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ABSTRACT Biochemistry

Alzheimer's disease is a progressive age-related brain disorder. It

causes gradual memory loss, changes in personality traits, confusion, Research Article

impaired thinking, and mood changes Acetylcholinesterase (AChE) : :

and butyrylcholinesterase (BuChE) inhibitors have been chosen for Artlc.le Hlstory‘

the treatment of Alzheimer’s disease. Dual cholinesterase inhibitors Received ) golls 2 0ze
have become a new hotspot in the investigation of anti-Alzheimer's Accepted 109:05.2022
drugs. The current study was designed to identify inhibitors for both Keywords

AChE and BuChE enzymes using computational approaches to Agpirin

accelerate the process of identifying an effective treatment for [

Alzheimer. From the available drugs, we selected families of the Acetylcholinesterase

aspirin and imatinib. After the adoption of molecular docking, we
found that fendosal from aspirin group and Flumatinib from the
Imatinib group are the most active compounds. The docking scores
for fendosal was -8.160 kcal/mol against AChE while Flumatinib had
-9.433 kcal/mol and -9.541 kcal/mol scores with BuChE and AChE,
respectively. The 10 ns molecular dynamics simulation for fendosal
and flumatinib against AChE and BuChE was performed to evaluate
the drug's ability to remain stable within the binding sites of AChE
and BuChE with the aid of RMSD and RMSF plots. These results
revealed that Flumatinib and fendosal are good inhibitors for both
BuChE and AChE, which could be used in vivo and in vitro studies
to improve outcomes.

Butyrylcholinesterase
Molecular docking

Alzheimer Hastahiginda Ilacin Yeniden Kullanim I¢in Hesaplamal Yaklagimlar

OZET Biyokimya

Alzheimer hastaligi, ilerleyici, yasa bagli bir beyin hastaligidir.

Kademeli hafiza kaybina, kisilik 6zelliklerinde degisikliklere, kafa Aragtirma Makalesi
karigikligina, distinme bozukluguna ve ruh hali degisikliklerine

neden olur. Alzheimer hastaliginin tedavisi i¢in asetilkolinesteraz Makale Tarihgesi

(AChE) ve butirilkolinesteraz (BuChE) inhibitoérii secilmistir. Cift Gelig Tarihi  :23.03.2021
kolinesteraz inhibitorleri, anti-Alzheimer ilaclarinin Kabul Tarihi :09.05.2022
arastirilmasinda yeni bir etkin nokta haline geldi. Bu calisma,

Alzheimer igin etkili bir tedavi tanimlama stirecini hizlandirmak igin Anahtar Kelimeler
hesaplama yaklasimlarini kullanarak AChE ve BuChE enzimlerine Aspirin

yonelik inhibitérlerin belirlemesi i¢in tasarlanmistir. Mevcut Imatinib

ilaclardan aspirin ve imatinib aileleri secilmigtir. Molekiiler Asetilkolin esteraz
yerlestirmenin benimsenmesinden sonra, aspirin grubundan Butirilkolin esteraz

fendosalin ve Imatinib grubundan flumatinib'in en etkin bilesikler
oldugu bulunmustur. Fendosal igin kenetlenme skorlar1 AChE'ye
kars1 -8,160 kcal/mol iken Flumatinib BuChE ve AChE ile sirasiyla -
9,433 kcal/mol ve -9.541 kcal/mol skorlarina sahip olmustur. AChE
ve BuChE'ye karsi fendosal ve flumatinib icin 10 ns molekiiler
dinamik simiilasyonu, RMSD ve RMSF grafiklerinin yardimiyla
ilacin AChE ve BuChE'nin baglanma bdlgeleri iginde stabil kalma
kabiliyetini  degerlendirmek i¢in yapilmigtir. Bu sonugclar,
Flumatinib ve fendosalin hem BuChE hem de AChE ig¢in iyi bir
inhibitér oldugunu ortaya koymus olup sonuglarin gelistirilmesi igin
in vivo ve in vitro ¢calismalarin kullanilabilir.

Molekiiler yerlestirme



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 307-315, 2022
KSU J. Agric Nat_25 (Suppl 2): 307-315, 2022

Aragtirma Makalesi
Research Article

Ataf Sekli: Al-Nuaimi ZJA, Celekli A, Tok TT 2022. Alzheimer Hastaliginda Ilacin Yeniden Kullamim I¢in Hesaplamali
Yaklagimlar . KSU Tarim ve Doga Derg 25 (Ek Say1 2): 307-315. https://doi.org/10.18016/ksutarimdoga.vi.
1092038

To Cite : Al-Nuaimi ZJA, Celekli A, Tok TT 2022. Computational Approaches for Drug Repurposing in Alzheimer's
Disease. KSU J. Agric Nat 25 (Suppl 2): 307-315. https://doi.org/10.18016/ksutarimdoga.vi.1092038

INTRODUCTION known that Alzheimer's disease affects many

Alzheimer's disorder is the most prominent dementia neurotransmitter —systems, especially ACh and

condition and its global incidence has increased in neurotransmission deficiency (Corbett et al., 2012).

recent years. Alzheimer’s disease (AD) is described as Acetylcholinesterase (AChE) and

synaptic dysfunction, oxidative stress,
neuroinflammation, mitochondrial dysfunction, and
disruption of the blood-brain barrier (Mendiola-
Precoma et al., 2016). In 2021, more than 55 million
people worldwide suffered from AD and dementia
leading to a large number of deaths, but the data in
2020 cannot be stated as a precise number due to the
COVID-19 outbreak (Gauthier et al., 2021). The
disease has most frequently been observed in
individuals over the age of 65, while about 4-5 percent
of cases are early-onset. Down syndrome is a common
form of early-onset dementia. Adults with down
syndrome, after the age of 40, consistently display
oncoming  cognitive decline and  dementia
superimposed on their baseline cognitive limitations.
They gather amyloid, neurofibrillary tangles, and cell
depletion similar to sporadic AD (Gauthier et al.,
2021). Alzheimer's disease is an age-related
neurodegenerative disorder that leads to a rapid
decline of physical, cognitive, and behavioral abilities
(Jellinger, 2010).

Pathophysiologically, Alzheimer's disease is marked
by the extracellular accumulation of AB protein in
amyloid plaques and the generation of neurofibrillary
tangles resulting from the hyperphosphorylation of
the tau protein linked with cellular microtubules
(Brunton et al., 2011). Abnormalities in acetylcholine
(ACh) and butyrylcholine (BCh) levels, which act as
neurotransmitters, have been observed in the brains
of patients with Alzheimer's disease. Inhibiting
acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE)enzymes degrade ACh
and BCh neurotransmitters and so it is accepted as
one of the therapy choices for AD (Kim et al., 2018).
Especially in patients with Alzheimer's disease,
cholinesterase inhibitors are thought to i) enhance
cognition and indirectly aid function and behavior, ii)
improve cognition and overall outcome, and 1iii)
ameliorate some stabilization of function during this
time (Birks and Evans, 2015). Cholinesterase is a
family of esters that degrade choline-based esters and
many of which act as neurotransmitters (Colovié et
al., 2013). Thus, it is either of the two enzymes that
stimulate the hydrolysis of these cholinergic
neurotransmitters, like acetylcholine breakdown into
choline and acetic acid (Colovié et al., 2013). As part
of the evaluation of the effects of aspirin and iminatip
family compounds on cholinesterase enzymes, it is
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butyrylcholinesterase (BuChE) inhibitor have been
chosen for the treatment of Alzheimer’s disease
(Colovié¢ et al., 2013). Dual cholinesterase inhibitors
have become a new hotspot in the investigation of
anti-Alzheimer's drugs. Related families of aspirin
and imatinib drugs are commonly used in the market.
Our aim is to determine more economical and rapid
anti-Alzheimer's inhibitors by evaluating the
interactions amid commonly used drug groups with
cholinesterase target structures ACh and BCh. Based
on this main purpose, the effects of aspirin and
imatinib family drugs as anti-Alzheimer inhibitors
were assessed by using computational approaches to
accelerate the process of an effective treatment and
identifyng.

