIAL and METHOD

T. patula species were collected from Iraq (Erbil).
Muddy and dusty aboveground parts of the plant were
cleaned using distilled water. It was then ground into
powder in a mechanical grinder. Then, thirty grams of
the powder samples were weighed and extracted in a
soxhlet apparatus. The extraction procedure was
applied to 30 g of sample in 250 mL ethanol at 50°C for
6 hours. Then, the solvents of the extracts were
evaporated to obtain crude extract.

Antialzheimer tests

The anticholinesterase activity of the plant was
determined for its potential anti-Alzheimer effect. For
this, the Ellman method was used (Ellman et al.,
1961). Galantamine was used as a standard. The plant
extract was prepared at concentrations of 3.125-200
pg/mL. Then, 130 pL of 0.1 M pH=8 phosphate buffer,
10 L of stock solution, and 20 nL of enzyme (AChE or
BChE enzyme solution) were added to the microplate
and incubated for 10 min at 25 °C in the dark. 20 pL of
DTNB (5,5'-dithiobis-(2-nitrobenzoic acid)) solution
and 20 pL of substrate (acetylcholine iodide or
butyrylcholine iodide) were added. Reading was made
with a spectrometer at a wavelength of 412 nm. The
absorbance readings of the samples were repeated 3
times. ICso values of percent inhibition of the samples
was expressed as pg/mL (Kurt et al., 2020).

Inhibition (%) = [Acontrol — A sample / Acontrol] x100

Antimicrobial Activity Tests

Stock solutions were prepared from the plant extract
at concentrations ranging from 125.5-800 pg/mL. From
these extract concentrations, the lowest concentrations
that prevented the growth of bacterial and fungal
strains were determined. Staphylococcus aureus
ATCC 29213, S. aureus MRSA ATCC 43300,
Enterococcus faecalis ATCC 29212, Escherichia coli
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ATCC 25922, Pseudomonas aeruginosa ATCC 27853
and Acinetobacter baumannii ATCC 19606 were used
as bacterial strains. Candida albicans ATCC 10231, C.
kruser ATCC 34135 and C. glabrata ATCC 90030 were
used as fungal strains. Bacteria were grown in Hinton

Broth medium. The growth of fungi was carried out in
RPMI 1640 Broth medium (Baba et al., 2020).

Total Phenolic and flavonoid Tests

A stock solution was prepared from the plant extract
at a concentration of 1 mg/mL. After 250 mL of this
solution was taken and mixed with 1 mL of Folin-
Ciocalteu reagent (1:9, v/v), 0.75 mL of 1% Na2COs was
added. Then incubated for 2 hours at room
temperature and finally measured at 760 nm.
According to the calibration curve of the gallic acid
standard solution, the total phenolic content (TPC)
was expressed as mgGAE/g (Bal et al., 2023).

The total flavonoid content (TFC) of the plant extract
was analyzed by aluminium chloride assay. 0.1 mL
10% Al (NOs)s, 0.1 mL 1 M NH.CHs;COO, 4.3 mL
methanol, 0.5 mL quercetin and 0.5 mL plant extracts
were mixed. It was then incubated for 40 minutes, and
absorbance was measured at 415 nm. According to the
calibration curve of the quercetin standard solution,
the total flavonoid content (TFC) was expressed as
mgQE/g (Korkmaz et al., 2023).

Total antioxidant and oxidant analyze

Rel Assay kits were used to determine the antioxidant
potential of the plant extract. Trolox was used as a
calibrator in the total antioxidant (TAS) test, and
hydrogen peroxide was used as a calibrator in the total
oxidant (TOS) test. TAS values were expressed as
mmol Trolox equiv./L. TOS values were expressed as
pmol H:20: equiv./L (Erel, 2004; Erel 2005). OSI
(oxidative stress index) value was determined by
dividing TOS values to TAS values and taking their
percentages (Sevindik, 2019).

RESULTS AND DISCUSSION
Anticholinesterase activity

Alzheimer's is the most common neurodegenerative
disease. The number of cases, which has been
increasing in recent years, is expected to increase
further in the coming years. Due to the increasing age
scale, approximately 5 million new cases are seen

Table 2 MIC values of ethanol extract of 7. patula

Cizelge 2. T. patula’nin etanol ektraktinin MIC degerleri

every year around the world. On the other hand, the
pathogenesis of the disease is still not fully known
(Konrath et al., 2013). However, the most common
treatment options include inhibition of
cholinesterases. In this study, the anti-AChE and anti-
BChE potentials of the ethanol extract of 7. patula
were determined. The obtained ICso values are shown
in Table 1.

Table 1 Anti-AChE and anti-BChE values of 7. patula
Cizelge 1. T. patula’nin anti-AChE ve anti-BChE
degerleri

Exctract and AChE pg/mL BChE pg/mL
Control

Ethanol extract 24.97+0.98 35.65+0.94
Galantamine 9.46+0.18 15.86+0.41

In the literature, the AChE inhibition values of the
ethanol extract of 7. patula were reported to be 22.37-
25.33 u mol/mg (Ramakrishnan et al., 2015). In this
study, anti-AChE and anti-BChE potentials were
determined using the ethanol extract of 7. patula.
Additionally, galantamine was used as a standard. It
was determined that 7. patula used in this study
showed lower activity than galantamine. It is very
important to determine the presence of enzymes that
cause the etiology of diseases. In addition, inhibition of
these enzymes can make important contributions to
the treatment of diseases (Swiatek et al., 2021). It
appears that 7. patula used in this study has acetyl
and butyrylcholinesterase inhibition potential. These
findings suggest that 7’ patula may be a natural source
for the treatment of neurodegenerative diseases.

Antimicrobial activity

Today, microorganisms are at the root of many
diseases. The effects of antimicrobial drugs used
against microorganisms in the market are insufficient
(Eraslan et al., 2021). Among the general reasons for
this is the increase in the number of resistant
microorganisms due to unconscious use of antibiotics.
The researchers have turned to the discovery of new
antimicrobial drugs. Possible side effects of synthetic
drugs have led researchers to natural antimicrobial
sources (Bal et al., 2022; Lomberg et al., 2023;
Mohammed et al., 2023). In this study, the
antimicrobial potential of the ethanol extract of 7.
patula was determined. The findings obtained are
shown in Table 2.

S aureus S. aureus E. E P. A. C. C. C.
’ MRSA faecalts coli aeruginosa baumannii  albicans glabrata  krusei
Ethanol 200 200 100 400 400 200 50 50 50

*50, 100, 200, 400 pg/mL represents the lowest concentration that inhibits the growth of microorganisms.



KSU Tarim ve Doga Derg 27 (Ek Say1 1), 205-212, 2024
KSU J. Agric Nat 27 (Suppl 1, 205-212, 2024

Arastirma Makalesi
Research Article

In this study, it was determined that the ethanol
extract of 7. patula was effective against standard
bacterial and fungal strains at concentrations between
50-400 pg/mL. It has previously been reported that
methanol extract of 7. patula is effective against
Bacillus  subtilis,  Enterococcus  faecalis and
Staphylococcus aureus (Latifian et al., 2021). In a
different study, it was reported that different parts of
T. patula were effective against Bacillus cereus,
Bacillus subtilis, Listeria monocytogenes, Micrococcus

Iuteus, Micrococcus lysodeikticus, Mycobacterium
fortuitum, Staphylococcus aureus, Staphylococcus
aureus AB, Staphylococcus saprophyticus,

Streptococcus faecalls, Streptococcus pneumoniae,
Streptococcus pyogenes, KEscherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Proteus vulgaris,
Pseudomonas aeruginosa, Salmonella paratyphi,
Salmonella typhi and Shigella flexneri (Faizi et al.,
2008). In another study, it was reported that different
parts of 7. patula have antimicrobial activities against

Serratia fonticola, Klebsiella pneumoniae,
Acinetobacter  baumannili, Proteus  mirabilis,
FEscherichia  coli,  Staphylococcus  aureus, S.
epidermidis, S. saprophyticus, Streptococcus

agalactiae, and Streptococcus oralis (Safar et al.,
2020). In this study, it was determined that 7. patula
was effective against standard bacterial and fungal
strains using ethanol extract. It was observed that the
plant extract exhibited the highest activity against C.
albicans, C. glabrata, and C. kruser at a concentration
of 50 pg/mL. It later became effective against F.
faecalis at a concentration of 100 pg/mL. Subsequently,
it was effective against S. aureus, S. aureus MRSA,
and A. baumannii at a concentration of 200 pg/mL. It
also showed activity against . coli and P. aeruginosa
at a concentration of 400 pg/mL. Latifian et al. (2021)
found in their study that the ethanolic extract of 7.
patula showed good antibacterial effects against
human pathogens. Rueda et al. (2018) examined the
effect of methanolic flower extract and essential oil of
T. patulaon R. solanacearum bacteria and determined
that the bacteria were highly sensitive to both
components at a concentration of 100 mg/mL. In line
with literature data and this study data, it has been
observed that 7' patula has antimicrobial potential.

Total phenolic and total flavonoid contents

As a result of their defense systems, plants produce
secondary metabolites that are not nutritional but
medically important (Tirkmen and Koger, 2021). In
this study, total phenolic and total flavonoid contents
of T. patula were determined. The findings obtained
are shown in Table 3.

It is thought that the phenolic compound contents in
plants, including flavonoids, have the ability to
eliminate free radicals (Rueda et al., 2018). In the
literature, it has been reported that the total phenolic
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Table 3 TPC and TFC values of 7. patula
Cizelge 3. T. patula’nin TPC ve TFC degerleri

TPC TFC
(mgGAE/g) (mgQE/g)
Ethanol extract 63.64+0.74 108.9+1.55

Values are given as mean + standard deviation. (n=3)

contents of the flower and leaf parts of 7" patula are 30
and 80 mg/g, and the total flavonoid content is 30 and
65 mg/g (Kushwaha and Verma, 2017). While the total
phenolic contents of 7. patula used in this study were
similar compared to this study, the total flavonoid
contents were determined to be higher. Tiwari et al.
(2023) determined the total flavonoid content of the
ethanolic extract of 7. patulaflower as 119.08 mg/g and
the total flavonoid content as 71 mg/g. When we
compared this study with Tiwari et al. (2023) study, we
found that phenolic values were lower and flavinoid
values were higher. In a different study, the total
phenolic contents of the flower and leaf parts of 7.
patula were reported as 11.54-103.70 mg/g (Salachna
et al., 2021). Rueda et al. (2018) determined the total
phenolic content in the methanol extract of the leaves
and flowers of 7. patula as 227.67 mg/g and 153.48
mg/g, respectively. In another study, the total phenolic
content of different fractions of 7. patula was reported
as 14.85-67.44 mg/g (Kuddus et al., 2012). Compared
to these studies, the total phenolic contents of the
aboveground parts of 7" patula used in this study are
similar, although there are some differences. It is
thought that this difference arises from the difference
in soil structure in the regions where the plants are
collected and the variability of the stress conditions
they encounter.

Antioxidant activity

Oxidant compounds are unstable compounds produced
in routine metabolic processes. Oxidant compounds
play a role at low doses in defending against infections
or promoting the death of cancer cells (Bal et al., 2019).
But as levels of oxidant compounds increase, they can
become membrane bound. Antioxidants protect living
organisms from diseases by reducing or suppressing
the effects of oxidant compounds in living organisms
(Krupodorova and Sevindik, 2020; Mushtaq et al.,
2020). However, if the balance between oxidant
compounds and the antioxidant defense system shifts
towards oxidant compounds, oxidative stress occurs.
As a result of oxidative stress, diseases such as
degenerative diseases (Parkinson, Alzheimer's, AMD),
rheumatic, pulmonary, digestive, cardiovascular,
metabolic progressive chronic diseases, and cancer are
linked to oxidative stress. They can promote chronic
diseases such as cataracts, cancer, coronary heart
disease, diabetes, and kidney failure (Manda et al.,
2009; Sevindik et al.,, 2018; Giirgen et al., 2020).
Supplemental antioxidants may serve to reduce the
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possible effects of oxidative stress (Hawas et al., 2013).
Plants are very important natural products in terms of
their supplementary antioxidant potential. In this

Table 4 TAS, TOS and OSI values of T. patula
Cizelge 4. T. patula’nin TAS, TOS ve OSI degerleri

study, the antioxidant potential of 7. patula was
determined. The findings obtained are shown in Table
4.

TAS TOS OSI
(mmol Trolox equiv./L) (umol Hz0: equiv./L) (TOS/TASx10)
Ethanol extract 5.386+0.142 8.287+0.146 0.154+0.003
Values are given as mean + standard deviation. (n=3)
CONCLUSION

Many previous studies have reported the antioxidant
potential of 7. patula using different methods (Negi et
al., 2013; Munhoz et al., 2014; Kashif et al., 2015; Riaz
et al., 2020). In this study, the antioxidant potential of
T. patula was determined for the first time using TAS
and TOS kits. There are studies on different plant
species using TAS and TOS kits. In these studies, TAS
values of Mentha longifolia ssp. longifolia, Alllum
calocephalum, Helianthemum salicifolium, Silybum
marianum, Ferulago platycarpa, Galium aparine, and
Glycyrrhiza glabra were reported as 3.628, 5.853,
9.490, 5.767, 5.688, 5.147 and 8.770, respectively. TOS
values were reported as 4.046, 16.288, 14.389, 12.144,
15.552, 18.679 and 14.590, respectively. OSI values
have been reported as 0.112, 0.278, 0.157, 0.211, 0.273,
0.346 and 0.167, respectively (Sevindik et al., 2017;
Mohammed et al., 2019a; Mohammed et al., 2019b;
Mohammed et al.,, 2020b; Korkmaz et al., 2021;
Mohammed et al., 2021a; Mohammed et al., 2021b).
Compared to these studies, the TAS value of 7. patula
used in this study was found to be higher than Mentha
longifolia ssp. longifolia and Galium aparine, and
lower than Alllum calocephalum, Helianthemum
salicifolium, Silybum marianum, Ferulago platycarpa,
and Glycyrrhiza glabra. TAS value is an indicator of
the totality of antioxidant compounds found in natural
products (Selamoglu et al., 2020). In this context, it
appears that 7. patula used in this study has
antioxidant potential. TOS value is an indicator of the
oxidant-active compounds produced within natural
products. The OSI value shows the percentage of
oxidant compounds suppressed by antioxidant
compounds. High OSI value shows that natural
products are insufficient to suppress oxidant
compounds. (Selamoglu et al., 2020). It was observed
that the TOS and OSI values of 7. patula used in this
study were higher than Mentha Iongifolia ssp.
Iongifolia and lower than Allium calocephalum,
Helianthemum  salicifolium, Silybum marianum,
Ferulago platycarpa, Galium aparine and Glycyrrhiza
glabra. In this context, it was observed that 7. patula
used in this study produced fewer oxidant compounds
due to environmental effects. In addition, it appears
that the antioxidant defense system functions well in
suppressing oxidant compounds. In this context, it is
thought that 7' patula may be a natural antioxidant
source.
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In this study, the biological activities of 7. patula,
which is an easy-to-cultivate, fast-growing, and
widespread species, were determined. Antioxidant,
antimicrobial, and anticholinesterase activities, as
well as total phenolic and flavonoid contents of 7.
patula were determined. As a result of the analyses, it
is thought that the ethanol extract of the plant can be
used both as a food preservative and against human
pathogenic microorganisms due to its high antioxidant
and antimicrobial potential. It is also thought that the
plant may support the treatment of neurodegenerative
diseases due to its antioxidant and anticholinesterase
potential. Although the findings are compatible with
the T. patula data used in folk medicine studies, the
positive properties of this plant on living things can be
detailed in different studies.
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ABSTRACT Fields Crops
In the study, the biochemical composition of bioactive ingredients,
essential oils ratio and compounds, mineral elements content, and Research Article

antioxidant activities of two Origanum species (O.rotundifolium Boiss.
and O. syriacum L.) were investigated. It has been observed that the Article History

total flavonoid and phenolic contents vary, with the amounts being Received 1 27.03.2024
6.57 mg QE gl and 225.79 mg GAE g1 for O. rotundifolium Boiss., and Accepted :01.07.2024
184.65 mg QE gl and 114.46 mg GAE g! for O. syriacum L.,

respectively. The highest element contents have been determined for Keywords

macroelement Calcium (Ca)> Potassium (K)> Magnesium (Mg); and Anthocyanin

for microelement Iron (Fe)> Manganese (Mn) > Zinc (Zn)> Copper Nutrition elements

(Cw)>, respectively. The essential oil yield was determined between Dualex index

2.39% (O. rotundifolium Boiss) and 5.29% (O. syriacum L.). Essential Oregano

oil compositions were determined by GC-MS (Gas Chromatography— NBI

Mass Spectrometry analysis). Besides, the major components found in
two species were carvacrol, ¥ -terpinene and cymene. As a result of
the study, O. rotundifolium Boiss. and O. syriacum L. species are rich
in nutrients and biochemical content and can be used in many areas
as an alternative food source.

Origanum rotundifolium Boiss. ve Origanum syriacum L. Tirlerinin Besin Elementleri Igerigi, Ugucu
Yag Oran1 ve Biyokimyasal Bilegiminin Belirlenmesi

OZET Tarla Bitkileri

Yiiriitilen c¢alismada, iki Origanum tiiriiniin ~ (Origanum

rotundifolium Boiss. ve Origanum syriacum L.) biyoaktif bilesiklerin Aragtirma Makalesi
biyokimyasal icerigi, ugucu yag miktar1 ve bilesenleri, mineral

element igerigi ve antioksidan aktiviteleri arastirilmistir. Makale Tarihgesi
Gozlemlenen toplam flavonoid ve fenolik igeriklerin degisiklik Gelig Tarihi  :27.03.2024
gosterdigi ve iceriklerin miktarlar: sirasiyla O. rotundifolium Boiss. Kabul Tarihi :01.07.2024

icin 6.57 mg QE gt ve 225.79 mg GAE g-1, O. syriacum L. i¢gin 184.65

mg QE g1 ve 114.46 mg GAE gl oldugu tespit edilmistir. En yluksek Anahtar Kelimeler
element icerikleri makro elementlerde Kalsiyum (Ca) > Potasyum (K) Antosiyanin

> Magnezyum (Mg); mikro elementlerde ise Demir (Fe) > Manganez Besin elementi
(Mn) > Cinko (Zn) > Bakir (Cu) olarak belirlenmistir. Ugucu yag oran1 Duakeks index
O. rotundifolium Boiss. i¢in %2.39 ve O. syriacum L. igin %5.29 Kekik
olmustur. Ugucu yaglarin kimyasal bilesimi Gaz Kromatografi-Kiitle NBI
Spektrometresi analizi (GC-MS) ile belirlenmis ve her iki tiirde

bulunan baglica bilegsenler karvakrol, y-terpinen ve simen olmustur.

Yapilan c¢alismanin sonucunda, O. rotundifolium Boiss. ve O.

syriacum L. tirlerinin besin ve biyokimyasal igerikler agisindan

zengin oldugu ve bir¢cok alanda alternatif bir gida kaynag: olarak

kullanilabilecegi gorulmiuistir.
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INTRODUCTION

Many species of oregano, belonging to the Lamiaceae
family, are known Coridothymus, Thymus, Thymbra,
Satureja, and Origanum genera in Turkey. The
endemism rate of this family, which is among the three
richest families in Turkey, is 44.2% (Fakili, 2010). The
Lamiaceae (Labiatae) family, which also includes the
Origanum L. genus, includes approximately 200
genera and 3500 species. There are 45 genera and more
than 546 species belonging to this family in Turkey.
The genus Origanum has 41 species in the world. 75%
of these species naturally spread in the Mediterranean
region, especially in the Eastern Mediterranean
region. Origanum L. genus is represented by 23 species
and 5 subspecies in the flora of Turkey. 15 of these
species are endemic. Turkey is the most important
origin in the world for many species belonging to the
genus Origanum L. (Baytop, 1984; Is1k,1995; Bayar
and Cinar. 2020; Maral ve Kirici, 2022). Many species
in the genus Origanum are in an important position
due to their secondary metabolites, essential oils,
nutrients, and biochemaical contents.

Plants serve as a vital source of essential elements for
human beings. The quantitative or qualitative
assessment of mineral elements found in plants holds
significance as the concentration and types of minerals
are often required to be specified on food labels. The
nutritional quality of many foods relies on the
concentration and types of minerals they contain.
Moreover, these minerals play a crucial role in
combating various degenerative diseases and
processes, mitigating the effects of environmental
pollutants, and enhancing cognitive function and
productivity. Certain minerals such as Phosphorus,
Sodium, Potassium, and Calcium are indispensable for
maintaining a healthy diet (Momin and Kadam, 2011).
Hence, determining the nutrient profile of plant
species holds paramount importance.

Oregano essential oils obtained from the genera
Origanum are rich in carvacrol. Turkey is the biggest
exporter of oregano herb and oil to the world markets.
Oregano is mainly used in the spice, food, and
pharmaceutical industries. Carvacrol is responsible for
the biological activities of oregano. Many diverse
activities of carvacrol such as antitumor,
antimicrobial, analgesic, antimutagenic,
antispasmodic, antigenotoxic, antiplatelet, angiogenic,
antiparasitic, anti-inflammatory, anti-elastase, anti-
hepatotoxic, insecticidal and hepatoprotective
activities use such as feed additive, in honeybee
breeding and gastrointestinal ailments have been
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shown (Can Baser, 2008).

The study was carried out to detect total ash, dry
matter, total antioxidant, total phenolic and total
flavonoids content, nitrogen balance index (NBI),
chlorophyll, flavonol, anthocyanin, nutrient elements,
essential oil composition, and yield of O. rotundifolium
Boiss. and O. syriacum L., which is cultivated in the
Van region and Turkey.

MATERIAL and METHOD
Plant material

The study materials consist of Origanum species
grown in the Medicinal and Aromatic Plants Garden of
Van Yizunci Yil University, Faculty of Agriculture,
Department of Field Crops. Diagnosed at the species
level of plants were grown in the Medicinal and
Aromatic Plants Garden to determine the adaptation
ability. The study materials consist of two species.
These are O. rotundifolium Boiss. and O. syriacum L..
Two years after the plants were planted, analyses were
made in a single year. The harvest was made during
the full bloom period. Samples were harvested from
9:00 to 10:00 in the morning.

Determination of ash, dry matter, heavy metal, and
nutrient contents

The nutritious values such as total ash, dry matter,
some heavy metals (As, Cd, Co, Ni, Cr, and Pb), and
minerals (microelements, Fe, Zn, Cu, and Mn; macro
elements, Mg, Ca, and K) and were measured in plant
parts. For the total ash determination, an Electrical
Muffle furnace set at 550 °C was used. Dry matter was
determined with the drying of the samples for 24 hours
at 105 °C in the oven. The mineral constituents of the
plant samples were investigated as follows: at first, the
dried samples were ashed in a furnace with
hydrochloric acid and nitric acid (AR) (AOAC 2000).
Then, distilled water (50 ml) was added to samples in
a volumetric flask. All assays were performed in
triplicate and the standard materials were utilized for
chemical analyses. Atomic Absorption Spectrometry
(AAS) was used to determine K, Ca, Mg, and Fe
contents. ICP-OES (Inductively coupled plasma-
optical emission spectrometer) was also used to
determine other microelements and heavy metals (Cu,
Zn, Ni, Mn, As, Cd, Co, Cr, and Pb).

Total antioxidant, total phenolic, and total flavonoid
content

Total phenolic compound content was measured
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according to Obanda et al. (1997) method. The
antioxidant activity was also determined based on the
Antioxidant Power (FRAP) (Iron (III) antioxidant
power reduction) method (Benzie, Strain 1996)
followed by readings of the absorbance at 593 nm, and
antioxidant activity values were recorded as Trolox
equivalent (TE) mg1. The total flavonoid content was
determined with some modifications according to the
method developed by Quettier-Deleu et al. (2000). The
total amount of flavonoid was measured at 415 nm and
calculated in mg quercetin equivalent (QE) 100 g'* DM
by using the calibration curve prepared using standard
quercetin.

Determination of Nitrogen Balance Index, chlorophyll,
flavonols, and anthocyanin

The Nitrogen balance index (NBI), chlorophyll,
flavonol, and anthocyanin content were measured on
the leaf non-destructively using and in real-time the
Dualex scientific+t (FORCE-A, France) device before
harvesting. Dualex measures flavonols and
anthocyanins by analyzing their screening effect on
chlorophyll fluorescence. The content of flavonols and
anthocyanins is given in relative absorbance units
ranging from 0 to 3 for flavanols and from 0 to 1.5 for
anthocyanins.

Isolation of the Essential Oils

The leaves of O. rotundifolium Boiss. and O. syriacum
L. species were used for the extraction of essential oils.
All the plant parts (100 g for each plant species) were
extracted separately by hydrodistillation using a
Clevenger Apparatus for 3h at 100+5°C (Gezici et al.,
2017). The obtained oils were dried over anhydrous
sodium sulfate and stored at +4°C in the dark until

analyzed and tested.

GC-MS analysis

Essential oil component analysis was performed using
Gas chromatography (GC/GC-MS (Agilent 7890A)).

Sistem: Agilent 5975 GC-MSD sistemi

Essential oils 1:50 ratio hexane carrier gas: 0.8 mL/min
flow rate helium gas

Split: 40:1
Injector temperature: at 250°C

Column temperature: 60°C (10 minutes) - 60°C to
220°C 4°C/minute - 220°C (10 minutes)

Total analysis time: 60 minutes
Mass detection scan range: (m/z) 35-450

Library: Wiley 7n, Nist 05 and Flavor and Fragrance
Natural and Synthetic Compounds (ver. 1.3).

All analyses carried out in the study were performed
in three repetitions and standard deviations were
determined. The data obtained as a result of the
research were subjected to variance analysis according
to the Randomized Parcel Trial Design. Statistical
calculations were made using the computer analysis
program COSTAT (Version 6.3). Differences between
averages were determined according to the Duncan
Multiple Comparison Method.

RESULTS and DISCUSSION

The dry matter (%), total ash (%), total flavonoid
content (mg QE/100 g), total antioxidant activity (umol
TE/g), total phenolic content (mg GAE g1), NBI,
chlorophyll, flavonol and anthocyanin contents of O.
rotundifolium Boiss. and O. syriacum L. species are
given in Table 1.

Table 1. Biochemical and bioactive compounds of Origanum species.
Cizelgel. Origanum tiirlerinin biyokimyasal ve biyoaktif bilesikleri.

O. rotundifolium + SD O. syriacum + SD Ccv
Total Ash (%) 9.51+0.88 10.84+0.48 6.87 ns
Dry Matter (%) 34.49+1.56 32.87+0.56 2.09 ns
Total Flavonoid Content (mg QE 100 g) 6.57+0.27 b 184.65+56.44 a 2.22 **
Total Antioxidant Content (pmol TE g)  102.12+1.01 b 172.03+2.43 a 0.01 **
Total Phenolic Content (mg GAE g'1) 225.79+0.72a 114.46+12.85 b 1.25 **
NBI 11.17+4.07 10.47+0.40 6.56 ns
Chlorophyll 19.63+8.12 21.13+0.80 3.43 ns
Flavonol 1.73+0.11 b 2.02+0.02 a 0.38 **
Anthoeyanin 0.11+0.01 0.13+0.01 5.89 ns

* Significant at P<0.05 level, ** Significant at P<0.01 level, and there is no statistical difference between the means indicated with letters. CV:

Coefficient of Variation, SD: Standart daviation, ns: not significant.

The parameters investigated, including total flavanol
content, total antioxidant activity, total phenolic
content, and the number of flavonoids, were found to
be statistically significant at the 1% level among the
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species. It was determined that the other parameters
were not statistically significant. The dry matter from
O. rotundifolium Boiss. and O. syriacum L. was 34.49%
and 32.87%, respectively. Total ash was determined as
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10.84% (O. syriacum) and 9.51% (O. rotundifolium).
Biochemical content was determined as total flavonoid
content, from 6.57 mg QE 100 g (O. rotundifolium
Boiss.) to 184.65 mg QE 100 g1 (O. syriacum L.), total
phenolic content from 114.46 mg GAE g1 (O. syriacum
L. to 225.79 mg GAE/g (O. rotundifolium Boiss.). O.
rotundifolium Boiss. and O. syriacum L. are also high
in total antioxidant content (102.12 and 172.03 pmol
TE g! dry mass, respectively).

The NBI contents were from 10.47 dualex index (O.
syriacum L.) to 11.17 dualex index (O. rotundifolium
Boiss.), chlorophyll from 19.63 (O. syriacum L.) to
21.13 (O. rotundifolium Boiss.), flavonol from 1.73
dualex index (O. syriacum L.) to 2.02 dualex index (O.
rotundifolium Boiss.) and anthocyanin from 0.11
dualex index (O. syriacum L.) to 0.13 dualex index (O.
rotundifolium Boiss.).

Macro and microelement contents of O. rotundifolium

Boiss. and O. syrracum L. species are given in Table 2
and Figure 1. This study determined the existence of
seven elements in two Origanum (O. rotundifolium
Boiss. and O. syriacum L.) species. It has been
determined that the elements K, Fe, Zn, Cu, and Mn
are statistically significant at the 1% level in terms of
nutrient elements. It was found that the other
elements are statistically insignificant. The
concentrations of micronutrients were within the
ranges of 234.775-280.100 mg kg! for Fe, 32.415-
36.150 mg kg for Zn, 11.660-15.610 mg kg for Cu,
54.755-65.040 mg kg1 for Mn. It was observed that the
micro and macroelement values of O. syriacum L. were
high, especially those of K (11.728 mg kg'1), Fe (280.100
mg kg1), Ca (11.981 mg kg'!) and Mg (4.032 mg kg'1),
in comparison with the other species. According to the
results, O. rotundifolium Boiss. and O. syriacum L.
appeared to have high nutritional value for
consumption.

Table 2. Macro and micro element contents of Origanum species
Cizelge2. Origanum tiirlerinin makro ve mikro element icerigi

O. rotundifolium + SD O. syriacum + SD Cv
K(g/kg) 8,60+2.21 b 11,73+2.15 a 0.20 **
Ca(g/kg) 9,09+1.60 11,98+1.54 13.49 ns
Mg(g/kg) 2,96+ 0.32 4,03+1.06 19.82 ns
Fe (mg/kg) 234,77+15.48 b 280,10+65.71 a 0.27 **
Zn(mg/kg) 36,15+0.90 a 32,41+0.82 b 0.06 **
Cu(mg/kg) 15,61+0.17 a 11,66+0.13 b 0.05 **
Mn(mg/kg) 65,04+2.40 a 54,75+3.81 b 0.02 **

* Significant at P<0.05 level, ** Significant at P<0.01 level, and there is no statistical difference between the means indicated with letters. CV:

Coefficient of Variation, SD: Standard deviation, ns: not significant.

300.000 4
200.000
100.000
) — i - :
0 - - = =S Origanum rotindifolium
RO S G S
DR VARIA N
& v o K

B Origanum rotindifolium

Origanum syriacum

Figure 1. Macro and microelement contents of O. rotundifolium Boiss. and O. syriacum L. species.
Sekil 1. O. rotundifolium Boiss. ve O. syriacum L. tiirlerinin makro ve mikro element igerikleri.

Essential oil yield and the chemical composition of O.
rotundifolium Boiss. and O. syriacum L. species are
given in Tables 3 and 4. The essential oil yield was
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determined at 2.39% in O. rotundifolium Boiss. At
GC/MS analyses, a total of 13 compounds were
determined in O. rotundifolium Boiss. The identified
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components in the essential oil are given in Table 3.
The major chemical composition of the essential oil in
O. rotundifolium Boiss. were carvacrol (76.68%),
gamma-terpinene (7.97%), and p-cymene (7.68%).

The essential oil yield of O. syriacum L. was found

5.29%. Essention oil analysis has shown that O.
syriacum L. species contained fifteen compounds.
Carvacrol was the dominant essential oil (76.25%) in
O. syriacum L. species, followed by gamma-terpinene
(11.79%) and p-cymene (2.94%) (Table 4).

Table 3. Essential oil yield and the chemical composition of O. rotundifolium Boiss.
Cizelge 3. O. rotundifolium Boiss'in ugucu yag verimi ve kimyasal bilesimi.

RI Essential oil compounds Amount of Essential oil compounds (%)
1016 a-pinene 0.71
1019 athujene 0.91
1155 Myrcene 1.99
1173 a-terpinene 1.57
1204 1,8-cineole 0.41
1239 y-terpinene 7.97
1264 pcymene 7.68
1437 1-octen-3-ol 0.26
1457 trans-sabinene hydrate 0.22
1539 cis-sabinene hydrate 0.22
1597 Fcaryophyllene 1.11
2182 Thymol 0.28
2223 Carvacrol 76.67
Essential oil yield (% of dry weight): 2.39% Total: 100

RI: Retention index

Table 4. Essential oil yield and the chemical composition of O. syriacum L.
Cizelge 4. O. syriacum L.'un ugucu yag verimi ve kimyasal bilesimi.

RI Essential oil compounds Amount of Essential oil compounds (%)
1016 apinene 0.38
1019 athujene 0.57
1155 Myrcene 1.97
1156 aphellandrene 0.28
1173 aterpinene 1.98
1192 Limonene 0.21
1239 y-terpinene 11.79
1264 pcymene 2.94
1382 3-octanol 0.31
1437 1-octen-3-ol 0.19
1457 trans-sabinene hydrate 0.87
1539 cis-sabinene hydrate 0.26
1597 f-caryophyllene 1.75
2182 Thymol 0.25
2223 Carvacrol 76.25
Essential oil yield (% of dry weight): 5.29% Total:100

RI: Retention index

The ash of a food is the inorganic residue left after the
combustion of organic matter. With ash determination,
the quality of foodstuffs can be determined. For
example, the high amount of ash in foodstuffs such as
spices is an undesirable feature in terms of quality
(Anonymous, 2022). Momin and Kadam (2011) found
that the total ash of bark ranges from 11.80% to
12.10% in Sesbania grandiflora. The study is in good
harmony with the results (ranging from 6.67-15.33%)
that were recorded by researchers on several other
edible plant species from Anatolia (Tuncturk et al.
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2015). Ibrahim et al (2012) obtained the dry matter
from wild and cultivated O. syriacum was 65.2% and
22.1%, respectively. The highest content of dry matter
is higher than the maximum data reported by
Tunctiirk et al. (2007) for the same Lamiaceae species
(11.23 and 20.80%).

As a general definition, antioxidants are substances
that protect against oxidation and prevent further
reactions with oxygen or peroxides. Most of these
substances are used as preservatives In various
products (Bakir, 2010). Phenolics contribute to the
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mechanical strength of the cell wall and play a
regulatory role in plant growth (Naczk and Shahidi,
2004). Flavonoids and other plant phenolics are
important antioxidants with their high redox
potential. The antioxidant effects of phenolic
compounds are very important because they bind free
radicals, form chelates with metals, and inactivate
some enzymes (Yang and Tsao, 2003). Oke-Altuntas et
al. (2018), determined the total phenolic contents in
the between 21.34 and 231.55 pg mgl. These values
are directly proportional to the values obtained in this
study (Table 1). It has been reported that the total
phenolic contents in Thymbra spicata var. spicata and
Origanum onites plants vary between 31.02 and 60.6
mg GAE g1, respectively (Yilmaz et al., 2019). In the
study conducted by Bener in 2019, the total phenolic
contents of the Thymbra spicata var. spicata plant
were stated as 67.30 mg GAE g! dry plant (Bener,
2019). Antioxidant compounds exert their effects
through various mechanisms, including the chelation
of transition metal ions, inhibition of hydrogen
abstraction, decomposition of peroxides, and
scavenging of free radicals (Saadart et al. 2017; Ozkan
and Ozcan, 2017). Yilmaz et al., (2019) determined the
FRAP value in O. onites as 289.51 + 9.59 mg TE g
According to other studies from the literature, was
observed FRAP from 38.16+0.47 to 132.71+1.86 pM TE
gl dw in Achilla collina. In this study, it differed in the
range of 102.12-172.03 umol TE g1. The highest total
flavonoid contents (8.50+0.43mg QE g'1) were found in
the leaf parts of A. collina (Yilmaz et al., 2021). Lee et
al. (2003) found the total flavonoid content of green and
black tea to be 47 and 34 mg QE g1, respectively. It
was observed that the total flavonoid content in O.
syriacum species was higher than the value found in
the literature. Differences in terms of total flavonoids,
antioxidants, and phenolics content are due to genetic
derivation because all plants were of the same grown
and age under the same ecological conditions (Ercisli
and Orhan, 2007).