MATERIALS and METHODS
Molecular docking analysis

Molecular docking studies of the selected compounds
from aspirin and imatinib families with AChE and
BuChE were carried out with AutoDock Vina (Trott
and Olson, 2010). The targeted protein structures
(PDB ID: 1GQS for AChE and 4XII for BuChE) were
obtained via the RCSB PDB database, and were
prepared before the docking, including water
removing, adding hydrogen atoms and missing
residues and charges with help of Autodock Tools
1.5.6. The related ligands were optimized using the
DFT/B3LYP/6-31G(d) basis set in Gaussian09
(Gaussian 09, Revision E.01, 2009). Autodock Tools
was also utilized to define the grid box with the
dimensions of 40 X 40 X 40 sizes. During the docking
procedure, 100 conformations for each ligand were
left flexible, while the protein was held rigid. At end
of the docking processes, the docking conformations
were ranked and determined the fendosal and
flumatinib compounds according to their lowest
binding energies, for each target

Molecular dynamics simulation

Molecular dynamics (MD) simulation is now
considered a  decision-making step in the
computational investigations of drug discovery (Al-
Khafaji and Taskin Tok 2021a). In the present study,
two ligands obtained from the docking were subjected
to the ligand-free and ligand-based simulations of the
target enzymes via MD simulation on a 10-ns time
scale. We used <«GROMACS 2018.1 package’



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 307-315, 2022
KSU J. Agric Nat_25 (Suppl 2): 307-315, 2022

Aragtirma Makalesi
Research Article

(Abraham et al., 2015) to operate MD simulations.
The three-point transferable intermolecular potential
(TIP3P) was selected as solvent and the charge of the
targets was adjusted by adding (Na* or Cl- ions). The
energy was reduced by using the steepest descent
algorithm at a tolerance value of 1000 kd/mol nm. In
the next phase, the amount of substance’s volume,
temperature, moles, pressure, and temperature
ensembles counterpoised the complexes with position
restraint on molecules of each target protein for 0.1
ns. The particle-mesh Ewald (PME) was appointed for
dealing with nonbonded interactions (Essmann et al.,
1995). Now the MD simulation was carried out to
determine stability for 10 ns, with no restraint on the
protein molecules or ligands.

Both fendosal and flumatinib were carried out by MD
simulation to determine stability for 10 ns without
any restraint on the protein. The related ligands also
were compared to the docking of both fendosal and
flumatinib againt BuChE and AChE. The results of
MD simulations give us the root mean square
deviation (RMSD) of AChE and BuChE backbone
atoms and also measure the root-mean-square
fluctuation (RMSF) values for the assessment of
chosen comparable drugs against BuChE and AChE..

Statistical Analyses

Shapiro-Wilk test was used to test the normality of
data. Multiple comparisons were performed using
one-way variance analysis, ANOVA or the Kruskal-
Wallis test. Student t-test and Mann-Whitney U test
were used for normal and non-normally distributed
data in comparison of treatment groups, respectively.
Results are expressed as mean + SEM or median =+
interquartile ranges (Q1 and Q3). A cut off level 0.05
was used for the statistical importance of the results.
OriginPro 2021b program was used for statistical
analysis (OriginPro, Version 2021b. OriginLab
Corporation, Northampton, MA, USA.).

RESULTS
Results of Aspirin family

Results of the binding energy of the Aspirin family
and ref ligand against to BuChE and ref ligand are
summarized in Table 1. Diflunisal, fendosal, and
salsalate had the lower binding energy against
BuChE, which indicates that they have higher
docking scores against BuChE. Salicylic acid had a
higher binding energy against BuChE, which refers
that it has the lowest docking score against BuChE.
The fendosal displayed a significant interaction than
the rest of chosen drugs against BuChE because it
had the lowest binding energy, the highest docking
score (Table 1), and the suitable RMSD value.

A docking comparison of aspirin family against AChE
are given in Table 1. The same approach was carried
out for the same compounds (Aspirin, Diflunisal,
Fendosal, Phosphosal, Salicylic acid, Salsalate and
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reference ligand.) against acetylcholinesterase as a
target. Fendosal had the lower binding energy against
AChE, which indicates that it has the highest docking
score against AChE. Salicylic acid had higher binding
energy against AChE, which indicates that it has the
lowest docking score against AChE. Fendosal
significantly has stronger interaction than those of
chosen remain drugs against AChE because it has the
lowest binding energy, the highest docking score, and
the suitable RMSD value, as given in Table 1.

Results of Imatinib Family

Results of the binding energy of ref ligand and the
Imatinib family against to BuChE are given in Table
2. Imatinib, Flumatinib, and Nilotinib had the lower
binding energy against BuchE, which indicates that
they have higher docking scores against BuchE.
Mocetinostat had the higher binding energy against
BuchE. This shows that it’s has the lowest docking
score against BuchE. The Flumatinib significantly
has stronger interaction than those of chosen
comparable drugs against BuChE because it has the
lowest binding energy, the highest docking score
(Table 2), and the suitable RMSD value. The binding
energy of ref ligand acetylcholinesterase AChE = -
8.16 kcal/mol and the binding energy of AChE results
with Imatinib family were exhibited in Table 2 .
Imatinib, Flumatinib, and Nilotinib indicated the
lower binding energy against AChE, which means
that they have the highest docking scores against
AChE. Mocetinostat had the higher binding energy
against AChE and the lowest docking score against
AChE. Flumatinib significantly has stronger
interaction than those of chosen remain drugs against
AChE because it has the lowest binding energy, the
highest docking score and the suitable RMSD value.
Results revealed that Flumatinib has the highest
affinity to act as a dual inhibitor against AChE and
BuChE (Table 2).

Docking results of the selected medicinal group was
higher than the docking scores of the ref ligands
when compared with the native ligand, diflunisal,
fendosal, and salsalate. It is important to note that
fendosal had significantly stronger interaction than
that of chosen comparable drugs against BuChE
(Table 1). A comparision of the selected Aspirin family
drugs against the AChE for targeting Alzheimer’s
showed that fendosal has a binding affinity higher
than the native ligand of AChE (Table 1). The rest
drugs of the selected group had a binding affinity less
than the ref ligand. Molecular docking results
revealed that flumatinib, imatinib, and nilotinib have
good binding affinities to interact with both AChE

and BuChE as dual targets for targeting Alzheimer’s.

Molecular dynamics simulation results
The impact of ligand-protein interactions on the
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dynamics of a biological system is crucial in drug
discovery. The RMSD was used to explore the
influence of fendosal and flumatinib drugs upon the
stability of AChE protein and compare it with the apo
form of AChE. We used Gromacs to perform the MD
simulations of 10 ns for four drug-protein systems
besides apo AChE protein. RMSD fluctuations for apo
and holo forms were measured and presented in
Figure 1. It was apparent that the AChE protein’s
backbone has indistinguishable-stable RMSD values
(Figure 1) when NadR in apo, NadR-flumatinib, and

NadR- fendosal forms. Fendosal had a similar fashion
of RMSD backbone atoms when compared with apo
AChE form. The RMSD values for flumatinib showed
little fluctuations.

The RMSD average values of BuChE- fendosal were
lower than the BuChE-flumatinib (Figure 2). Both of
them fluctuated nearly to the RMSD values of BuChE
apo form. According to the dynamic results in Figure
2, fendosal rather than flumatinib has RMSD values
closer to the BuChE apo form, and therefore fendosal
compound has priority.

Table 1. Docking results of aspirin family against BuChE and AChE.
Cizelge 1. Aspirin ailesinin BuChE ve AChE'ye karsi kenetlenme sonuglari

No Name of ligand PubChem Structure of ligand Molecular against against
Ligandin adi CID (2D) Formula BuChE AChE
PubChem  Ligandin yapisi (2D) Molekiiler (kcal/mol) (kcal/mol)
KID formiil BuChFE'ye AChE'ye
karsi karsi
(kcal/mol) (kcal/mol)
1 Aspirin 2244 CoHsO4 -5.340 -5.340
Aspirin
2 Diflunisal 3059 @ Ci13HsF203 -5.991 -5.990
Diflunisal
AL
3 Fendosal 40821 C25H19NO3 -7.836 -8.240
Fendosal
4 Fosfosal 3418 C7H706P -5.470 -5.631
Fosfosal
338
Salicylic acid -4.610 -4.730
H
5 Salisilik asit CALOs
5161
Salsalate C14H1005 -6.560 -6.0130
6 Salsalate
7  Refligand (refligandi) -5.490 -8.160

Root mean square fluctuation (RMSF) values
explored the effect of fendosal and flumatinib upon
the flexibility of AChE and BuChE backbone atoms
were presented in Figure 3 and Figure 4, respectively.
The binding of fendosal and flumatinib to the AChE
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conserved the binding site regions and whole proteins
from fluctuation (Figure 3). Especially in the range of
2500-3000, 4500-5500 and 7000-8000, fluctuations in
AChE backbone atoms are quite evident in the
phendosal compound. On the other hand, Fendosal
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and flumatinib increased the flexibility of BuChE in drugs effectively block the binding site of BuChE from

different regions. This indicates that both selected different sites.

Table 2. Docking results of Imatinib family against BuChE and AChE.
Cizelge 2. Imatinib ailesinin BuChE ve AChE'ye karsi kenetlenme sonuglari

No. Name of ligand PubChem Structure of ligand Molecular against against AChE
Ligandin adi CID Ligandin yapisi Formula BuChE (kcal/mol)
PubChem Molekiiler formiil (kcal/mol) AChE'ye karsi
KID BuChE'ye (kcal/mol)
kargi
(kcal/mol)
1 Imatinib 5291 C29H31N70
Imatinib -9.100 -9.390
2 Flumatinib 46848036 . Ca9H29F3NsO -9.433 -9.541
.. BRI
Flumatinib e <&
>
3 Mocetinostat 9865515 (4" C23H20N6O -8.0700 -7.980
Mocetinostat ) CN ©
4 Nilotinib 644241 CasH22F3N7O -9.570 -9.340
Nilotinib
5 Ref ligand - - -5.490 -8.160
Ref ligandi
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Figure 1. Analysis of RMSD of AChE backbone atoms
Sekil 1. AChE omurga atomlarinin RMSD analizi
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Figure 2. Analysis of RMSD of BuChE backbone atoms.
Sekil 2. BuChE omurga atomlarinin RMSD analizi
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Figure 3. RMSF evaluations of AChE backbone atoms.
Sekil 3. AChE omurga atomlarinin RMSF degerlendirmeleri
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Figure 4. RMSF evaluations of BuChE backbone atoms.
Sekil 4. BuChE omurga atomlarinin RMSF degerlendirmeleri
DISCUSSION fendosal against BuChE  (-7.836 kcal/mol) was
Alzheimer’s illness is a retrogressive brain smaller than the docking score of AChE’s ref ligand (-

complication of unknown etiology, which is the most
popular kind of dementia. Alzheimer’s generally
develops in middle age or old age, rises in gradual
memory damage, defective thoughts, disorder, and
personality and mood shifts (Wittenauer and Smith,
2013; Birks and Evans, 2015). The magnitude of
computational tools has been investigated to identify
effective treatment in a short time and the most
promising targets are AChE (Al-Khafaji et al., 2021b)
and BuChE as promising targets to stop or reduce the
progression of Alzheimer’s. We took the advantage of
the possibility of Food and Drug Administration
(FDA) available medicines that could be warheads to
inhibit the AChE and BuChE proteins. Inhibition of
cholinesterase in approximately 50 % of Alzheimer’s
patients stabilizes the cognitive function at a steady
level during a 1-year period of treatment (Giacobini,
2003). The growing evidence revealed that both AChE
and BuChE are significant proteins in the
development and progression of AD (Greig et al.,
2002).

Results of the present study indicated that Aspirin
and 1imatinib have biological activities against
Alzheimer’s. The most interesting finding was that
the fendosal compound has the binding affinities
toward AChE and BuChE better than native ligands
of both AChE and BuChE. Where the docking score of
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5.490 kcal/mol). Further, fendosal had -8.240
kcal/mol which is lower than the ref ligand of AChE.
This shows that only fendosal can act as a dual
inhibitor from the relative drugs.

Contrary to this result, in the imatinib family,
Nilotinib showed the best binding tendency with a
binding energy value of -9.570 kcal/mol against
BuChE, while Flumatinib compound took its place as
the compound with the best interaction tendency
against the AChE target with a binding energy of -
9.541 kcal/mol. Based on docking scores, we
nominated flumatinib and fendosal for further
investigation by running a molecular dynamics
simulation.

One interesting finding is the RMSD of protein of apo
AChE's backbone has a similar fashion of fluctuation
of AChE-fendosal and AChE-flumatinib. This reflects
that both fendosal and flumatinib have a relaxed
mode to bind efficiently with AChE. Whereas the
binding of fendosal and flumatinib with BuChE
increased the fluctuations in RMSD averages.
Another remarkable notice was that the RMSF of the
protein’s backbone is more flexible when compared to
an apo form of BuChE. It is possible to use fendosal
and flumatinib in two ways: either alone or in a
combined way. These findings suggest the potential
using of nominated medicines against Alzheimer’s in
a short time. As well as the declared results are
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noteworthy in at least showing the clinicians to adopt
these safe remedies to suspend the evolution of
Alzheimer’s and secondly suggesting available drugs
as a powerful therapy.

CONCLUSION
Based on molecular docking and molecular dynamics
studies, the most prominent findings in the

estimation of the interactions and activities of
compounds selected from the aspirin and imatinib
family against AChE and BuChE enzymes are that
Fendosal compound exhibits strong inhibitory
properties for both targets, while Flumatinib
compound is more active against AChE enzyme than
BuChE target. The other important result of this
study is that Fendosal and Flumatinib can form
stable interactions within the binding sites of AChE
and BuChE with the help of MD simulation analysis.
Comprehensively, both respective drugs show
computationally good affinity for inhibition of AChE
and BuChE enzymes. The results may suggest
Fendosal and Flumatinib for extra clinical studies to
evaluate inhibitory activities against AChE and
BuChE enzymes.
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ABSTRACT