In the study, chlorophyll, NBI, flavonol, and
anthocyanin were measured in fresh material with a
Dualex device. Dualex values are a commonly used
method for determining plant health and plant
development. Altuner et al. (2022) reported that the
NBI value differed between 42.500 and 100.767 dualex
indexes in wheat landraces and cereals. In the study,
this rate was found to be lower. It is thought that
different species and climatic conditions may be
effective in this situation. It is known that the amount
of chlorophyll varies according to the development
status of the plant, ecological conditions, and plant
species. Studies have shown that the amount of
chlorophyll is 39.6 SPAD in Calendula officinalis
(Selem et al., 2021), 32.53-36.63 SPAD in Salvia
officinalis (Aytekin et al., 2021), and 32.9-37.2 SPAD
in O. vulgare ssp. hirtum (Dordas, 2009). It is observed

218

that the species in this study have lower SPAD
chlorophyll measurement values. It is thought that
this result is due to ecological differences and the
changes in the morphological and physiological
structure of the plants growing at the time of cutting
and their interaction with each other (Oguz, 2014).
Altuner et al. (2022) reported that the flavonol value
differed between 0.427 and 0.607 dualex indexes in
wheat landraces and cereals. In the study, this rate
was found to be higher.

Mineral nutrition plays a crucial role in maintaining
good health, and thus, the determination of elements
such as Ca, Fe, Mg, Na, K, Zn, etc., is imperative. The
utilization of mineral elements has been widely
developed and utilized to address various health
concerns (Momin and Kadam, 2011). In recent years,
there has been a growing interest in the elemental
content of herbs. These elements are integral to
enzymatic activities and their activation influences
biochemical processes within living cells. While some
are required in significant quantities, such as Ca, K,
Mg, and Na, others are needed in trace amounts.
Microelements like Cu, Fe, Ni, Zn, and Mn play crucial
roles in biological systems (Martinez-Ballesta et al.,
2010; Moghaddam et al., 2020). Many plant species are
abundant in essential minerals including K, Ca, Mn,
Zn, Fe, and Cu. These minerals are fundamental
components of tissues due to their multifaceted roles,
which include facilitating nerve conduction, muscle
function, and enzyme systems, aiding in the
transportation of nutrients into cells, providing
structural support for tissues, and regulating organ
functions (Bhat et al., 2010; Tunctiirk et al., 2017).
Dogan et al. (2021) showed that in Achillea collina,
from high to low, macro elements are K> Ca > P > Mg
> Na, and microelements are Mn > Cu > Fe > B. This
study found a similar conclusion in O. rotundifolium
Boiss. and O. syriacum L. Ca > K > Mg for
macroelements and Fe > Mn > Zn > Cu for
microelements. As seen in Table 2, iron (Fe), calcium
(Ca), potassium (K), and magnesium (Mg) ratios,
which are essential elements for healthy development,
are high in both species. Considering the results
obtained, O. rotundifolium Boiss. and O. syriacum L.
species as tea, spice, or nutrient will have a positive
effect on human health.

Many substances obtained from essential oils are used
primarily in the production of pharmaceutical raw
materials or fragrance substances by semi-synthesis
(Calikoglu et al., 2006). Kacar et al. (2006) found that
the essential oil ratio in flowers was between 2.85-
4.53% and in leaves between 1.88%-3.06% in their
study of O. onites species. In the same study, they
determined that the main component of the essential
oilis carvacrol. Bayar and Cinar (2020) determined the
rate of carvacrol as 70.59% in the first year and 69.20%
in the second year in O. onites. Similar to results from
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previous studies, the main component of essential oil
of O. rotundifolium Boiss. and O. syriacum L. species
was determined as carvacrol. Ibrahim et al (2012)
found that cultivated and wild leaves of O. syriacum
yielded 0.97% and 1.3% w/w oil, respectively. In the
study, this rate was determined as 5.29%. Baser et al.
(1992) determined that the essential oil yield of O.
sipyleum is between 0.1-1.7%. They also reported that
the components with the highest ratio detected in
essential oil were gamma-terpinene (10.80-26.60%)
and pcymen (3.76-36.60%). In study, it was
determined that they were the components with the
highest amount after carvacrol. Karik et al. (2018)
reported that different components may occur in the
essential oils of samples collected from different places.
Karik and Tinmaz (2007) reported in their study that
many different chemotypes emerged based on the
essential oils of other subspecies belonging to the O.
vulgare species.

CONCLUSION

In conclusion of this study, it can be said that
Origanum species are a valuable medicinal and
aromatic product, based on their rich and beneficial
nutrient composition. It was determined that the
essential oil content of the plants was higher with
5.29% in O. syriacum L. species. In the study, O.
rotundifolium Boiss. and O. syriacum L. species
essential oil is carvacrol, followed by gamma-terpinene
and p-cymene. As a result of the study, it was
determined that the order of the two species in element
contents was for macroelements Ca > K > Mg and
microelements Fe > Mn > Zn > Cu. When biochemical
and bioactive compound parameters were examined, it
was observed that total ash, flavanol, anthocyanin,
chlorophyll, total antioxidant, and total flavonoid
contents were higher in O. syriacum L. species. The
results of the conducted study indicate that the species
are rich in terms of the examined parameters and that
their cultivation is of great importance in preventing
intensive harvesting from nature.
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ABSTRACT

The number of fat-soluble vitamins and stress biomarkers in Rhus
coriaria L. samples taken from different regions was determined by
HPLC before and after being subjected to different preservation methods.
For this purpose, one group of the samples was analyzed immediately,
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while the other two groups one of which oiled, and the other group is kept Received 113.02.2024
as 1s for six months. It was determined that the amounts of vitamin A, E, Accepted :28.07.2024
B-carotene and lycopene in fresh sumac samples varied between 1.12 -

2.77, 84.40 - 230.65, 2.48 - 5.31 and 8.10 - 26.90 pg (g dw)!, respectively. Keywords

The highest loss of vitamins was observed in an unoiled group of samples.
The amounts of GSH, GSSG, MDA, 4-HNE, and GSH/GSSG in the same
samples varied between 1004.12 - 2550.42, 422.54 - 1375.38, 13.95 -
31.30, 7.12 - 15.40 pg (g dw)'!, and 1.16 - 3.49, respectively. While the
amount of GSH and GSH/GSSG ratio in the stored sumac samples for six
months decreased, on the other hand amount of MDA, GSSG, and 4-HNE
increased. Differences in all examined parameters in fresh, unoiled, and
oiled sumac samples are statistically significant (P<0.05). It was observed
that the changes of the studied parameter in all sumac samples were
lower in stored oiled samples.

OZET

Farkli bolgelerde yetisen ve farkli muhafaza yontemleri uygulanan
sumak oOrneklerindeki yagda c¢oOzlinen vitaminler 1ile stress
biomakirlarinin miktari HPLC ile belirlendi. Bu amagla 6gitiilen
orneklerden bir grup hemen analizlenirken, digerleri ise iki kisma
ayrilip, bir kismi yaglanirken diger kisim oldugu gibi alt1 ay
bekletildikten sonra analiz edildi. Taze sumak 6rneklerindeki A ve E
vitamini, O-karoten ve likopen miktarlarinin sirasiyla 1.12 — 2.77, 84.40
- 230.65, 2.48 — 5.31 ve 8.10 — 26.90 pug (g dw)!, arasinda degistigi
gozlendi. Sonuclardan, vitamin A, E, B -karoten ve likopen kaybinin
yaglanmadan bekletilen grupta fazla oldugu gozlenmistir (P<0.05).
Orneklerdeki GSH, GSSG, MDA, 4-HNE ve GSH/GSSG miktarlar:
sirasiyla 1004.12 - 2550.42, 422.54 - 1375.38, 13.95 - 31.30, 7.12 - 15.40
pg (g dw)! ve 1.16- 3.49 arasinda degistigi goriilmiistiir. Bekletilen
sumak orneklerindeki GSH ve GSH/GSSG miktar1 azalirken, MDA,
GSSG ve 4-HNE miktarlarinin arttig: tespit edilmistir. Taze, yaglanmig
ve yaglanmamis sumak orneklerindeki incelenen parametrelerdeki
degisimlerin istatiksel olarak anlamli (P<0.05) oldugu goriilmiistiir.
Yaglanmig 6rneklerdeki degisimlerin yaglanmamig 6rneklere gére daha
az oldugu goriulmektedir.
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INTRODUCTION While GSSG is an indicator of oxidative stress, it also

Rhus coriaria (Sumac), which can grow all over the
world, especially in subtropical and temperate
climates, is a medicinal plant that is also used as a
spice (Shabbir, 2012). It is reported that in the
traditional medicine of the Middle East and Iran,
sumac has been used for centuries in the treatment of
diseases such as dysentery, diarrhea, hemorrhoids,
and gout, as well as for healing wounds and lowering
blood sugar, cholesterol, and uric acid levels. It is also
stated that sumac contains antibacterial, antifungal,
antiviral, antioxidant, anti-inflammatory,
hepatoprotective, xanthine oxidase inhibition,
hypoglycemia, and cardiovascular protective activities
(Morshedloo et al., 2018). The fruits and leaves of the
sumac plant, which has great economic value, are used
in the kitchen, medicine, leather, and dye industries
(Abu-Reidah et al., 2015; Giivenc et al., 2017). Studies
have reported that it contains many physiologically
active components such as tannins, anthocyanins,
organic acids including malic and citric acid, fatty
acids, vitamins, flavonoids, and terpenoid derivatives
(Shabbir, 2012; Khalil et al., 2021; Ozcan et al.,2021).

Vitamins are organic molecules that have regulatory
functions in the living system, act as catalysts in
metabolic events, and help the efficient use of
nutrients in energy production. Vitamins are divided
into two groups: water-soluble and fat-soluble
(Kennedy, 2016). Fat-soluble vitamins are essential for
living systems due to their different physiological
functions in metabolism. Carotenoids have antioxidant
functions in plants and animals (Yuan et al., 2020). It
is stated that carotenoid compounds are of great
importance for human health in protecting against
many diseases, and in the treatment of some diseases,
and are also necessary for the continuation of normal
life functions (Eggersdorfer and Wyss, 2018). Vitamin
A, which has important roles in vision, gene
expression, reproduction, embryonic development,
growth, and immune function, is provided by foods of
animal and plant origin (Karaagac and Pinarli, 2023).
Vitamin E regulates heart, vascular, nerve, and brain
functions, helps heal wounds, and increases the
durability of DNA molecules. It also has the ability to
protect cells from damage caused by free radicals
occurring in the body (Stevens, 2021). It is reported
that lycopene not only helps repair damaged cells in
the body but also has a protective effect against types
of cancer and chronic diseases because antioxidant
properties (Zengin and Kurt, 2018).

Conversion of Oxidized Glutathione (GSSG) to
Reduced glutathione (GSH) is important in terms of
preventing free radical damage (Gill et al., 2013).
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inhibits protein synthesis, GSH has many
physiological functions like preventing the harmful
effects of drugs (Mendoza-Cézatl et al., 2005). GSH and
GSSG are important indicators of cellular redox status
and organismal health and are in balance in the cell,
and disruption of the balance against GSH causes
negative effects. Therefore, reduced glutathione to
oxidized glutathione ratio is also known as a stress
indicator (Cnubben et al., 2001). Radical compounds
cause lipid peroxidation of fatty acids in cell
membranes. Lipid peroxides transform into
compounds such as Malondialdehyde (MDA) and 4-
Hydroxyneoneal (4-HNE), which are indicative of lipid
peroxidation (Gawel et al., 2004).

Foods are sensitive to various environmental factors
such as moisture, light, oxygen, and microorganisms,
and these factors can cause spoilage (Redfearn et al.,
2023). He et al. (2023) report that ginger oil is turned
into a film and used to preserve foods such as bread,
meat, fish, and fruit. Some biochemical parameters in
foods change depending on shelf life. Sumac in many
cultures generally consumed in ground form together
with food.

Aimed of this study is to determine the fat-soluble
vitamins and stress biomarkers in sumac samples
grown in different regions according to time and
storage characteristics (vegetable oil/fat-free). In
addition to comparing the effect of storage conditions,
ground sumac samples were divided into three
portions, fresh; analyzed immediately, and oiled and
unoiled samples analyzed after 6 months.

MATERIAL AND METHODS
Materials:

All sumac samples from Turkiye and Iraq were
obtained fresh from public markets. 500 grams of fresh
sumac samples from each region were homogenized
and 3 different portions were taken and mixed
thoroughly. Then, samples were dried in an oven at 60
°C for 10 hours. From each group of samples, 25 grams
were taken from 3 different portions of the sample,
ground in a mixer, sieved, and separated from their
seeds, then samples were sieved in a 100-mesh sieve
(Retsch AS 200). These samples were then divided into
three groups one of the groups was oiled by spraying
sunflower oil, the second group of samples kept as is
and the third group of samples (fresh) was analyzed
immediately. On the other hand, the other two groups,
oiled and unoiled, were packaged and stored in the
refrigerator for six months. At the end of six months,
sumac samples were analyzed.
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Methods:

Determination of vitamin A, E, B-Carotene, Lycopene,
and 4-HNE 1.0-gram sumac sample was taken, 6.0 mL
of ethanol was added and vortexed, then sonicated in
an ice water bath (Wise Clean, WUC-AO3H, 170 W) 10
times for 30 seconds for each sample. Sonicated
samples were centrifuged at 8000 rpm for 10 min, then
1.0 mL n-hexane was added to each tube and
centrifuged again at 4000 rpm for 6 min. The n-hexane
phase was transferred to a glass tube and this process
was repeated twice. Hexane was removed under
vacuum at 30 °C, and then 1.0 mL of methanol was
added to the residue in the tube and transferred to
HPLC vials. In HPLC, analyses were carried out on an
Inertsil ODS-3 column (25.0 cm x 4.6 mm x 5.0 pm)
using a mixture of methanol and water (95:5) as the
mobile phase (Ibrahim et al. 2017).

Determination of GSH, GSSG, and MDA The amounts
of GSH, GSSG, and MDA in sumac samples were
determined by HPLC on the SGE Walkosil IT 5C18 RS
(15cm x 4.6 mm x 5 pm) column, using 50 mM NaClO4
solution containing 0.1% HsPO4 as the mobile phase
(Ibrahim et al. 2017).

Statistical Analysis:

All analyses were repeated three times. Findings were
subjected to One-Way ANOVA using SPSS 26.0 for MS
Windows, and the results are given mean =error.
Power analysis was conducted using G*Power version
3.1.9.7 (Faul et al., 2007) to determine the minimum
sample size required to test the study hypothesis.
Results indicated the required sample size to achieve
0.80 power (1-00) for detecting a medium effect, at a
significance criterion of a = 0.05, with the effect size of
0.45 was n = 99 for One-way ANOVA. Differences
between group means were analyzed for significance
using the Tukey HSD test and statistical significance
was expressed as p<0.05. Significant differences in
table rows are indicated by superscript capital letters
(A-C) while the same letter indicates there is no

statistical difference between groups. Similarly, the
same small letters in the table column indicate that
there is no significant difference (p>0.05) within the
regions.

RESULTS and DISCUSSIONS

Vitamins are micronutrients necessary for the growth
and development of living things, and fat-soluble
vitamins are stored in the body and play a role in
maintaining homeostasis (Yuan et al., 2020). Some
biochemical parameters in foods change depending on
shelf life. Sumacs are generally offered for
consumption in ground form with foods.

The amounts of vitamins A and E, B-carotene,
lycopene, GSH, GSSG, GSH/GSSG, MDA, and 4-HNE
found as a result of different treatments applied to
sumac grown in different regions are given in Tables 1-
9.

Vitamin A is necessary for epithelial tissue, health,
and general growth and is effective in reproduction and
bone growth (Stevens, 2021). The amount of vitamin A
in fresh sumac samples from different regions varies
between 1.30 + 0.05 - 2.77 + 0.06 ug (g dw)'l. It was
observed that the amount of vitamin A in sumac
samples oiled and unoiled varied between 0.97 + 0.03 -
2.34 £ 0.07, and 0.85 + 0.04 - 2.00 + 0.06 pg (g dw)1,
respectively. The difference between fresh, unoiled,
and oiled groups is statistically significant (p<0.05).
The difference between the amounts of vitamin A in
sumac samples grown in Maras and Sheladize regions
is statistically insignificant (p>0.05) (Table 1).
Okonkwo and Ogu (2014) reported that the vitamin A
contents in Myristica frangrans, Piper guineense,
Monodora myristica, and Rosmarinus officinalis
samples were 14.57, 7.08, 13.71, and 14.87 Ug (100 g)
1 respectively. Pereira et al. (2011) found the vitamin
A content in yellow guava, guabiroba, and uvaia to be
0.718, 6.838, and 37.834 pg equivalent to retinol (g dry
matter)!, respectively.

Table 1 Amount of vitamin A in sumac samples (ug (g dw)1) (n= 33 each group)
Tablo 1. Sumak érneklerindeki A vitamini miktar: (ug (g kuru agirlik)') (her grupta n=53)

Region Fresh group Unoiled group QOiled group

Maras 41.93+0.054 ¢1.561+0.04B ©e1.75+0.04¢
Elazig 41.89 +£0.064 ©1.46 £0.058 e1.70 £0.04¢
Shelaza ¢c1.69 +£0.074A b1.15 +£0.04B 41.45 +£0.04¢
Trawanish b1.30+£0.05A 20,92 £0.04 B b1.17 +£0.04¢
Shahi d1.88 £0.054 ¢1.45+0.048B e1.70 £0.05¢€
Charput g 2.77 £0.06 4 ¢2.00 £0.068 22.34 £0.07C
Sileymaniye £256 +0.074 ©e1.90+ 0.05B £2.20 £0.07¢
Kadana ¢c1.73 +£0.054 b1.23+0.04B d1.46 +£0.04C
Deriske 2al.12 £0.054 2(0.85 +0.04B 20.97 £0.03¢
Ranya e2.16 £0.09 A d1.72 +£0.05B £1.96 £0.06¢€
Shalidize ¢c1.69 £0.064 b1.19 £0.048B ¢c1.35 £0.04°¢

Letters with different superscripts (a-g) within the same column and capital letters (A-C) within the row differ significantly

P<0.05
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Table 2. Amount of B-carotene in sumac samples (ug (g dw) ) (n=33 each group)

Tablo 2. Sumak érneklerindeki [ -karoten miktar: (u g (g kuru agirlik)t) (her grupta n=33)
Region Fresh Unoiled group Oiled group
Maras d4.46+0.124 £3.70 £ 0.09 B d43.98+0.09¢
Elaz1g 421 £0.104 4352 £0.08B 43.85 £0.09¢
Shelaza b3.61 +£0.094 b2.82 +£0.07B b3.06 £0.08°¢
Trawanish ©4.12+0.09 2 d3.47+0.08B 43.90+0.09¢
Shahi ©4.11 £0.114 d43.45+0.10B 43,92 £0.10¢
Charput ©4.02 £0.084 ¢3.04 £0.07B ¢3.51 £0.07¢
Stuleymaniye €473 £0.10A ef£3.67 £0.078 £4,10 £0.09°¢
Kadana £5.31 £0.124 €430 £0.108B €490 £0.10¢
Derigke b 353 £0.094 b2.73 £0.07B b 3.05 £0.08¢€
Ranya e4.86 £0.114 £3.77 £0.098B £4,15 £0.09¢
Shalidize a2.48 +£0.074A 21.85 £0.068 a2.15 £0.06°€

Letters with different superscripts (a-g) within the same column and capital letters (A-C) within the row differ

significantly P<0.05

Table 3. Amount of lycopene in sumac samples (ug (g dw) ) (n=33)

Tablo 3. Sumak orneklerindeki likopen miktar: (¢ g (g kuru agirlik)!) (n=33)

Region Fresh Unoiled group QOiled group

Maras ©11.13+£0.354 4841+0.318 49,76 £0.26 €
Elazig b810+0.314 b538+0.208B b7.00+0.21€
Shelaza 410.38+£0.354 ©7.55+0.258 ¢8.80+0.27¢
Trawanish £22.16+0.734 £16.17+0.52B h18.26 +£0.45€
Shahi ¢ 8.87+0.324 b558+0.158 b7.10+0.22€
Charput h 26.90 £ 0.804 £18.85+0.538 £15.16 £ 0.47C
Stileymaniye £12.57+0.434 ©9.38+0.338 ©e10.70 £0.36°€
Kadana a7.08+0.244 24,30+0.138 2598+0.17¢€
Derigke h 25.63+£0.774 £18.22+0.508 121.91+£0.70¢
Ranya £13.30 £0.444A €9.65+0.378 £11.30+£0.39¢
Shalidize e11.63+0.374 4d855+0.308 4984+0.31C

Letters with different superscripts (a-i) within the same column and capital letters (A-C) within the row differ

significantly P<0.05

Table 4. Amount of Vitamin E in sumac samples (ug /(g dw))) (n=33)

Tablo 4. Sumak orneklerindeki E vitamini miktar: (« g (g kuru agirlik)) (n=33)

Unoiled group

Oiled group

Region Fresh
Maras e 155.53 £ 3.844
Elazg b105.42 +3.694
Shelaza 284,40 +3.224A
Trawanish ©120.40 + 4.224A
Shahi £212.51 +£5.864
Charput f173.36 +£4.944A
Stuleymaniye d4137.17 £3.994
Kadana h230.65 +6.554
Derigke £164.74 +£4.894
Ranya £216.95 +£6.344
Shalidize 28926+ 3.044

©118.86+ 3.928B
b 85.12 +3.088
264.07 +2.58B8
92,93 £ 3.368B
h 180.67 + 3.89B
8141.40 +£3.848
d105.54 +3.348
1190.40 +5.168B
£127.87 £4.188
h175.45 +£4.998
261.86+2.598

©139.18+4.06°¢
b 94,22 +3.198
276.30 +2.91¢
¢107.80 +3.50¢
£197.29 +3.68€C
£158.20 +3.898
4120.68 +3.40°¢
h 207.07 £5.29€
e145.22 +3.92€
£193.08 £5.17€
2a7718+2381€

Letters with different superscripts (a-i) within the same column and capital letters (A-C) within the row differ

significantly P<0.05

Carotenoids, which protect living systems from free
radicals, react with peroxide radicals and molecular
oxygen. Carotenoids such as B-carotene and lycopene
exhibit antioxidant properties by blocking free
radicals (Pereira et al., 2011). It was determined that
the amount of B-carotene in fresh sumac samples

varied between 2.48 + 0.07 - 5.31 £ 0.12, on the other
hand, unoiled and oiled groups varied in between 1.85
+0.06 - 4.30 = 0.10, 2.15+ 0.06 - 4.90 + 0.10 pg (g dw)"
1, respectively. B-carotene loss in the unoiled group is
higher than in the oiled group. While the lowest
amount of B-carotene was found in Shalidize sumac,
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the highest amount was found in Kadana region
sumac. It can be said that there is no significant
difference between Derigke and Shelaza, Elazg, as 3015.27, 4043.45 and 1797.21 pg (100 @1,
Trawanish, Shahi, and Charput regions, as well as respectively. The amount of B-carotene in A. sativum,
between Ranya and Siileymania regions. In terms of Z. officinale, A. melegueta, and E. caryophyllata
O-carotene, the difference between all groups is samples was reported to be 109.5, 226.8, 308.5 and
statistically significant (p<0.05) (Table 2). Aremu 98.1 mg (100 g)'1, respectively (Omotayo and Adepoju,
and Nweze (2017) found the amounts of vitamin A in 2013).

Guava, Pawpaw, and Mango fruits as 504.10, 683.93,
and 301.61 ug (100 g)', and the amounts of B-carotene

Table 5. Amount of GSH in sumac samples (ug (g dw)!) (n=33)
Tablo 5. Sumak érneklerindeki GSH miktar: (¢ g (g kuru agirlik)') (n=33)

Region Fresh Unoiled group QOiled group

Maras £1912.23 £ 21.604 £1706.40 +19.638 £1810.07 +17.27¢
Elazig d1588.63 + 18.774 41375.14 +16.178 d41441.14 + 14.48¢€
Shelaza k 2550.42 +£18.484 12314.90 £17.658 12426.56 +£18.11°¢
Trawanish b 1285.10 £ 13.894 b1125.44 +14.488 b1178.72 £ 13.68€
Shahi 21004.12 £ 12.574A a 877.563 +£12.258 2913.563+ 11.68€
Charput ©1759.33 £15.804 e1408.14 +£15.118B ¢ 1559.14 £ 14.56€
Stuleymaniye 12390.10 £ 16.564 12098.39 £17.058 12187.39 £17.57¢€C
Kadana ¢1362.07 £ 12.764A ¢1169.70 +13.438B ¢1215.70 £ 13.43¢€
Derigke 12152.10 £ 16.024 h 1943.06 +17.138 h 2014.06 + 16.63°€
Ranya h 2109.69 + 15.864 h 191595 +17.568 h 2015.95+17.04°C€
Shalidize g 2050.29 + 14.994 £1883.45 +£16.728B £1969.12+16.13°€

Letters with different superscripts (a-j) within the same column and capital letters (A-C) within the row differ

significantly P<0.05

Table 6. Amount of GSSG in sumac samples (ug (g dw)?) (n=33)

Tablo 6. Sumak érneklerindeki GSSG miktar: (¢ g (g kuru agirlik)') (n=33)

Region Fresh Unoiled group Oiled group
Maras £895.06 £ 13.924 £1147.68+17.63B £1014.35 £ 15.45¢€
Elazg k1375.38 £18.744 h 1492.55+19.438B 11272.55 +£15.95€
Shelaza 1992.85+12.164 £1126.31 +£14.328B £1027.31 £13.82¢€
Trawanish 4806.53 +11.064 d1016.97+12.798 4901.34+11.46€
Shahi 2422.54+7.614 2a519.87+ 8.23B 2 488.21 + 7.62C€
Charput b 503.85 + 8.994 b 606.96 + 9.06 B b 560.62 + 9.05€
Stileymaniye £921.06 +£11.074 £1117.22+13.048 £1052.22+13.04°¢€
Kadana ©693.56 £ 9.514 ©745.23 + 9,988 ©715.90+9.35€
Derigke 11075.40+13.864 81227.24+14.778 h 1153.91 +£13.89¢
Ranya e 859.07+11.274 d1015.73+12.848B € 975.73 +£12.26C
Shalidize h 949,92 +£ 11.844A ¢ 1084.80 + 12.388B £1005.06 £ 12.81¢€

Letters with different superscripts (a-k) within the same column and capital letters (A-C) within the row differ

significantly P<0.05

Table 7. GSH/GSSG ratios in sumac samples
Tablo 7. Sumak érneklerindeki GSH/GSSG orani

Region Fresh Unoiled group Oiled group
Maras 2.14 1.49 1.78
Elazig 1.16 0.92 1.13
Shelaza 2.57 2.06 2.36
Trawanish 1.59 1.11 1.31
Shahi 2.38 1.69 1.87
Charput 3.49 2.32 2.78
Sileymaniye 2.59 1.88 2.08
Kadana 1.96 1.57 1.70
Derigke 2.00 1.58 1.75
Ranya 2.46 1.89 2.07
Shalidize 2.16 1.74 1.96
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Table 8. Amount of MDA in sumac samples (ug (g dw)'?) (n=33)

Tablo 8. Sumak érneklerindeki MDA miktar: (¢ g (g kuru agirlik)') (n=33)
Region Fresh Unoiled group Oiled group
Marag b 18.66 +0.674 ©22.79+0.458 ¢20.563 £0.38¢
Elazg 213.95+0.5634 216.46 +0.36 B 215,12+ 0.23€
Shelaza ¢22.80+0.814 426.57+0.758 424.90+0.31¢
Trawanish ©28.37+0.874 £32.09+1.008 130.562+0.35¢
Shahi de27.25+0.964 £32.34 +0.958 h 2947 +0.38¢
Charput d426.19+0.924 ©30.39+1.05B £28.46+0.35C
Stuleymaniye ¢d 25,38 +0.874 €29.38+1.058 £27.33+0.37¢€
Kadana ¢d24,97+1.004 e 28.62+1.00B ©26.37+0.29€
Derigke 24,14+ 0.964 €29.73+1.018 ©26.06+0.34C€
Ranya b17.83+0.614 b21.18+0.63B b19.21+0.26C€
Shalidize £31.30 £1.024A £35.63+1.028 133.16 £0.45¢€

Letters with different superscripts (a-j) within the same column and capital letters (A-C) within the row differ

significantly P<0.05

Table 9. Amount of 4-HNE in sumac samples (ug (g dw)?) (n=33)

Tablo 9. Sumak orneklerindeki 4-HNE miktar: (¢ g (g kuru agirlik)) (n=33)

Region Fresh Unoiled group QOiled group
Maras 411.69+0.234 b,c 17,96 +0.628 414.83+0.61°¢
Elazig a7.12+0.194 212.08+0.468 a926+0.35€
Shelaza €12.80+0.354 b17.73+0.64B 414.50+0.48¢
Trawanish ©13.37+0.404 c18.34+0.748 de15.20+0.50€
Shahi ©9.94 +£0.324 b16.77 +£ 0.58 B ©13.10 £ 0.42°¢
Charput ©13.19+0.404 ¢©19.00+£0.73B ©e16.11+0.49€
Stileymaniye £14.61+0.474 ¢d20.07+0.728 £17.51+£0.60°€
Kadana a726+0.214 211.63+0.468 2945+0.37€
Derigke b 8,14 +0.284 212.14+0.458 b 10.48 +0.42€
Ranya £15.40+0.474 d421.05+0.778B £17.55+0.50¢€
Shalidize e13.23+0.394 ¢18.73 +0.668B ¢16.45+0.54C

Letters with different superscripts (a-f) within the same column and capital letters (A-C) within the row differ significantly

P<0.05

The amount of lycopene in the fresh, unoiled and oiled
group sumac samples varies between 7.08 + 0.24 -
26.90 + 0.80, 4.30 + 0.13 - 18.85 + 0.53, 7.00 = 0.21 -
21.91+0.70 pg (g dw) 1, respectively. While the highest
amount of lycopene was found in the sumac of Charput
region, the least amount was found in the sumac of
Kadana region. The difference between the lycopene
content of fresh sumac samples regarding different
regions together with fresh, unoiled, and oiled groups
is statistically significant (p <0.05). It was observed
that the loss of lycopene in the non-oiled group was
greater than the loss in the oiled group (Table 4). It has
been reported that the amount of lycopene in guava,
papaya, rosehip, and red pepper varies between 52.3-
55.0,1.1-53.0, 6.8-7.1, and 10.8-26.2 ug g1, respectively
(Zengin and Kurt, 2018).

Vitamin E has strong antioxidant properties and helps
prevent cell membranes and lipoproteins from being
damaged by oxidative stress. Vitamin E has a role in
several physiological processes, including
immunological function, inflammation control, gene
expression regulation, and cognitive functioning (Dror
and Allen, 2011). The amount of vitamin E in fresh
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sumac samples from different regions was found to
vary in between 84.40 + 3.22 - 230.65 + 6.55 pg (g dw)’
1, The highest vitamin E was determined in Kadana
region, while the lowest was determined in Shelaza
region. While there is no statistical difference between
the fresh sample of the Shelaza and Shalidize regions
(p>0.05), all other regions are statistically different
from each other (p<0.05). It was determined that
vitamin E in the unoiled group sumac samples ranged
between 61.86 £ 2.59 - 190.40 + 5.16, while in the oiled
group samples, it varied between 76.30 = 2.91 - 207.07
+ 5.29 pg (g dw)'l. Vitamin E in the oiled group of
sumac samples was found to be higher than in the
unoiled groups. In other words, vitamin E loss is less
in the oiled group. The amounts of vitamin E in the
fresh, unoiled, and oiled groups are statistically
different (p <0.05) (Table 4). It was reported that the
amount of B-carotene in the ginger, garlic, turmeric,
black pepper, and clove samples was 56.11, 68.17,
151.74, 92.14, and 83.43, and vitamin E was 10.23,
13.13, 11.24, 15.32 and 22.51 mg (100 g)'!, respectively
(Ayoade et al., 2023). Uhegbu et al. (2011) reported
that the amount of vitamin E in P. Guineense and M.
Myristica was 1.64 and 12.0 U (100 g)'!, respectively.
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It has been found that the amount of vitamin E in
apricots grown under different conditions varies
between 27.10 - 85.10 pg (100 g)! (Kan et al., 2014).
Cakmak et al. (2020) reported that the amounts of
vitamin A, E, B-carotene and lycopene in wild white
Myrtus communis L. fruit were 1.85, 206.57, 5.89 and
9.79 pg (g dw)1, respectively. It was reported that the
amounts of vitamins A, E, B-carotene and lycopene in
fresh fruits of Crataegus laevigata samples grown in
the Elazig region were 0.78, 0.83, 2.88 and 2.34 pg g1,
respectively (Ibrahim et al. 2017). It was observed that
the loss in the amounts of vitamins A, E, U-carotene,
and lycopene in sumac samples oiled less than in
unoiled samples. It has been noted that parameters
such as temperature and shelf life are important in the
degradation of vitamins (Kala and Prakash, 2006). It
has been reported that the loss of vitamins in chili
pepper samples kept for a certain period in unoiled
form is greater than in oiled samples (Karatas et al.,
2017). Konfo et al. (2023) reported that essential oils,
as natural antioxidants, are used in the preservation
of foodstuffs. Falowo et al. (2019) reported that 2% and
4% basil essential oil applied to ground beef increased
oxidative stability and preserved color during storage.
Glutathione, an essential component for cellular
immune system function, has a peptide structure and
serves as the primary intracellular antioxidant.
Additionally, it plays a role in amino acid transport in
metabolism and the reduction of sulfhydryl groups in
proteins (Mendoza-Cézatl et al., 2005).