This study investigated the antioxidant and cytotoxic properties of
the Dictamnus albus L. plant grown in Tirkiye. The aerial parts and
roots of the plant were evaluated qualitatively in terms of chemical
content. Total phenol and flavonoid amounts were calculated by
spectrophotometric methods, antioxidant activity was tested with
DPPH and ABTS radical scavenging activity assay. In addition, cell
viability determination in PC-12 and SHSY-5Y cell lines was
evaluated by performing MTT (3-4,5-dimethyl-thiazolyl-2,5-
diphenyltetrazolium bromide) test. According to the results, both
parts of the plant gave negative results in the tannin, cyanogenetic
glycoside, anthraquinone, cardiac glycoside, and anthocyanoside
identification tests, while they gave positive results in the alkaloid,
coumarin, saponin, carbohydrate identification tests. While the total
amount of phenol was calculated as 77.13 £ 5.73 MEGAE Zexracts"1 1In
the extract prepared with methanol from the aerial parts of the plant
(D.A Herba), it was calculated as 43.81 + 9.49 mgGAE Zexracts-1 in the
extract prepared from the roots (D.A Root). The total flavonoid
content could only be calculated in the D.A Herba extract (19.11 +
0.16 mgca gextract™1). Although the DPPH radical scavenging effect of
the extracts was higher in D.A Herba extract, the ABTS radical
scavenging effects were found similar in both D.A Herba and D.A
Root extracts. According to the toxicity test, D.A Root extract
reduced the viability below 50% (43.17 + 3.44%) at 500 ug mL-1, but
D.A Herba extract was found to be more toxic at the same
concentration with 19.53 + 0.183% in the PC-12 cell line. However,
D.A. Herba and D.A.Root extract increased cell proliferation in the
SHSY-5Y cell line at 3.25 pg/mL concentrations with 122.87+6.29
and 112.78+7.00%, respectively. The results suggest that D. albus
may be a promising candidate for the new phytopharmaceuticals due
to its neuroprotective effects.
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Dictamnus albus I a Ait. Ekstrelerin PC-12 ve SHSY-5Y Hiicre Hatlarinda Toksik Etkilerinin

Degerlendirilmesi ve Antioksidan Aktivitesinin Aragtirilmasi

OZET

Bu calismada, Turkiye’de yetisen Dictamnus albus L. bitkisinin,
antioksidan ve sitotoksik 6zellikleri arastirilmistir. Bitkinin
toprakiistii ve kok kisimlari kimyasal igerik bakimindan kalitatif
olarak degerlendirilmigtir. Toplam fenol ve flavonoit miktari
spektrofotometrik yontemlerle hesaplanmig, antioksidan aktivitesi
DPPH ve ABTS radikalini suptriici aktivite deneyi ile test
edilmigtir. Ayrica PC-12 ve SHSY-5Y hiicre hatlarinda canlhilik tayini
MTT (3-4,5-dimetil-tiyazolil-2,5-difeniltetrazolyum bromiir) testi
yapilarak degerlendirilmistir. Sonuglara goére; bitkinin her iki kismi
da tanen, siyanogenetik glikozit, antrakinon, kardiyak glikozit ve
antosiyanozit teshis deneylerinde negatif sonug¢ verirken, alkaloit,
kumarin, saponin, karbonhidrat teshis deneylerinde pozitif sonug
vermistir. Bitkinin toprakustiu kisimlarindan metanol ile hazirlanan
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ekstresinde (D.A Herba) toplam fenol miktar1 77,13 + 5,73 mgcaE
gekstre1 olarak hesaplanmirken, koklerinden hazirlanan ekstresinde
(D. A Root) ise 43,81 + 9,49 mgGAE gekstre'l olarak hesaplanmigtir.
Toplam flavonoit icerigi ise yalmizca D.A Herba ekstresinde
hesaplanabilmistir (19,11 + 0,16 mgca Zekstre-1 ). Ekstrelerin DPPH
radikalini supurici etksi D.A Herba ekstresinde daha yiksek
bulunurken, ABTS radikalini stptirticii etkileri her iki ekstrede de
benzer bulunmustur. Toksisite deneyi sonuglarina gére, PC-12 hiicre
hattinda 500 pg mL-1’de D.A Root ekstresi canlilign % 50'nin altina
distirmiis (% 43,17 + 3,44), ancak D.A Herba ekstresi ayni
konsantrasyonda %. 19,53 + 0,183 ile daha toksik etkili
bulunmustur. Ancak, D.A. Herba ve D.A.Root ekstresi SHSY-5Y
hiicre hattinda 3,25 pg mL-1 konsantrasyonlarda sirasiyla % 122,87
+ 6,29 ve 112,78 + 7,00 canlilik orami ile hiicre proliferasyonu

arttirmigtir. Sonuglar D. albus bitkisinin néroprotektif etkileri

sebebiyle yeni fitofarmasotiklerin  icin
olabilecegini dusiindurmektedir.

potansiyel

adaylar
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INTRODUCTION

Dictamnus albus L. is known as “Purple Dittany” or
“Burning Bush”, are shrub-shaped plants that have
been grown as ornamental plants for centuries. The
plant is belonging to the Rutaceae family and has a
woody stem at the base, pinnate leaves, and large
purplish-pink and white zygomorphic flowers. The
whole plant is covered with aromatic glandular hairs
with flammable essential oils (Compton and Akeroyd,
2019). D. albus, has a natural and wide distribution
area almost all over the world throughout South and
Central Europe, temperate Asia, and the Himalayas
(Nissar et al., 2021). D. albus, which is accepted as a
polymorphic species due to its distribution in a wide
geographical area, has been tried to be distinguished
by taxonomists (Compton and Akeroyd, 2019). Many
researchers have accepted this plant as the only
species in the world. All Dictamnus species, which are
called different species in the literature, have been
accepted as synonyms of Dictamnus albus (Plantlist
2021).

Dictamnus albus, which i1s generally known as an
attractive decorative plant, has a wide variety of
therapeutic properties due to its bioactive components
(Gnatiuk 2019). The investigations contain various
information that the plant is used in the cure of
diseases by people in different countries traditionally.
In Tarkiye; flowering branches of D. albus are used as
stomachic, stimulant, tonic and antipyretic and local
names of the plant are “Akgirit otu or Gazel otu"
(Baytop 2009). The plant, known under two different
names as Dictamnus dasycarpus Turcz and
Dictamnus angustifolius G. Don ex Sweet. in
traditional Chinese medicine and “Cortex Dictamni”
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has been used in rheumatism, bleeding, itching,
jaundice, chronic hepatitis, and skin diseases for
centuries (LV et al., 2015). Indians have traditionally
used the plant for its emmenagogue and abortive
effects. It has been used in Israel to treat
hypertension and ocular ailments such as cataracts,
conjunctivitis, and diabetic retinopathy. In Bulgaria
and Korea, people use this plant as a sedative,
antispasmodic, diuretic, and it is stated to have anti-
cancer effects. It is reported to be utilized as a tea
mixture in the treatment of mental disorders such as
neurasthenia, hysteria, and schizophrenia in Serbia.
In addition, it is known that especially the root bark
of the plant is used in the treatment of leprosy, cough,
and amenorrhea (Nissar et al., 2021).

The main chemical components of Dictamnus species
were determined as limonoids, alkaloids,
sesquiterpenes, flavonoids, coumarins, terpenoids,
and steroidals. Among these compounds, especially
limonoids and quinoline alkaloids were identified as
specific components of Dictamnus species. The
biological activities of these active constituents are
quite diverse. Limonoids and quinoline alkaloids are
significant compounds with anticancer, anti-
inflammatory, antimicrobial, antioxidant, antiviral,
immunosuppressing, neuroprotective, and vascular-
relaxing properties (Gao et al.,2021).

This study carried out various bioactivity tests of
extracts prepared from roots and aerial parts of .
albus grown in Turkiye. The total phenol and total
flavonoid amount of the extracts were analyzed by
spectrophotometric methods. The toxicity profile of
the plant was evaluated on PC-12 and SHSY-5Y cell
lines and their antioxidant activities were tested
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using radical scavenging methods.

Fundamentally, this research aims to evaluate the
neuroprotective effects of the extracts of the
Dictamnus albus plant grown in Tirkiye, used for its
therapeutic properties in different areas of the world,
and to measure the antioxidant activity. In addition,
different parts of the plant (root and herba), which
traditionally used root bark in the treatment, were
evaluated in terms of bioactivity for the first time by
us. The obtained data are important in terms of
comparing the secondary metabolites contained in the
same species studied from different regions of the
world and the resulting bioactivity tests and guiding
the studies. Our preliminary research on this plant,
which is accepted as a single species in the whole
world and spreads in Tirkiye, contains promising
results.

MATERIAL and METHODS
Plant Material

Dictamnus albus was collected from Mecidiye/Kesan
area from Edirne. The collected specimens were
identified by Dr. Necmettin Giiler and plant material
1s being stored in Ankara University Pharmacy
Herbarium under voucher number AEF 30894. The
roots and aerial parts of the plant were fragmented
into two parts and dried under shade at room
temperature.

Extraction of Plant Materials

After the root and aerial parts of the plant were
roughly pulverized, they were placed in a shaker
water bath to prepare methanol extracts. Plant
materials to which methanol was added for 3 days
were filtered at the end of each day and the filtrates
were combined. Then the solvents were removed in
vacuo and the extracts were obtained. All the extracts
were lyophilized as powder and stored at -20°C until
used 1n experiments.

Total Phenol Content

The total phenol content of the extracts was
measured by revising the methods of Re et. al (1999).
The samples were prepared by mixing extracts (50
uL), distilled water (3.95 mL), Folin Ciocalteu reagent
(250 uL), and 20% Na2COs (750 uL), and kept in a
water bath at 25 °C for 2 hours. The samples'
absorbance was finally read at 760 nm and gallic acid
was used as the reference to calculate the total phenol
content (Singleton et al.,1999).

Total Flavonoid Content

The total flavonoid content of the extracts was
measured by revising the methods of Singleton et al.
with the colorimetric aluminum chloride assay. 4 mL
distilled water was added to the 1 mL extract. A 0.3
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mL solution of NaNOz (5%) was added to the mixture.
After 5 minutes, 0.3 mL of a 10% AlCls6H20 solution
was added. Then 2 mL of 1 M NaOH was added, and
the total volume was made up to 10 mL with distilled
water. The test sample's absorbance was read at 510
nm. Catechin was used as the reference standard to
calculate the total flavonoid content (Zhishen et
al.,1999).

Phytochemical Analysis

Qualitative analyzes of the plant prepared from the
roots and aerial parts were made according to the
standard specified methods (Tanker and Sakar 1991).
The presence of alkaloids, flavonoids, carbohydrates,
coumarins; tannins, saponins, cyanogenetic
glycosides, cardiac glycoside, anthraquinone, and
anthocyanoside in the root and aerial parts of D.
albus were evaluated.

Antioxidant Activity Assays

The antioxidant activity of the D). albus extracts was
determined using DPPH radical scavenging assay
(Gyamfi et al. 1999). In a test tube, the extract was
mixed with 450 mL of Tris-HCI buffer and 1.0 mL of
0.1 mM DPPH after being dissolved in the proper
quantity of MeOH. The extracts were measured at
517 nm after 30 minutes of incubation at room
temperature in the dark. Butylated hydroxytoluene
(BHT) was used as a positive control.

The antioxidant activities of the extracts were also
measured by another method, ABTS** radical
scavenging activity. 7 mM ammonium ABTS salt was
dissolved in water and treated with 2.45 mM
potassium persulfate. A dark blue solution was
obtained by keeping this mixture at room
temperature for 12-16 hours. The solution was then
diluted with ethanol to have an absorbance of 0.7 at
734 nm. To measure the reaction kinetics, radical
solution (990 pL) was added to the extract (10 pL) and
absorbance was taken at 734 nm for 30 minutes at 1-
minute intervals. Results were expressed in terms of
antioxidant capacity equivalent to Trolox (Re et al.,
1999).

Cell Viability Assay

PC-12 (ATCC, CRL-1721™ Passage no:8) and SHSY-
5Y (ATCC, CRL-2266™ Passage no:5 ) were
purchased from American Type Culture Collection
(Manassas, VA, USA). Cells were seeded into a 75
cm2 flask using Roswell Park Memorial Institute
Medium (RPMI-1640 30-2001™) and Dulbecco’s
Modified Eagle’s Medium (DMEM 30-2002™) with
10% fetal bovine serum (FBS 30-2020™) and 1%
penicillin-streptomycin  (Gibco-Invitrogen, Grand
Island, NY, USA) respectively. Then cells were grown
in the incubator (at 37°C in an atmosphere
supplemented with 5% CO2) to reach the appropriate
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density.

A total of 1x10° cells per well were seeded in 96-well
plates. Extracts were prepared by dissolving in the
medium containing 1% dimethyl sulfoxide (DMSO) at
a 4 mg mL! concentration. Cells were treated with
varying doses of extract (7.8; 15.6; 31.25; 62.5; 125;
250; 500; 1000; and 2000 pg/mL) after 24 hours of
incubation and allowed to re-incubate for another 24
hours. The medium was then removed and MTT (5
mg mL-1 of stock in PBS) was added. Cells were
incubated with MTT dye for an additional 2 hours. At
the end of the incubation period, absorbances
(solution in each well) were measured at 570 nm in a
microplate reader.

Statistical analysis

All statistical analyzes were made with the SPSS 12
(SPSS for Windows, 12.0, SPSS Inc. Chicago, IL,
USA) statistical program. Analysis of variances was
applied according to the ANOVA procedure.
According to the results of Levene statistics applied to
test the homogeneity of variance, Dunnet T3 test was
used in the experiments where the assumption was
not provided for the variable(p<0,05). In the
experiments where the assumption was provided, the
analysis was made with the Tukey test(p>0,05). IC50
values were calculated using a nonlinear regression
algorithm.

RESULTS AND DISCUSSION

D. albus, which has a wide distribution area and is
represented by a single species all over the world, has
various biological activities related to its natural
compounds. The plant is used especially in the
treatment of various diseases in Chinese Folk
Medicine. Cortex Dictamni has been used for the
treatment of rheumatism, bleeding, itching, jaundice,
chronic hepatitis, and skin diseases in China (Lv et
al., 2015). The plant contains primarily limonoids,
furoquinoline alkaloids, flavonoids, coumarins,

sesquiterpene, and sesquiterpene glycosides (Chang
et al., 2002). Due to these bioactive compounds, the
plant has valuable medicinal properties such as anti-
inflammatory, anti-tumor, antibacterial, and
immune-regulating functions (Cao et al., 2022).

In the present study, qualitative analyzes were
carried out to have preliminary information about the
secondary metabolites of the root and aerial parts of
D. albus species grown in Tirkiye. The presence of
alkaloids, flavonoids, carbohydrates, coumarins,
tannins, saponins, cyanogenetic glycosides; cardiac
glycoside; anthraquinone, and anthocyanoside in the
parts of plants was tested qualitatively. These
analyzes are based on visual observation of color
change or precipitate formation after the addition of
certain reagents. Phytochemical analysis results are
given in Table 1. According to the results, the same
results were obtained according to the diagnostic
reactions performed on both the aerial parts and root
parts of the plant (except for the flavonoid detection
reaction). The presence of alkaloids, coumarins,
carbohydrates, and saponins was detected in the
aerial parts and root of the plant, while tests for
cyanogenetic glycosides, cardiac glycosides,
anthraquinones, and anthocyanosides gave negative
results. The flavonoid identification reaction gave
positive results only in the aerial parts. This result is
thought to be related to the inability to quantitatively
calculate the total amount of flavonoids in root
extracts (Table 2). In a study conducted in Indonesia,
the phytochemical content of D. albus roots was
evaluated in terms of alkaloid, flavonoid,
carbohydrate, coumarin, saponin, tannin,
triterpenoid, and steroids, and similar results were
obtained with our analysis. However, while the
presence of saponin in the roots of the plant was not
detected in the study, the saponin identification
reaction gave a positive result in our study (Rohim et
al., 2018).