It was determined that the amount of GSH in fresh
sumac samples varied between 1004.12 + 12.57 -
2550.42 + 18.48, while GSSG varied between 422.54 +
7.61-1375.38 + 18.74 ug (g dw) 1. The highest amounts
of GSH and GSSG were in Shelaza and Elazig regions,
respectively, on the other hand, the lowest amounts
were observed in the Shahi region (Tables 5 and 6). The
amounts of both GSH and GSSG in fresh sumac
samples are statistically different according to every
region (p<0.05). The amount of GSH in the unoiled and
oiled group sumac samples was found to vary between
877.53 £ 12.25 - 2314.90 + 17.65 and 913.53 + 11.68 -
2426.56 = 18.11 pg (g dw)! respectively. It was
determined that the amount of GSSG in the same
samples varied between 519.87 + 8.23 - 1492.55 + 19.43
and 488.21 + 7.62 - 1272.55 = 15.95 pg (g dw)L. It was
observed that while the amount of GSH in the stored
sumac samples decreased, on the other hand, GSSG
increased. This might be the result of oxidation during
the waiting period of the samples. While the loss of
GSH in unoiled samples was higher than in the oiled
samples, the increase in the amount of GGSG was
found to be greater in the unoiled samples. From these
results, it can be said that oiling prevents oxidation of
the samples forming a thin film in between air and the
sumac surface. The differences between the sumac
samples of all three groups in terms of both GSH and
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GSSG amounts are statistically significant (p<0.05)
(Tables 5 and 6).

Cerit et al. (2020) reported that the amount of GSH in
red pepper, turmeric, cardamom, and ginger was 42,
41, 112, and 1076 nM (g dw)!, respectively. Tesoriere
et al. (2005) discovered that the levels of GSH in three
distinct cultures of prickly pears ranged from 3.40 to
8.10 mg (100 g)1. The GSH/GSSG ratio is higher under
normal conditions but decreases under stress (Kocsy et
al., 2001). As seen in Table 7, the highest GSH/GSSG
ratio was found in fresh sumac samples, while the
lowest ratio was observed in unoiled sumac samples.
These results confirm that oiling the samples partially
reduces oxidation. It was reported that when hydrogen
peroxide was applied to spinach, green banana, and
red pepper for the disinfection process, the amount of
GSSG increased compared to the control group, while
the GSH and GSH/GSSG ratio decreased (Qiang et al.,
2005). MDA and 4-HNE, which are formed as a result
of the peroxidation of polyunsaturated fatty acids, are
used as stress indicators (Barrera et al., 2018). As seen
in table 8, the amount of MDA in fresh, unoiled and
oiled sumac samples varied between (13.95 + 0.53 -
31.30 £ 1.02, 16.46 + 0.36 - 35.63 = 1.02 and 15.12 +
0.23 - 33.16 + 0.45 pg (g dw) 1), respectively. The lowest
amount of MDA was observed in fresh sumac samples,
while the highest amount was observed in an unoiled
sample. The difference between MDA in the fresh,
unoiled, and oiled groups is statistically significant
(p<0.05). It has been reported that the MDA
concentration in mature ber fruit (Ziziphus mauritiana
Lam) is 4.498 nmol/g (Kumar et al., 2011). Cakmak et
al. (2023) reported that the amount of MDA in fresh
and sun-dried black Myrtus communis L. fruit were
5.32 and 6.80 pg (g dw)l. It was determined that the
amount of 4-HNE in fresh, unoiled and oiled sumac
samples from different regions varied between 7.12 +
0.19 - 15.40 +£ 0.47, 11.63 £ 0.46 - 21.05 + 0.77, 9.26 +
0.35 - 17.55 + 0.50 pg (g dw)1, respectively. The lowest
amount of 4-HNE in the fresh sumac sample was
observed in the sumac of the Elazig region, while the
highest was observed in the Ranya region sumacs. In
terms of the amount of 4-HNE, it can be said that there
is no significant difference between the Elazig and
Kadana regions, Shelaza, Trawanish and Sheladize
regions, and Ranya and Siilleymania regions. The
amount of 4-HNE in fresh, unoiled, and oiled groups of
sumacs in the same regions is statistically different
(p<0.05) (Table 9).

The highest amounts of GSSG, MDA, and 4-HNE were
found in unoiled sumac samples. This might be
explained that the oiling partially reduces oxidative
stress. Muktar et al. (2023) found that the amounts of
GSH, GSSG, MDA, and 4-HNE in bitter tomatoes as
364, 225, 1.50, and 24.57, respectively, and the same
parameters in White Garden Egg were 1930, 962, 8.40
and 38.25 ng (g dw) 1. Cakmak et al. (2020) found the
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amounts of GSH, GSSG, MDA and GSH/GSSG ratios
in wild white Myrtus communis L. fruits as 609.90,
184.24, 5.73 ng (g dw)?) and 3.31, respectively, while
the same parameters in cultivated white Myrtus
communis L. fruits were 571.80, 115.50, 4.50 ng (g dw)
1 and 4.95, respectively.

CONCLUSION

Charput and Suleymaniye are richer in vitamin A,
Kadana and Ranya are richer in O-carotene, Charput,
Deriske and Trawanish are richer in lycopene.
Kadana, Ranya, and Shahi sumacs are richer in
vitamin E than other regions. Derigske and Trawanish
are poorer in vitamin A, Sheladize is poorer in beta
carotene, Kadana is poorer in lycopene, and Shelaza
and Shalidize sumacs are poorer in vitamin E. While
Shelaza is the richest in terms of GSH, Shahi region
sumac has the lowest in terms of GSSG. Elazig region
sumac has the lowest amounts of MDA and 4-HNE. It
was found that the changes in all the measured
parameters of oiled sumac samples were lower than
the unoiled samples. It can be concluded from these
results that, to protect the sumac sample from
degradation it should be oiled to preserve it for longer
shelf life. The difference between regions in the
amounts of fat-soluble vitamins, glutathione, and
stress biomarkers might be due to geographical and
ecological conditions.
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OZET Tarim Ekonomisi

Bu ¢alisma, Turkiye’deki tarimsal istihdamin mekanizasyon ve krediyle

iligkisini belirlemeyi amaclamaktadir. 1981-2022 donemine ait yillik Aragtirma Makalesi
zaman serilerinin kullanildig1 ¢alismada ilk olarak degiskenlerin

duraganliklari, sirasiyla kesirli-frekansli Fourier ADF ve geleneksel Makale Tarihgesi

ADF birim kok testleriyle sitnanmastir. Daha sonra degiskenler arasinda Gelig Tarihi @ 16.02.2024
esbiitiinlesme iligkisi olup olmadigimi belirlemek icin kesirli-frekansl Kabul Tarihi :01.08.2024
Fourier ADL egbiitinlesme testi uygulanmistir. Egbutiinlesme test

sonucu, tarimsal istihdamla mekanizasyon arasinda negatif, kredi Anahtar Kelimeler
arasinda ise pozitif iliski oldugunu gostermistir. Buna gore tarimsal Kesirli-frekansh Fourier
mekanizasyon diizeyinde yasanan %1 yukselis isttihdam sayisinda uzun Tarimsal istihdam

ve kisa donemde sirasiyla %3.74 ve %0.42 dustse, tarimsal kredi Tarimsal mekanizasyon
bakiyesinde yasanan %1 ylikselis ise istthdam sayisinda uzun ve kisa Tarimsal kredi
donemde sirasiyla %0.14 ve %0.02 yukselise neden olmaktadir. Zaman serisi analizi

Analizde son olarak kesirli-frekanslhi Fourier TY nedensellik testi
uygulanip esbuitiinlesme testine ait sonucu destekler nitelikte sonucglara
ulagilmigtir.

A Time Series Analysis on the Relationship of Agricultural Employment with Mechanization and
Credit Using Fractional-Frequency Fourier Methods

ABSTRACT Agricultural Economics
The present study investigates the relationship between agricultural
employment with mechanization and credit in Turkiye. Firstly, the Research Article

stationarities of the variables are examined by applying the fractional-
frequency Fourier ADF and conventional ADF unit root tests in the Article History

study, which covers the annual time series from 1981 to 2022, Received 116.02.2024
respectively. Then, the fractional-frequency Fourier ADL cointegration Accepted :01.08.2024
test was applied to assess the existence of the cointegration relationship

between the variables. The findings of the fractional-frequency Fourier Keywords

bootstrap ADL procedure revealed that there is a negative relationship Fractional-frequency Fourier
between agricultural employment and mechanization and a positive Agricultural employment
relationship between credit. According to this finding, a 1% increase in Agricultural mechanization
the agricultural mechanization level causes a 3.74% and 0.42% decrease Agricultural credit

in the number of employments in the long and short run, respectively, Time series analysis

and a 1% increase in the agricultural credit balance causes a 0.14% and
0.02% increase in the number of employments in the long and short run,
respectively. Finally, the fractional-frequency Fourier TY causality test
was applied, with the findings supporting the cointegration test finding.

Ataf Sekli: Keskin, O (2024). Kesirli-Frekansli Fourier Yontemlerle Tarimsal Istihdamin Mekanizasyon ve Krediyle
Iliskisi Uzerine Bir Zaman Serisi Analizi. KSU Tarim ve Doga Derg 27 (Ek Say1 1), 231-242.
https://doi.org/10.18016/ksutarimdoga.vi.1438420

To Cite: Keskin, O (2024). A Time Series Analysis on the Relationship of Agricultural Employment with Mechanization
and Credit Using Fractional-Frequency Fourier Methods. KSU J. Agric Nat 27 (Suppl 1), 231-242.
https://doi.org/10.18016/ksutarimdoga.vi.1438420

GIRIS niifusa beslenmesi igin gerekli besini diger yandan
Tarim sektorii, ekonomik olmanin yani sira stratejik bir¢ok sanayiye Uretimde bulunulmas: i¢in gerekli
bir tiretim sektorii mahiyetindedir. Ciinkii bir yandan hammaddeyi saglamaktadir (Dogan ve ark., 2015).

Sektor, ulke ekonomilerindeki birincil sektor olup
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nifusun 6nemli istihdam alanlarindan biridir. Ancak
tarimsal istihdam, tlke ekonomileri gelistikce
¢ozilmektedir. Iktisat literatiirinde ekonomik
gelisme olgusu sanayilesmeyle bir tutulmaktadir. Bu
dogrultuda, s6z konusu ¢6zlilme, sanayi sektoriindeki
iretimi artiracak gerekli ig giicinii kargilayabilmek
amaciyla, tipki gelismis tllkelerin gelisme siirecinde
yaptiklar1 gibi, gelismig bir tilke olma yolundaki her
tilke  tarafindan model olarak  benimsenip
uygulanmaktadir (Durgun, 2012).

Dolayisiyla bir tlke ekonomisi gelistikge tarim
sektoriiniin ekonomideki goreli agirliginin azalacag:
bilinen ve beklenen bir olgudur. Nitekim, Tirkiye'de
ozellikle 1950°lerden sonra sektoriin milli  gelir,
ihracat ve istihdam igindeki nispi paylar1 azalig
gostermistir. Ornegin, sektériin milli gelir icindeki
payl, 1950°lerde %401n Uzerinde seyrederken
2000’lerin baginda %10un altina inmistir. Tarimsal
istihdamda da benzer nitelikte ancak daha yavas bir
azalma gercgeklesmis ve sektérin toplam istihdam
icindeki payr 19807lerin sonlarinda %50nin biraz
altinda, 20007lerin ortasinda ise %251in altinda
seyretmistir (Aydogus, 2011). 2023in tgiincii geyregi
itibariyla bu oran %14.8% diismistiir (TUIK, 2023b).

Turkiye’de uygulanan kalkinma politikalarinin
sanayi sektoriini 6éne ¢ikarmasinin yani sira tarimsal
mekanizasyonun 1is gilicine olan talebi azaltmasi,

istihdam
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8,000,000
7,000,000
6,000,000
5,000,000

4,000,000
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3.0E+11
2.5E+11
2.0E+11
1.5E+11
1.0E+11

5.0E+10

miras yoluyla tarim arazilerinin parcalanmasi,
tarimsal girdi maliyetlerinin yiikselmesi, kirsalda
elde edilen gelirin yeterli olmamasi1 ve kirsaldan
gbclin  artmas1 tarimsal istihdamdaki ¢6ziilmeyi
aciklayan temel nedenler arasinda sayilabilir (Isin ve
ark., 2010; Sahin, 2023). Diger bir neden ise o6zel
sektéor sermaye kaynaklarinin/kredilerin = tarim
sektoriine yeterince aktarilmamasi, baska bir deyisle,
tarimsal altyapiy1 iyilestirmeye yonelik yeterince
kullanilmiyor olmasidir (Tarim ve Orman Bakanligi,
2019). Oysa sermaye aktariminin tesvik edilmesiyle
kirsalin tarim sektoriine nitelikli (etkin ve verimli) is
giicli konusunda katki vermesi saglanirsa Turkiye'de
stiregelen istihdam sorununun agirligi ekonominin
genel etkinligi de artirilmak suretiyle hafifletilebilir
(Hekimoglu & Bas, 2018; Ugler, 2022).

Yukaridaki agiklamalardan hareketle bu calismanin
amaci, Turkiye oOrnekleminde tarimsal istihdam
sayisinin mekanizasyon diizeyi (tarimsal makine-alet
miktar1)) ve kredi bakiyesiyle iligkisini ortaya
koymaktir. S6z konusu degiskenler arasindaki
iligkinin c¢alisma konusu olarak ele alinmasinin
nedeni, Turkiye’de tarimsal mekanizasyon varligi ve
kredi bakiyesi noktasinda Onemli gelisimler
yagsanirken istihdamdaki ¢6ziilmenin hizli bir sekilde
devam ediyor olmasidir (bkz. Sekil 1).

mekanizasyon
13,000,000
12,000,000
11,000,000
10,000,000
9,000,000
8,000,000
7,000,000

6,000,000

1985 1990 1995 2000 2005 2010 2015 2020

kredi

0.0E+00

1985 1990 1995
Sekil 1. Serilerin izledigi seyir

Figurel. Course of the series

Sekil 1 incelendiginde her ne kadar tarimsal istihdam
serisiyle mekanizasyon ve kredi serileri o6zellikle
2000’lerin bagindan itibaren ters yonde hareket etmis
gibi gérinse de aralarindaki etkilesimin uzun ve kisa
donemde nasil oldugunu agik bir gekilde ortaya
koymak ic¢in detaylandirilmis bir analize ihtiyag

2000

232

2005 2010 2015 2020

vardir.

Tarim sektoriindeki teknolojik ve finansal geligimin ig
giici kullanimina etkisini yakin ge¢miste Fourier
fonksiyonlariyla gliglendirilip literatiire
kazandirilmig olan ekonometrik testleri kullanarak
analiz etmesi ve konu ¢ergevesinde 6zgiun politika
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onerileri gelistirmesi itibariyla bu ¢alismanin 6nemli
oldugu soylenebilir.

Turkiye’'de tarimsal istihdamda yasanan gelismelerle
ilgilenen arastirmacilarin, politika yapicilarin, &6zel
sektor kuruluglarinin ve diger tum tarim sektori
paydaslarimin dikkatini geligtirilen 6zgliin politika
onerilerine ¢ekmek suretiyle bu calismanin fayda
saglamas1 ve 1ilgili literatire katki vermesi
umulmaktadir.

Calismanin bundan sonraki kisimlarinda ilk olarak
literatiirdeki ¢aligmalar, materyal ve yontem ile ilgili

Cizelge 1. Literatiir 6zeti
Table 1. Summary of literature

aciklamalara yer verilmigtir. Daha sonra analizlerden
elde edilen bulgular ortaya konulup degerlendirilmis
ve bulgulardan hareketle sonu¢ kisminda bazi 6zgin
politika onerileri geligtirilmigtir.

LITERATUR TARAMASI

Literatiirde tarimsal istihdami etkileyen faktorler
konusunu dogrudan ele almis bircok c¢alisma
bulunmaktadir. S6z konusu c¢aligmalardan bir kisma,
literatiir 6zeti olarak Cizelge 1’de Tirkiye ve yabanci
ulke 6rneklemleri seklinde ayri ayr1 yer almaktadir.

Incelenen

Yazar(lar) ve yil dénem

Kullanilan yontem

Amag

Bulgular

Turkiye 6rnekleminde yapilmig ¢aligmalar

Autoregressive

Prilliadi (2023) 1990-2019 Distributed Lag (ARDL)
Sinir Testi

Yicel & 2009Q1- .

Caligkan (20200  2018Q2 ARDL Sinir Testi
Regresyon Analizi,

Simsgir (2012) 1970-2008 Granger Nedensellik
Testi

Dogan (2012) 1953-2001 Basit Veri Analizi

Tirkiye’de yenilenebilir
enerji, déviz kuru ve
enflasyonun tarimsal
istihdama etkilerine iligkin
ampirik kanit saglamak
Turkiye’de tarim
sektérindeki verimlilik ve
makinelesme diizeyinin
tarimsal istthdama etkisini
arastirmak

Turkiye’de tarimsal
kredilerin tarimsal istihdama
etkisini arastirmak

Tirkiye’de traktor ve
bicerdoverin etkilerini
degerlendirmek

Yenilebilir enerji, sadece kisa
vadede tarimsal istihdam
tesvik eden itici bir gligtiir.

Tarim sektoériinde verimlilik
ve makinelesme diizeyi
yikseldikge tarimsal
istihdam oram diismektedir.

Tarimsal kredilerin tarimsal
gelir ve istithdam tizerinde
dogrudan olumlu etkisi
bulunmaktadir.

Traktor ve bicerdéver
kullanimi, hem zamandan
hem emek gliciinden tasarruf
saglamakta ve tarimsal
uretimde verimliligi
artirmaktadir.

Yabanca iilkeler 6rneklemlerinde yapilmig ¢alismalar

Shani & Musa

(2021) 2018-2019 Anket
Barman & Deka .
(2019) 2014-2015 Mulakat

ARDL Sinir Testi, Toda-
Toyin ve ark. ) Yamamoto-Dolado-
(2017) 1975-2015 Liitkepohl Nedensellik

Testi

1972-73; Siradan En Kigtuk

Behera (2016) 2009-10 Kareler Regresyonu
Pablo (2016) 1900-2012 Pearson'un Dogrusal

Njjerya’da tarimsal
mekanizasyonun tarimsal
istihdama ve iglenen arazi
buyukligiine etkisini
arastirmak

Hindistan’da tarimsal
mekanizasyonun tarimsal
istihdama etkisini belirlemek

Giiney Afrika’da tarimsal
isleme alt sektori tiretimiyle
tarimsal istihdam arasindaki
iligkiyi incelemek

Hindistan’da tarimsal
istihdamin belirleyicilerini
ortaya koymak

Ekvator’da tarimsal katma
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Tarimsal mekanizasyon,
hektar bagina ig giicii
kullanimini azaltip iglenen
arazi buyukligini ciddi bir
6lcude artirmaktadar.
Tarimsal mekanizasyon
diizeyindeki yikselis ve
ciftlik grubu buyukligindeki
artig tarimsal istihdam
miktarinda azaligsa neden
olmaktadir.

Tarimsal igleme alt
sektortindeki gikti, tarim
sektorindeki istthdam
miktar1 Gizerinde olumsuz
etkiye sahiptir.

Tarim dig1 tiretim ve
verimlilik gibi degiskenler
tarimsal istihdami olumsuz,
kamu yatirimlari ve dig
ticaret hadleri gibi
degiskenler ise olumlu
etkilemektedir.

Tarim sektoriintin ulusal
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Korelasyon Katsayisi

Keikha ve ark. Esik Degerli Otoregresif

1981-2011

(2014) Model

Felipe ve ark. i .
(2014) 1987-2012 ARDL Sinir Testi
Lingard & 1979-1980 T Testi

Bagyo (1983)

deger oraniyla tarimsal
istihdam orami arasindaki
iligkiyi tespit etmek

Iran’da tarimsal kredilerin
tarimsal istihdama etkisini
incelemek

Cin’de tarimsal istihdamin
¢ozulmesine etki eden
faktorleri tahmin etmek

Endonezya’da tarimsal
mekanizasyonun tarimsal
uretime ve istihdama etkisini
belirlemek

zenginlige katkis1 ne kadar
az ise tarimsal istihdam bir o
kadar fazla olmaktadir. Yani
s6z konusu iki degisken
arasinda negatif iligki
bulunmaktadar.

Tarimsal kredilerin tahmini
esik degeri %44 olarak
hesaplanmig olup bu
noktanin agilmasi halinin
tarimsal istihdam tizerindeki
etkisi ¢ok olumsuzdur.

Kisi basina diigen gelir,
sanayi katma degeri, yurt
i¢cinde kullanilan krediler ve
dogrudan yabanci yatirimlar
gibi degiskenlerde yasanan
artig tarimsal istihdami
¢bzic bir etkiye sahiptir.
Mekanize ¢iftliklerde
mekanize olmayan
ciftgiliklere gére hektar
bagina daha az is giicii
kullanilmaktadar.

Kaynak: Yazar tarafindan olusturulmustur.

Ulkelerde tarimsal kredilerin tarimsal istihdami
olumlu etkiledigi (Keikha ve ark., 2014; Simsir, 2012),
tarimsal mekanizasyonun ise olumsuz etkiledigi
(Shani & Musa, 2021; Yiicel & Caliskan, 2020;
Berman & Deka, 2019; Lingard & Bagyo, 1983) sayili
calismayla belirlenmistir.

Literatiir 6zetinde goruldugi lizere tarimsal istihdam
konusu, tarim sektoriiyle iligkili degiskenlerle iligkisi
temelinde ve geleneksel hale gelmis anket, mulakat,
esblitinlesme ve nedensellik test yontemleri
kullanilarak ele almmistir. Cizelge 1’deki ilgihi
calismalar arasinda Yiicel ve Caliskan (2020) ve
Simsir (2012) tarafindan yapilmig calismalar, bu
calismadaki konuya benzer bir konuyu ele almis olan
ancak  cesitli  eksiklikler = barindan  Turkiye
orneklemindeki c¢alismalardir. Soyle ki Yicel ve
Caliskan (2020), tarimsal mekanizasyon degiskeni
olarak sadece hektar bagina digen traktér sayisini
kullanmiglardir. Oysa TUIK, tarimsal iretimde
kullanilan 85 farkli makine ve alet sayis1 ile ilgili
uzun yillardan beri veri yayinlamaktadir. Dolayisiyla
bu ¢alisma, tarimsal mekanizasyon degigkeni olarak
TUIKin bu daha kapsamli verisini kullanmasi
yontiyle s6z konusu ¢alismadan farklilagmaktadir.

Ayrica yazarlarin ¢alismasi, sadece 2009-2018
dénemini (10 yilhik) ceyreklik veriler kullanarak ele
almas1 ve bu verileri sadece yapisal degisimleri
dikkate almayan geleneksel ARDL simir testini
uygulayarak analiz etmesi (nedensellik testiyle
desteklememesi) nedeniyle teknik yénden zayiftir.
Aym zayiflik, Simsir (2012) tarafindan regresyon
analizi ve Granger nedensellik testi kullanilarak
yapilmis calisma i¢in de gegerlidir. Bu g¢aligmanin
tekniksel olarak s6z konusu c¢alismalardan fark: ise
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kalica ve kalici olmayan yapisal degisimleri dikkate
alan glncel nitelikteki egbiitiinlesme ve nedensellik
testlerini birlikte uygulamasi ve 1981-2022 dénemini
(42 y1llik) yillik veriler kullanarak ele almasidir.

Literatiirde yapilmis c¢alismalardan da anlagilacag:
uzere tarimsal istihdamin mekanizasyonla iligkisinin
negatif, krediyle iligkisinin ise pozitif olmasi
beklenmektedir. Cunkt tarimsal mekanizasyon,
zamandan ve insan guclnden tasarruf saglarken
tarimsal uretimdeki verimliligin artmasini
beraberinde getirmektedir (Dogan, 2012). Diger
taraftan tarimsal krediler ise kirsal kesimlerdeki
uretkenligi ve istthdam diizeyini iyilegtirici yonde bir
etkiye sahiptir (Senanayake, 2002).

MATERYAL ve METOD

Daha once belirtildigi tizere bu calisma, Turkiye'de
tarimsal istihdamin mekanizasyon ve krediyle
iligkisini arastirmaktadir. Bu kapsamda tarimsal
istthdam sayisi, toplam tarimsal makine-alet miktar:
(mekanizasyon diizeyil) ve tarimsal kredi bakiyesi

verileri kullamilmigtir. Veri setleri, ulasilabilen
verilerden hareketle, doénem olarak 1981-2022
yillarin kapsamaktadir (Cizelge 2).

Normal sgartlarda zaman serilerinde mevsimsel

etkilerle kargilasmak olasidir. Ancak bu g¢aligmada
yillik veriler kullanildig1 igin mevsimsel ayrigtirma
yapmaya gerek kalmamigtir. Calisma kapsaminda ilk
olarak  birim  kdk  testleriyle  degiskenlerin
duraganliklari, daha sonra egbiitiinlesme ve
nedensellik testleriyle degiskenler arasindaki iligkiler
analiz edilmigtir. Analiz yontemleri olarak Bozoklu ve
ark. (2020) tarafindan onerilmis Kesirli-Frekansh
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Fourier Augmented Dickey-Fuller (KFFADF) birim

tarafindan onerilmis Kesirli-Frekansli Fourier Toda-

kok, Ilkay ve ark. (2021) tarafindan énerilmis Kesirli- Yamamoto (KFFTY) nedensellik testleri
Frekansli Fourier Autoregressive Distributive Lag benimsenmigtir.
(KFFADL) egbiitiinlesme ve Pata & Yilanci (2020)
Cizelge 2. Veriler ve toplandigi kaynaklar
Table 2. Data and data sources
. Modellerde Veri a1 e yeq s
Veri kullanilan kisaltma  kaynagi/kaynaklar Veri ile ilgili bilgi

Tarimsal istthdam  1ist (TUIK, 2023a)

Tarimsal mek (T[:HK, 2023d),
mekanizasyon (TUIK, 2023c)

Tarimsal kredi kre (TBB, 2023)

Bin kisi olarak yayinlanan ve 15+ yas
grubunu temsil eden veridir.

85 farkli makine ve alet sayisinin toplamini
temsil etmekte olan ve iki farkli veri
kaynagindan derlenen veridir.

Ticari bankalarin tarimsal ihtisas
kredilerinin bakiyesini temsil etmekte olan
ve TL cinsinden yayinlanan veridir.

Geleneksel ADF birim kok testi literatiirde poptler
olmasina ragmen ciddi bir eksiklik barindirmakta
olup s6z konusu eksiklik yapisal degisimi dikkate
almamasidir. Soyle ki ele alinan degisken yapisal bir
degisimden etkileniyorsa ve duraganlik test edilirken
bu degisimi dikkate almayan bir birim kok testi
kullanilirsa gergekte degisken duragan olsa bile
kullanilan test degiskenin duragan olmadigini ortaya
koyacaktir. Diger taraftan yapisal degisimi dikkate
alan birim kok testlerinin birgogunda degisim
genellikle kukla degisken marifetiyle modele dahil
edilmekte ve degisimin ne zaman gerceklestiginin,
yani sayisinin oOnceden bilindigi varsayilmaktadir.

. . 2ok
Aist, = a, +q, szn(ﬂTt)+a2c*

2kt
T

2kt
T

Amek, = B, + B, sin( )+ B, cos(

211

Akre, =5, + 6, 51'17(2HTM) +8,cos(

KFFADF testinde 1, 2 ve 3 numarali esitliklerdeki
modeller tahmin edilmektedir. Bu modeller i¢inde ist
tarimsal istihdam, mek tarimsal mekanizasyon, kre
tarimsal kredi, A birinci fark operatoru, m 3.1416, k&
frekans degeri, ¢ trend terimi, 7' gézlem sayisi, P
uygun gecikme uzunlugu ve &, u: ve v: ise hata
terimleri anlamina gelmektedir (Bozoklu ve ark.,
2020).

Tahmin asamasinda ilk olarak frekans degerinin
(kesirli veya tamsayl) tespiti yapilmaktadir. Daha
sonra F testi kullanmilarak sin, cos trigonometrik
terimlerinin  iginde  bulundugu  fonksiyonlarin
anlamsiz oldugu temel hipotezi (Ho) sinanmaktadir.
Bu hipotezin reddedilememesi durumunda geleneksel
ADF testine bagvurulmaktadir. Fonksiyonlarin
anlamli ¢ikmasi durumunda ise Fourier ADF test
istatistigi kullanilarak ilgili degiskenin duraganligina

2k . .
OS(HTt) + ag],gﬁti1 + Zfll ¢I.Alstt71 +&,
)+ B,mek, | + z; ¢Amek, | + p,

Y{It) + 53]{1"91571 + ZZI YiA]{I'Qt71 + vV,
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Ancak kukla degisken kullanildiginda sadece keskin
yapisal degisimlerin gerceklestigi kabul edilmektedir.
Gercek hayatta ise yapisal degisimler, keskin degil,

genellikle daha  yumusak bir sekilde
gerceklesmektedir. Iste bu yapisal degisimleri
modellemek amaciyla Fourier fonksiyonlari

kullanilabilir (Bozoklu ve ark., 2020).

KFFADF testi, bir serideki yapisal degisimleri
dikkate aldig1 i¢in geleneksel ADF testine gore,
Fourier fonksiyonlarini kullandigi igin de yapisal
degisimleri kukla degisken marifetiyle dikkate alan
birim kok testlerine gore ¢ok daha gligli bir testtir.

1

2

(3

bakilmaktadir. F testi i¢in kritik degerleri Enders ve
Lee (2012), duraganhk icin kritik degerleri ise
Bozoklu ve ark. (2020) tablolastirmiglardir.

Banerjee ve ark. (2017) tarafindan o6nerilmis olan
Fourier = ADL  esbiitinlesme  testi, Fourier
fonksiyonlarin1 kullanarak sayisi belli olmayan
keskin degil, yumusak yapisal degisimleri dikkate
almaktadir. Dolayisiyla bu test, yapisal degisimleri
kukla degisken marifetiyle dikkate alan
esbiitiinlesme testlerine goére daha etkilidir. Ancak bu
testte frekans degeri tamsay:1 hesaplandig: i¢in kalica
yapisal degisimler yakalanamamaktadir. S6z konusu
eksikligi gidermek icin Ilkay ve ark. (2021), frekans
degerinin 0.1 ile 5 arasinda, yani kesirli bir sayi
olmasina izin verecek gekilde Fourier ADL
esbiitiinlesme testini genigletmigler ve kalici yapisal
degisimleri de yakalayabilecek hale getirmiglerdir.
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2kt

Aist, = a, + B, sjn(2n—7{{t) + 8, cos(

KFFADL egbutiinlesme testinde 4 numarali
esitlikteki model tahmin edilmektedir. Bu model
icindeki 1st bagimh degisken olan tarimsal istihdama,
mek ve kre ise bagimsiz degigkenler olarak belirlenen
mekanizasyonu ve krediyi temsil etmektedir. Testin
uygulanabilmesi, degiskenlerin I (1) olmasim
gerektirmektedir (Ilkay ve ark., 2021).

Tahmin agsamasinda ilk olarak frekans degeri ve test
istatistigi  hesaplanmakta, daha sonra test
istatistigiyle tablo kritik degeri karsilastirilarak
degiskenler arasinda egbutiinlesme iligkisi olmadigi
temel hipotezi simanmaktadir. Sinamada test
istatistigi tablo kritik degerinden (mutlak deger
olarak) biiyiik c¢ikarsa degiskenler arasinda
esbiitiinlesme iliskisi var anlami ¢ikmaktadir. Ilgili

2Tkt
T

KFFTY testinde 5 numaral esitlikteki model tahmin
edilmektedir. Bu model iginde / optimal gecikme
uzunlugunu, d max degiskenlerin maksimum
entegrasyon derecesini, & ise hata terimini ifade
etmektedir (Pata & Yilanci, 2020). Calismada
tarimsal istihdamin, mekanizasyonun ve kredinin
sirasiyla bagimli degisken (Y) olarak atandigi 5
numaral esitlikteki model kullanilarak KFFTY testi
gerceklestirilmektedir.

1+d max

Y, =aq,+aq, 51}1(211?1“) +a, cos(

Tahmin agamasinda ilk olarak degiskenlerin en ¢ok I
(1) olup olmadigr belirlenmektedir?2. Daha sonra
degigskenler arasinda nedensellik iligkisi olmadig:
temel hipotezi simmanmaktadir. Bu noktada Wald
istatistigi, kritik degerleri elde etmek igin ise
bootstrap simiilasyonlar1 kullanilmaktadir. Test
sonucunda dogrudan bootstrap olasilik degerlerine
bakilarak nedensellik iligkisi olup olmadigina karar
verilmektedir (Pata & Yilanci, 2020).

Calismada belirlenen hipotezler su sekildedir;

H:: Tarimsal mekanizasyonla tarimsal istihdam
arasinda negatif ve istatistiksel olarak anlamh iligki
vardir.

Hs: Tarimsal kredilerle tarimsal istihdam arasinda
pozitif ve istatistiksel olarak anlamli iligki vardir.

BULGULAR ve TARTISMA

Bu kisimda EViews 13 ve Gauss 24 programlari

kullanilarak uygulanan testlerden elde edilen
bulgular ortaya konulup degerlendirilmektedir.
Testlerin uygulanisgi, degigkenlerin dogal

logaritmalar: (Jog) iizerinden (logist, logmek, logkre)

2 Jlgili Gauss 24 programi, degiskenlerin en fazla I (1)
oldugu varsayimi altinda ¢caligmaktadar.

)+ >, 6Y,
=1
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it Z f, X, +e

)+6,ist, | +8,mek, | +6,kre,_, +8,Aist, | + 5. Amek, | + 5, Akre, | +¢&, (4)

kritik degerler, Ilkay ve ark. (2021) tarafindan
tablolagtirilmigtir. Son asamada 1se sin, cos
trigonometrik terimleri 4 numaral egitlikteki modele
eklenerek Full Modified Ordinary Least Square
(FMOLS) tahmincisiyle hem uzun dénem hem hata
diizeltme katsayisinin tahmini yapilmaktadir.

KFFTY testi, degigskenlerin farklar1 alinmadan
uygulanabilmesi itibariyla VAR modeline dayal
geleneksel nedensellik testlerine gére (Degisken
farkinin alinmasi, uzun vadeli bilgi kaybina neden
olur.), nedensellik iligkisini etkileyebilecek kalici
olmayan yapisal degisimlerin yam sira kalici yapisal
degisimleri de dikkate almasi itibariyla da geleneksel
Fourier TY testine gore cok daha giiclidiir (Pata &
Yilanci, 2020).

1+d max
(5)

=1

gerceklestirilmigtir3,
Bagimli ve bagimsiz degigkenler dahil edilerek
kurulmus olan tam logaritmik model egitlik 6
i¢indedir.

logist, = a + Blogmek, + Slogkre, +&, (6)

Modeldeki ¢ zamanin, a sabit terimin, £ ve &
katsayilarin ve ¢ hata teriminin kargsiligidir.

Asagida tanimlayici istatistiklerin yaninda birim kok,
esbiitiinlesme ve nedensellik testlerinin sonuglari yer
almaktadir (Cizelge 3, 4, 5, 6 ve 9).

Cizelge 3’e gore tarimsal istihdam degiskeni normal
dagilim gostermemekte, mekanizasyon ve Kkredi
degigkenleri ise normal dagilim gostermektedir.
Ayrica tarimsal kredi degiskeninde oynaklik, diger
degiskenlere gore daha yuksektir.

Cizelge 4'te goruldugu tlzere tum degiskenler
temelinde trigonometrik terimlerin i¢inde bulundugu
fonksiyonlar  anlamsiz  ¢ikmistir.  Ayrica Kk,
mekanizasyon ve kredi degiskenleri temelinde kesirli
hesaplanmigtir. Yani bu degiskenlerde goriilen
yapisal degisimlerin  etkileri  kahcidir. Tum
degigskenler temelinde Fourier fonksiyonlar1 anlamsiz
¢giktigr i¢in geleneksel ADF testi yapilmistir.

Cizelge 5te goruldigi tzere tim degigkenler, birinci
farklari  alindigi  durumda  duragan  nitelik
sergilemektedir. Tim degiskenlerin I (1) oldugu
belirlendigi igin KFFADL egbiitiinlesme ve KFFTY
nedensellik testlerini yapmak i¢in sart saglanmagtir.

3 Serilerin dogrusal olmasi, katsayilarinin esneklik geklinde
yorumlanmasi, 6l¢iim birimlerinden bagimsizlastirilmas: ve
analiz sonucunda degigsen varyans sorununun ortaya
¢itkmasini 6nlemek i¢in degiskenlerin dogal logaritmalari
alinmigtir.
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Cizelge 3. Tanimlayici istatistikler
Table 3. Descriptive statistics
logist logmek logkre

Ortalama 15.737701 15.940246 20.498990
Medyan 15.845224 15.922657 21.806669
Maksimum 16.041106 16.316305 26.268254
Minimum 15.366471 15.639306 12.754194
Standart Sapma 0.240633 0.201905 4.193752
Carpiklik -0.216520 0.172871 -0.567951
Basiklik 1.334092 1.790492 1.982967
Jarque-Bera 5.184851 (p=0.074) 2.769278 (p=0.250) 4.068108 (p=0.130)
Gozlem 42 42 42
Cizelge 4. KFFADF birim kok testi sonucu
Table 4. KFFADF unit root test result
Degiskenler Frekans degeri En kucuk F kisit test Uygun gecikme  FADF test

(k) kareler toplami1  istatistigi uzunlugu istatistigl
logist 2 0.110120 4.848784* 2 -3.637515
logmek 2.3 0.003357 5.490992# 9 -3.083123
logkre 0.8 1.728028 6.111900* 1 -2.678131

# trigonometrik terimlerin icinde bulundugu fonksiyonlarin anlamsiz oldugu temel hipotezinin %10 anlamhihk diizeyinde
kabul edildigini ifade etmektedir. F kisit test istatistiginin karsilastirildigir %10 anlamlilik dizeyindeki tablo kritik degeri

7.78dir.

Cizelge 5. Geleneksel ADF birim kok testi sonucu
Table 6. Conventional ADF unit root test result

Degigkenler

Test istatistikleri

Sabitli Trendli ve sabitli Trendsiz ve sabitsiz
logist -0.426564 -2.607517 -1.345978
logmek 1.806171 -1.613209 9.766719
logkre -2.152899 -0.742197 2.873805
logist (1) -5.073423" -5.042590" -4.951964"
logmek (1) -6.041613" -6.245015" 0.397760
logkre (1) -4.541925" -5.096855" -0.836133

“ilgili degiskenin duragan olmadig: temel hipotezinin %1 anlamhilik diizeyinde reddedildigini ifade etmektedir.
Not: Bir degiskene duragan demek i¢in her ti¢ modelde de duragan nitelik sergilemesi sart degildir. Onemli olan, modellerden
en az birinin t istatistik degerinin anlamli olmasidir. Yani bir modelde ilgili parametrenin (trendli ve sabitli modelde @trend
gibi) t istatistik degerinin kosullu hipotez testindeki ilgili tablo kritik degerinden biiyiik olmasi yeterlidir.

Cizelge 6. KFFADL egbiitiinlesme testi sonucu
Table 6. KFFADL cointegration test result

Tahmin edilen model Gecikme Frekans Test istatistigi o0l kritik  Esbitiinlesme
uzunlugu degeri (k) degeri iligkisi
logist = f(logmek, logkre) 3 1.2 -5.472092 -5.371% Var

“k =1.2, n (bagimsiz degisken sayis1) = 2 ve %1 anlamhilik diizeyine karsilik gelen tablo kritik degerini ifade etmektedir.

Cizelge 6’da goruldugi tzere-5.47 degeri, mutlak
deger olarak %1 anlamhhk dizeyindeki -5.37
degerinden  biuiyiiktir. Dolayisiyla  degiskenler
arasinda bir egbiitiinlesme iligkisi bulunmakta olup
temel hipotez (Ho: Degiskenler arasinda
esbiitiinlesme iliskisi yoktur.) reddedilmistir. Ayrica k

degerinin kesirli olmasi, egbiitiinlesme iligkisini
etkileyen yapisal degisimlerin kalicihigini
gostermektedir. Bundan sonra uzun dénem

katsayilar1 ve hata diizeltme mekanizmasinin c¢aligip

calismadigl ortaya konulmustur (Cizelge 7 ve 8).

Cizelge T'de goruldugu tzere tarimsal mekanizasyon
ve kredi degiskenleri ile sabit terim ve sin
trigonometrik terimi i¢in olasilik degerleri %1
anlamlilik diizeyinde, cos trigonometrik terimi ig¢in
olasilik degeri ise %10 anlamhlik diizeyinde anlaml
¢itkmigtir. Bu baglamda, tarimsal mekanizasyon
degigkeniyle tarimsal istihdam degiskeni arasinda
negatif, tarimsal kredi degiskeniyle tarimsal istihdam
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degigkeni arasinda ise pozitif bir iligki vardir. Sonuca kredi bakiyesindeki %1 yiikselis ise istihdam
gére uzun dénemde mekanizasyon dizeyindeki %1 sayisinda  %0.14  oraninda  yukselise neden
yikselis istihdam sayisinda %3.74 oraninda disuse, olmaktadir.

Cizelge 7. FMOLS uzun dénem katsayilar: tahmin sonucu
Table 7. FMOLS long run coefficients estimation result

Bagimh degisken: logist

Ba§1m51z Katsay1 Standart hata t-istatistik Olasilik degeri (p)
degiskenler

logmek -3.736109 0.907679 -4.116114 0.0002*

logkre 0.137099 0.043599 3.144543 0.0033*

c 72.455849 13.575167 5.337381 0.0000*

sin 0.147568 0.043017 3.430407 0.0015*

cos 0.135499 0.075308 1.799262 0.0804*

*ve ™ swrasiyla %1 ve %10 anlamhilik diizeylerinde anlaml oldugunu ifade etmektedir. FMOLS tahmincisi i¢in Jarque-Bera
olasilik degeri 0.341 olarak belirlenmistir. Bu durum, tahminci temelindeki hata teriminin normal dagilima sahip oldugunu
gostermektedir.

Cizelge 8. Hata duizeltme katsayisi tahmin sonucu
Table 8. Error correction coefficient estimation result

Degisken Katsay1 Standart hata t-istatistik Olasilik degeri
Hata diizeltme -0.472656 0.004713 -100.286400 0.0000*
katsayis1

logmek -0.419186 0.130387 -3.214937 0.0028*

logkre 0.022801 0.005617 4.058906 0.0003*

c -0.017630 0.004636 -3.802314 0.0005*

* %1 anlamhlik diizeyinde anlamh oldugunu ifade etmektedir.

Cizelge 8de goruldiugn tizere hata diizeltme katsayisi, uzun doénem iligkisinin yonuyle aynidir. Buna gore
%1 anlamhlik dizeyinde anlamli olup negatif kisa donemde tarimsal mekanizasyon diizeyinde
isaretlidir. Yani hata duzeltme mekanizmasi yagsanan %1 yukselis tarimsal istihdam sayisinda
islemektedir. Soyle ki kisa donemde dengeden yaklasik %0.42 dustuise, tarimsal kredi bakiyesinde
uzaklasan degiskenler, wuzun doénemde denge yasanan %1 yiikselig ise tarimsal istihdam sayisinda

noktasina tekrardan yakinhk sergilemektedir. Diger yaklagik %0.02 yiikselige neden olmaktadir.
taraftan degiskenler arasindaki kisa dénem iligkisi de

Cizelge 9. KFFTY nedensellik testi sonucu
Table 9. KFFTY causality test result

Bootstrap olasilik Uygun gecikme

Bagimh degisken Bagimsiz degigken . . uzunlugu ve frekans Karar
degeri . .
degeri (k)

logist logmek 0.0393™ 2vel logmek — logist
logist logkre 0.0071" 2vel logkre — logist
logmek logist 0.5429 2vel logist » logmek
logmek logkre 0.9076 2vel logkre +» logmek
logkre logist 0.2457 2vel logist » logkre
logkre logmek 0.5463 2vel logmek » logkre

¥ ve ™ sirasiyla %1 ve %5 anlamlilik diizeylerinde anlamli oldugunu ifade etmektedir. Simiilasyon sayis1 10.000,
bilgi kriteri Akaike ve maksimum gecikme uzunlugu 3 kullanilmistir.

Cizelge 9a gore tarimsal mekanizasyon ve tarimsal degisimler kahici degil demektir.
kredi degiskenlerinden tarimsal istihdam degiskenine Yapilan analiz sonucunda calismada belirlenen iki
dogru tek yonlii nedensellik iligkisi vardir (p<0.01, hipotez de dogrulanmistir.

p<0.05). Bu sonu¢, KFFADL esbiitiinlesme testinin
sonucunu desteklemektedir. Diger degigskenler SONUC ve ONERILER
arasinda nedensellik iligkisi bulunmamaktadir.
Ayrica k degeri kesirli olmadigi i¢in degiskenler
arasindaki nedensellik iligkisini etkileyen yapisal

Tarimsal mekanizasyonun istihdama etkisini Tirkiye
ornekleminde sadece Yiicel ve Caligkan (2020)
arastirmiglardir. Ancak bu c¢alisma, tarimsal
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mekanizasyon degiskenini temsilen sadece hektar
basina digen traktoér sayisimi dikkate aldigi i¢in ¢ok
kisith ve teknik yonden zayiftir. Bu zayiflik, tarimsal
kredilerin istihdama etkisini Tiurkiye 6rnekleminde
analiz etmis tek calisma olan Simsirin (2012)
calismas1 i¢in de gecerlidir. Dolayisiyla Tirkge
literatiirdeki  g¢aligmalarin arasinda tarimsal
mekanizasyonun ve kredinin istihdama etkisi ile ilgili
giglii bir bulgu/sonu¢ bulunmamaktadir. Mevcut
calismada glincel zaman serisi analizi yOntemleri
kullanilarak s6z konusu degiskenler arasindaki
iligkiyi net bir sekilde ortaya koymak amaclanmigtir.

Calismada kullanilan gézlem sayisini olabildigince
yiksek tutabilmek ig¢in c¢esitli veri kaynaklarindan
veriler derlenmigtir. Veri doénemi, derlenebilen
verilerden hareketle, 1981-2022 olarak
kararlastirilmigtir. Analiz, KFFADF, KFFADL ve
KFFTY testleri tercih edilerek gergeklestirilmigtir.

KFFADL egbiitiinlesme testinin sonuglarina gore;
hem uzun hem kisa donemde tarimsal mekanizasyon
degiskeniyle istihdam degiskeni arasinda negatif,
tarimsal kredi degiskeniyle istihdam degiskeni
arasinda ise pozitif iliski vardir. Tarimsal
mekanizasyon diizeyindeki %1’lik ylkselis istihdam
sayisinda uzun ve kisa doénemde sirasiyla %3.74 ve
%0.42 oraninda disiise, tarimsal kredi bakiyesindeki
%1’lik ylkselis ise istihdam sayisinda uzun ve kisa
dénemde sirasiyla %0.14 ve %0.02 oraninda yiikselige
neden olmaktadir. Ayrica ¢calismadaki hata diizeltme
mekanizmasi c¢alismaktadir. Buna goére soklarin
etkileriyle kisa doénemde ortaya c¢ikabilecek uzun
donem dengesinden sapmalar hizli bir gekilde
ortadan kalkmaktadir. Diger taraftan tarimsal
mekanizasyon ve kredi degiskenlerinden istihdam
degiskenine dogru var olan tek yonli nedensellik
iligkisi  esbiitiinlesme testine iligskin sonuclari
dogrulamaktadir.

Tarimsal mekanizasyonun ve kredinin istihdama
etkisinin analizi cercevesinde varilan “Turkiye’de
mekanizasyon diizeyinde yasanan yiikselis istihdam
sayisim1  dusurmektedir.” seklindeki sonug, Dogan
(2012), Houssou & Chapoto (2015), Kirui (2019), Adu-
Baffour ve ark. (2019), Afridi ve ark. (2020), Daum ve
ark. (2020), Yiicel & Caligkan (2020), Tandogan
(2022) ve Caunedo & Kala (2022) tarafindan yapilmis
olan caligmalarin sonuglarim destekleyip
literatiirdeki “uyarilmis yenilik teorisi"ni (Hayami &
Ruttan, 1970; Binswanger & Pingali, 1984)
dogrulamaktadir. Ancak Mano ve ark. (2017),
Rajkhowa & Kubik (2021) ve Hamilton ve ark. (2022)
tarafindan yapilmig olan ¢aligmalarin sonuglarim ise
desteklememektedir.

Bununla Dbirlikte tarimsal mekanizasyonun ve
kredinin 1istihdama etkisinin analizi c¢ercevesinde
ulagilan “Turkiye’de kredi bakiyesinde yasanan
yikselis  istihdam  sayisim1  yikseltmektedir.”
seklindeki diger sonuc ise Simsir (2012), Fink ve ark.
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(2014), Seven & Tiimen (2020) ve Orji ark. (2021)
tarafindan ulasilan ¢alisma sonucglarimi desteklerken
Keikha ve ark. (2014) tarafindan ulasilan calisma
sonucunu ise desteklememektedir.

Arastirmanin bu bulgularindan hareketle Tirkiye'de
tarimsal istthdam sayisindaki degigsimin temel
dinamiklerinden ikisinin mekanizasyon dizeyindeki
ve kredi bakiyesindeki yiikselis oldugu acike¢a
soylenebilir. Tarimsal mekanizasyon istihdami
negatif, kredi ise pozitif etkilemektedir. Bilindigi
uzere tarim sektéri, nufusun Dbesin ihtiyacini
kargilamasi, milli gelirin yiikselisine katki vermesi ve
tarim dis1  sektorlere {Uretim girdisi saglamasi
itibariyla stratejik bir sektér olma niteligini
gelismiglik diizeyi ne olursa olsun her bir tilkede
korumay1 siirdiirmektedir. Ozellikle yakin zamanda
yasanan COVID-19 salgini ve hemen sonrasinda
baglayan Rusya-Ukrayna savasi bu gercgegi tekrar
tekrar gostermigtir. Tarim sektoriiniin  sayilan
islevlerinin saglikli bir gekilde siirmesi noktasinda ise
sektorde yer alan ig glclinin varhigr ve niteligi
olduk¢a 6nemlidir. Buradan hareketle;

-Tarim sektoruyle tarnma dayali sanayi ozellikle
organizasyon yapisi Tirkiye’yi kapsayan Tarim Kredi
Kooperatifleri basta olmak tizere diger tim tarimsal
kooperatiflerle is birligi igerisinde daha fazla
iligkilendirilmeli ve sektorin uluslararasi
pazarlardaki rekabet glicinl artirici gesitli yapisal
duzenlemeler yapilarak sektordeki mevcut ve
potansiyel is gucl “yerinde” istihdam edilmelidir.

Tarima Dayali Ihtisas
Sanayi Bolgesi olusumunun Turkiye geneline
yayilmas1 ve boylelikle nitelikli 1s gliclinin
beraberinde getirecegi tarimsal duretim artisinin
saglanmas1 icin hazine destekli sunulan Tarim ve
Orman Bakanlhgi kredilerinin kapsami genigletilip
bakiyesi artirilmali ve reel sektoriin finanse
edilmesini amaclayan katilim bankalari tarafindan
faizsiz kredi hizmetleri gelistirilip sunulmalidar.

-Gluntumizdeki Organize

-Turkiye’deki tarimsal mekanizasyon diizeyinin
yikseltilebilmesi ve mevcut mekanizasyon
kaynaklarinin daha rasyonel ve verimli

kullanilabilmesi i¢in ticari bankalar tarafindan cok
digiik faizli vel/veya faizsiz kredi mekanizmalar:
igletilmeli ve kullanom O6mrind tamamlamig
mekanizasyon varligi hurda indirimi uygulamasiyla
cazip tutarlarda degerlendirilmelidir.

-Tirkiye’de tarimsal mekanizasyon diizeyinin dengeli
ve yeterli gelisimi i¢in cografi bolgelerdeki tiretim
deseni goz 6nlinde tutularak tarimsal makine ve alet
planlamasinin gergeklestirilmesi, dogru makine ve
alet kullanimina yénelik egitim(ler)in Tarim ve
Orman Bakanlhig: ve tarimsal kooperatifler tarafindan
dizenlenmesi ve tarim bankaciligi hizmeti veren
kredi kaynaklarinin c¢esitlendirilmesi 6nem arz
etmektedir.
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-Devlet desteklemeleriyle ve hibe programlariyla
ozellikle emek-yogun tretim gerektiren bitkisel
tiriinlerin (kesme cicek, tibbi ve aromatik bitkiler ve
keten gibi) yetistiricilifinde gencler basta olmak
uzere kirsaldaki kadinlar i¢in istihdam saglamaya
yonelik tesvik edici mekanizmalar olusturulmalidir.

-Kirsaldaki niifusa tarimsal kooperatiflerin c¢atisi
altinda orgitlenme bilinci agilamak amaciyla her
ilcede egitim verecek siirekli egitim merkez(ler)i ve
ulke genelinde kesintisiz bir sekilde yayin yapacak
televizyon ve radyo kanal(larh kurulmalidir.
Egitimler ve yaymnlar, tarimda kooperatiflesmenin
ilkelerini ve tarima iligkin teknik bilgiyi nitfusa
benimsetecek gekilde planlanmalidir. Bu dogrultuda
belediyeler, Turkiye Radyo ve Televizyon Kurumu,
Tarim ve Orman Bakanlig1 ve iniversiteler arasinda
s1k1 bir ig birligi yapilmalidir.

Bu calismadan hareketle baska calismalarda
Turkiye’de hava durumunun, iglenen tarim arazisi
buytkliginin ve déviz kurunun tarimsal istihdama

etkisi glincel nitelikteki zaman serisi analizi
yontemleri kullanilarak incelenebilir.
Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazar, bu calismanin tamamini kendisinin

hazirladigini beyan eder.

Cikar Catigmas1 Beyan1i

Yazar, bu calismada herhangi bir ¢ikar catismasi
olmadigini beyan eder.
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ABSTRACT Agricultural Economics
The classification of mushroom species presents significant ecologic and

health-related challenges; advancement in classification techniques is Research Article

required to gain reliable identifications. This study aims to explain a ; ;

methodology that was devised and evaluated in the development of a Artch e H1story'

novel, lightweight Convolutional Neural Network (CNN) designed Received ) SOV
specifically for the task of mushroom classification. The paper provides a Accepted By
custom CNN model that is computationally cost-effective and capable of Keywords

high-precision classification, fit for real-time usage. Hence, the proposed
model was evaluated on this dataset of curated mushroom images with
traditional classifiers and state-of-the-art CNN architectures, such as
EfficientNet-B7, ResNet50, InceptionV3, and MobileNetV2. The custom
model is depth-wise separations engineered in such a way that while they
reduce the computational load, they don't compromise the effectiveness
of the model. The custom model achieved a test score of 0.68, which is
moderate compared to more established models such as EfficientNet-B7
or ResNet50. This approach helps the model function effectively even on
platforms having low computational resources. A comprehensive
evaluation reveals that a custom CNN has reasonable accuracy in the
identification of different mushroom species vis-a-vis existing models, but
also significantly lightens the classification process.

Mushroom Classification
Convolutional Neural Network
Deep Learning

CNN Algoritmalarinin Mantar Simflandirmada Onerilen Hafif CNN Modeli ile Karsilagtirmali Analizi

OZET Tarim Ekonomisi

Mantar tirlerinin simiflandirilmasi, ekolojik ve saglikla ilgili 6nemli

zorluklar ortaya koymaktadir; giivenilir tanimlamalar elde etmek i¢in Aragtirma Makalesi
siniflandirma tekniklerinde ilerleme kaydedilmesi gerekmektedir. Bu

calisma, mantar simiflandirma gorevi i¢in 6zel olarak tasarlanmig yeni, Makale Tarihgesi

hafif bir Evrisimsel Sinir Aginin (CNN) gelistirilmesi {izere tasarlanan Gelig Tarihi  :20.05.2024
ve degerlendirilen bir metodolojiyi a¢iklamay1 amaclamaktadir. Makale, Kabul Tarihi :14.08.2024
hesaplama acgisindan uygun maliyetli ve yiiksek hassasiyetli

smiflandirma yapabilen, gergek zamanli kullanima uygun 6zel bir CNN Anahtar Kelimeler

modeli sunmaktadir. Bu nedenle, oOnerilen model, geleneksel Mantar Siniflandirma
siniflandiricilar ve EfficientNet-B7, ResNet50, InceptionV3 ve Evrisimsel Sinir Aglari
MobileNetV2 gibi son teknoloji CNN mimarileri ile mantar Derin Ogrenme

gortintilerinden olusan bu veri kiimesi tizerinde degerlendirilmigtir.
Ozel modelin, hesaplama karmagikligimi azaltirken modelin
etkinliginden ve yeteneginden 6diin vermeyecek sekilde tasarlanmasina
6zen gosterilmistir. Ozel model, EfficientNet-B7 veya ResNet50 gibi daha
yerlesik modellerle karsilastirildiginda orta diizeyde bir deger olan
0,68'ik bir test puani elde etti. Bu yaklasim, modelin diisitk hesaplama
kaynaklarina sahip platformlarda bile etkili bir sekilde g¢alismasina
yardimei olur. Kapsamli bir degerlendirme, tasarlanan CNN'in yalnizca
mevcut modellere kiyasla farkli mantar tirlerinin tanimlanmasinda
makul bir dogruluga sahip oldugunu degil, ayn1 zamanda siniflandirma
slirecini de 6nemli 6lgiide hafiflettigini ortaya koymaktadir.
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INTRODUCTION

A mushroom 1is the edible reproductive structure of
various types of fungi that are attached to
basidiomycetes and grow on the surface of the ground.
Fungi are a diverse and integral part of ecological
systems, closely linked to living beings (Hibbett et al.,
2007; Liu et al., 2016; Wang, 2022; Zahan et al., 2021;
Zhang et al., 2021). The presence of diverse fungi is
essential for comprehending these organisms’ complex
nature and importance in our ecosystems. Although
there have been recent advancements in the
identification of fungal species, only a small fraction,
specifically 5%, of the estimated 3.8 million fungal
species have been identified (Hawksworth & Liicking,
2017). Approximately 14,000 (Zahan et al., 2021) -
19,000 (Hawksworth & Liicking, 2017) mushroom
species have been identified, while experts concur that
there are still several undiscovered species. The
delicate balance between edible and poisonous
mushrooms emphasizes the significance of meticulous
species identification. While certain edible mushrooms
may not possess a pleasant taste, there exist
compelling reasons to consume them. These reasons
include the fact that edible mushrooms possess notable
advantages, such as their ability to eradicate cancer
cells, combat infections, and enhance the human
immune system. In addition, mushrooms are
exceptionally nourishing, serving as a valuable protein
source, containing few calories and unsaturated fats,
and offering a substantial supply of vitamins and iron
(Ria et al., 2021). Edible mushrooms are favored for
their delectable flavor and abundant nutritional
content. Mushrooms are a common dietary source that
is rich in protein and low in fat (Dan, 2020; Yan et al.,
2023; Yu et al., 2020). Therefore, mushrooms provide a
more nutritious substitute for conventional sources of
protein. The therapeutic potential of mushrooms
highlights their usefulness beyond their nutritional
composition. Moreover, due to a lack of awareness
regarding toxic mushrooms, a significant number of
individuals perish as a result of consuming them. This
highlights the necessity for enhanced public knowledge
and education regarding mushroom species.
Presumably, mushrooms with flawless cellular
structure, vibrant colors, and no interaction with birds
and insects are toxic (Zahan et al., 2021). When
discussing the hazards of eating mushrooms, it is
crucial to emphasize the problems linked to poisonous
species. The distinctive morphological characteristics
of poisonous mushrooms include vibrant and colorful
scales on the cap and a ring-shaped structure beneath
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the top. Novice gatherers are prone to committing
errors. Toxic mushrooms have a detrimental impact on
the neurological system, perhaps resulting in fatalities
when ingested in large amounts (Ketwongsa et al.,

2022; Zahan et al., 2021). Therefore, precise
identification 1s essential for ensuring safety.
Performing biochemical tests and interpreting

morphological traits might be challenging for non-
specialists in everyday life. These issues require the
creation of identifying systems that are easier for users
to understand and utilize. Consequently, numerous
researchers have dedicated their efforts to developing
various models and methodologies (Tutuncu et al.,
2022). These endeavors are a reaction to the increasing
demand for easily accessible resources for identifying
mushrooms.

The majority of the existing articles on the
categorization of wild mushrooms employ machine
learning (ML) techniques. These strategies offer a
more easily understood and attainable method for
identifying mushrooms. The literature employs many
ML techniques, such as decision trees, simple
Bayesian, AdaBoost, and support vector machine
(SVM) methods (Tutuncu et al., 2022). Each of these
strategies possesses unique advantages and
constraints. Nevertheless, these techniques depend on
manually labeled features, and the algorithm acquires
knowledge about the labeled wild mushroom data
rather than the gathered visual data for classification
(Peng et al., 2023). The reliance on manual labeling is
a constraint that could be overcome by employing more
sophisticated methods, such as deep learning DL. The
wide-ranging applications exemplify the extensive
influence of DL. DL techniques offer notable benefits
in the field of pattern recognition because they can
extract the most useful information from complex and
multidimensional data. For this reason, it is especially
pertinent when it comes to identifying mushrooms.
Possessing this skill is essential for precisely
discerning the species of mushrooms.

Several studies have utilized artificial intelligence to
analyze the features of mushrooms and create models
that aid consumers in identifying various mushroom
species and preventing mushroom poisoning.
Tarawneh et al. (Tarawneh et al., 2023) developed an
innovative model that integrates Decision Trees, Naive
Bayes, and SVM to distinguish between edible and
poisonous mushrooms, achieving an impressive
accuracy of 94%. This integrated approach leverages
the strengths of individual ML algorithms to
synthesize a more reliable decision framework,
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utilizing the UCI Mushroom Dataset to validate its
efficacy. Similarly, Tutuncu et al. (2022) employed a
combination of Decision Tree, Naive Bayes, SVM, and
AdaBoost algorithms, with AdaBoost achieving %100
classification accuracy. This study underscores the
potential of ensemble methods in enhancing the
predictive capabilities of ML models, particularly in
applications where public health is at stake. The study
of Ria et al. (2021) further illustrates the role of neural
networks in mushroom classification. By reviewing
various supervised learning approaches (Ma et al.,
2020), including Random Forest and K-Nearest
Neighbour alongside artificial neural network (ANN),
the study highlights ANN's superior ability to manage
complex data  patterns, thereby enhancing
classification processes.

In an innovative shift towards deep learning, Peng et
al. (2023) proposed a multidimensional feature fusion
attention network that combines the strengths of
CNNs and Vision Transformers. This approach,
validated on two comprehensive datasets, showcases
superior accuracy and model robustness, setting a new
benchmark in the field. Complementing these studies,
Zhao et al. (2021) explored the use of an ensemble of
CNNs through a bagging algorithm to improve
classification accuracy. This research highlights a
paradigm  shift in  biological classifications,
emphasizing the transition towards DL models that
are capable of handling complex image data and
achieving high levels of accuracy. Wang (2022) utilized
a Vision Transformer model for mushroom
classification, achieving a remarkable 95.97%
accuracy. This study not only marks a significant
advancement in the application of transformer-based
models but also demonstrates their effectiveness in
reducing intraclass variability and enhancing feature
discrimination. Additionally, Zahan et al. (2021)
demonstrated the efficacy of CNNs in recognizing
complex patterns inherent in biological entities,
including fungi. They employed InceptionV3, VGG16,
and ResNet50 models to classify mushrooms,
showcasing InceptionV3's superior performance on a
contrast-enhanced dataset, thus highlighting the
importance of preprocessing techniques and
architectural choices. Long et al. (2023) developed an
advanced ML model using the MobileViT architecture,
optimized for efficiency and accuracy in mobile
applications. This research addresses the challenge of
large variance within mushroom classes by
implementing an innovative separable self-attention
mechanism, resulting in improved computational
efficiency and classification accuracy.

These collective efforts in applying ML and DL models
to mushroom classification not only advance our
understanding of fungal biodiversity but also
significantly contribute to public health by improving
the accuracy and reliability of identifying edible and
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poisonous mushrooms. The ongoing development of
these technologies promises further enhancements in
food safety and ecological research, underpinning the
critical role of interdisciplinary approaches in modern
scientific inquiries.

The widespread adoption of ML techniques has led to
the development of numerous applications across
various domains. ML algorithms can independently
acquire real-world knowledge by emulating human
learning processes, making them useful in various
fields (Portugal et al., 2018). In agriculture, ML
approaches have been used for different areas (Boyaci
et al., 2023; Karadas&Bulut, 2024). ML approaches
have been primarily used to categorize mushrooms
(Kamilaris & Prenafeta-Boldd, 2018), but many
methods require extensive training and testing,
leading to limited precision. Previous studies have
explored ML strategies like Decision Trees, Naive
Bayes, AdaBoost, and SVMs, but these often rely on
manually labeled features, which limits their
generalizability to new datasets (Zhao et al., 2021).
Additionally, complex models in CNNs require high
processing power and hardware requirements, and
there is a lack of research comparing the efficacy of
commonly used models in mushroom classification.
This study aims to achieve similar results using a more
lightweight model to address these challenges and
improve the effectiveness of ML in mushroom
classification.

The study presents a significant advancement in the
use of CNNs for classifying mushrooms, focusing on
the application of artificial intelligence (AD) in
addressing biological classification issues. It creates a
specialized CNN model to identify 11 specific
mushroom species, enhancing the accuracy of species
identification. The methodology used in the study
provides a comprehensive framework for future
research in related domains, offering a repeatable
model for researchers interested in using ML
techniques for mushroom classification. One of the
contributions of the study is the comparison study
between the custom CNN model and well-established
models like EfficientNet-B7, ResNet50, InceptionV3,
and MobileNetV2 enhances discussions on the efficacy
of different neural network architectures in dealing
with highly specialized classification tasks. The
smaller size of the custom model results in a decreased
computational load, which can significantly speed up
the training and inference processes, especially on less
powerful hardware. The study also addresses the
problem of data imbalance when training ML models,
emphasizing the importance of constructing a robust
dataset and proposing techniques to improve data
representation. The paper offers a basis for creating
lightweight systems that can assist mycologists,
ecologists, and the public in rapidly and precisely
identifying mushroom species, promoting biodiversity
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monitoring, and public safety.

MATERIAL and METHOD

The dataset (Zhecheng, 2023) used in this study
consists of 7,767 photos, with each image representing
one of 11 different mushroom species. The species are
classified into the following categories: Lactarius,
Russula, Boletus, Cortinarius, Amanita, Inocybe,
Exidia, Entoloma, Agaricus, Hygrocybe, and Suillus.
The dataset was thoroughly examined to identify
authentic photos, excluding seven unsuitable files. 74
exact duplicates and eight nearly identical pairs were
identified. Quality control included removing blurry,
dark, black-and-white, bright, and low-informational
images. The dataset was filtered to 7,671 photos, a
valuable resource for training machine learning
models. Table 1 shows the class distributions of the
images.

Table 1. Number of samples from each mushroom
species
Cizelge 1. Her mantar tiiriinden ornek sayisi
Mushroom Species Number of Samples

Lactarius 1498
Russula 1141
Boletus 1069
Cortinarius 834
Amanita 748
Inocybe 611
Exidia 432
Entoloma 363
Agaricus 351
Hygrocybe 314
Suillus 310
Dataset Splits

One often-used approach to assess the performance of
these models is to divide the dataset into several
subsets that are used for training, validation, and
testing. The test set is not used throughout the model
training process but is instead kept aside for a final
evaluation. The approach was to assign 10% of the
dataset for the testing phase which corresponds to 768
images. The remaining 90% of the data is utilized for
training and validating the model. However,
employing a random data split into training and
validation sets might result in notable issues,
particularly when dealing with imbalanced datasets
characterized by the underrepresentation of certain
classes. To tackle this problem, the technique of
Stratified K-Fold Cross-Validation is utilized.

Dataset Pre-processing

In that study, a methodological approach was adopted
where image pre-processing steps were integral,
utilizing specific functions associated with several
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well-established CNN models provided by the
TensorFlow Keras applications module (Chollet, 2015;
Abadi et al., 2015). These models included ResNet50,
InceptionV3, EfficientNetB7, and MobileNetV2, each
requiring tailored pre-processing to conform input
images to the conditions that optimally match each
model’s training environment. Additionally, the study
introduced a novel CNN architecture for which, rather
than developing a new pre-processing function, the
‘preprocessing_input’ function which is meant to
adequate your image to the format the model requires
from ‘tensorflow.keras.applications.resnet50’ (Chollet,
2015; Abadi et al., 2015) was adopted. This choice not
only facilitated consistency in handling input data but
also strategically leveraged established pre-processing
norms to ensure the robustness and reliability of the
new model under test conditions.

Methods

In the realm of mushroom classification using CNNs,
several well-’known models have demonstrated
substantial efficacy, including ResNet50 (He et al.,
2016), InceptionV3 (Szegedy et al., 2016),
EfficientNetB7 (Tan & Le, 2019), and MobileNetV2
(Sandler et al., 2018). These models, utilizing DL
architectures, will be tested one by one in this study for
their ability to handle the inherent complexity of
identifying and classifying various mushroom species
from images, and will be compared with the model
subject to the study.

In the process of fine-tuning various deep learning
architectures such as ResNet50, InceptionV3,
EfficientNetB7, and MobileNetV2 for a specific
classification task with 11 output classes, several
strategic modifications are implemented to adapt these
models more effectively to the task. Initially, a 2D
Global Average Pooling layer is introduced after the
final convolutional layer of each model. This layer
aggregates the features into a single 2D map per
channel, effectively reducing the spatial dimensions
and the complexity of the model while retaining
essential spatial information.

Following this dimensionality reduction, two fully
connected Dense layers with 128 and 256 neurons are
added respectively. Each of these layers employs a
Rectified Linear Unit (ReLU) activation function to
introduce non-linearity, enhancing the model's ability
to capture and learn complex patterns from the data.
To further improve the training dynamics and stabilize
the learning process, batch normalization layers follow
each dense layer. These layers normalize the inputs for
each layer, centering the mean output close to zero and
the standard deviation close to one, which helps in
mitigating issues related to input variation sensitivity.

To combat the risk of overfitting, a dropout layer
follows each batch normalization step. During
training, these dropout layers randomly nullify a
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fraction of the input units, ensuring that the model
does not overly depend on any specific neuron and
thereby promoting a more generalized learning
outcome. The culmination of this fine-tuning process is
a final dense layer with 11 units, corresponding to the
number of classification classes, which utilizes a
softmax activation function to yield the probability
distribution across the classes.

These enhancements collectively tailor the original
architectures of ResNet50, InceptionV3,
EfficientNetB7, and MobileNetV2, optimizing them for
improved performance on the dataset in question by
effectively balancing complexity, computational
efficiency, and generalization capability.

Regarding the model constructed which is the focus of
the study, in constructing the CNN described, the
architecture is meticulously organized into sequential
layers, each designed to handle specific
transformations of the input data for effective feature
learning and classification. The model adopts 10
convolutional layers arranged in increasing complexity
with filters ranging from 16 to 256. Each convolutional
layer utilizes a (3, 3) kernel size and employs 'same'
padding to ensure that the spatial dimensions of the
output feature maps remain unchanged, thus
preserving edge information across the network's
depth.