Table 1. Phytochemical analysis of D. albus aerial parts and roots
Cizelge 1. D. albus toprakiistii kisimlar: ve koklerinin fitokimyasal analizi

Parts Cvano Card.
of Alk* Flav* Carb* Coum* Tan*  Sap* gyly* Gly* Anth* Antho*
Plant
Aerial
parts + + + + + - - - -
Root ) * * * ) ) ) )

*Alk= alkaloid; Fla= flavonoid; Carbo= Carbohydrate; Cou= coumarin; Tan= tannin; Sap= saponin; Cyano
Gly=Cyanogenetic glycosides; Card. Gly=Cardiac glycoside; Anth=Anthraquinone; Antho=Anthocyanoside

The total phenol and flavonoid content of the plant
was studied by preparing methanol extracts. Total
phenol and flavonoid contents of the extracts were
calculated as equivalent to gallic acid and catechin,

respectively. The total phenol content of the plant was
calculated as 77.13 + 5.73 mMZGAE Zextract-1 1n the D.A.
Herba extract and 43.81 + 9.49 mgGAE Zextract-1 in the
D.A. Root extract. However, the total flavonoid
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content in D.A Herba was also higher than in D.A
Root (Table 2). In a study in which the content
analysis and antioxidant capacity of some plants
belonging to the Rutaceae family were determined,
the total flavonoid content of the ethanol and
methanol extract prepared from the aerial parts of
the D. albus species was examined. According to the
results of this study, the total flavonoid content in the
methanol extract of the aerial parts of the D. albus
collected from Serbia (7.27+0.12 mgrutin g-1) was

lower than the methanol extract of the aerial parts of
the D. albus plant collected from Tirkiye (19.11 +
0.16 mgca Zextract-1) (Pavlovié et al. 2018). It is known
that changes in the physiological activities of the
plant significantly affect its chemical content,
depending on the environment in which it lives. In
addition, different methods applied and different
concentrations are also reflected in the results
obtained.

Table 2. Total phenol and total flavonoid contents of 1. albus extracts
Cizelge 2. D. albus ekstrelerinin toplam fenol ve flavonoit igerigi

Extracts Total phenol [mgcar/gextract] Total flavonoid [mgca/gextract]
D.A. Herba 77.13+£5.73 19.11+0.16
D.A. Root 43.81 £ 9.49 n.d*

The data are presented as mean + standard error (n=3), (*n.d= not determination)

Many studies have shown that plants have significant
antioxidant activity due to the natural chemicals they
contain (Kihkoénen et al. 1999, Karatoprak et al.
2017). In addition, studies show that many different
methods are used to determine the antioxidant
capacity of secondary metabolites with different
chemical properties in plant extracts (Alam et al.
2013, Yucel et al 2017, Borjan et al. 2020). Thus, by
applying  different methods, more detailed
information about the antioxidant effects of plants
can be obtained.

The antioxidant capabilities of D). albus extracts were
measured using DPPH* and ABTS** radical
scavenging effects in this research. The extracts'
radical scavenging effects were investigated at
concentrations ranging from 0.5mg mL-1 to 4mg mL-
1. According to the DPPH* radical scavenging
method, it was determined that D.A Herba extract at
4mg mL-1 concentration showed higher activity
(56.86 + 2.4%) than D.A Root extract (34.56 = 2.77%).
Furthermore, the antioxidant capacity of the extracts
was compared with BHT, one of the most known
synthetic antioxidants. For BHT, the % inhibition was
found to be 85.4 + 3.02 at 4mg mL-1 concentration.
(Table 3). In other words, although the extracts are
not as effective as BHT, they show moderate
antioxidant capacity In a recent study, the
antioxidant capacity of the parts of the D. dasycarpus

Turcz (root whisker, core stem, and leaf) other than
the root bark, which is known to be used in
treatment, were evaluated. According to the results
obtained, the highest DPPH radical scavenging effect
was detected in the leaves of the plant
(IC50:.0.133+0.23 ug mL-1), while the weakest effect
was calculated in the root extracts (IC50: 3.681+0.56
ug mL-1) (Cao et al., 2022). Similarly, in this study,
root extracts were found to be less effective than
herba extracts (Tables 3 and 4). In a study
investigating the antioxidant capacity of the D. albus
from Indonesia, the inhibition was found to be 82%,
especially at 50pug mL-1 of the root extract and it was
stated that it had a high antioxidant effect (Rohim et
al., 2018). This data obtained by Rohim et. al. is quite
different when compared to our study. This
dissimilarity may be due to differences in the
extraction methods and test procedures. In addition,
since plants may show different physiological
characteristics according to the regions where they
grow, they may have different chemical contents. In
another study, the IC50 values of methanol and
ethanol extracts prepared from the aerial parts of the
plant were calculated as 59.80 = 1.53 pg mL-1 and
76.48 + 2.30 pg mL-1, respectively, and it was
recorded to be moderately effective compared to rutin
(Pavlovié et al. 2018).

Table 3. DPPH* radical scavenging activity of D). albus extracts
Cizelge 3. D. albus ekstrelerinin DPPH e radikali stiplirticti aktiviteleri

%Inhibition
Samples 4 mg/mL 2 mg/mL 1 mg/ml, 0.5 mg/mL
D.A. Herba 56.86 + 2.4¢ 40.89 £ 2.714 29.56 + 2.12bc 24.99 + 3.18ab
D.A. Root 34.56 + 2.77¢cd 26.19 + 3.17ab 23.32 £ 5.57ab 19.25 + 2.832
BHT 85.4 + 3.02f 82.3 + 3.01f 78.8 + 3.8f 66.0 + 4.5¢
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Another frequently wused method to measure
antioxidant activity is ABTS radical scavenging
activity assay. According to the results obtained with
this method, when the extracts were compared with
the positive control BHT, D.A Herba extract and D.A
Root extract showed similar antioxidant effects at 4

mg mL-1, but not as effective as BHT. However, it
was determined that the D.A root extract showed very
weak antioxidant activity compared to D. A Herba
extract in the concentration range of 0.5mg mL-1 - 2
mg mL-1 (Table 4).

Table 4. ABTS*+radical scavenging activity of D. albus extracts
Cizelge 4. D. albus ekstrelerinin ABTS**radikali stiptiriicti aktiviteleri

TEAC* (mmol/L/Trolox)
Samples 4 mg/mL 2mg/mL 1mg/mL 0.5mg/mL
D.A. Herba 2.53 + 0.002 2.52 +0.01° 2.19+0.19* 1.58 +£0.13!
D.A. Root 2.52 +0.072 2.13+0.18" 1.35 + 0.14* 0.064 + 0.061
BHT 2.93 £ 0.2b 2.57 £ 0.8 2.55 + 0.9+ 2.50 + 0.1

Values presented as mean + standard errors (n=3), with statistical analyses performed using the Tukey comparison test.
Same lower case letter (a—b), and the same symbols (*—***) (+—+++), and (I-III) are not significantly (p>0.05) different.