The activation function selected for this model is the
Exponential Linear Unit (ELU), which presents
several advantages over the commonly used ReLU.
According to research by Clevert et al. (2016), ELU can
help reduce the vanishing gradient problem common
in deep neural networks by maintaining mean
activations closer to zero, which facilitates a faster and
more effective learning process. The ELU function is
particularly effective in DL architectures as it allows
for negative outputs, contributing to a more robust
learning mechanism by adding slight perturbations to
the activation map, thereby enhancing generalization.

Weight initialization in this model is performed using
the “He uniform” method, which is particularly suited
to networks employing ELU activation functions. He et
al. (2015) demonstrated that this initializer could
significantly impact the network's ability to learn
efficiently by maintaining the variance of activations
throughout the layers. By initializing weights from a
uniform distribution within a range derived from the
number of input units, the “He uniform” initializer
ensures that the gradient magnitudes are neither too
small (causing vanishing gradients) nor too large
(leading to exploding gradients), thus facilitating
stable and rapid convergence during training.

Batch normalization is applied consistently after each
convolutional operation. This technique, as expounded
by Ioffe and Szegedy (2015), normalizes the outputs of
the previous layers by recalibrating the mean and
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variance. Such normalization stabilizes the learning
process and allows for higher learning rates, reducing
the model's training time significantly. Additionally, it
provides a form of regularization, albeit indirectly, by
smoothing the optimization landscape.

Dropout is strategically incorporated at various stages
within the network with rates determined through
hyper-parameter tuning, which helps in identifying
optimal values that prevent overfitting while allowing
the network to retain a significant capacity for
learning patterns in the data. Srivastava et al. (2014)
first introduced this technique, demonstrating its
effectiveness in reducing overfitting by randomly
omitting subsets of features at each training stage,
thereby compelling the network to learn more robust
features. The varying dropout rates from 0.1 to 0.7
reflect a targeted approach, with higher rates likely
used in layers that are more prone to overfitting due to
their complexity and capacity.

The inclusion of pooling layers, specifically max
pooling, serves to reduce the dimensionality of the
feature maps, thus decreasing the computational load
and the number of parameters in the network. This
reduction not only speeds up the training process but
also minimizes overfitting by abstracting the highest-
valued features from the preceding feature maps.

Towards the end of the model, global average pooling
is utilized to convert each feature map to a single
value, effectively summarizing the spatial information,
which is critical for maintaining the most relevant
features for classification tasks. Following this, dense
layers with ELU activation and additional dropout are
employed to finalize the feature processing and lead to
a classification decision made by a softmax-activated
output layer. This layer distributes the probability
across the various classes, facilitating a multi-class
classification.

All CNN configurations are compiled with the Adam
optimizer, known for its efficiency in handling sparse
gradients and adapting the learning rate during
training, and it employs categorical cross-entropy as a
loss function, ideal for multi-class problems where
each class is mutually exclusive.

In sum, as indicated in Figure 1, the detailed
architectural choices and parameter settings in
mentioned CNN are aligned with current best
practices in DL for image classification, emphasizing
stability, efficiency, and robustness in learning. The
integration of advanced techniques like ELU, He
initialization, and batch normalization alongside
strategic dropout application underpins the model's
capability to perform effectively in complex visual
recognition tasks.

When creating the model, care was taken to make it
lightweight. The custom model created for this study
consists of 1,450,523 parameters, occupying
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approximately 5.53 MB of memory. The parameter
counts and memory requirements of other models,
such as EfficientNet-B7 (64,462,882 parameters,
245.91 MB), ResNet50 (23,887,371 parameters, 91.12
MB), InceptionV3 (22,102,443 parameters, 84.31 MB),
and MobileNetV2 (2,459,339 parameters, 9.38 MB),

‘.9?

are significantly higher than this. The smaller size of
the custom model results in a decreased computational
load, which can significantly speed up the training and
inference processes, especially on less powerful
hardware.
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Figure 1. Custom CNN model architecture
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In this study, 10-fold cross-validation was employed,
considering the specific attributes of the dataset. The
batch size was set to 32 for training iterations,
balancing computational efficiency and maintaining a
sufficiently stochastic gradient estimation. The
training was conducted over 75 epochs to allow the
network sufficient iterations to adequately learn and
adapt to the dataset without overfitting.

During each fold of cross-validation, models were
monitored for validation accuracy improvements, and
the best-performing weights were saved. These
methodological choices ensure the training process is
both efficient and robust, leading to a CNN well-tuned
for generalization beyond the training dataset. The
same methodology, as described in Figure 2, was used
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for all CNN models used, only the models themselves
were changed. By keeping the other variables
constant, the aim was to observe the performance of
the models under identical situations. After
successfully training and identifying the best-
performing model across various validation folds, the
research focus shifts towards evaluating the model's
practical efficacy on unseen data and ensuring the
robustness of its predictive capabilities. The model is
systematically evaluated against the test data to
ascertain its performance metrics, notably accuracy
and loss. During the test phase, similar to the training
phase, all the models were treated uniformly and
exposed to identical testing procedures.
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RESULTS and DISCUSSION

This chapter presents all the outcomes of the process
of model training, validation, and testing. The results
of the setup are thoroughly examined, and detailed
comparisons and illustrations are provided.

Figure 3 displays the training and validation metrics
of the most successful fold of the model, which is
retained for the testing phase. Upon analysis, it is
evident that the training and validation accuracies
exhibit a consistent upward trend. However, despite
the inability to reach the same level of continuity, it is
evident that the training and validation losses are
decreasing. However, there is a gradual widening of
the gap between them. With this information, the
validation accuracies of each fold of the model and the
average validation accuracy are shown in Table 2
below.

Table 2. Validation accuracies of the model in folds

Figure 3. Training and validation metrics graph
Sekil 3. Egitim ve dogrulama metrikleri grafigi

Cizelge 2. Modelin katlamalardaki validasyon dogruluklari

Fold Number: 1 2 3 4 5 6 7 8 9 10 Average
Validation Accuracy:  0.67 0.70 0.69 0.62 0.68 0.65 0.67 0.67 0.68 0.70 0.67
As a result of the cross-validation, the model trained negatives, and this 1s an important key to

on the most successful fold was passed to the test step
in which the images (%10 of the dataset) that were
never seen in the training phase were used. The tests
yielded a prediction accuracy rate of 0.68.

Table 3 displays the precision, recall, and F1-score
values for each mushroom species, together with the
corresponding number of samples representing these
species in the test dataset. Precision, measuring the
accuracy of positive predictions, shows substantial
variability across classes. For instance, Hygrocybe
achieves perfect precision, indicating precise
predictions, but has low recall. In contrast, Agaricus
and Suillus show lower precision, highlighting issues
with false positives. Recall evaluates the model's
ability to detect all relevant examples in a class.
Boletus excels in recall, capturing most instances,
whereas Hygrocybe performs poorly, missing many
true instances. The F1 score combines precision and
recall, offering a unified measure of performance.
Boletus has a high F1 score, indicating balanced
precision and recall, while Suillus has a notably low
score, suggesting areas for improvement. According to
Table 3 and Table 4, the model exhibits varied
proficiency across classes, with strong results in some
and underperformance in others. These findings could
inform  targeted improvements or  training
adjustments to boost accuracy and recall across all
categories, ensuring robust performance irrespective of
class distribution.

The confusion matrix which is given in Figure 4 offers
a comprehensive evaluation of a model's performance
for each class by classifying predictions into true
positives, true negatives, false positives, and false
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understanding the precision, recall, and F1-score
metrics mentioned earlier. This comprehensive data is
essential for discerning the model's distinct
advantages and disadvantages, demonstrating its
effectiveness in other domains, and revealing any
inclinations to inaccurately classify one category as
another.

Stratified k-fold cross-validation ensures that there is
minimal variation in the validation accuracies, but
results showed that some classes did not achieve the
desired level of success in fulfilling the model's purpose
due to the distribution of the dataset. When the
dataset 1s analyzed, as indicated in Table 1, it is seen
that there is a linear proportionality between recall
scores and image distributions. In the rigorous
assessment of CNNs applied to an 11-class mushroom
classification task, various established and custom
models were evaluated using stratified 10-fold cross-
validation to gauge their performance during the
training phase and subsequently tested with
independent test data to verify their generalization
capabilities.

During the training phase, as indicated in Table 5, the
EfficientNet-B7 model demonstrated the highest
efficacy, in best fold validation accuracy and average
accuracy across folds. This superior performance
suggests that EfficientNet-B7's methodical approach
to scaling network dimensions systematically is highly
effective for this task. In contrast, the InceptionV3
model, despite its sophisticated architecture that
allows for complex feature extraction through varied
convolutional filter sizes, lagged in performance, in
best fold accuracy and an average of 63.78%. Test
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scores of each model are shown in Table 5.
EfficientNet-B7 continued to outperform the other
models in test scores. ResNet50, known for its deep
residual learning framework that facilitates the
training of deeper networks by addressing the

Table 3. Custom model’s test scores by species

Cizelge 3. Tasarlanan modelin tiirlere gore test sonuglari

vanishing gradient problem, also performed
commendably in both the validation and testing
phases. This indicates its effectiveness in capturing
and generalizing the underlying patterns of the
dataset.

Mushroom species Precision Recall F1-Score Sample
Agaricus 0.49 0.49 0.489 39
Amanita 0.84 0.61 0.71 77
Boletus 0.77 0.92 0.84 104
Cortinarius 0.55 0.68 0.61 81
Entoloma 0.43 0.69 0.53 32
Exidia 0.87 0.75 0.81 36
Hygrocybe 1.0 0.40 0.57 30
Inocybe 0.66 0.61 0.63 67
Lactarius 0.67 0.64 0.65 146
Russula 0.74 0.76 0.75 132
Suillus 0.47 0.33 0.39 24

Table 4. Metrics of custom CNN model

Cizelge 4. Tasarlanan CNN modelinin él¢iimleri
Metrics Precision Recall F1-Score Sample
Macro average 0.68 0.62 0.63 768
Weighted average 0.70 0.68 0.68 768

nN Conversely, the Custom Model and InceptionV3

4

Fredctes Late

Figure 4. Confusion matrix of custom CNN model
Sekil 4. Tasarlanan CNN modelinin karmagiklik
matrisi

showed moderate to low performance in both phases.
These outcomes may signal the need for further model
refinement or a re-evaluation of their network
architectures and training parameters to better suit
the classification task at hand. MobileNetV2, designed
for efficiency in mobile environments, achieved
reasonable success. Its performance indicates a
balanced trade-off between computational efficiency
and predictive accuracy, making it a viable option for
applications where deployment constraints are a
factor.

For macro averages, which are given in Table 6, which
treat all classes equally, the EfficientNet-B7 model
demonstrates superior performance in Fl-score,
precision, and recall. This suggests that EfficientNet-
B7 is exceptionally consistent across all classes,
balancing accuracy and coverage effectively. ResNet50
follows with a solid Fl-score, indicating reliable
performance, though slightly less consistent across
classes compared to EfficientNet-B7.

Table 5. Comparison of models by validation accuracies and test scores
Cizelge 6. Modellerin validasyon dogruluklari ve test puanlarina gére karsilastirilmasi

Best Fold’s Average Validation Test Score
Model Validation Accuracy Accuracy
Custom model 0.70 0.67 0.68
ResNet50 0.82 0.79 0.75
EfficientNet-B7 0.82 0.80 0.81
InceptionV3 0.68 0.64 0.64
MobileNetV2 0.75 0.72 0.72
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Table 6. Comparison of models by macro average

Cizelge 6. Modellerin makro ortalamaya gore

karsilastirilmasi
Model Precision  Recall F1-Score
Custom model 0.68 0.63 0.64
ResNet50 0.78 0.74 0.75
EfficientNet-B7 0.81 0.80 0.80
InceptionV3 0.65 0.60 0.61
MobileNetV2 0.70 0.72 0.70

The Custom Model, InceptionV3, and MobileNetV2
show lower effectiveness, in macro average F1-scores.
These scores indicate challenges in either precision or
recall, which could be due to various factors such as
model architecture limitations, insufficient training, or
the intrinsic difficulty of some classes that could not be
effectively learned by these models.

When considering the weighted averages, as indicated
in Table 7, which account for the prevalence of each
class, a similar pattern emerges. EfficientNet-B7
maintains its lead in F1l-score, highlighting its
robustness and ability to generalize well across the
varied sizes of the classes. It is followed by ResNet50
and MobileNetV2, which also show competent
performance with weighted F1 scores. This indicates
that while these models perform well on more populous
classes, there might be room for improvement in
handling less represented classes.

Table 7. Comparison of models by weighted average
Cizelge 7. Modellerin agirlikli ortalamaya gore

karsilastirilmasi
Model Precision  Recall F1-Score
Custom model 0.70 0.68 0.68
ResNet50 0.77 0.75 0.75
EfficientNet-B7 0.82 0.82 0.81
InceptionV3 0.66 0.65 0.64
MobileNetV2 0.73 0.72 0.72

The Custom Model and InceptionV3 exhibit less
optimal results with weighted F1 scores. These
outcomes suggest that these models, while reasonably
effective for some classes, struggle with achieving high
accuracy and coverage across all classes, particularly
those that are less frequent in the dataset. The data
suggests that while some models like EfficientNet-B7
and ResNet50 are capable of delivering robust and
balanced performances across diverse class
distributions, others such as the Custom Model and
InceptionV3 may benefit from further tuning and
training to enhance their precision and recall
capabilities, ensuring more consistent performance
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across all classes. In addition, it was observed that the
custom model showed more accurate values than
InceptionV3, although it showed lower accuracies than
the other 3 models. Considering the number of model
variables and their complexity, it can be concluded that
the results are promising, although not completely
satisfactory.

Finally, EfficientNet-B7’s performance across various
fungal classes, which is observed to be the most
successful in the light of the results mentioned, as
evidenced by the detailed metrics for precision, recall,
and Fl-score, showcases a complex landscape of
effectiveness that varies significantly from one class to
another. These results provide a more granular insight
into the model's capacity to accurately identify and
classify instances within a multi-class framework.

CONCLUSION

The study explores the application of CNNs for
mushroom classification, focusing on developing a
customized model capable of accurately categorizing 11
different mushroom classes. The custom model
demonstrates a feasible approach to mushroom
classification, especially suitable for scenarios where
computational efficiency is a priority given its
relatively simpler architecture compared to deeper,
more computationally expensive models. The model's
performance, particularly in the testing phase, reveals
significant insights for both academic and practical
applications in mycological classification. The custom
model achieved a test score of 0.68, which is moderate
compared to more established models like
EfficientNet-B7 or ResNet50, known for their complex
architecture and ability to achieve higher accuracy in
image-based tasks. However, the model faced
difficulties with the Suillus class, resulting in a lower
F1-score of 0.39. The uneven distribution of training
data contributed to the variation in findings,
suggesting that the model struggles with under-
represented categories. The results indicate a direct
relationship between class representation in the
training data and the model's performance. Classes
with fewer examples tended to yield poorer recall and
precision, suggesting that the model struggles with
under-represented categories. The testing phase also
highlighted a consistent average validation accuracy of
about 0.67, pointing to the model's stability but
highlighting its limited capability to transcend its
training when faced with new, unseen data. Advanced
models like  EfficientNet-B7, ResNet50, and
MobileNetV2 have the potential to significantly
improve performance, incorporating advanced
methods like compound scaling and residual learning.
However, the model's applicability is limited by its
moderate accuracy and the need for enhanced training
strategies to improve its generalization capabilities
across all mushroom classes. Despite all this
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considering the number of model variables and their
complexity, it can be concluded that the results are
promising, although not completely satisfactory. The
model was found to achieve better results than the
much more complex InceptionV3. This is promising for
future studies. The results highlight the importance of
a well-prepared dataset in training a successful ML
model. At the same time, dataset augmentation
strategies to increase the robustness of the model are
planned for future work. In conclusion, the process of
refining and optimizing CNNs for mushroom
classification is still in progress, offering a strong
foundation for further research. This study provides a
good foundation and a strong starting point for further
research that aims to expand the capabilities of these
advanced ML models in mushroom classification. The
ultimate goal is to develop a model that not only
achieves high accuracy across all mushroom classes
but also serves as a reliable tool for mycologists and
enthusiasts in the field, marrying the technical
prowess of CNNs with the intricate beauty of
mushroom species.
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ABSTRACT Agricultural Economics

This study aimed to understand the meat consumption preferences of
local people and tourists in Kars, which is known for its high-goose
production and cultural and historical tourism. The AHP method was
used to analyze the data, with 250 consumers interviewed through
proportional sampling. Fish was the top preferred meat type for 29.18%
of visitors, followed by chicken meat (26.41%), red meat (24.64%), and
goose meat (19.77%). The most important criteria for meat consumption
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in Kars were taste (27.08%), price (23.97%), ease of transportation Keywords
(19.47%), nutritional content (18.18%), and smell (12.20%). In terms of AHP Method
taste, consumers prefer fish as their first choice, followed by goose meat Consumption
as their second choice. In terms of affordability, chicken and fish are the Goose Meat
first choices, followed by fish. They prefer fish and goose meat for their Kars
nutritional and safety value. In terms of smell, fish and goose meat are Options

among the most important choices. The demand for organic fish with
higher nutritional value from Cildir Lake is higher than other types of
meat. The affordability of chicken and fish also influences consumers'
preferences for these meat types. However, loyalty to red meat and
chicken remains low in terms of nutrition and safety. To enhance the
economic conditions for producers, consumers, and restaurants, it is
crucial to streamline the availability of fish, enhance trust and perception
of the nutritional value of red and white meat, and make goose meat more
cost-effective. This will lead to increased consumption of meat products
and improved service opportunities.

Kars Ilinde Turistlerin Et Tiiketim Tercihlerinin Belirlenmesi

OZET

Bu calisma, ¢ok sayida kaz turetimi, kiiltiir ve tarih turizmi ile taninan

Tarim Ekonomisi

Kars'ta yerel halkin ve turistlerin et tiketim tercihlerini anlamay: Aragtirma Makalesi
amaclamigtir. Orantili 6rnekleme yoluyla 250 tiiketiciyle gorisiilen

verileri analiz etmek igin AHP yontemi kullanilmigtir. Ziyaretcilerin en Makale Tarihgesi

¢ok tercih ettigi et tiirt %29,18 ile balik olurken, bunu %26,41 ile tavuk Gelig Tarihi  :16.01.2024
eti, %24,64 ile kirmizi et ve %19,77 ile kaz eti takip etmistir. Kars'ta et Kabul Tarihi :29.05.2024

tiiketiminde en 6nemli kriterlerin lezzet (%27,08), fiyat (%23,97), ulasim
kolaylig1 (%19,47), besin icerigi (%18,18) ve koku (%12,20) oldugu tespit

Anahtar Kelimeler

edilmistir. Lezzet acisindan tiketiciler ilk tercih olarak baligi, ikinci AHS Yontemi
tercih olarak ise kaz etini tercih ettigini, uygun fiyat agisindan ise tavuk Tuketim

ilk tercih olurken, onu balik takip etmektedir. Besin degeri ve giivenme Kaz Eti
kriter olunca balik ve kaz eti tercihte ilk iki siray1 olusturmaktadir. Koku Kars
acisindan balik ve kaz eti en onemli tercihler arasindadir. Cildir Secenekler

Golu'nden besin degeri yiiksek olan organik baliklara olan talep diger et
tirlerine gore daha fazladir. Tavuk ve baligin uygun fiyathh olmas: da
tiiketicilerin bu et tiirlerine yonelik tercihlerini etkiliyor. Ancak kirmizi
et ve tavuga baghlik, beslenme ve giivenlik endigeleri agisindan disiik
kalmaktadir. Ureticilerin, tiiketicilerin ve restoranlarin ekonomik
durumlarinin iyilestirilmesi i¢in bahiga erisimin kolaylastirilmasi,
kirmiz1 ve beyaz ete olan giivenin ve beslenme algisinin artirilmasi, kaz
eti fiyatlarinin daha uygun hale getirilmesi gerekiyor. Bu, et trlnleri
tiketiminin artmasina ve hizmet firsatlarinin iyilesmesine yol agacaktir.
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INTRODUCTION

A balanced and healthy diet includes all kinds of
nutrients in required amounts (Ercan & Irmak, 2018).
It is important for one to take 75-80 g of protein of
vegetable and animal origin daily (Ilgii & Giines,
2002). Red and white meat, eggs, and milk are sources
of animal protein (Akin & Celen, 2020). Meat has an
important share in animal-based proteins and is
important for the growth and development of all living
creatures (Karacan, 2017). Regardless of the type of
meat obtained from any animal, meat is consumed by
humans almost every day due to some of its features
(Taskin et al., 2020).

Meat is classified as red meat (beef, veal, sheep, lamb,
goat, deer), white meat (poultry and seafood), and
processed meat (products obtained with processed
forms of red and white meat) (Boada et al., 2016).
Products obtained from red and white meat such as
salami, sausage, fermented sausage, bacon, ham,
hamburger, canned meat, and cold cuts are categorized
as processed meat (Wolk, 2017; Tasc1, 2019). When it
comes to red meat; beef, veal, buffalo, lamb, and sheep
come to mind in Turkey, but pork is also included in
this group across the world. In addition, red meat
contains important fatty acids, several vitamins such
as Bs, Bi2, and D, and minerals such as selenium, iron,
and zinc (Tasc1, 2019).

Meats are an important food source that is becoming
increasingly significant in international commerce.
Based on 2021 figures, the global production of
chicken, pig, cattle, sheep, goat, turkey, buffalo, and
goose meat amounts to approximately 358 million tons.
The distribution of this quantity was as follows:
chicken, 34.5%; pig, 34.2%; beef, 19.4%; sheep, 2.9%;
goat, 1.8%; turkey, 1.4%; buffalo, 1.9%; geese, 1.2%;
and other animals, 2.7%. Turkey produces
approximately 4.6 million tons of meat from various
animals, such as chickens, cows, sheep, goats, turkeys,
geese, and buffalo. The distribution of this quantity is
as follows: chicken, 51.8%; beef, 33.7%; sheep, 10.5%;
goat, 2.5%; turkey, 1.1%; goose, 0.1%; buffalo, 0.3%
(FAOSTAT, 2024). There are several factors affecting
the meat consumption. The most important two factors
affecting red meat consumption are household income
(Agcakale, 2018) and expensive red meat prices
compared to its substitutes (Akcay, 2013). For the
types of red meat, the softness of mutton is an
advantageous aspect, but its smell and oily nature are
considered a negative aspect in general consumer
preferences (Ozyiirek et al., 2019). In addition, liver,
heart, kidney, tongue, head, and tail fat, which are by-
products of red meat that have a lower price compared

255

to red meat, are in the red offal group, while tripe,
brain, and trotter are included in the white offal group
(MEGEP, 2011).

Consumers who consider red meat more delicious than
other types of meat generally prefer beef and lamb, and
eat kebab, pita (Turkish pizza with ground meat),
lahmacun (very thin Turkish pizza covered with
seasoned minced meat and onions), and grilled meat in
restaurants (Siiren & Kiiciikkémiirler, 2018). In
addition, 70% of consumers prefer offal in restaurants
(Kiiciikkomiirler & Koluman, 2021). In the provinces
of Kars, Ardahan, and Igdir, red meat (beef and lamb)
ranks first and second place in people’s preferences for
meat consumption in restaurants, followed by fast food
(Giindiiz et al., 2019). In restaurants in Kars province,
doner kebab, kebab, and boiled meat are preferred
more than pita, lahmacun, and offal.

Chicken meat consumption has increased in recent
years due to the increase in the price of red meat. Due
to the high price of red meat compared to chicken,
consumers can meet their protein and nutritional
needs at a lower price (Celik, 2012). Due to high feed
efficiency and fast-growing of poultry and the
increased number of broiler chicken enterprises along
with recent technological advances, chicken has
become more economical than other meats (Keskin &
Demirbas, 2012; Uzundumlu and Dilli, 2023). There
has been a significant increase in the consumption of
poultry across the world in recent years as it meets
people’s animal protein needs for a healthy diet.
Poultry is a low-fat and high-protein source, rich in
vitamins and minerals, and affordable compared to red
meat (Adamski et al., 2017, Kozdk, 2021). In
particular, the rate of undesirable saturated fatty
acids is lower in poultry than in red meat (Adamski &
Wencek, 2012; Nowak & Trziszka, 2010). In the
provinces of Kars, Ardahan, and Igdir, chicken is listed
as third in people’s preferences for meat consumption
in restaurants (Gindiiz et al., 2019). In general,
chicken is served as a doner, grilled, or fried chicken in
restaurants, and consumers mostly prefer chicken
doner (Kara et al., 2020).

Among poultry, goose meat is a high-quality protein
source with a sufficient number of amino acids
necessary for human life (Liu et al., 2011). Goose meat
has very high nutritional value and very low calories
(Oral & Ak, 2020). Although goose meat contains
beneficial fat for health, its consumption, and
supplementary production are low compared to other
poultry due to its high price and low consumer
awareness about its nutritional values. In addition,
since goose meat i1s produced seasonally, it is always
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possible to find it fresh in markets (Buzala et al., 2014).
The most important quality characteristics of poultry
meat for consumers are appearance, texture, juiciness,
flavor, and consistency (Becker, 2000). The physical
activity of the animal is another important factor in the
sensory properties of the meat. Active animals such as
geese have more muscle density and toughness than
inactive poultry (Geldenhuys et al., 2014). Goose
breeding in the world and Turkey has lagged due to
low breeding levels compared to other poultry.
Turkey's goose breeding has seen increased
importance due to its nutritional value, high protein,
low cholesterol, and valuable feathers. Despite being
consumed in many countries, it is consumed in specific
regions as part of local culture (Giindiiz et al., 2019).
TURKSTAT (2024) indicated that 37% of the tourists
visiting Kars specifically came for the purpose of
consuming gas meat. Nutritional values, organic
production, and smell are also considered important
criteria in meat consumption preferences. Thanks to
the increase in cultural and historical tourism
activities in recent years, local and foreign tourists of
Kars province try goose meat, one of the local dishes,
while visiting the city. Consequently, a significant
number of individuals were unaware of the presence of
goose flesh. Thus, when the demand for these
challenging-to-raise animals as a source of
consumption grows, their production will also expand,
thereby encouraging the growth of more producers.

Fish is one of the sources of high-quality protein and is
rich in several vitamins, minerals, and essential fatty
acids (Uzundumlu, 2017). In addition, fish is an
important source of iodine (Kearney, 2010). Seafood is
the main source of animal protein for subsistence
households of many developing countries with water
resources. In these households, seafood constitutes
more than half of the animal protein consumption and
20% of the total food expenditure (Ashitey, 2019). Fish
price, and health benefits of fish in terms of nutrition,
taste, food safety, and appearance are important
factors in fish consumption (Zhang, 2004), but the most
determining factor in fish consumption compared to
other meat types is its effect on healthy nutrition
(Uzundumlu, 2017). In the provinces of Kars, Ardahan,
and Igdir, seafood ranks fourth in people’s preferences
for meat consumption in restaurants (Giindiiz et al.,
2019). Fish consumption in restaurants increases as
income increases across Turkey. While the
consumption of trout and anchovy is common in
restaurants in Kars province, those who go on a trip to
the Cildir Lake can consume mirror (yellow) carp.

The research conducted in Kars province focused on
consumers' meat preference rankings while selecting
meat in restaurants. However, the specific criteria and
options that influenced these preferences were not
studied. This study holds unique significance in
addressing this gap. The objective of this study was to

256

ascertain the meat consumption preferences of tourists in
restaurants located in the Kars region. The suitability of
consumers’ meat consumption preferences was assessed in this
context based on specific criteria.

MATERIAL and METHOD
Material

Both primary and secondary data sources were used in
the study. The primary data source consisted of face-
to-face surveys with domestic and foreign tourists in
Kars. The secondary data sources included the written
results of studies on similar subjects and statistical
records about the study area obtained from Kars
Municipality and Kars Provincial Directorate of
Culture and Tourism.

Method
The Method Applied to Determine the Number of
Questionnaires

In 2021, face-to-face surveys were conducted with
tourists who had goose meat in eateries in Kars to
gather a foundational dataset for the study. The
sample size for the tourist survey was determined
using a proportional sampling approach (Newbold,
1995; Miran, 2007).

_ Np(1—p)
(N —1)o,, +p(1—p)

where

Tt

n: Sample size,
N: Population (219,200),
o2p: Variance of the ratio (0.000651),

p: Ratio of tourists who prefer goose meat in
restaurants (it was determined as 0.80).

The p-value was determined considering the data
obtained from the pre-surveys. Based on this sample
size calculation (95% confidence interval and 5%
deviation), the sample was determined to include 246
people. Considering the possibility of missing data and
information in some questionnaires, a total of 250
questionnaires were applied to the study.

Method Used in the Analysis

The Analytical Hierarchy Process (AHP) method is an
analytical approach that formulates complex decisions
based on several sciences and uses them in the
analysis. It was first proposed by Thomas L. Saaty in
the 1970s and has been extensively developed since
then. This method helps decision-makers to make the
most appropriate selection decision with the numerical
values they have given to relevant criteria and options
(Kuber et al., 2017).

In this study, the AHP method was used to determine
the order of meat consumption preferences of visitors
to Kars. As shown in several studies, economic, social,
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environmental, and health-related factors are effective Inconsistency ratio
in consumers’ decision to consume different types of The greater the inconsistency ratio, the more
meat In restaurants. Many consumers can cboose th? inconsistent the judgments. In general, a value less
best.optlon among alternatlyes in line with t.helr than 0.1 (i.e., CR < 0.1) confirms that the assessment
PTevious experiences and .frlend .recommer_ldatlons, within the matrix is acceptable or indicates a good level
thus rgducmg the o.ppo?t.unlty cost in economic terms. of consistency in the comparative judgments
For this reason, smentlflc. methods such as AHP are represented in this matrix. However, a value greater
usqd by consumers to demdg on the most appropriate than 0.1 (.e., CR > 0.1) indicates inconsistency of
option with a low opportunity cost. For the AHP, the judgments within this matrix. D column matrix is
weights of alternatives and criteria are determined obtained by multiplying the A pairwise comparison
accordln‘g to palrwise comparisons, and th? most matrix with the W column matrix showing the weights
appropriate Ch"?ce for consumers 18 determmed by of the criteria. Additionally, ei1 values are calculated
making cglculamons such as Consistency Ratio (CR) by dividing the D column matrix and W column matrix
and Consistency Index (CI) (Uzundumlu et al., 2019). by their mutual elements (Uzundumlu, 2011).
a3 Az - - Qan Wy,
a1 Qzz - - Gan Wy,
A= [aij]nxn = | ' v | ve W= [Wil]nxl = W34
lanl . ananxn Wailiyn
d11 dll
A _ _ dy _ Gix (i _ _ dz,
D=A*W ve D = [dil]nxl - ve €1 = (1—1,2,'-,11) E= [eil]nxl -
d31 Wi1 d31
das 1xn das 1xn
n e
A value is found by taking the arithmetic mean of the sum of e values. 1 = izt
In the next stage, the consistency indicator is options, the pairwise comparison scores of both the
calculated. option and the criteria are determined, the pairwise

comparison matrices of both the option and the criteria

. . _A-n
Consistency Indicator (CI)_E are created, the weight scores of both the option and

The Random Index (RI) is 0 when n is equal to 1 or 2, the criteria are calculated, and the most suitable
0.52 when n is equal to 3, 0.89 when n is equal to 4, option is determined by calculating the consistency
1.11 when n is equal to 5, and 1.25 when n is equal to ratios of the given scores.

6.

CR=CI/RI RESULTS AND DISCUSSION

When examining where the tourists reside, 34.8%

In traditional AHP, even numbers (2-8) are . -
come from Kars and surrounding provinces, 28.8%

intermediate values according to pairwise comparisons

of customer targets, and matrices are formed by residg in big cities and the rest reside in other
considering both options and criteria by using odd provinces of Turkey. Table 1 shows that the average

numbers (1-9) (Kwong, & Bai, 2002). Considering the age of the tourists is 34.75, 57% are married and 61.2%
numbers for making sense of the hierarchical are university graduates.

structure, if one (1) is assigned, two factors are equally Figure 1 presents the most suitable meat preference
preferred. If three (3) is preferred for one factor, this decision tree for consumers in Kars according to some
factor is preferred over others at a moderate rate (51- criteria.

60%) and the value of 1/3=0.33 is written for the Determination of the consumers’ meat consumption
opposite factor. If five (5) is preferred for one factor, preferences, as shown in Figure 1, there are four meat
this factor is strongly preferred over others (61-70%) options, namely goose, chicken, red meat, and fish, and
and the value of 1/56=0.20 is written for the opposite five (5) criteria for each option, namely price, taste,
factor. If seven (7) is preferred for one factor, this factor accessibility, nutrient, and smell.

is strongly preferred over others (71-90%) and the

value of 1/7=0.14 is written for the opposite factor. If Priorities of the options

nine (9) is preferred for one factor, this factor is almost Table 2 presents the explanatory statistics of meat

certainly preferred over others and the value of consumption preferences of visitors to Kars using the
1/9=0.11 is written for the opposite factor (Yaralioglu, ALP P P g

2001).
In AHP, the best criteria are created in line with the
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Table 1. Descriptive Statistics of Tourist
Cizelge 1. Turistlere ait tanmimlayici istatistikler

Characteristics Min. Max. Mean Std. Deviation
Age 16 74 34.75 12.174
Gender (Famele=0, Male=1) 0 1 0.56 0.498
Tall (cm) 153 190 171.242 8.264
Weight kg) 45 115 73.16 14.269
Marital status (Sing=0, Married=1) 0 1 0.57 0.512
Total family income (TL/month)* 3000 45000 1053.84 5321.058
Educational background Primary School  Middle School  High School University
(%) 2.4 6.4 30.0 61.2
Purpose:Assessing Consumer Meat Consumption Preferences
Based on Selected Variables
Options
|
| | | |

Goose Chicken Red Meat Fish

Price Price Price Price

Taste Taste Taste Taste

Accessibility Accessibility Accessibility Accessibility
Nutrient Nutrient Nutrient Nutrient
Smell Smell Smell Smell

Figure 1. Decision tree for choosing the most suitable type of meat
Sekil 1. En uygun et tipi tercihindeki karar agaci

Of the visitors, 29.18% preferred fish, 26.41% chicken,
24.64% red meat and 19.77% goose. As a result of the
Kruskal-Wallis test, the difference between the means
of at least two groups was statistically significant even
at the significance level of 1%. Onurlubas et al. (2015)
conducted a study in Istanbul, Ankara, Izmir, Antalya,
Samsun, Erzurum, and Gaziantep provinces in Turkey
about food consumed in restaurants, and found that
66% of consumers preferred meat, of whom 48.2%
preferred red meat and 17.8% preferred white meat.
Siiren and Kiiciikkémiirler (2018) found that 41.0% of
consumers preferred beef-veal, 35.6% mutton-lamb,
16.7% chicken, and 6.7% fish in restaurants in Ankara.
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By emphasizing the importance of out-of-home
consumption in meat consumption, Biermann and Rau
(2020) stated that 15% of consumers in Germany
consumed meat more frequently at home, 42% equally
frequently both at and outside the home, and 43% more
frequently outside the home (42). On the other hand,
they determined that German people consumed meat
more frequently when eating outside the home. Table
3 presents the explanatory statistics regarding the
criteria considered for meat consumption in
restaurants in Kars according to the AHP method.
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Table 2. Explanatory statistics of out-of~home meat consumption options in the AHP method

Cizelge 2. AHS yonteminde ev disi et tiiketim seceneklerinin agiklayici istatistikleri

Options X Se Min Max Xmean

Goose 0.1977 0.1099 0.0373 0.5460 0.1855
Red meat 0.2464 0.1089 0.0415 0.5520 0.2227
Chicken 0.2641 0.1204 0.0375 0.5490 0.2529
Fish 0.2918 0.1160 0.0493 0.5835 0.2764

X Mean, Se: Standard error, Min: Minimum, Max: Maximum, Xmean: Median

Kruskal-Wallis test, Chi square (0.05,3): 7.81473

H: 81.7358393 (*** p<0.01)

Table 3. Descriptive statistics of AHP criteria

Cizelge 3. AHS kriterlerinin agiklayici istatistikleri
Criteria X Se Min Max Xmean
Smell 0.1220 0.1105 0.0252 0.5141 0.0838
Nutrient 0.1818 0.1283 0.0272 0.5744 0.1359
Accessibility 0.1947 0.1305 0.0279 0.5159 0.1903
Price 0.2307 0.1777 0.0228 0.5465 0.1542
Taste 0.2708 0.1585 0.0328 0.5722 0.2591

X Mean, Se: Standard error, Min: Minimum, Max: Maximum, Xmean: Median

Kruskal-Wallis test, Chi square (0.05,4): 9.48773
H: 138.087246 (*** p<0.01)

The most important criteria for visitors to Kars in
consuming meat in restaurants are listed as taste
(27.08%), price (23.07%), ease of accessibility (19.47%),
nutritional content (18.18%), and smell (12.20%). As a
result of the Kruskal-Wallis test, the difference
between the means of at least two groups was
statistically significant even at the significance level of
1%. Akcay et al. (2018) determined the most important
criteria affecting meat consumption preferences as
health (52.46%), nutritional value (24.04%), taste
(18.08%), and price (5.45%). In addition, Uzundumlu et

al. (2011) found that for people living in Istanbul, the
most important criteria affecting meat consumption
preferences were taste (29%), nutritional content
(28%), hygiene (24%), and price (19%), respectively.

Criteria and options matrix

Table 4 presents the proportional status of meat
consumption preferences of individuals who came from
outside of Kars province and consumed meat in
restaurants in Kars according to AHP criteria and
options.

Table 4. Comparative averages of meat consumption preferences according to AHP criteria and options
Cizelge 4. Et tiiketim tercihlerinin AHS kriter ve seceneklerine gore karsilastirmali ortalamalari

Factors Goose Chicken Red meat Fish Total
Price 0.12254 0.35930 0.25773 0.26043 1
Taste 0.26600 0.17174 0.24496 0.31730 1
Accessibility 0.10569 0.40991 0.25432 0.23009 1
Nutrient 0.27393 0.14011 0.23546 0.35050 1
Smell 0.25359 0.21002 0.20106 0.33533 1
Total 1.02180 1.29110 1.19350 1.49360 5
Ratio 20.4350 25.8215 23.8706 29.8729 100

Mean consistency ration: 0.060394591
Total number of observations: 250
Number of consistent observations: 229 (%91.6)

Since the consistency ratio in this study was below
0.10% (0.06%), the comparison matrix was consistent,
and the percentage of consistent observations was
91.6%. As seen in Table 4, the most important
variables for goose meat consumption are its
nutritional value, taste, and smell, and the factors that
negatively affect goose consumption are high price and
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easy access. The most important factors in choosing
chicken are ease of accessibility and its cheaper price
compared to other meat prices. In addition, its taste,
nutritional value, and smell characteristics are less
appreciated by many consumers compared to other
meat varieties. There is no significant difference
between the variables of preferring red meat, but the
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variable of smell has the least effect on its
consumption. Moreover, taste, smell, and nutritional
value are the most important factors in preferring fish,
and the factors that negatively affect fish consumption
are high price and difficulty of accessibility.
Considering the criteria, among the out-of-home meat
consumption preferences of visitors to Kars, fish ranks
first (29.87%), followed by chicken (25.82%), red meat
(23.87%) and goose (20.44%). Akcay et al. (2018)
examined the academicians’ meat consumption
preferences and found that fish ranked first (38.84%),
followed by lamb (20.23%), beef (15.78%), chicken
(15.10%) and turkey (10.07%) (43). They also examined
the criteria of each option and determined the
important criteria for fish as health, nutrition, and
taste and the less important ones as price. The
important criteria for lamb and beef consumption were
taste and nutritional value and the less important ones
were health and price. The most important criterion
for chicken and turkey was price, while other criteria
were less important compared to price. Uzundumlu et
al. (2011) determined that 30% of the households in
Istanbul preferred beef, 27% fish, 25% chicken, and
18% mutton (44). In their study, taste and hygiene
were reported as the most important criteria for beef
and mutton, and price and nutrient content for chicken
and fish.

CONCLUSION

Among the tourists to Kars, 29.18% expressed a
preference for fish, 26.41% for chicken, 24.64% for red
meat, and 19.77% for goose when dining at
restaurants. The most important criteria for visitors to
Kars in consuming meat in restaurants are listed as
taste (27.08%), price (23.07%), easy access (19.47%),
nutritional content (18.18%), and smell (12.20%),
respectively. The most important reason why the
visitor’s least preferred meat is goose, a local delicacy
of Kars, is its high price. Those who ate goose meat
reported to prefer it because of its high nutritional
value and taste. Most of the visitors preferred fish in
the first place in their meat preferences due to its
nutritional value, taste, and smell. They preferred
chicken in the second place due to its ease of
accessibility and price.

The reasons why geese are very low in number
compared to chickens in Tirkiye are low domestic
demand for goose products, their high prices, and
consumers’ little knowledge about them. However,
goose meat, which offers various advantages over
substitute products in terms of nutrition, is intensively
produced and consumed only in certain provinces of
Tirkiye. Even in these provinces, it lags alternatives
in terms of consumption. Goose is a type of poultry that
can be grown in pastures like sheep and can withstand
adverse weather conditions. There is a potential for
goose production and consumption in Tirkiye. Since
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goose production in Turkey is mostly carried out by
small family farms, production costs are quite high.
Therefore, consumer interest is low due to high
consumer prices. To increase consumers' consumption
of goose meat, which is a different meat, it is necessary
for production to be carried out in large enterprises at
low costs. The number of professional enterprises
producing goose should be increased in provinces with
a suitable climate. The results of this study provide
some information to the producers who produce geese
and the consumers who come to Kars, especially
restaurants that serve meat dishes. In line with this
information, producers and consumers will be
informed and will also contribute to restaurants that
cook meat dishes to develop more effective marketing
strategies by taking into account the factors affecting
their preferences.
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OZET

Tarim sektori insanlik tarihi kadar eski bir gegmise sahiptir. Hayatin
devami igin yeme-igme faaliyetlerinin yapilmasi zorunlulugu bu sektore
stratejik bir énem kazandirmaktadir. Iklim degisikligi ise sanayi
devriminin bir sonucu olarak basta sera gazi emisyonlarinin sebep
oldugu olumsuzluklar olmak tuzere tum Diinya’y1 etkileyen bir
durumdur. Sanayi devrimi ile birlikte tarimsal uretimin ekonomi
icindeki pay1 azalsa da yakin zamanda gerceklesen Covid-19 pandemi
donemi tarimsal tretim ve arzinin goéz ardi edilemeyecek kadar énemli
oldugunu bir kez daha gostermigtir. Tarimsal {iretimin sahip oldugu bu
onem ayni zamanda iklim degisikliklerinin tarimsal tiretimi ne kadar ve
nasil etkiledigi sorusunu ortaya ¢karmistir. Iklim degisikligi
gostergelerinin olumsuz etkilerinin hemen ortadan kalkmayacag: gergegi
hem sorunlarin hem de ¢oziim yollarinin tespitini 6nemli hale
getirmektedir. Calismanin amaci, Turkiye’'de tarimsal tretim miktarinin
iklim degisikliklerinin gostergesi olarak kabul edilen degigskenlerden
nasil ve ne yonde etkilendigini ortaya koymaktir. Bu amacla birim kok
testlerinden sonra Varyans Ayristirmasi, Etki-Tepki Fonksiyonu ve Toda
Yamamoto Nedensellik Analizi yapilmistir. Calisma sonuclari,
Turkiye’de tarimsal tretim ile sera gazi emisyonu arasinda bir
nedensellik iligkisinin yani sira kuraklik, ortalama sicaklik ve yagis
degiskenleri ile sera gazi emisyonu arasinda da nedensellik iligkisi
oldugunu, yani sera gazi emisyonunun dogrudan ve dolayl olarak iklim
degisikliginin nedeni oldugunu gostermektedir. Buna goére oOncelikli
olarak sera gazi emisyonlarini kontrol altina alacak calismalara ihtiyac
oldugu degerlendirilmektedir.

Impact of Climate Change on Agricultural Production in Tirkiye

ABSTRACT

The agriculture sector has a history as old as human history. The
necessity of eating and drinking activities for the continuation of life gives
this sector strategic importance. Climate change is a situation that
affects the whole world, especially the negativities caused by greenhouse
gas emissions as a result of the industrial revolution. Although the share
of agricultural production in the economy decreased with the industrial
revolution, the recent COVID-19 pandemic period has once again shown
that agricultural production and supply are too important to be ignored.
This importance of agricultural production has also raised the question
of how much and how climate changes affect agricultural production. The
fact that the negative effects of climate change indicators will not
disappear immediately makes it important to identify both problems and
solutions. The aim of the study is to reveal how and in what direction the
amount of Turkiye’s agricultural production is affected by the variables
accepted as indicators of climate change. For this purpose, Variance
Decomposition, Impulse-Response Function, and Toda-Yamamoto
Causality Analysis were performed after unit root tests. According to the
results obtained, there is a causality relationship between agricultural
production and greenhouse gas emissions in Turkiye, while there is a
causality relationship between drought, change in average temperatures,
and change in precipitation variables and greenhouse gas emissions
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variables. In light of the finding that greenhouse gas emissions are
directly and indirectly the cause of climate change in Tturkiye, studies to
control greenhouse gas emissions should be urgently implemented.
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GIRIS Endonezya’da piring fiyatlarinda meydana gelen

Iklim degisikligi Birlesmis Milletler Iklim Degisikligi
Cerceve Sozlesmesi'nde, bir zaman periyodu i¢inde
goriilen dogal iklim degisikliklerine ilave olarak
kiresel atmosferik yapiyr dogrudan ya da dolayli
olarak bozan insan faktériinin iklimlerde sebep
oldugu degisiklikler olarak tanimlanmigtir
(Anonymous, 2014). Bir diger tanimlamaya gére ise
iklim degisikligi, iklimin ortalama durumunda ya da
onun degigkenliginde onlarca ya da daha uzun yillar
boyunca  slren  istatistiksel olarak anlamh
degisimlerdir (Tiirkes, 2008).

Iklim degisiklikleri cok degisik sebeplerden dolay:
ortaya ¢cikmaktadir. Kiresel iklim degisikliginin temel
kaynaklari, insan kaynakli sera gazi salinimi, fosil
yakit kullanimi, sanayi, ulastirma, arazi kullaniminda
meydana gelen degisimler, kati atik yonetimi ve
tarimsal nedenlerdir (Cakmak & Gokalp, 2011).
Tarimsal lretimin bizzat kendisinden kaynaklanan
sebepler de iklim degisikligine yol agmaktadir. Bu
sebepler arasinda, gubreleme, ilaglama, tarimsal
tretim ile arz esnasinda fosil yakit kullamimi ve
yetistirilen hayvanlarin trettikleri giibreler sayilabilir
(Bayrac & Dogan, 2016).

Iklim degisiklerinin etkilerini degerlendirebilmek
amaciyla mahsul modelleri kullanilmaktadir. Bu
modellerden birincisi siirece dayali tirtin modelidir. Bu
model, belirli urlinlerin davramiglarimi  yakindan
gosterme avantajina sahiptir. Olumsuz yonu ise gok
fazla veri gerektirmesi ve kalibrasyon igin 6zel verilere
ihtiya¢ duyulmasidir. Diger iki model ise, diz
istatistiksel iligkiler ve hedonik modellerdir. Iki
yontem de stirece dayali modelleri tamamlayan gligla
yonlere sahiptirler. Daha az zorlayic1 verilere ihtiyag
duyulmasi1 bu modellerin avantaji olarak ifade
edilebilir. Ozellikle hedonik yéntem gercek kosullarin
degerlendirilmesinde 6n plana ¢ikmaktadir. Bu
modeller, dar bir cografi alanda belirli bir trin
cercevesinde daha  kolay uygulanabilmektedir
(Robertson ve ark. 2013).

Iklim degisikliklerine bagl olarak tarimsal tiretiminin
azalmas1 ekonomi tizerinde cesitli yonlerden olumsuz
etkilerde bulunmaktadir. Bu olumsuz etkilerin
baginda mevsimsel degismeler nedeniyle tarimsal
tiretimde dalgalanmalarin artmasina bagli olarak

belirsizligin artmasi gelmektedir. Uretim
miktarindaki  belirsizlikler  rtin  fiyatlarinda
oynakliklarin artmasina neden olabilmektedir.

Nitekim Busnita ve ark. (2017), calismalarinda
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oynaklikta iklim degisikliginin roliinii incelemislerdir.
Calisma sonucunda, sicakliklarda meydana gelen
degisimlerin kisa ve uzun vadede pirin¢ Uretimini
olumsuz etkiledigi ancak piring fiyatlarindaki
dalgalanmayi olumlu etkiledigi tespit edilmistir. Takle
ve ark. (2013), konuya gida arz ve talebi acisindan
yaklagmiglardir. Calismada, iklim degisikliklerinin bu
sekilde devam etmesi halinde 2050 yilindan sonra
kiiresel gida arzinin talebi karsilayamacagini ortaya

koymusglardir. Hasegawa ve ark. (2015),
calismalarinda iklim degisikliginin 6nemli bir
gostergesi olan  sicaklik  degisimleri {zerinde
durmuglar, degisimin 2°C’de sinirli tutulmas:
durumunda iklim degisikliklerinin olumsuz
etkilerinin sinirlandirilabilecegini savunmuslardir.

Ancak, azaltim maliyetlerinin yliksek olmasinin diigiik

gelirli llkelerde biyik olumsuzluklara neden
olabilecegini ve gida tiiketimindeki degisimin daha ¢ok
gelirdeki  degisime  baglhi  oldugunu  ortaya

koymuslardir. Nsabimana & Habimana (2017), bir
diger o6nemli degigken olan yagis miktarindaki
degisimlerin Ruanda’da gida f{rtnleri fiyatlarina
etkisini incelemiglerdir. Gida fiyatlarimin, yagis
miktarinda meydana gelecek soklara karsi asiri
kirilgan oldugunu ortaya koymuslardar.

Iklim degisikligine bagh olarak tarimsal iretimin
azalmasi diger makroekonomik degiskenleri de
etkilemektedir. Uretimin azalmasina ve belirsizligin
artmasina bagh olarak fiyat artiglarinin yasanmasi
enflasyona yol acmaktadir. Bunun yani sira tretim
aciginmin ithalat yoluyla kapatilmasi durumunda cari
acigin artmasi s6z konusu olacaktir. Tarim sektori
buyluk oranda emek giicine baglhidir. Bu durumda
tarimsal Uretimin azalmasina bagli olarak sektorde
meydana gelecek kiigiilme igsizligin artmasina neden
olmaktadir. Iklim degisikliginin tarimsal {iretimi
olumsuz etkilemesi sonucu zarar eden reticilerin ya
da asir1 hava olaylari nedeniyle mahsulleri zarar géren
ureticilerin  bu  zararlarn  devlet  tarafindan
kargilanmak zorunda kalinacagindan biitce dengesi
tuzerinde olumsuz etkilere neden olmaktadir.

Diger yandan iklim degisikligine neden olan
faktorlerin bazi olumlu katkilari da bulunmaktadir.
Karbondioksit gazinin atmosfer icerisindeki payinin
artmasi bazi mahsullerin daha hizli biiyiimesine yol
acarken, sicaklik artisi bitkilerin daha kisa strede
biiylimelerini saglayarak erken ekim ve hasat
imkanlarini ortaya cikarmaktadir (Bayra¢ & Dogan,
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2016; Kara & Yereli, 2022). Cs olarak ifade edilen ve
icerisinde piring ile bugday gibi 6nemli tahillar
barindiran bu urin grubu ylksek karbondioksit
konsantrasyonuna ihtiya¢ duymaktadir. Artan
karbondioksit konsantrasyonu bu {riin grubunda
iretimin artmasim saglayacaktir (Dogan & Tiizer,
2011). Ayn1 zamanda sicaklik artisi ile 6zellikle soguk
kuzey bélgelerde hem 1sinin artmasi hem de yetigtirme
doneminin uzamas1 sayesinde tarimsal Uretimde
artiglar beklenmektedir. Daha 6nceki yillarda soguk
nedeniyle tarima elverigli olmayan bolgelerin kiiresel
sicakhik artisina bagli olarak tarimsal {iretime
acilmasi s6z konusu olmustur. Bu konuda Olesen &
Bindi (2002)'nin, iklim degisikliginin Avrupa’da
tarimsal Uretkenlige olan etkisini inceleyen ¢aligmasi
on plana cikmaktadir. Calisma sonucglarina gore,
sicaklik artis1 ekim alanlarinin Avrupa’nin kuzey
bolgelerine dogru genislemesine ve 6rnegin tahillarin
yetisme slresinin azalmasina, kokli bitkilerin ise
yetisme slirelerinin uzamasina neden olmaktadir.
Karbondioksit konsantrasyonunun artmasi bitki
verimliliginin artmasina neden olmaktadir. Bu olumlu
etkiler tarim Uzerinde olumlu sonuclar yaratabilir.
Ancak Avrupanmin glney bolgeleri dezavantajli
konumdadir. Yagigslarin azalmasina baglhh olarak
ortaya c¢ikacak su kitligi, daha dusiik hasat verimine,
verim degiskenliginin artmasmna ve geleneksel

urunlerin ekilme alanlarimin azalmasina neden
olabilecektir.
Kuresel iklim  degisiklikleri tarimsal tretim

teknolojilerinde de degisikliklere neden olmustur.
Tarimsal tiretimin azalmasina bagl olarak liretimde
daha fazla teknoloji kullanilmaya baglanmig boylelikle
tarim sektoru emek yogun sektérden teknoloji yogun
sektore dogru evrim gecirmistir. Sanayi devrimi ile
birlikte ekonomik faaliyetlerin artmasi iklim
degisikliklerinin bir numaral sebebi olarak gorilse de
ekonomik biylimenin saglanmasi beraberinde iklim
degisiklikleri ile mucadelede kullanilabilecek finansal
kaynaklarin da artmasimi saglamistir. Bu durumda
ekonomik blyiimenin saglanmasi ile bliylimenin
sonucu olan sera gazlarinin etkilerinin artmasi
arasinda insan hayatina olan olumsuz etkileri
yontinden zit bir iligki ortaya ¢ikmaktadir. Bu zit iligki
nedeniyle zihinlerde ekonomik faaliyetleri azaltmak
suretiyle refahtan 6din verilmesi ile iklim
degisikliklerin yarattig etkileri géze alarak ekonomik
faaliyetlere aynen devam edilmesi seklinde bir ikilem
olugmaktadir (Alper & Anbar, 2008).

Literatiirde yer alan Bayrac & Dogan (2016), Dumrul
& Kilicarslan (2017), Akcan ve ark. (2022) ve El-
Khalifa ve ark. (2022) caligmalarinda, iklim
degisikliginin belirli bir cografi alan tizerindeki
etkilerini gosteren mahsul verimi yerine, mahsulin
getirilerini dikkate alan ve 6lgim birimi olarak da
tarimsal gelirin GSYH igindeki payimni kullanan
Ricardocu yaklasimi izlemiglerdir. Bu galismada ise
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tarimsal Gretim miktari milyon ton cinsinden bagimh
degisken olarak kullanilmigtir. GSYH’daki
degisimlere karsin tarimsal tUrin degerlerinde aym
oranda degisimler yasanmamasi1 durumunda tarimsal
gelirin GSYH igindeki payr azalacaktir. Bu
gerceklesme iklim degigikliklerinin tarimsal tirtinlerin
degerinde meydana getirdigi degisimleri o&lgmede
hatali sonuclar verecegi kanaatiyle ¢alismada tarimsal
uretim miktari bagimh degigken olarak kullanilmigtir.
Boylelikle dogrudan iklim degisikliklerinin tarimsal
uretim miktar1 tzerindeki etkileri secilen bagimsiz
degigkenler vasitasiyla analiz edilmeye calisilmigtir.
Calismanin literatire katkida bulunmasi beklenen
ikinci gligli yoni ise sera gazi emisyonlarinin bagimsiz
degigsken olarak analize dahil edilmesidir. Diger
calismalarda ¢ogunlukla karbondioksit emisyonu gibi
sera gazi emisyonunu olusturan gazlardan sadece biri
analize dahil edilmis iken bu g¢alismada diger gazlar
(metan, diazot monoksit, kloroflorokarbon ve ozon) da
iceren sera gazi emisyonlar: analize dahil edilmigtir.
Sera gazlar1 emisyonlarimin iklim degisikliginde
oynadig1 role litaratiirdeki calismalarda oénemle yer
verilmis olmasina ragmen bu emisyonlar1 analize
dahil eden ¢calisma sayisi ¢ok azdir. Calismanin t¢inct
gucli yonu kuraklik ve yagis degiskenlerinin yuzdelik
degisim olarak analize dahil edilmesidir. Kuraklik
degiskeninin analize dahil edildigi ¢alisma sayis1 ¢ok
azdir. Oysa kuraklik hem iklim degisikliginin bir
sonucu olmasi nedeniyle 6nemli bir 6l¢iit iken ayni
zamanda tarimsal Uretimi dogrudan etkiledigi de
bilinen bir gercektir. Yagis degiskeni ise literatiirde
genellikle yillik yagis miktar: olarak ele alinmistir.
Calismada ise yagis miktarlarinda bir 6nceki yila gore
yuzdelik degisim ele alinmistir. Bu sekildeki bir

yaklagim ile yagis degiskeninde meydana gelen
degigsimlerin  analize daha i1yi  yansitilacag:
dustntlmektedir.

Bu zamana kadar yapilan calismalarda genellikle
basta Birlesmis Milletler olmak tuzere uluslararasi
kuruluglar tarafindan hazirlanan iklim degisikligi
raporlar1  ve gelecege yoOnelik projeksiyonlar
kullanilmigtir. Iklim degisikliginin tarimsal iiretim
uzerindeki  etkilerini ekonometrik  yontemlerle
arastirmaya ¢alisan calismalarda genellikle Gecikmesi
Dagitilmis Otoregresif Simir Testi (Autoregressive
Distributed Lag Bound Test, ARDL) kullanilmistir. Bu
calisgmada ise konu farkli bir agidan ele alinmig ve
alternatif bir yontem olarak Varyans Ayristirmasi
kullanilmigtir. Bunun yan1 sira  Etki-Tepki
Fonksiyonu yapilarak tepkinin siddeti ve yoni
hakkinda g¢ikarimlarda bulunulmus ve Toda-
Yamamoto Nedensellik Analizi ile de nedensellik
iligkisi incelenmistir. Bu yontemleri kullanan
¢alismalarin bulunmamasi1 c¢alismanin 6nemini ve
literatiire katkisim1 géstermektedir.
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Calismada kuraklik, sera gazi emisyonlari, ortalama
sicaklik dagilimi ve yagis miktarindaki degisiklikler
iklim degisikliginin gostergeleri olarak  dikkate
alinmistir (Olesen ve ark. 2000; Southworth ve ark.
2000; Zaied 2013; Belloumi 2014; Loum & Fogarassy
2015; Bayra¢ & Dogan 2016; Eruygur & Ozokc¢u 2016;
Dumrul & Kilicarslan 2017; Akytiz 2018; Chandio ve
ark. 2020; Onurlu & Ulas 2021; Akcan ve ark. 2022;
El-Khalifa ve ark. 2022; Estiirk & Mert 2022; Ozgiir
& Demirtas 2022; Taha ve ark. 2022; Chopra 2023).

Serilerde yer alan degerler eger diizey degerler ise yani

Cizelge 1. Analizde kullanilan degiskenler ve agiklamalar:

yuzdelik bir degisimi ifade etmiyorlarsa dogal
logaritmalar1 alinarak analize déahil edilirler. Bir
serinin dogal logaritmasinin alinmasi ile verilerdeki
carpikligin azaltilmas1 veya ortadan kaldirilmas:
amaclanir. Ayni zamanda regresyon analizlerinde
bagimli ve bagimsiz degigken arasindaki iligkinin
dogrusal olmas1 gerekliligi vardir. Logaritma alma
igslemi ile tistel veriler dogrusala ¢evrilmig olur.

Cizelge 1’'de ekonometrik analizde kullanilan
degigkenlerin neler olduguna ve bu degiskenlerin
neleri ifade ettigine yer verilmigir.

Table 1. Variables used in the analysis and their explanations

Degigkenler Simgesel Gosterimi  Aciklama

Variables Symbolic Display Description

Tarimsal Uretim Inurt Toplam tarimsal tiretim miktari, milyon ton cinsinden

Sera Insera Sera gazi emisyonlari, COz esdegeri, milyon ton cinsinden

Kuraklik kurak Yillik kuraklik degerlerinde goriilen yluzde degisim

Sicaklik Insicak Yillik ortalama sicaklik degerleri, santigrat cinsinden

Yagis yag Metrekareye disen yillik yagis miktarlarinda goriilen yiizde degisim
Kuraklk  degiskeni yillk 6lciilen  kuraklk Perron Testi, hata terimini otokorelasyonsuz olmasina

degerlerindeki ytizdelik degisimi ifade etmektedir. Bir
onceki yila gore kuraklik degisimlerinde bir azalma
meydana gelmesi negatif degerler almasina neden
olmaktadir. Degisken, negatif degerler ve yuzdelik
degisim icerdiginden dogal logaritmasi1 alinmamigstir.
Yagis degiskeni, bir oOnceki yila gore yagis
miktarlarinda meydana gelen ylzdelik degisimleri
gostermektedir. Bir onceki yila goére daha az yagis
alinmasi ylzdelik olarak negatif degerlere neden
oldugundan dogal logaritmasi alinmamigtir. Diger
degiskenler dogal logaritmalari alinarak analiz
edilmiglerdir. Tarimsal tiretim, sera gazi emisyonlari,
kuraklik ve yagis degiskeni verileri Ekonomik Isbirligi
ve Kalkinma Orgiitii istatistik veri tabanindan
(OECD, 2023), ortalama sicaklik degiskeni verileri ise
Devlet Meteoroloji Igleri Genel Mudirligi’'nden
(MGM, 2023) elde edilmistir.

Zaman serilerine dayali ekonometrik analizlerde
degiskenlerin duraganligr 6nemli rol oynamaktadir.
Serilerin birim koék igerip igermedigini tespit
edebilmek amaciyla Augmented Dickey-Fuller (ADF)
ve Philips-Perron (PP) Birim Kok Testleri yapilmigtir
(Dickey & Fuller, 1981; Philips & Perron, 1988).
Augmented Dickey-Fuller ve Philips-Perron Birim Kok
Testi sonuglar1 bir degiskenin zaman serisinin
duragan olup olmadigin1 degerlendirmek amaciyla
kullanilmaktadir.  Dickey &  Fuller  (1981),
calismalarinda birim kokiin varligini tespit edebilmek
amaciyla rassal ve duragan olmayan bir seri ve bu
serideki § parametre degerini tahmine yonelik bir
yontem gelistirmiglerdir. Ancak & parametre tahmini
normal dagilmadigindan t istatistikleri yerine t kritik
degerlerini olusturmuslardir (Enders, 2009). Phillips-
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bagli olarak ele alir. Hatalarla ilgili varsayimlardan
yola g¢ikilarak Augmented Dickey-Fuller Testi daha
kapsamli  hale getirilmigtir. Hata  teriminin
varyansinin zamana baglh olarak degistigi ve varyans
degerlerinde meydana gelen siirekli degisimin
heteroskedasitiye isaret ettigi savunulur.
Degiskenlerin analiz dénemi boyunca meydana gelen
yapisal kirilmalardan etkilenmesi s6z konusu
olmadigindan yapisal kirilmalari gésteren birim kok
testlerine yer verilmemigtir.

Degiskenler arasindaki iligkileri tespit etmeye yonelik
calismalarda kullanilan testlerin gecikme uzunluguna
karst duyarhh oldugu belirtilmektedir. Degiskenlerin
gecikme uzunlugunu gosteren k katsayisimi dogru
tespit etmek modelin glivenilirligi acisindan
onemlidir. Uygun gecikme uzunlugunun tespit
amaciyla yapilan testte Ardisik Modifiye Edilmis LR
Kriteri, Nihai Tahmin Hatas1 (Final Prediction Error,
FPE), Akaike Bilgi Kriteri (Akaike Information
Criteria, AIC), Schwarz Bilgi Kriteri (Schwarz
Informatin Criteria, SC) ve Hannan-Quinn Bilgi
Kriteri (Hannan-Quinn Information Criteria, HQ) yer
almaktadir. Bu kriterlerden AIC, SC ve HQ kriterleri
diger bilgi kriterlerine gore daha giiglidir. Uygun
gecikme  uzunlugu tespit edilirken gecikme
uzunlugunun yiiksek degerli olarak belirlenmesi
seriler arasindaki uzun dénemli iligkiyi agiklama
gicliini zayiflattigindan test aninda elde edilen
verilerden en kiiclik degerler hangi bilgi kriterinden
elde edilmigse bu gecikme uzunlugu uygun gecikme
uzunlugu olarak kabul edilmektedir (Kaya ve ark.,
2017).

Duraganhk testlerinden sonra kurulan modelin
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guvenilirligini belirlemek amaciyla bazi tanisal testler
yapilmaktadir. Bu testlerden otokorelasyon LM testi
modelde yer alan hatalarin zaman i¢inde ve kendi
aralarinda birbirine bagimli olup olmadiklarini tespit
etmek amaciyla yapilmaktadir. Eger hatalar arasinda
bu sekilde bir bagimhilik yok ise buna otokorelasyon
veya serisel korelasyon bulunmamasi1 varsayimi adi
verilir. Otokorelasyon sorunu, hata terimleri arasinda
iliski olmadign (E(ui,uj)=0, i#j) varsayiminmin gecerli
olmamasidir. Diger bir deyigle hata terimleri arasinda
iliski vardir. E(ui,uj)#0, i#. u¢ ile ue1 arasinda

otokorelasyon;  kovaryanslarin  veya  beklenen
degerlerin sifira esitligi demektir. Normallik testinin
amaci, bir veri dizisinin normal dagilima

uygunlugunun incelenmesidir. Jarque-Bera sinamasi
normal dagilimdan ayrilmayi 6l¢gmek i¢in kullanilan
bir O6lgidir. Bu smmama coklu dogrusal regresyon
sonucglar1 elde edildikten sonra ele gegen hatalarin
normal dagilim goésterip gostermedigini arastirmak
icin kullanilir. Degisen varyans White testi seride
degisen varyans sorununun varligini tespit etmek
amaciyla kullanilan bir testtir. Bu testte, asil
denklemin hata tahmin karelerinin bagimli, agiklayici
degiskenlerin kendileri, kareleri ve carpimlarinin
aciklayict degisken oldugu denklem tahmin edilir.
Elde edilen test istatistiginin olasilik degeri eger ele
alinan anlamhlik diizeylerinden (0,1, 0,05 veya 0,10)
biytlk ise Ho hipotezi red edilir yani degisen varyans
sorunu yoktur (Gemicioglu, 2019).

Literatiirde yer alan calismalarda genellikle ARDL
analizi kullanilmigstir. Calismada ise alternatif bir
yontem olarak Varyans Ayrigstirmasi kullanilmigtir.
ARDL analizi degiskenler arasinda kisa ve uzun
donemli esbutiinlesme iligkisinin varligini
incelemektedir. Elde edilen egbitinlesme katsayisi
bagimsiz degigkenlerin bagimli degiskeni etkileme
yonu ve siddetini gosteren tek bir katsayidir. Varyans
Ayrnigtirmas1 ise bir degiskendeki degisimin yiizde
kac¢inin kendisinden ve yiizde kag¢inin da diger
degiskenlerden  kaynaklandigini  gostermektedir.
Boylelikle belirlenen dénem boyunca degiskenlerin
birbirlerini ve bagimh degiskeni aciklamada meydana
gelen degisimleri gérmek miimkiin olmaktadir (Mert
& Caglar, 2019). Varyans Ayristirmasi analizinde
degiskenlerin siralamasi 6nemli bir konudur.
Digsaldan igsele dogru bir siralama yapilmaktadir
(Tar1, 2006). Varyans Ayristirmasinda degiskenlerin
etkileme derecesini ve etkilemenin sabitlendigi yani
istikrara kavustugu dénem ya da donemleri tespit
etmek mimkindir. Bu 6zelliklerinden dolay1 Varyans
Ayrigtirmasinin ARDL analizine gére daha ayrintih
bilgiler verecegi kanaatiyle bu yontem kullanilmigtir.

Etki-Tepki Fonksiyonlari, rassal hata terimlerinden
birinde meydana gelen bir birimlik standart sapmalik
sokun, icsel degiskenlerin simdiki ve gelecekteki
degerlerine olan etkisini yansitan fonksiyonlardir.
Etki-tepki  fonksiyonlari, c¢alisilan  degiskenler
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arasmndaki dinamik etkilesimin belirlenmesinde,
simetrik iligkilerin saptanmasinda ve VAR analizinde
biiyiik rol oynamaktadir. (Sari, 2008). Bir diger acidan

bakildiginda Etki-Tepki  Fonksiyonlari, = VAR
modellerinde goklarin ve etkilerin tepkilerini
incelemek igin  kullamilmaktadir. Diger tim

degiskenler ve soklar sabit iken i¢sel degiskene yonelik
bir birimlik sokun ve bunun VAR modelindeki tiim
i¢sel degiskenler Gizerindeki etkilerini ifade etmektedir
(Anonymous, 2022). Grafiklerde yer alan diiz yatay
sifir ¢izgisi tepkinin sondiguni yani yok oldugunu
gostermektedir. Kirmizi renkli goriinen iki kesikli
¢izgl ise 0,95 giliven araliginin alt ve Ust sinirlarimi
gostermektedir.

Toda-Yamamoto Nedensellik Analizi ise Granger
Nedensellik Analizinden yola c¢ikilarak 1995 yilinda
literatire kazandirilmis bir nedensellik testidir.
Analiz, birim koék ve egbiitiinlesme gibi analizler
olmadan da yapilabilmektedir. Analizde 6nemli olan
gecikme uzunlugunun dogru tespit edilmesi ve tim
bilegenlerin  birlikte kullamlmasidir (Toda &
Yamamoto, 1995).

Iklim degisikliklerinin tarimsal iiretime olan etkisini
analiz etmek amaciyla 1 numarali denklem
kullanilmigtir.

lnurt: = Bo + Bilnseras + Balnsicak: + Bskurak: + Bayage+ € (1)
Denklem 1’de yer alan Inurt logaritmasi alinmig
tarimsal liretim miktarinm gésteren bagimh degisken,
Insera logaritmasi alinmis sera gazi emisyonunu,
Insicak logaritmasi alinmis ortalama sicaklik
dagilimlarini, kurak, yillik kuraklik degerlerinde
goriilen ylizde degisimi, yag yillik milimetre yagis
miktarlarinda meydana gelen ylzde degisimi, &: ise
hata terimi temsil etmektedir.