Values presented as mean + standard errors (n=3),
with statistical analyses performed using the Tukey
comparison test. The same lower case letter (a—g) is
not significantly (p>0.05) different.

Neurotoxic effects of extracts prepared from D. albus
species grown in Turkiye were investigated on PC-12
and SHSY-5Y cells. Studies show that SHSY-5Y and
PC-12 cell lines are widely used in the investigation of
neuronal cytotoxicity (Siddiqui et al. 2021; Sharma et
al., 2021; Zhang et al 2022). SHSY-5Y cells are used
in neuronal differentiation, metabolism,
neurodegenerative and neuroadaptive mechanisms,
neurotoxicity, and neuroprotective research. PC-12
cells have similar properties to neuroblasts and
neurons. PC-12 cells are frequently used to
investigate cellular events such as proliferation,
differentiation, cell viability, and apoptosis, as well as
mechanisms involving neuronal repair,
neuroprotection, and neurotoxicity (Wang et al.,
2019).

D. A. Herba was applied to SHSY-5Y and PC-12 cells
at varying concentration ranges (3.25-1000 pg mL-1),
and cell viability was observed. Following, it was
determined that D. A. Herba was toxic to SHSY-5Y
cells at high concentrations, while it increased the
proliferation of cells at low concentrations. In SHSY-
5Y cells, it was observed that the viability decreased
below 50% in the concentration range of 250-1000 ug
mL-1, while an increase in cell viability was observed
in the concentration range of 3.25-31.25 pg ml-1
(Figure 1). D. A. Herba is seen to be highly toxic,
especially at a concentration of 1000 pg mL-1 (8.116 +
1.98%).

In the PC-12 cell line, it was determined that D.A
Herba showed high toxicity in the concentration
range of 250-1000 pg mL-1 and reduced the viability
below 50%. No toxic effect of the extract was observed
in the concentration range of 125 and 3.25 pg mL-1
(Figure 2). As a result, it was determined that D.A
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Herba at concentrations of 1000 and 500 pg/mL was
significantly toxic to both PC-12 and SHSY-5Y cell
lines.

To evaluate the toxic effect of D. A Root extract on
SHSY-5Y and PC-12 cells, it was applied for 24 hours
under the same conditions. According to the results
obtained, D. A Root extract was found to have a toxic
effect on the SHSY-5Y cell line in the concentration
range of 125-1000 pg mL-1 and it was observed that it
reduced the wviability below 50%. At the lowest
concentration (3.25 ug mL-1), the extract increased
cell proliferation (112.784 +7.07%) (Figure 3).

When the effects of D.A Root extract on the PC-12 cell
line were evaluated, it was observed that it
significantly inhibited cell viability at a concentration
of 1000 pg mL-1 (11.504 + 1.44). However, no
significant toxic effect on cells was observed in the
concentration range of 3.25-250 pg mL-1 (Figure 4).
In particular, D.A root extract reduced the viability to
below 50% (47.931 + 0.79) at 125 pg mL-1
concentration in the SHSY-5Y cell line, while the
viability was 76.260+0.68% at the same concentration
in the PC 12 cell line.

As a result, when the toxicity of the extracts on PC-12
and SHSY-5Y cells is compared in terms of IC50
values, it can be observed that D. A. Herba extract
has less toxic effects on both cell lines, especially at
decreasing concentrations (Table 5).

Many studies have been carried out to investigate the
neuroprotective effects of this plant in the literature.
(Jeong et al., 2010; Choi et al., 2011; Sun et al., 2015;
Yoon et al., 2010). However, the toxicity of the
extracts of D. albus grown in Turkiye on PC-12 and
SHSY-5Y cells was investigated by us for the first
time. Therewithal, studies have generally focused on
limonoids isolated from the plant and identified as
major active components. Sun et al. (2015)
determined that six limonoids (dictangustones A-F)
isolated from the root bark of D. angustifolius (Sym:
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D. albus) were nontoxic to SH-SY5Y cells and showed to exhibit considerable neuroprotective action in rat
considerable neuroprotective effect against oxidative cortical cells against glutamate-induced neurotoxicity
stress-induced  neuronal  death. Furthermore, (Yoon et al., 2008). It was also noted that obakunone

limonoids extracted from the plant have been shown

D.A. Herba
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Concentrations (p.g/mL)

Figure 1. Toxicity profile of D. A herba extract in SHSY-5Y cell line. Values are presented as mean + standard
errors (n = 3), with statistical analysis performed using the Dunnett T8 comparison test.* p<0.001;

*%
p<0.01.
Sekil 1. D. A Herba ekstresinin SHSY-5Y hiicre hattinda toksisite profili. Degerler, Dunnett T3 karsilastirma
testi kullanilarak gerceklestirilen istatistiksel analiz ile ortalama + standart hatalar (n = 3) olarak

sunulmustur. * p<0,001; ** p<0.01.
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Figure 2. Toxicity profile of D. A Herba extract in a PC-12 cell line. Values are presented as mean + standard
errors (n = 3), with statistical analysis performed using the Dunnett T3 comparison test. * p<0.001;

*%
p<0.01.
Sekil 2. D. A Herba ekstresinin PC-12 hiicre hattinda toksisite profili. Degerler, Dunnett T3 karsilastirma testi
kullanilarak gerceklestirilen istatistiksel analiz ile ortalama + standart hatalar (n = 3) olarak

sunulmustur. * p<0,001; ** p<0.01.
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Figure 3. Toxicity profile of D. A Root extract in SHSY-5Y cell line. Values are presented as mean + standard
errors (n = 3), with statistical analysis performed using the Dunnett T3 comparison test. * p<0.001;
** p<0.01; *** p<0.05.
Sekil 3. D. A Root ekstresinin SHSY-5Y hiicre hattinda toksisite profili. Degerler, Dunnett T3 karsilastirma testi
kullanilarak gergeklestirilen istatistiksel analiz ile ortalama =+ standart hatalar (n = 8) olarak
sunulmustur. * p<0,001; ** p<0.01.
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Figure 4. The toxicity profile of D. A Root extract in PC-12 cell line Values is presented as mean + standard
errors (n = 3), with statistical analysis performed using the Dunnett T3 comparison test. * p<0.001;

*%
p<0.01.
Sekil 4. D. A Root ekstresinin PC-12 hiicre hattinda toksisite profili. Degerler, Dunnett T3 karsilastirma testi
kullanilarak gerceklestirilen istatistiksel analiz ile ortalama + standart hatalar (n = 8) olarak

sunulmustur. * p<0,001; ** p<0.01.

Table 5. The IC50 value of D.A. Herba and D.A. Root extracts in SHSY-5Y and PC-12 cell lines were determined
by the MTT assay
Cizelge 5. D.A. Herba ve D.A. Root ekstrelerinin SHSY-5Y and PC-12 hiicre hatlarinda MTT deneyi ile belirlenen

1C50 degerleri
IC50 (pg/mL)
SHSY-5Y PC-12
D.A. Herba 171.85+18.22 484.79+5.92
D.A. Root 92.124+2.48 167.26+1.76
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isolated from this plant was preventive against
glutamate-induced oxidative damage in mouse
hippocampal HT22 cells (Jeong et al., 2010).
According to the results, although the extracts did not
show a high antioxidant effect compared to the
positive control, it was found to be moderately
effective depending on the concentration. When the
toxicity was evaluated, it was observed that the
extracts showed neuroprotective effects on SHSY-5Y
and PC-12 cells, especially at decreasing
concentrations.