BULGULAR ve TARTISMA

Calismanin bu bélimiinde birim kék testleri, uygun
gecikme uzunlugunun belirlenmesi, yapisal testler,
Varyans Ayrigtirmasi, Toda-Yamamoto Nedensellik
Testi ve Etki-Tepki Analizi yapilmig ve elde edilen
sonuclara yer verilmistir.

Cizelge 2'de yer alan Augmented Dickey Fuller (ADF)
testi sonuclar1 incelendiginde sabitli ve trendli
modelde Inurt degigkeni farki alinmadan 0.05 6nem
diizeyinde, Insera degiskeni birinci farki alindiginda
0.01 onem diizeyinde, Insicak degiskeni fark:
alinmadan 0.01 6nem diizeyinde, kurak degiskeni
farki alinmadan 0.05 énem diizeyinde ve yag degiskeni
farki alinmadan 0.01 6nem seviyesinde duragandir.

Yine Cizelge 2’de yer alan Philips Perron (PP) testi
sonuglar1 incelendiginde, Inurt degiskeni fark:
alinmadan 0.01 6nem diizeyinde, Insera degiskeni
birinci fark: alindiginda 0.01 6nem diizeyinde, Insicak
degiskeni farki alinmadan 0.01 6nem dizeyinde,
kurak degiskeni farki alinmadan 0.05 énem dizeyinde
ve yag degiskeni de farki alinmadan 0.01 6nem
diizeyinde duragandir.
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Cizelge 2. Birim kok testleri
Table 2. Unit root tests
ADF Birim Kok Testi
ADF Unit Root Test
Degigkenler Diizey Olasilik Birinci Fark Olasilik
Variables Level Probability First Difference Probability
Lnurt -—4.245613™ 0.0110
(-3.562882)
Lnsera -2.863106 0.1874 -—-5.410610" 0.0007
(—4.284580) (—4.296729)
Lnsicak --5.975197" 0.0001 -
(—4.284580)
Kurak --3.747979™- 0.0337
-(-3.562882)
Yag -—6.033807" 0.0001
(—4.284580)
PP Birim Kok Testi
PP Unit Root Test
Lnurt -—4.285627" 0.0100
(—4.284580)
Lnsera —2.789145 0.2115 -—7.105295* 0.0000
-(—4.284580) (—4.296729)
Lnsicak -—6.061611" 0.0001
(—4.284580)
Kurak --3.582321™ 0.0480
(-3.562882)
Yag -—6.771837" 0.0000
(—4.284580)
*, " ve ™ sirasiyla 0,01, 0,05 ve 0,10 anlamhlik diizeylerini ifade etmektedir. Parantez i¢indeki degerler kritik degerlerdir.

* A

L " and

ok

Her iki duraganlik testinde de degiskenlerden sadece
Insera degiskeni birinci fark: alindiginda yani I(1)’de
duragan hale gelirken diger degiskenler fark:
alinmadan yani I(0)da duragandir. VAR analizi
yapilirken oncelikle kurulan VAR modeli igin uygun

Cizelge 3. Uygun gecikme uzunlugunun belirlenmesi
Table 3. Determining the appropriate lag length

Indicate significance levels of 0.01, 0.05 and 0.10, respectively. Values in parentheses are critical values.

gecikme uzunlugunun tespit edilmesi gereklidir.

Cizelge 3’de yer alan uygun gecikme uzunlugu testi
sonuclarina gore tim Kkriterlerde uygun gecikme
uzunlugu 1 olarak bulunmustur. Analiz 1 gecikmeye
gore yapilmistir.

Lag LogL LR FPE AIC SC HQ

0 -132.2350 NA 0.006472 9.149003 9.382536 9.223712

1 -55.00505 123.5680* 0.000204" 5.667003* 7.068201* 6.115258"

2 -31.44469 29.84312 0.000262 5.762979 8.331841 6.584780
Ekonometrik ¢alismalarda kullanilan modellerin bazi White testi seride degigsen varyans sorununun tespiti
on kosullarm ya da varsayimlari karsilamasi amaciyla  kullanilmaktadir. Testlerin  olasilik
gerekmektedir. Bu nedenle éncelikle modelin bu én degerlerinin her t¢ anlamhilik dizeyinden blyik

kogullar1 saglayip saglamadigi, ¢alismanin amacina
uygun ve gii¢lii bir model olup olmadigi test edilmis ve
sonuglar Cizelge 4’te verilmistir.

Otokorelasyon LM Testi modeldeki hatalarin kendi
aralarinda birbirine bagimli olup olmadiklarini
belirlemek i¢in kullanilir. Normallik testinde veri
dizisinin normal dagilip dagilmadigi incelenmekte bu
amacla Jarque-Bera sinamasi kullamilmaktadir.
Cizelge 4. Yapisal testler
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olmas1 modelde degisen varyans ve otokorelasyon
sorununun olmadigin1 goéstermektdir. Normallik
Testinde Jarque-Bera sinamasinin olasilik degerinin
yine her U¢ anlamhilk diizeyinden biiylik olmasi
serinin normal dagildigin1 géstermektedir (Teyyare,
2018).
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Table 4. Structural tests '
Testler Test Istatistik Degeri Olasilik
Otokorelasyon LM Testi 24.902 0.4812
Normallik Testi 12.71680 0.2399
White Degigsen Varyans Testi 164.7697 0.1937
Varyans ayrigtirmasi analizi yoluyla bagimh degisken ulagildign  goriilmektedir. Bu degiskenin etki
olan Inurt degigskenine bagimsiz degiskenlerin ne oranindaki artis da devamlh bir seyir izlemekte ve
6lctide etki ettigi belirlenmeye ¢alisilmaktadir. Cizelge istikrara  kavugsmamaktadir. Uglinci  bagimsiz

5’de yer alan Varyans ayristirmasi sonuclarina gore,
ilk dénemde (yilda) Inurt degiskeni tamamen
kendisinden etkilenmektedir. Ilerleyen dénemlerde bu
etkinin derecesinin azaldigi gorilmektedir. Lnsera
degigskeni, bagiml degiskeni en ¢ok etkileyen bagimsiz
degiskendir. Ik doénemde (y1lda) sadece %4.4 etki
oranina sahip iken ilerleyen doénemlerde etkileme
derecesinin giderek arttigi ve onuncu dénemde %33.08
etki oranina ulagildig1 gorilmektedir. Bir diger tespit
ise etki oranmmnmin devamli artmasi ve istikrara
kavusmamasidir. Ikinei bagimsiz degisken olan
Insicak degiskeni ikinci donemde %2,07 etki oranina
sahip iken etki oranindaki artisin simirli kaldigi ve
onuncu dénem sonunda sadece %5’1ik bir etki oraninda

Cizelge 5. Varyans ayristirmasi
Table 6. Variance decomposition

degigken olan kurak degiskeni ikinci donemde %2,77
etki oranina sahip iken tu¢ ile altinci donemler
arasinda %3’lik ve yedi ile onuncu dénemler arasinda
ise %4’lik bir etki oranina sahiptir. Bu durum kurak
degiskeninin yedinci dénem (y1l) ile birlikte istikrara
kavustugunu gostermektedir. Son bagimsiz degisken
olan yagis degiskeni ise ikinci donemde %0,23 gibi
oldukea distiik bir etki oranina sahip iken (g ile beginci
dénemlerde %1’lik ve alt1 ile onuncu dénemler
arasinda ise %21ik bir etki oranmina sahip oldugu
gorilmektedir. Yagis degiskeni, altinci donem
itibariyle istikrara kavusmaktadir. Bu o6zelligi ile
kurak ve yagis degiskenlerinin benzer yapiya sahip
oldugu soylenebilir.

Periyot S.E. Lnurt Insera Lnsicak Kurak Yag

Period S.E. Lnurt Insera Lnsicak Drought Yag
1 0.052918 100.0000 0.000000 0.000000 0.000000 0.000000
2 0.056935 90.49201 4.429949 2.070854 2.773176 0.234010
3 0.060335 82.91112 10.57135 2.426729 3.016033 1.074765
4 0.063268 76.46752 15.50584 3.134741 3.487319 1.404581
5 0.066058 71.18229 19.72833 3.563828 3.714959 1.810587
6 0.068671 66.75329 23.25362 3.958858 3.926506 2.107728
7 0.071158 62.99607 26.26391 4.278359 4.089890 2.371766
8 0.073525 59.76269 28.85427 4.556535 4.232093 2.594417
9 0.075789 56.95139 31.10879 4.796738 4.353966 2.789118
10 0.077958 54.48388 33.08770 5.007860 4.461036 2.959521

Etki-Tepki fonksiyonlari, bagimsiz degiskene verilen
bir birimlik sokun bagiml degiskene olan etkisini
gostermektedir. Sekillerde yatay eksen donemleri
dikey eksen ise bagimsiz degiskene verilen bir birimlik
soka bagimli degiskenin tepkisini gostermektedir.
Calisma yillik verilere dayandigindan donem ifadesini
yil olarak ele almak mimkindir. Bu durumda
grafikte on yillik bir periyot gérilmektedir. Bunun
yani sira, sekillerde yer alan diz yatay sifir ¢izgisi
tepkinin  s6niimlendigini yani yok oldugunu
gostermektedir. Kirmizi renkli goriinen iki kesikli
¢izgi ise 0,95 gliven araliginin alt ve ist sinirlarini
gostermektedir.

Lnsera degiskenine verilen bir birimlik soka Ilnurt
degiskeninin tepkisi Sekil 1’de gérilmektedir. Buna
gore, Insera degiskenine verilen soka Inurt
degigskeninin cevab1 pozitif yonde olmakta birinci
dénemden tiglinci déneme kadar artis géstermektedir.
Tepkinin giddetinin tiglincli dénem itibariyle istikrar
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kazandig1r ve dénem sonuna kadar ayni dizeyde
kaldig1 gorilmektedir. Ancak tepkinin siddeti sifir
eksenine yaklagsmamaktadir. Bu durum tepkinin
sontimlenmedigini (ortadan kalkmadigini)
gostermektedir. Bu gerceklesme tepkinin uzun
doénemler boyunca devam ettigini géstermektedir.

Sekil 2’de goruldigu tuzere Lnsicak degiskenine
verilen bir birimlik goka Inurt degiskeninin cevabi
donem (y1llar) boyunca pozitif yénde olmaktadir. Ikinci
doneme kadar artig trendi izleyen tepkinin yoéni
ticiincii déneme dogru azalis sergilemektedir. Ugiincii
doénemden dérdiincii doneme dogru hafif bir yilikselig
trendi izledikten sonra tepkinin giddetinin dérdiincii
donem ile birlikte istikrar kazandigr gorilmektedir.
Lnsicak degigkenine Inurt degiskeninin tepkisi tipki
Insera degiskenine verdigi tepki gibi
sonimlenmemekte donem boyunca pozitif ve istikrarh
bir seyir izlemektedir.
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Sekil 1. Lnsera degiskenine verilen soka Lnurt degiskeninin cevabi
Figure 1. Response of the Lnurt variable to the shock given to the Lnsera variable
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Sekil 2. Lnsicak degiskenine verilen soka Lnurt degiskeninin cevabi
Figure 2. The response of the variable Lnurt to the shock given to the variable Lnsicak

Kurak degiskenine verilen bir birimlik soka Ilnurt
degiskeninin cevabini gosteren Sekil 3’e gore, birinci
dénemden ikinci doneme dogru tepkinin pozitif oldugu
ve giddetinin arttigr gorilmektedir. Tepkinin gsiddeti
ikinci dénemden tiglincii donem dogru azalig trendi
izlerken tepkinin siddetinin dérdiincii dénem itibariyle
istikrar kazandigi ancak dénem sonuna kadar hep
pozitif kaldig1 ve sénimlenmedigi gorilmektedir.

Sekil 4, yagis degiskenine verilen bir birimlik soka
tarimsal iretimin tepkisini gostermektedir. Yagis
degiskenine verilen bir birimlik soka tarimsal tiretim
miktar: ikinci déneme kadar pozitif ancak az siddette
cevap vermektedir. Tepkinin yonii liglinci dénemde
negatife donmektedir. Tepkinin seyri doérdinci
donemden itibaren istikrar kazanmakla birlikte
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onuncu dénemin sonunda daha negatif olmakta ve
ortadan kalkmamaktadir.

Etki-Tepki Fonksiyonu ile tepkinin siddeti ve yoni
hakkinda fikir sahibi olunmaktadir. Buna gore yapilan
analizden elde edilen en 6nemli sonug tepkinin onuncu
dénem sonunda dahi ortadan kalkmamasidir. Bu
durum, iklim degisikligini temsil eden bagimsiz
degiskenlerin tarimsal tiretim miktarin1 temsil eden
bagimlhi degisken tlizerindeki etkilerinin kalici
oldugunu gostermektedir. Buna dayanarak iklim
degisikliklerinin etkilerinin kolay kolay ortadan
kalkmayacagini  bugiinden alinacak tedbirlerin
sonu¢larinin hemen goérilmesinin imkéansiz oldugu
belirtilebilir.
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Sekil 3. Kurak degiskenine verilen soka Lnurt degiskeninin cevabi
Figure 3. Response of the Lnurt variable to the shock given to the Drought variable
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Sekil 4. Yag degiskenine verilen soka Linurt degigskeninin cevabi
Figure 4. The response of the Lnurt variable to the shock to the Yag variable

Toda-Yamamoto Nedensellik Testi degiskenler
arasindaki karmagik nedensellik iligkilerini anlamak
amaciyla kullanilan bir yontemdir. Bu yonteme
dayanan analiz Toda-Yamamoto Nedensellik Testi
sonuclarina dayanmaktadir. Cizelge 6’da yer alan
sonuclar incelendiginde, Turkiye'de analiz dénemi
icerisinde tarimsal tretim miktarindaki degisimlerin
tek nedeninin sera gazi1 emisyonlar1 oldugu
gorilmektedir. Nedensellik iligkisinin 0.01 anlamlilik
diizeyinde gerceklesmesi bu iligkinin istatistiksel
anlamda gucli oldugunu goéstermektedir. Diger g
degisken olan kuraklik, ortalama sicakliklarda
yasanan degisim ve yagis degisimi sera gazl
emisyonlarindaki degisimin nedeni olmaktadir. Bu
iligkiler 0.10 anlamhlik diizeyinde gergeklesmektedir.

Bu durumda degiskenlerde meydana gelecek
degisimler sera gaz1 emisyonlarini, sera gazi
emisyonlarindaki degisimler de tarimsal tiretim

miktarinm etkilemektedir. Dolayisiyla bu li¢ degiskenin
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tarimsal liretim miktar1 lzerinde dolaylh etkilerde
bulundugu soéylenebilir.

Literatiirde yer alan calismalarda konuya degisik
acilardan yaklasilmistir. Bunlardan birincisi iklim
degigsikliginin tarimsal GSYH’ye etkisini arastiran
calismalardir. Kumar & Parikh (2001), Dumrul &

Kilicarslan (2017), El-Khalifa ve ark. (2022),
calismalarinda iklim degisikligi gostergelerinin
tarimsal GSYHnin azalmasina neden oldugu

sonucuna ulasilmistir. Bir diger yaklasim triin
verimliligi tizerinedir. Genellikle tahil Giretim miktari
ve verimliligini ele alan; Olesen ve ark. (2000),
Southworth ve ark. (2000), Olesen & Bindi (2002),
Guiteras (2009), Zaied (2013), Hasegawa ve ark.
(2015), Loum & Fogarassy (2015), Eruygur & Ozokcu
(2016), Chandio ve ark. (2020), Estiirk & Mert (2022),
Taha ve ark. (2022) calismalarinda iklim degisikligi
gostergelerinden sicaklik ve kuraklhik degiskenlerinin
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Cizelge 6. Toda-Yamamoto nedensellik testi
Table 6. Toda-Yamamoto causality test

Nedenselligin yonu Olasilik
Direction of causation Probability
Insera — lnurt 0.0004"
Insicak — Inurt 0,4488
kurak — lnurt 0,6630
yag — Inurt 0.7265
Inurt — Insera 0,3153
Insicak — Insera 0.0587"
kurak — Insera 0.0707*
yag — Insera 0.0869"
Inurt — Insicak 0.7423
Insera — Insicak 0.1910
kurak — Insicak 0.5715
yag — Insicak 0.9910
Inurt — kurak 0,6971
Insera — kurak 0,3236
Insicak — lurak 0,1712
yag — kurak 0,1799
Inurt — yag 0.2866
Insera — yag 0.3472
Insicak — yag 0.8011
kurak — yag 0,1935

P

, ™ ve ™ sirasiyla 0,01, 0,05 ve 0,10 anlamhilik diizeylerini
ifade etmektedir.

« **and " indicate significance levels of 0.01, 0.05 and 0.10,
respectively.

tahil ya da mahsul verimliligi tizerinde farkh etkilerde
bulundugu baz ¢calismalarda verimi arttirdig: (Olesen
& Bindi, 2002; Zaied, 2013; Chandio ve ark. 2020) baz1
calismalarda ise (Olesen ve ark. 2000; Southworth ve
ark. 2000; Guiteras, 2009; Eruygur & Ozokcu, 2016;
Taha ve ark. 2022) azalmaya neden oldugu tespit
edilmigtir. Calismada yer alan Etki-Tepki
fonksiyonunda yagis degiskenine verilen bir birimlik
soka tarimsal uretimin liginci doénemden itibaren
negatif tepki verdigi tespit edilmigtir. Bu sonug, daha
once yuritilen benzer calismalar ile uyumluluk
gostermektedir. Calismada sera gazi emisyonlar:
acisindan elde edilen sonuglar ile benzerlik gésteren
calismalardan El-Khalifa ve ark. (2022)ye gére
karbondioksit emisyonlarinda meydana gelen artig
iklim degisikliginin bir numarali nedeni iken mevcut
caligmada sera gazi emisyonundaki artig hem tarimsal
tiretimdeki hem de iklimdeki degisikligin nedeni
olarak tespit edilmistir. Bu sonug, yagis ve
karbondioksit konsantrasyonlarindaki artigin tarim
sektorini etkileyecegini bildiren Mendelsohn &
Williams (2004) ile de benzerlik gostermektedir. Diger
yandan, Onurlu & Ulas (2021), Avrupa Birligi
ilkelerinde sera gazi emisyonlar1 ile ekili tarim
arazileri arasinda ¢ift yonlii nedensellik iligkisi
oldugunu belirtmesine ragmen mevcut c¢alisma
sonuglar sera gazlarindan tarimsal tiretime dogru tek
yonli nedensellik iligkisi oldugunu goéstermektedir.
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Yine konu ile ilgili olarak yiiriitiilen Ozgir & Demirtas
(2022) calismasinin sonucu olan, iklim degisikliginden
seker pancari uretimine dogru tek yonli nedensellik
iligkisi ile sicaklik ve yagisin seker pancari tretimi
uzerindeki nedensellik iligkisi ¢alismada sicaklik ve
yagis tarimsal Gretimin dolayli nedenidir geklinde elde
edilmig bu yoniiyle elde edilen sonuglar ile benzerlik
gostermektedir.

SONUC ve ONERILER

Insanhik tarihi kadar uzun bir ge¢mise sahip olan
tarim sektorli, sanayi devrimi ile birlikte tlkelerin
ekonomik biiytimelerindeki 6énemini kaybetse de gecen
yillarda yagsanan Covid-19 dénemi tarimsal Uretim ve
arzinin O6nemini bir kez daha ortaya koymustur.
Sanayilesme ile birlikte ¢ok sayida tlke ekonomik
acidan gelismis tlilkeler seviyesine yiikselmis olsa da
bu gelismenin maliyeti iklim degisikligi olmustur. Az
gelismis ve gelismekte olan tulkelerin ekonomik
biuylumelerini saglayabilmek igin dogal kaynaklari
geleceklerini hi¢ diisinmeden fiitursuzca harcamalar:
ve kurduklar1 sanayi tesislerinde ¢evreye verilen
zararlarin minimize edilmesine yonelik gerekli
tedbirleri almamalar: bu grupta yer alan tlkelerde
gevre sorunlarinin daha biiyiik boyutlara ulagsmasina
neden olmaktadir.

Iklim degisikligi sadece doga olaylarmnin olug siklig1 ve
olus seklinde bir degisiklik olarak ifade edilemez.
Iklim degisikligi ¢ok sayida makroekonomik sorunun
temelini tegkil etmektedir. Iklim degisikliklerine bagh
olarak ortaya c¢ikacak olan tarimsal tretimdeki
azalmalar ve buna bagh olarak artan fiyatlar yoksul
kesimin gidaya ulasabilmesini zorlastiracaktir. Bu
durum kiiresel gida giivenliginin tehlike altina
girmesine neden olacaktir. Tarimsal urtnler aym
zamanda gida sektoriinde liretim yapan firmalarin da

girdisini  olusturmaktadir. Tarimsal {retimde
meydana gelen azalmalar bu sektérde yer alan
firmalarin hammadde bulmakta zorlanmasina,

tretimin azalmasina ve buna bagl olarak da fiyatlarin
yikselmesine neden olacaktir. Dinya nifusunun
giderek artmasi tarimsal urinlere olan talebi de
arttirmaktadir. Bu durum tarimda ytksek verimli
modern yontemlerin daha fazla kullanilmasinin yam
sira bu zamana kadar kullanilmayan basta orman
arazileri olmak tiizere tarimsal olmayan arazilerin
tarima acilmas1 arazi kullaniminda degisikliklere
neden olacaktir. Bu unsur gelecekte iklim degisikligi
ile beraber en biyiik tehlikelerden birisidir. Iklim
degisikliklerinin gelecek nesillerin yasam
standartlarin1 olumsuz etkileyerek stirdiiriilebilir
kalkinmanin devamliligini tehlikeye atmasi
beklenmektedir.

Tarim sektori istihdam piyasasinda 6nemli bir role
sahiptir. Ozellikle az gelismis tilkelerde tarimsal
uretimin daha ¢ok emek yogun teknolojiye dayanmasi,
uretimde meydana gelecek azalmalarin bu gruptaki
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ulkelerde var olan issizlik sorununun daha da
derinlesmesine neden olacaktir. Tarim sektérunin
o6nemli rol oynadigi bir diger makroekonomik degisken
ekonomik biyumedir. Sektérdeki bliylimenin yoksul
ulkelerde biiyime oranlarimi diger sektorlere gore iki
ila dort kat daha fazla etkiledigi akademik
calismalarla ortaya konulmustur. Bu durumda tarim
sektoriiniin  kii¢iilmesi 6zellikle yoksul tlkelerin
ekonomik biiylimelerini oldukca olumsuz
etkileyecektir.

Iklim degigikliginin etkilerine sadece tlke bazh
yaklagmak yetersiz bir yaklasim olacaktir. Iklim
degisikligi ve yarattig1 olumsuz etkileri kiiresel bazda
ele almak gereklidir. Bir d{lkenin sera gazi
emisyonlarin1 azaltmaya yonelik aldig1 tedbirlerden
komsu ulkelerin benzer yonde ¢abalar sarf etmemeleri
halinde beklenen olumlu sonucglar alinamayacaktir.
Bu nedenle sorunun kaynagina inilerek en 6nce basta
sera gazl emisyonlari olmak tlizere iklim degisikligine
en fazla neden olan tlkelerde emisyon azaltica
tedbirlere bagvurularak bunun kiresel yansimalar:
takip edilmelidir.

Sera gazlarinin atmosferde kalma siireleri c¢ok
uzundur. Dolayisiyla bugiin sera gazi salimimi
tamamen durdurulsa dahi atmosferde uzun yillar
kalmaya devam edeceginden olumsuz etkilerinden
hemen kurtulmak miimkiin olmayacaktir. Iklim
degisikligine bagli olarak ortaya cikan yeni durum
tarimsal tiretim yontemlerinde degisiklige gidilmesine
neden olmaktadir. Yagis miktarlarinda meydana gelen
azalmalara karsin 6nlem olarak sulama sistemlerinde
degisiklige gitmek gereklidir. Damlama sulama
teknigi bu durumda bagvurulabilecek bir 6nlemdir.
Aym1 zamanda ulkede yetistirilen tarim trtnlerinin
kompozisyonunda da degisiklige gidilerek daha az su
isteyen lriinlere yonelmek bir diger énlem olacaktir.
Iklim degisikliklerine bagl olarak Tiirkiye’de kurak ve
yari  kurak alanlara  yenilerinin  eklenmesi
beklenmektedir. Kurakligin artmasi1 beraberinde
uretilen tarimsal Uriinlerin de degismesine neden
olarak sicak, kurak ve mevsimsel 6zeliklere uygun
urinlere yonelmek zorunda kalinacaktir. Bu nedenle

sorunlarin  giderilmesine yonelik olarak Ar-Ge
faaliyetlerine basta kamu olmak {izere tim
paydaslarin daha fazla kaynak aktarmalar
gerekmektedir.

Ekonometrik analizden elde edilen sonucglara gore
Turkiye'de tarimsal tiretimi en c¢ok etkileyen etmen
sera gazi emisyonlaridir. Hem Varyans
Ayrnistirmasi’'nda hem de Toda-Yamamoto Nedensellik
Analizinde bu sonuca ulasilmigtir. Sera gazi
emisyonlarinda meydana gelecek artiglar bagta tahil
olmak {izere baz1 tarimsal tiretim miktarlarinin
artmasim saglasa da sicaklik artigina bagli olarak bu
urunlerin protein ve besin igerigi ag¢isindan verimsiz
olmasina neden olmaktadir. Temel olarak sera gazi
emisyonlarinda meydana gelen artiglar iklim
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degigikliginin diger gostergelerini de dogrudan
etkilemektedir. Sera gazi emisyonlari kiiresel 1sitnmayi
arttirarak sicaklik degerlerinin artmasina, buna bagh
olarak da tarimsal tretimde 6nemli yer tutan yagis
miktarinin azalmasina neden olmaktadir.

Etki-tepki fonksiyonundan iki énemli sonug¢ ¢ikarmak
mimkindiir. Bunlardan birincisi, yagis degiskenine
verilen bir birimlik soka tarimsal tretimin uglncl
dénemden itibaren negatif tepki vermesidir. Bu sonuca
gore, yagls miktarlarinda meydana  gelecek
degisiklikler tarimsal iretimin azalmasina neden
olacaktir. Yagislarin azalmasina paralel olarak
kuraklik sorunun daha da derinlegsmesi beklenebilir.
Ikinci énemli sonug ise, etkilere verilen tepkinin
incelenen doénemler boyunca séniimlenmedigi yani
ortadan kalkmadig1 sonucudur. Bu sonug bize iklim
degisikligine neden olan etkilerin uzun doénemler
boyunca devam edecegini bugiin oOnleyici tedbirler
alinsa dahi bu tedbirlerin sonu¢larinin uzun vadede
ortaya ¢ikacagini géstermektedir.

Calismanin  temel amaci;,  Turkiye'de  iklim
degisikliginin tarimsal liretime olan etkisini tespit
etmektir. Calisma bagimh degisken olarak tarimsal
uretim miktarimni ele almasiyla literatiirde yer alan
diger calismalardan ayrismakta ve bu yoniyle
literatire katkida bulunmaktadir. Bu yaklasim
farkliliginin ileride yapilacak ¢alismalara da ilham
vermesi beklenmektedir. Elde edilen sonuglar
¢alismanin amacini1 agiklar ve dogrular niteliktedir.
Ozellikle kuraklik, yagis ve sicaklik degiskenlerinin
sera gaz1 emisyonlarindaki degisimlerin nedeni oldugu
sonucu sera gazi emisyonlarinin iklim degisikliginde
ne kadar 6nemli bir rol oynadigimi gostermektedir.
Sera gazinin bu 6nemi ilgili tim taraflarca oncelikle
ele alinmasi gereken bir sorun oldugunu
gostermektedir. Bu baglamda iklim degisikliginin
temel sebebi olarak da kabul edilebilecek olan sera
gazi emisyonlarimi kontrol altina almaya yonelik
olarak bu gazlarn atmosfere en fazla birakan
ulkelerden baslamak tizere emisyonlar: azaltmaya
yonelik ¢cabalar iklim degisikligine yonelik kisa vadede
etkilerinin azaltilmasina uzun vadede ise tamamen
ortadan kaldirilmasina katkida bulunacaktir.
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OZET

Bu arastirma, Gokkale Tarim Isletmesinde yetistirilen Siyah Alaca
sigirlarda pik siit verimine pike ulagma slresi, laktasyon sirasi,
buzagilama mevsimi, buzagilama yili, servis periyodu ve kuruda
kalma stiresi gibi bazi ¢cevre faktorlerin etkisini tespit etmek amaciyla
yapilmigtir. Yiksek siit verimi ve bunun sirdirilebilir olmasi
sigirlarda c¢evre faktorlerinin pik siit verimi tizerine etkisinin
incelenmesi, ayrica ileri donemler i¢in yapilacak seleksiyon, planlama
ve igletmede yapilan yetistiricilik uygulamalari i¢in ¢ok 6nemlidir.
Sigir yetistiriciliginde kontrol edilebilen ¢evre faktorleri olarak servis
periyodu ve kuruda kalma sturesi yiksek siit verimi ve bunun
devamliligai  acisindan  ayrica  dikkate alinmasi  gereken
uygulamalardir. Bu arastirmada, incelenen gevre faktorlerinin, pik
siit verimine etkileri ¢ok 6nemli bulunmustur (P<0.01). Incelenen
veriler sonucu Gokkale Tarim Igletmesinde pik sit verimi genel
ortalamasi 40,36 £ 0,141 kg’dir. Pik sit verimi ile pike ulagma stresi
arasinda r = -0.281 gibi negatif bir korelasyon bulunmustur. Ilgili
korelasyonlar istatistiksel olarak ¢ok énemlidir (P<0.01).

ABSTRACT

This research was conducted to determine the effect of some
environmental factors such as time to peak milk yield, lactation order,
calving season, calving year, service period, and dry period on peak
milk yield in Holstein cattle raised in Goékkale Agricultural
Enterprise. High milk yield and its sustainability are very important
for examining the effects of environmental factors on peak yield in
cattle, as well as for future selection, planning and breeding practices
in the enterprise. As controllable environmental factors in cattle
breeding, service period and dry period are practices that should also
be taken into consideration in terms of high milk yield and its
continuity. In this study, the effects of the environmental factors
examined on milk yield in the peak period were found to be very
important (P<0.01). As a result of the data examined, the general
average peak milk yield in Gokkale Agricultural Enterprise is 40.36 +
0.141 kg. A negative correlation of r = -0.281 was found between peak
milk yield and time to peak. The relevant correlations are statistically
significant (P<0.01).
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GiRiS uretimi, hem kalitsal hem de cevresel faktorler

Sit sigirciliginin temel amaci, isletmede yetistirilen
hayvanlarin stirdurilebilir bigcimde stt ve dol
verimlerini hem nitelik hem de nicelik olarak
artirmaktir (Sehar & Ozbeyaz, 2005). Sigirlarda siit

tarafindan etkilenir ve bu faktorlerin birbirinden ayri
diigiiniilmesi miimkiin degildir (Tekerli, 1996). Bu
nedenle, hem genetik hem de cevresel faktérlerin
birlikte ele alinmasi ve iyilestirilmesi gerekmektedir
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(Toksoy, 2007). Siit fiiretimi, genetik ve cevre
faktorlerinin etkisiyle sekillenen kompleks bir olgudur
(Tiizemen ve ark., 2013). Cevreye uygun genotiplerin
sec¢imi i¢in, genotiplerin verim performanslarinin yani
sira, verimi etkileyen c¢evre faktorlerinin de
belirlenmesi gerekmektedir (Sehar & Ozbeyaz, 2005).
Cevresel faktorler cesitlidir ve bazilar1 ginlik
degisimlere neden olan kisa siireli etkilere sahipken,
digerleri  biitin laktasyon  sliresince  verimi
etkileyebilir (Tekerli, 1996). Bir sagim sirasinda
memedeki siitlin tamamen sagilmamasi kisa stireli bir
varyasyon iken, inegin buzagilamadaki yas1 ise, o
buzagilamay1 izleyen biitiin laktasyon slresince
etkisini stirdiiren uzun stireli bir varyasyon kaynagini
ifade eder (Toksoy, 2007).

Siut  sigircillign  isletmelerinde, ekonomik gelirin
saglanmas1 adina Urinin talep ile dengelenmesi ve
tiretimin kontrol altinda tutulmasi 6nemlidir. Bu
dengeyi saglamanin ve lretimin strdirilebilirligini
saglamanin 6nemli yollarindan biri dizenli yapilan
1slah ve seleksiyondur. Bu siire¢, hem bireyin hem de
stirunin elde ettigi siit miktarlarinin diizenli olarak
kaydedilmesiyle desteklenir, boylece lretim surekli
olarak izlenir (Toksoy, 2007; Ozhan ve ark., 2015).

Pik siit verimi, laktasyon verimi ve laktasyon
persistensi gibi o6nemli performans o6l¢lutlerini
iyilestirmek icin erken laktasyonda bir se¢cim kriteri
olarak kullanilabilir. Yapilan arastirmalar, giic dogum
yapan ineklerin pik stut verimine daha uzun surede
ulagtigini ortaya koymaktadir. Ayrica, pik sut verimi
ile laktasyon persistensi arasinda belirgin bir fenotipik
korelasyon oldugu belirlenmistir (Albarran-Portillo ve
Pollott, 2013). Bu nedenle, pike erken ulasmanin
laktasyon persistensini olumsuz yoénde etkiledigi
gozlemlenmektedir.

Yapilan bir ¢aligma, ineklerin pik siit verimine ulagma
stirelerinin <41 glin, 41-57 gin ve >57 glin olmak
uzere u¢ gruba ayrildigini ve laktasyon persistensinin
en yiiksek oranda 41-57 gunlerde pike ulasanlarda
gézlendigini ortaya koymustur (Sharma ve ark., 2018;
Giiler ve Akmaz, 2020).

Takip eden laktasyonlarda ideal verimlilik i¢in sagilan
ineklere yeterli kuruda kalma stiresi planlanmalidir.
Yeterli kuruda kalma stiresi ineklerde 6 ile 8 haftadir.
Ineklere yeterli siire kuruda kalma firsata
verilmemesi, gelecek laktasyondaki siit verimine
olumsuz yonde etkileyecek ve yiliksek siit veriminin
stirdirilebilirligi ortadan kalkacaktir. Pik siit verimi
ile kuruda kalma siiresi arasinda nasil bir baglant:
oldugu uzerine yapilmis daha fazla ¢alismaya ihtiyag
bulunmaktadir. Atashi ve ark., (2013), daha kisa kuru
dénemler (0 ila 35 giin ve 36 ila 50 giin) daha diisiik
baglangi¢ stit verimi ile iligkilidir ve 0 ila 35 giinlik ve
36 ila 50 glnlik kuru dénem uzunluguna sahip
ineklerde 51 ila 60 gilinlik kuru dénem uzunluguna
sahip ineklerde pik laktasyona daha ge¢ ulasilmigtir.
Kuru doénemleri olmayan veya kisa kuru dénemleri
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olan ineklerin ginde 7,0 kg yag ve proteinle
diizeltilmis siit (FPCM) verimi 3805 giinlik siit
veriminden daha dusik olurken, ayni1 sekilde
geleneksel kuru déonemli ineklerin giinde 2,3 kg FPCM
verimi 305 giinlik siit veriminden daha diigiik oldugu
tespit edilmistir (Kok ve ark., 2016).

Esasen liizumundan fazla kuruda kalma stiresinin de
stit uretimine pek fazla olumlu etkisi
bulunmamaktadir. Kuruda kalma periyodunun 60
giinden fazla olmasinin sit Uretimine pek fazla etkisi
olmazken, 30 giinden daha az dinlenme periyodu, siit
uretiminde % 5-10 oraninda dismeye neden
olmaktadir (Ozhan ve ark.,2015).

Chen ve ark.,(2016), 0 veya 30 giinliik kuru periyodu
olan ineklerde, 60 ginlik DP'si olan ineklere gore
daha diisuk pik verimi, daha gec¢ pik verimi ve yag ve
protein acisindan diizeltilmis siit (FPCM305) daha
diisiik oldugu belirlenmistir. Hoeij ve ark (2017), 0
ginlik kuru doénem, 30 ginlik kuru doénemle
kargilastirildiginda erken laktasyondaki ineklerin siit
verimini azalttig1 ve enerji dengesini ve metabolik
durumunu iyilestirdigini bildirmiglerdir.

Kuruda kalma stiresi esas olarak ineklerin dinlenme,
yenilenme ve gelecek laktasyona hazirlanmasi
strecidir. Yeterli miktarda kuruda kalma siiresi,
hayvanin mineral ve vitamin depolamasina ve ayni
zamanda fazla verimden dolayr yipranmis veya
tikenmis olan dokularin tamamlanmasina imkéan
saglar ve ineklerin verimlerinin stirduralebilir
olmasinda rol oynar (Tiizemen & Yanar, 2013).

Servis periyodunu etkileyen faktorlerden biri,
involisyon stlresidir. Involisyon, dogumdan sonra
ireme organlarinin gebelik o6ncesindeki 6lgi  ve
formuna doéniismesi olayina verilen isimdir. Bu olayin
gerceklesmesi i¢in gecen sureye invollisyon siiresi
denir ve sigirlarda genellikle ortalama 30-35 giin
arasindadir (Akman ve ark., 2001; Uygur, 2004; Ozhan
ve ark., 2015; Middleton ve ark., 2019).

Buzagilamayi takiben tireme organlari bir dinlenme ve
yenilenme periyodu sonunda yeni bir gebelige
girmektedir. Laktasyon icindeki bu yeni gebelikle
birlikte endokrin sisteminde baz1 degisiklikler
meydana gelir. Ayni zamanda, fetus geligirken
ilerleyen gebelik siirecinde besin madde ihtiyaci artar
ve bu durum siit verimini azaltir. Olusan yeni gebelik
sonucunda laktasyon sliresi kisalmakta ve boylece siit
verimi etkilenmektedir. Stodola ve ark, (1979),
yaptiklar1 bir calismada, maksimum sit iretiminin,
servis periyodunun 121-130 giin arasinda oldugunu ve
en digik siit lUretiminin ise 40-50 ginlik servis
periyodunda oldugunu bildirmiglerdir. Arastirmacilar,
servis periyodu ile siit tretimi arasinda Onemli
derecede  (P<0.05)  pozitif = bir  korelasyon
hesaplamiglardir. Pik siit verimi ile servis periyodu
arasindaki iligkiyi daha iyi anlamak i¢in daha fazla
caligmaya ihtiyag¢ vardir.
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Bu arastirma, Gékkale Tarim Isletmesinde yetistirilen
Siyah Alaca sigirlarda pik siit verimine; pike ulagsma
sliiresi, laktasyon sirasi, buzagilama mevsimi ve
buzagilama yili, servis periyodu ve kuruda kalma
stresi gibi baz1 c¢evre faktorlerinin etkilerinin
incelenmesi ve bu ozellikler arasindaki
korelasyonlarin tespiti amaciyla yapilmigtir.

MATERYAL ve METOD
Materyal

Gokkale Tarim Igletmesinde yetistirilen Siyah Alaca
sigirlarin  2010-2019 yillarn arasindaki 2980 adet
laktasyon kaydi lizerinde bir arastirma yapilmigtir.
2010 yilindaki veri eksikligi nedeniyle, bu yilin verileri
2011 yiliyla birlestirilerek analiz edilmigtir. Stit verimi
ozellikleri; buzagilama yili, buzagilama mevsimi,
laktasyon sirasi, buzagilama yasi, buzagilama aralig,
servis periyodu ve kuruda kalma siiresi gibi bir¢ok
cevre faktoriinden etkilenmektedir. Ancak, bu
calismada, pike ulasma slresi, laktasyon sirasi,
buzagilama mevsimi, buzagilama yili, servis periyodu
ve kuruda kalma siiresi faktorleri modele dahil
edilerek  analiz  yapilmistir.  Gokkale Tarim
Isletmesinde yetistirilen Siyah Alaca sigirlarda, pik
sit verimine baz1 c¢evre faktorlerinin etkisi
incelenmistir.  Arastirmada  kullanilan  veriler,
isletmede kullanmilan tam otomatik sagim sistemi (De
Laval Apro 6.93) versiyonundan elde edilmis ve
hesaplanmistir (Tankal & Tiizemen, 2022).

Metod

Sut verimi 6zelliklerinin cevre faktorlerinin etkisini
belirlemek i¢in varyans analizi ve 6nemli bulunan
degerler i¢cin Duncan ¢oklu karsilagtirma testi
uygulanmagtir. Pik siit verimi 1ile ilgili korelasyonlarin
hesaplanmasinda servis periyodu, kuruda kalma
stiresi ve pike wulastigr gun verileri kategorize
edilmemis  veriler  lizerinden  hesaplanmistir.
Istatistiksel verilerin hesaplanmasinda General
Linear Model (GLM) Univariate yéntemi (SPSS, 2020)
kullanilmigtir.  Deskriptif istatistik  bilgilerinde,
ortalama, standart hata, minimum ve maksimum
degerlerin yani1 sira, hesaplanan ortalamalarin %95
gliven sinirlar da verilmigtir. Ortalamanin %95 giiven
sinirlari, ortalamanin standart hatasimin yaklagik 2
fazlasi ve 2 eksigini ifade eder. Arastirmada siit verimi
ozellikleri ile kuruda kalma ¢evre faktérinin analizi
icin asagidaki linear model kullanmilmistir (Diizgiines
ve ark, 1987; Efe ve ark, 2000; Geng ve Soysal, 2018).

Yijkimno = p + ai + bj + ¢k + di + fin +gn + €ijkimno
Matematik Modelde,

Yirx = ijklm. grubundaki n. inege ait pik siit verimi
degeri,

p = ilgili sit verim 6zelliginin ait beklenen ortalama
degeri,

ai = i. pike ulagma siiresinin etki miktar1 (i=1, ...., 7)
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, 4)

ck= k. buzagilama mevsiminin etki miktar (k= 1=kis,
2=Ilkbahar, 3= Yaz, 4= Sonbahar)

d= 1. buzagilama yilimin etki miktar1 (= 2011, ....,
2019)

fm = m. servis periyodunun etki miktar1 (m=1, ....,7)

bi=j. laktasyon sirasiin etki miktar1 (j=1, ....

gn = n. kuruda kalma siiresinin etki miktar1 (n = 1,
eesyD)

eijkimno = sansa baglh hata’min etki miktarim
gostermektedir.
Pike wulagsma siiresinin etkisinin incelenmesinde

degerlendirme kolayligi i¢in asagidaki siniflandirma
yapilmigtir. Bunlar > 30 giin (1); 31-60 giin (2); 61-90
giin (3); 91-120 giin (4); 121-150 giin (5); 151-180 giin
(6); 181 giin < (7) seklinde 7 sinifa ayrilmistir

Servis periyodunun etkisinin incelenmesinde su
sekilde bir siiflandirma yapilmigtir. Bunlar > 80 giin
(1); 81-110 giin (2); 111-140 giin (3); 141-170 giin (4);
171-200 giin (5); 201-230 giin (6); 231 giin < (7) seklinde
7 smifa ayrilmistir (Schaeffer & Henderson, 1972;
Akbulut, 1990; Tiizemen ve ark.,1998).

Kuruda kalma siliresinin etkisinin incelenmesinde
degerlendirmede goyle bir siniflandirma yapilmigtir.
Bu degerler ; > 20 giin (1), 21-40 giin (2), 41-60 giin (3),
61-80 giin (4), 81< giin (5), seklinde bes smifa
ayrilmistir (Tomar & Balaine, 1973; Tiizemen ve
ark.,1998; Watters ve ark.,2008).

BULGULAR ve TARTISMA

Pik Siit Verimini Etkileyen Baz1 Faktoérler Arasindaki
Korelasyonlar

Pik siit verimi ile pike ulagma siiresi, servis periyodu,
kuruda kalma stiresi gibi etkili ¢evre faktorleri
arasinda (veriler kategorize yapilmadan) hesaplanan
korelasyon katsayilar1 Cizelge 1 ‘de verilmigtir.
Cizelge 1 incelendiginde pik siit verimi ile pike ulagsma
stiresi arasinda r = -0.281 gibi negatif bir korelasyon
bulunmustur. Ilgili korelasyon istatistiksel olarak cok
onemli (P<0.01) bulunmustur.

Pik stut verimi ile incelenen faktérler arasinda
hesaplanan korelasyon katsayilarinin pozitif ve ¢ok
onemli oldugu yéniindeki sonuclar (Akbulut ve
ark.,1998; Tizemen, ve ark.,1999; Duru ve Tuncel,
2004; Cura, 2016; Kaya, ve Bardakcioglu, 2016)' in
bulgularina uyumludur.

Ele alinan diger cevre faktorlerinden kuruda kalma
stiresinin pik siit verimi ile hesaplanan korelasyon
katsayilar: pozitif ve gok diigtiik degerler aldig1 Cizelge
1’den gorilmektedir. Ayrica servis periyodunun pik
st verimi ile arasindaki hesaplanan korelasyon
katsayisi pozitif ve cok kiiciik degerde (r = 0.064)
olmakla beraber istatistiksel olarak ¢ok
onemlidir(P<0.01) (Cizelge 1).
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Cizelge 1. Pik Siit Verimi Etkileyen Faktorler Arasindaki Korelasyonlar ve Onemlilik durumlar:
Table 1. Correlations and Significance Among Factors Affecting Milk Yield at Peak

N Pik Siit Verimi Pike Ulagilan Gin Servis Periyodu
Pike Ulagilan Giin 2980 -0.281*
Servis Periyodu 2980 0.064™ 0.054*"
Kuruda Kalma Siiresi 2980 0.005 -0.054" -0.138™
*: Onemli (P<0.05) ** : Cok Onemli (P<0.01)
Pik Siit Verimini Etkileyen Bazi Cevre Faktorlerinin alinmigtir. Pikte sut verimini etkileyen c¢evre
Analizi faktorlerine ait varyans analizi ve 6nemlilik durumu
Pik siit verimine bir¢cok cevre faktoriiniin etkisi Qizelge 2'de verilmisgtir. CiZ?I_ge 2'den gﬁrﬁleceéi tzere
bulunmaktadir. Bu ¢alismada pik siit verimine etki incelenen c¢evre faktorlerinin tamaminmin pik sit
eden cevre faktorleri olarak buzagilama yili, verimine etkisi ¢cok énemlidir (P<0.001). Bu nedenle
buzagilama mevsimi, laktasyon sirasi, pike ulasma ele alinan ¢evre faktorlerinin pik siit verimine etkileri
sturesi, servis periyodu, kuruda kalma siiresi ele detayh olarak asagida incelenmistir.

Cizelge 2. Pik Siit Verimini Etkileyen Cevre Faktérlerine Ait Varyans Analizi ve Onemlilik Durumu
Table 2. Variance Analysis and Significance Status of Environmental Factors Affecting Milk Yield in Peak

Varyasyon Kaynagi S.D Kareler Toplami1  Kareler Ortalamasi F Degeri Onem Durumu
Genel 2979  175553.958
Pike Ulagma Siiresi 6 954.261 159.044 4.214 <0.001
Laktasyon Sirasi 3 43270.066 14423.355 382.177 <0.001
Buzagilama Mevsimi 3 1078.496 359.499 9.526 <0.001
Buzagilama Yili 8 2471.804 308.976 8.187 <0.001
Servis Periyodu 6 1962.367 327.061 8.666 <0.001
Kuruda Kalma 4 2833.065 708.266 18.767 <0.001
Sansa Bagl Hata 2749 111295.369 37.740
** 1 Cok Onemli (P<0.001)
Pik Siit Verimine Pike Ulagilan Giinlerin Etkisi hazl bir diisiis gostermektedir. Bu durum seleksiyonda
Pik déneminde siit verimine bircok cevre faktoriiniin pik degerine erken ulasan ineklerin tercih edilmesi
etkisi bulunmaktadir. Pike ulasilan giin smiflarinin gerektigi kanaati olusturmaktadur.
etkisi ile ilgili olarak, pik siit verimi ortalamalari,
standart hatalari, varyans analizi ve duncan coklu Pik Siit Verimine Laktasyon Sirasinin Etkisi
kargilagtirma sonucglar1 ve tanimlayici1 istatistikler Varyans analizi sonuclarina gore, c¢izelge 2
Cizelge 2 ve 3 'te verilmistir. incelendiginde, pikte siit verimine laktasyon sirasinin
Cize]ge 2’den goru]ecegl uzere plke ulasﬂan gun etkisi istatistiksel olarak (}Ok 6nemli (P<0001) oldugu
smiflariin pik siit verimine etkisi ¢cok énemli P<0.001) gorulmektedir. Ayrica farkh laktasyon sirasi gore, pik
bu]unmustur. Hayvanln hangi donemde en yuksek plk slit verimine ait ortalamalar, minimum ve maksimum
slit verimine ulagtig1 irdelenmesi gereken 6énemli bir degerler yaninda, ortalamalarin gliven sinirlar ¢izelge
noktadir. Pike ulasmanln erken veya geg olmas1 ve 4’te Verﬂmi$tir. U(}uncu laktasyon sirasi 45,38 + 0,324
bunun laktasyon stirecini nasil etkilediginin bilinmesi kg ile en .yﬁksek pik verimi ortalama degerine
yiiksek siirdiiriilebilir siit verimi i¢in ve seleksiyon i¢in ulagsmistir. Uglincii laktasyon sirasina kadar pik siit
kriter olabilecektir. Cizelge 3’'te gorilecegi lizere pike veriminde ylkselme oldugu ve 3. laktasyon sirasindan
ulasilan giinlere ait pik siit verimi genel ortalamasi sonra ise pik siit veriminde distlisiin basladigi sekil

40,36 + 0,141 kg hesaplanmistir. Bulunan en yiiksek 2’den gorillmektedir.
pik st verimi degeri 42,77 + 0,240 kg olmustur. En Tekerli, (1996) pik siit verimine laktasyon sirasinin ve

diisiik pik siit verimi degeri ise 35,54 £+ 0,438 kg’dir. mevsimlerin etkisini yiiksek diizeyde énemli (P<0,01)
Pike ulasilan giin siniflarina gore, pikte siit verimi bulmustur. Pik siit verimi ile incelenen faktorler
ortalamalar: ve duncan ¢oklu kargilagtirmas: sonucu, arasinda hesaplanan korelasyon katsayilarinin pozitif
pike ulagma 2. sinifinda (31- 60 giin) en yiiksek pik siit ve cok 6nemli oldugu yoniindeki sonuclar (Akbulut,
verimi degeri elde edilmistir (Cizelge 3). 1990; Duru ve Tuncel, 2004)' iin bulgularina
Sekil 1°de goriilecegi iizere pik siit verimi, pike ulagilan ~ uyumludur. Aragtirmada 45,38 + 0,324 kg bulunan pik
giin smiflarindan 2. simfa kadar yiikselmekte ve en stit verimi literatiir (Shanks ve ark.,1981; Batra ve
yiksek degere ulasmaktadir daha sonraki siniflarda aﬂl({-, k19875 Tekerli, 2000) degerlerinden daha
yiksektir.
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Cizelge 3. Pike Ulagilan Giin Simiflarina Ait Pik Siit Verimi Ortalamalari, Standart Hatalar1, Coklu Karsilastirma
Test Sonuglar: ve Tanimlayici Istatistikler
Table 3. Peak Milk Yield Means, Standard Errors, Multiple Comparison Test Results and Descriptive Statistics

for Peak Day Classes
Pike Ulagilan Gin Ortna lamanin %95
Sniflart Gtven Sinirlar o .
N X + Sx Alt Ust Minimum Maximum
<30=1 147 41.84a 0.663 40.53 43.15 22 59
31-60=2 1046 42.77a 0.240 42.30 43.24 19 65
61-90=3 756 40.38p 0.278 39.83 40.92 17 67
91-120=14 410 38.88¢ 0.344 38.20 39.55 18 60
121-150=5 278 37.78¢d 0.380 37.04 38.53 12 55
151-180=6 137 37.294d 0.502 36.30 38.29 19 53
181< =7 206 35.54¢ 0.438 34.68 36.40 11 50
Toplam Ortalama 2980 40.36 0.141 40.09 40.64 11 67

a,b,c,d,e,; Ayni siitunda ayni harfle gosterilen ortalamalar arasindaki farklar énemsiz, farkli harfle gosterilen ortalamalar
arasindaki farklar istatiksel olarak cok énemlidir (P<0.01).

Cizelge 4. Laktasyon Sirasina Ait Pik Stut Verimi Ortalamalari, Standart Hatalari, Coklu Karsilastirma Sonugclar:
ve Tamimlayici Istatistikler
Table 4. Peak Milk Yield Means, Standard Errors, Multiple Comparison Results and Descriptive Statistics of the
Lactation Order

Ortalamanin %95

Lagff;gon Glven Smlrlf;lrl o .
N X + Sx Alt Ust Minimum Maximum
1 1402 35.82a 0.148 35.53 36.11 11 59
2 891 43.73p 0.231 43.28 44.19 20 63
3 463 45.38¢ 0.324 44.75 46.02 18 64
4 224 45.01¢ 0.495 44.03 45.98 19 67
Toplam/Ortalama 2980 40.36 0.141 40.09 40.64 11 67

a,b,c, Aym1 stutunda aym harfle gosterilen ortalamalar arasindaki farklar 6nemsiz, farkli harfle gosterilen ortalamalar
arasindaki farklar istatiksel olarak ¢ok énemlidir (P<0.01).

pal /\——“_

Pik'teki Sit Verimi (kg)
Pik'teki Siit Verimi (kg)
3
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T T

T T T T T T
1 2 3 4 < € 7

Pik'e Ulagtug Gin Siniflan Laktasyon Siras:

Sekil 1. Pike Ulagma Suresine Goére Pik Siit Sekil 2. Laktasyon Sirasina Goére Pik Siit
Veriminin Degigimi Veriminin Degigimi

Figure 1.  Change in Milk Yield at Peak According to  Figure 2. Change in Peak Milk Yield According to
Time to Reach Peak Lactation Order
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Pik Siit Verimine Buzagilama Mevsiminin Etkisi

Cizelge 2 incelendiginde, pik siit verimine buzagilama
mevsiminin etkisi istatistiksel olarak ¢ok 6nemlidir
(P<0.001). Farkh buzagilama mevsimine gore, pik siit
verimine ait ortalamalar, minimum ve maksimum
degerler yaninda, ortalamalarin giiven sinirlar ¢izelge
5'te verilmistir. Uctincti buzagilama mevsimi olan yaz
doneminde 39,81 + 0,293 kg ile en diisik pik verimi
degeri elde edilmigtir. Birinci buzagilama mevsimi
olan kig dénemi pik siit veriminde en ylksek deger
olmugtur. Ilkbahar déneminden sonra ise pik siit
veriminde dististin bagladig Sekil 3’den
goriilmektedir.

Bu arastirmada en yliksek pik st veriminin kig ve
ilkbahar mevsim grubunda oldugu belirlenmistir ve
Sehar ve Ozbeyaz, (2005)in bulgular1 ile benzerdir.
Aym arasgtiricilar, ilkbaharda buzagilayan ineklerin
onemli diuzeyde yuksek sut verdiklerini bildirmistir.

Ancak, Kaygisiz ve ark., (2003), maksimum giinliik siit
verimine buzagilama mevsimlerinin etkisinin 6nemsiz
oldugunu belirlemiglerdir.

Pik siit verimi ile incelenen faktorler arasindaki
korelasyon katsayilarinin pozitif ve anlamli oldugu
sonuclari, daha 6nce yapilan ¢calismalarin bulgulariyla
uyumludur (Akbulut ve ark., 1992; Duru ve Tuncel,
2004; Odaci, 2019). Tekerli (1996), buzagilama
mevsimi ve laktasyon sirasinin pik st verimine
onemli derecede etkisi oldugunu belirlemistir (P<0,05).
Aragtirmaci, en yuksek pik sut veriminin ikinci ve
uclincei laktasyonlarda gorialdigini ve pik sit
verimine en kisa siirede ilkbahar mevsiminde doguran
ineklerde ulasildigin1 rapor etmigtir. Ayrica, yaz
mevsiminde doguran ineklerin pik siit veriminin diger
mevsimlerde doguranlardan daha disik oldugunu
belirtmistir. Bu goriisi destekleyen diger bir ¢alisma
ise Kocak ve Ekiz (2006)'e aittir.

Cizelge 5. Buzagilama Mevsimine Ait Pik Siit Verimi Ortalamalari, Standart Hatalari, Coklu Karsilagtirma

Sonuclar: ve Tanimlayic: Istatistikler

Table 5. Peak Milk Yield Means, Standard Errors, Multiple Comparison Results, and Descriptive Statistics of the

Calving Season
Buzagilama Ortalamanin %95
Mevsimi Giliven Sinirlar:
N X+ Sx Alt Ust Minimum Maximum
1=Kis 703 40.682 0.302 40.09 41.27 11 65
2 = [lkbahar 886 40.48ab 0.257 39.97 40.98 18 67
3=Yaz 634 39.81b 0.293 39.24 40.39 17 59
4 = Sonbahar 757 40.402b 0.277 39.85 40.94 19 64
Toplam/Ortalama 2980 40.36 0.141 40.09 40.64 11 67

a,b, Aym1 sttunda ayni harfle gosterilen ortalamalar arasindaki farklar onemsiz, farkli harfle gosterilen ortalamalar

arasindaki farklar istatiksel olarak ¢ok énemlidir (P<0.01).
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Variation of Milk Yield at Peak According to Figure 4.
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Pik Siit Verimine Buzagilama Yilimin Etkisi yillara gbre degisiminin dengelenebilmesi
Cizelge 2 incelendiginde, pik siit verimine buzagilama  gerekmektedir.

yilimin etkisi istatistiksel olarak ¢ok O6nemlidir ) o ) ) o
(P<0.001). Farkli buzagilama yilina gore, pik siit Pik Siit Verimine Servis Periyodunun Etkisi

verimine ait ortalamalar, minimum ve maksimum Sigir yetistiriciliginde yilda bir yavru elde edilmesi
degerler yaninda, ortalamalarin giiven sinirlari ¢izelge hedeflenir. Bu hedefin gerceklesebilmesi icin 305
6’te verilmistir. glnlik laktasyon ve 2 aylik kuruda kalma siiresi ve

Arastirmada, 2011, 12, 15 ve 16 buzagilama yillarinda 50-80 glin servis periyodu ongoriilmektedir. Dogum
sirasi ile 39,01+0,450 kg, 39,70+0,517 kg 39,06+0,431 oncesi periyod olan kuruda kalma sliresinin uzunlugu

kg ve 39,11+0,387 kg ile en dusiik pik siit verimi degeri ineklerde suit verimindeki varyasyonu olusturan
elde edllmlstlr 2018 ve 2014 buzagllama ylhnda plk 6nemli bir gevre faktorudiir. Dogum sonrasinda tireme
stit veriminde en yiksek deger olmustur. Incelenen organlarinin dinlenmesi i¢in uygun servis periyodu
yillara gore sekil 4’den, 2015 ve 2016 yillarinda ise pik gereklidir, dogum oéncesi kuru periyot, ineklerin
st veriminde en diisik degere indigi gorulmektedir. dogumdan sonra saghkl ve uretken olmalar1 igin

Yildan yila pik siit verimi degerlerinde 6nemli degisim hayati onem tasir (Akbulut ve ark., 1998; Tapki ve
s6z konusu oldugu dikkat cekmektedir. Esasen ark., 2007; Sahin ve Ulutas, 2010; Tiizemen ve ark.,
tamamen barmaklarda yetistirilen bu sigirlarin 2013; Keser, 2016.,)

Cizelge 6. Buzagilama Yilina Ait Pik Siit Verimi Ortalamalari, Standart Hatalari, Coklu Karsilastirma Sonuglar:
ve Tammlayici Istatistikler
Table 6. Peak Milk Yield Means, Standard Errors, Multiple Comparison Results, and Descriptive Statistics for the
Calving Year

Buzagilama Ortalamanin %95
Yih Guven Sinirlar:
N X+ Sx Alt Ust Minimum Maximum
11 161 39.01a 0.450 38.12 39.90 23 52
12 200 39.70a 0.517 38.68 40.72 19 59
13 299 41.54b 0.412 40.73 42.35 23 59
14 336 41.42b 0.438 40.56 42.28 17 63
15 412 39.06a 0.431 38.22 39.91 11 63
16 465 39.11a 0.387 38.35 39.87 18 64
17 438 41.70p 0.349 41.02 42.39 20 67
18 498 40.89be 0.313 40.27 41.50 19 60
19 171 39.90ac 0.530 38.85 40.95 26 63
Toplam/Ortalama 2980 40.36 0.141 40.09 40.64 11 67

a,b,c, Aym1 stutunda aym harfle gosterilen ortalamalar arasindaki farklar 6nemsiz, farkli harfle gosterilen ortalamalar
arasindaki farklar istatiksel olarak cok énemlidir (P<0.01).

Pik siit verimine servis periyodunun etkisi istatistiksel Pik stit verimiile servis periyodu arasinda hesaplanan
olarak ¢ok énemlidir (P<0.001) (Cizelge 2). Hayvanin korelasyon katsayilarinin pozitif ve ¢cok 6nemli oldugu
hangi servis periyodu sinifinda en yiiksek pik siit yoniindeki sonuclar (Duru, ve Tuncel, 2004; Erdem ve
verimine ulastiginin irdelenmesi gerekir. Pik siit ark.,2007)" nin bulgularina uyumludur. Buzagilama

verimine ulasmada servis periyodu siliresinin uzun ara_hglmn klsaltﬂr{laSl Vbﬁyﬁk (i.l(;iide' servis
veya kisa oldugu durumuna gére, bunun laktasyon periyodunun kontroliine baghdir. Servis periyodunun
st verimine etkili oldugunu bildiren ¢ok sayida

arastirma bulunmaktadir (Tiizemen ve ark., 1998;
Bastin ve ark., 2012; Buckley ve ark., 2014; Keser,

stirecini nasil etkilediginin bilinmesi ekonomik ve
stirdirilebilir siit verimi i¢in iyi bir seleksiyon kriteri
olabilecektir. Farkli servis periyodu siniflarina gore,

pik siit verimine ait ortalamalar, minimum ve 2016; Toledo-Alvarado ve ark., 2017; Giingér, 2019).
maksimum degerler yaninda, ortalamalarin giiven

smirlar1  Cizelge T7te verilmistir. Ucglincii servis Siit Verimine Kuruda Kalma Siiresinin Etkisi
periyodu sinifina kadar bir diisiis gozlenirken, tiglincii Sigirlarda, dogum ve laktasyona girmeden once
servis periyodundan sonra dikkat ¢ceken bir ylikselisin yipranan dokularinin onarilmasi ve yeni laktasyon icin
oldugu sekil 5’den goriilmektedir. Servis periyodunun besin maddeleri depolanmasi yoniinden kuruda kalma
pik stt verimi degerlerinde 6nemli etkisi s6z konusu stiresi ¢ok Gnemlidir. Ancak sigir yetistiriciliginde
oldugu dikkate alinarak ylksek seviyede siit kuru donem hayvanlarin {retim yapmadig bir
Uretiminde servis periyodu slresinde gerekli devredir. Dolayisiyla kuru dénemin kisa ve uzun
hassasiyet gosterilmelidir. olusunun pik siit verimine etkileri, her igletmenin ayri
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ayr1 incelemesi ve degerlendirmesi gereken bir

husustur.

Bu c¢alismada, pik st verimine kuruda kalma
stiresinin etkisi istatistiksel olarak c¢ok oOnemlidir
(P<0.001) (Cizelge 2). Hayvanin hangi kuruda kalma
sinifinda en yuksek pik verimine ulastigr irdelenmesi
gereken 6nemli bir noktadir. Yiksek pik verimine
ulasmada kuruda kalma siiresinin uzun veya kisa
oldugu, bunun laktasyon siirecini nasil etkilediginin
bilinmesi ekonomik ve yiiksek surdirilebilir st

verimi i¢in kriter olabilecektir. Farkli kuruda kalma
siniflarina gore, pik sut verimine ait ortalamalar,
minimum ve maksimum  degerler yaninda,
ortalamalarin giiven sinirlar1 Cizelge 8'de verilmigtir.
Pik siit verimi incelendiginde, 20 kg'in altinda olan
degerlerin kuruda kalma siiresi ile ilgili bir stabilitesi
olmadig1 anlagilmaktadir. Ancak pik stut verimi 20
kg'in tzerinde oldugu degerlerin ise 3. ci kuruda
kalma siniflar: (41- 60 giin) civarinda yogun seyrettigi
goriilmektedir (Sekil 6).

Cizelge 7. Servis Periyodu Siniflarina Ait Pik Sit Verimi Ortalamalari, Standart Hatalari, Coklu Kargilagtirma

Sonuglar: ve Tamimlayic: Istatistikler

Table 7. Peak Milk Yield Means, Standard Errors, Multiple Comparison Results and Descriptive Statistics for

Service Period Classes

Servis Periyodu

Ortalamanin %95
Gliven Sinirlar:

Siniflar: N X+ Sx Alt Ust Minimum Maximum
<80=1 571 40.02ab 0.316 39.40 40.64 18 65
81-110=2 483 39.81ab 0.344 39.13 40.49 20 64
111-140=3 436 39.41a 0.347 38.73 40.09 17 63
141-170 =4 387 40.47ve 0.408 39.67 41.27 11 64
171-200=5 278 40.71bed 0.476 39.78 41.65 12 60
201-231=6 236 41.414 0.492 40.44 42.38 26 59
231<=7 589 41.20¢cd 0.321 40.57 41.83 22 67
Toplam/Ortalama 2980 40.36 0.141 40.09 40.64 11 67

a,b,c,d,; Ayn1 siitunda ayni1 harfle gosterilen ortalamalar arasindaki farklar énemsiz, farkli harfle gosterilen
ortalamalar arasindaki farklar istatiksel olarak ¢ok énemlidir (P<0.01).
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Yiiksek seviyelerde siit liretiminde kuruda kalma
stiresinin pik siit verimi degerlerine 6nemli etkisi
dolayisiyla, stiride kuruda kalma stiresine gerekli
hassasiyet gosterilmelidir. Kuru periyodun siiresi,
ineklerde sut verimi tuzerinde oOnemli bir etkiye
sahiptir (Chen ve ark.,2016, Kok ve ark., 2016, Hoeij
ve ark.,2017). Kisa siireli kuru periyotlar siit verimini
disturiurken, daha uzun siireli kuru periyotlar siit
verimini artirmaktadir. Bu nedenle, ineklerin

dogumdan o6nce yeterince dinlenebilmesi ve
yenilenebilmesi igin ideal bir kuru periyot siiresinin
belirlenmesi gerekir (Atashi ve ark.,2013, Kok ve
ark.,2019). Tirkiyede yapilan calismalarda kisa
kuruda kalma sliresi ve wuzun kuruda kalma
stirelerinde sit verimi bakimindan benzer farkhiliklar
bulunmustur (Akbulut ve ark., 1992, Bakir ve Cetin.,
2003, Erdem ve ark, 2007; Sahin ve Ulutas, 2010;
Keser, 2016).

Cizelge 8. Kuruda Kalma Siniflarina Ait Pik Stut Verimi Ortalamalari, Standart Hatalari, Coklu Karsilagtirma

Sonuclar: ve Tanimlayic: Istatistikler

Table 8 Peak Milk Yield Means, Standard Errors, Multiple Comparison Results, and Descriptive Statistics for

Drying Classes

Kuruda Kalma

Ortalamanin %95
Guven Sinirlar

Siniflar: N X+ Sx Alt Ust Minimum Maximum
<20=1 715 40.512 0.296 39.93 41.09 11 67
21-40=2 195 39.832 0.526 38.79 40.86 22 64
41-60=3 1628 40.332 0.186 39.97 40.70 17 65
61-80 =4 263 40.722 0.473 39.79 41.65 19 60
81<=5 179 40.152 0.637 38.89 41.40 12 60
Toplam/Ortalama 2980 40.36 0.141 40.09 40.64 11 67

a: Ayni siitunda ayni harfle gosterilen ortalamalar arasindaki farklar énemsizdir (P<0.05).

SONUC

Sigir yetigtiriciliginde siit verimini etkileyen bircok
cevresel faktér bulunmaktadir ve bu faktérlerin ¢ogu
verim uzerinde belirgin bir etkiye sahiptir. Bu
faktorlerin analizi, surdurilebilir ve yluksek siit verimi
icin o6nemli secim kriterleri olarak kullanilabilir.
Gokkale Tarim Igletmesinde yetistirilen Siyah Alaca
sigirlarda pik siit verimini etkileyen bazi gevresel
faktorler incelenmigtir. Surdurilebilir ylksek st
verimi i¢in yilda bir yavru elde edilmesi esas
alinmalidir. Bu hedefe ulagabilmek i¢in 6zellikle servis
periyodu ve kuruda kalma stiresi gibi faktorlerin
analizine ihtiya¢ bulunmaktadir.

Gokkale Tarim Isletmesinde yetigtirilen siirlarda
kuruda kalma siiresinin pik siit verimine etkisinin ¢ok
onemli oldugu goézlemlenmigtir. Kisa bir kuru periyot
yaninda wuzayan bir servis periyodu ineklerin
laktasyon  performansimi  dustrerek  ekonomik
kayiplara yol agmasi s6z konusudur. Bu nedenle,
ineklerin dogumdan o6nce en az 41- 60 giln
dinlenmeleri ve yeni laktasyona hazirlanabilmeleri
i¢in gerekli siiredir.

Gékkale Tarim Isletmesinde en yiiksek pik siit verimi
kisin dogan ineklerde, en diisiik pik siit verimi ise

birinci  laktasyon  sirasinda  olan  ineklerde
belirlenmigtir. Bu nedenle, laktasyon sirasi ve
buzagilama mevsimi gibi ¢evresel faktorlerin,

seleksiyon c¢alismalarinda dikkate alinmasi onerilir.
Sonug olarak, Gokkale Tarim Isletmesinde yetigtirilen
Siyah Alaca sigirlarda, strdurilebilir yiksek st
iretimi icin cevresel faktérlerin (bilhassa kuruda
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kalma siiresi, servis periyodu gibi dél verimi
ozelliklerinin) dikkate alinmasi esastir. Igletmede
istenilen seviyelerde siirdiirilebilir bir sit sigircilig:
programi yapilabilmesi ancak etkili cevre faktorlerin
gerektigi bicimde analizi ile gergeklestirilecektir.

TESEKKUR

Gokkale Tarim igletmesine ve calisanlarina tesekkiir
ederiz.

Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢kar

catismasi olmadigini beyan ederler.
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