CONCLUSION

This research, which is a preliminary study for D.
albus growing in Turkiye, is important in terms of
determining its neuroprotective and neurotoxic effects
as a result of the data obtained. The data will guide
the planning of future studies. Thus, D. albus, which
is a polymorphic species and spread all over the world
as a single species, can be compared with taxa grown
in other regions. This medicinal plant and its active
ingredients can be evaluated in detail.
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OZET Biyoloji

Bu ¢alismada yulaf tanelerinin ultrasonik destekli ekstraksiyonu ile

elde edilen ekstraktlarin toplam antioksidan kapasitesi, serbest Aragtirma Makalesi
radikal slipiirme aktivetisinin belirlenmesinin  yani sira yulaf

ekstraktinin yag asidi profili ve toplam tokoferol igeriginin Makale Tarihgesi
belirlenmesi amaclandi. Bu amacla, bakir iyonlar1 (Cu2t) azaltica Gelig Tarithi  :01.05.2022
antioksidan gii¢ testi (CUPRAC) metoduna gére yulaf taneleri Kabul Tarihi :22.06.2022
ekstraktlarinin toplam antioksidan kapasitesi belirlendi. Ayni

zamanda, 1,1-difenil-2-pikril-hidrazil (DPPH*) yéntemine gére yulaf Anahtar Kelimeler

ekstraktlarinin radikal stupirme kapasitesi arastirildi. Yulaf
ekstraktinin yag asidi komposizyonu GC-FID analizlerine gore
belirlendi. Toplam tokoferol igerigi ise spektrofotometrik olarak
belirlendi. Yulaf taneleri ekstraktinin CUPRAC metoduna gore
toplam antioksidan kapasitesi 1.5 + 0.03 mmol TR /100g-yulaf
taneleri ekstrakti olarak hesaplandi. Yulaf ekstraktinin DPPH-
radikali stiplirme aktivitesi ise 2.02 £ 0.01 mmol TR /100 g — yulaf
ekstrakt1 olarak hesaplandi. Yulaf o6zleri, giiglu antioksidan ve
radikal siipirme yetenegi sergiledi. GC-FID sonuglar1 yulaf
ekstraktinin doymamis yag asitlerince zengin oldugunu (Oleik asit,
%43; Linoleik asit, %34) ortaya cikardi. Yulaf taneleri
ekstraktlarinin toplam tokoferol igerigi ise 1376.3 + 16 mg/kg-yulaf
ekstrakt olarak bulundu.

Yulaf taneleri

Toplam tokoferol

CUPRAC metod

Yag asidi profili

Ultrasonik destekli ekstraksiyon

Determination of Total Antioxidant Capacity, Radical Scavenging Activity and Fatty Acid Composition
of Ultrasonic Assisted Ethanolic Extraction of Oat (Avena sativa L.) Grains

ABSTRACT

In this study, it was aimed to determine the total antioxidant
capacity and free radical scavenging activity of the extracts obtained
by ultrasonic assisted extraction of oat grains, as well as to
determine the fatty acid profile and total tocopherol content of oat
extracts. For this purpose, we determined the total antioxidant
capacity of oat grains extracts according to the copper ions (Cu?*)
reducing antioxidant capacity (CUPRAC) test. At the same time, the
radical scavenging capacity of oat extracts was investigated by the
1,1-diphenyl-2-picryl-hydrazil (DPPH-) method. Fatty acid
composition of oat extract was determined via GC-FID analysis.
Total tocopherol content was determined spectrophotometrically. The
total antioxidant capacity of the oat grain extract was calculated as
1.5 = 0.03 mmol TR 100g-oat grains extract by CUPRAC method.
The DPPH-+ radical scavenging activity of the oat extract was
calculated as 2.02 = 0.01 mmol TR 100 gl — oat extract. Oat extracts
exhibited potent antioxidant and radical scavenging ability. GC-FID
results revealed that oat extract was rich in unsaturated fatty acids
(Oleic acid, 43%; Linoleic acid, 34%). Total tocopherol content of oat
oil extracts was 1376.3 = 16 mg kgl-oat extract.
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GIRIS

Yulaf (Avena sativa L.) , Poaceae familyasina aittir ve
tek yillik bir bitkidir. Diinya ¢apinda iliman ve serin
subtropikal kogullarda yaygin olarak bir bahar tirtini
olarak yetistirilmektedir (Zakirullah ve ark., 2017).
Miikemmel bliyime aligkanligi, kaliteli yem, yliksek
yem verimi, harika lezzet, iyi rejenerasyon kapasitesi
ve yliksek protein i¢erigi nedeniyle genellikle hayvan
yemi olarak kullanilir (Saleem ve ark., 2015; Kumar
ve ark., 2017). Baslangicta tibbi amaclar icin
kullanilmis ve daha sonra o6nemli bir gida tahih
haline gelmistir. Yulaf, besin degeri nedeniyle eski
zamanlardan beri 6nemli bir Uurin olarak kabul
edilmektedir (Martinez Villaluenga ve Penas, 2017).
Bugiin yulaf hala saghkli tam tahil olarak bilinir
(Singh ve ark. 2013; Stewart ve McDougall, 2014),
yiksek  konsantrasyonlarda doymamis yaglar
(Carlson ve ark., 2019) ve kalp saghgin destekleyen
B-glukanlar icerir (Newell ve ark., 2012). Yulaf,
hipokolesterolemik etkileri, glisemik kontroli ve
bagirsak mikrobiyotas1 lzerindeki olumlu etkisi ile
popllerdir ve ayni zamanda diger tahillarin ¢oguna
kiyasla son derece yuksek protein icerigine sahiptir
(Carlsson-Kanyama ve Gonzalez, 2009).

Yulaf tanesi saglik acisindan 6nemli doymamis oleik
ve linoleik yag asitlerinden olusan 6nemli bir yag
icerigine sahiptir. Esansiyel yag asitleri olarak da
bilinen linoleik ve linolenik asitler insan ve diger
memelilerde yasam i¢in mutlak gerekli olan ve
vicutta sentezlenemediginden diyetle alinmasi
gereken coklu doymamis yag asitleridir (Cakmakci ve
Kahyaoglu, 2012). Bu yag asitlerinin dokularin
saghkl geligsmesi ile; organlarin dengeli ¢calismasina
yardimeci olmalarinin yam sira viicudun biyokimyasal
ve fizyolojik aktiviteleri tizerinde dengeleyici, yapici
ve onarici gérevler iistlendigi bilinmektedir (Gogus ve
Smith 2010).

Yulaf, ayn1 zamanda antioksidan aktivite goésteren
bircok bilegigin kaynagidir. E vitamini (tokoller), fitik
asit, fenolik bilesikler ve avenantramidler yulafta en
bol bulunan antioksidanlardir. E vitamini olarak da
bilinen tokoferoller yemeklik yaglarda yaygin olarak
bulunur ve gigli antioksidan aktivite sergiler
(Fritsche ve ark., 2017). E vitamini, ciltte en bol
bulunan antioksidandir (Graf, 2005). Kisisel bakim
kozmetik tirtinlerinde E vitamini ve tirevleri siklikla
kullanilmaktadir. Ctinkl topikal olarak uygulanan E
vitamini cildi serbest radikal hasarindan ve giinesin
zararl 1sinlarindan korunmasinda buyik rol oynar
(Godic ve ark., 2014). Ayrica yulaf tanelerinde
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flavonoidler ve steroller de mevcuttur (Peterson,
2001). Bu antioksidanlar, cekirdegin dis
katmanlarinda yogunlagsmigtir. Yulaf 6ziitlerinin
antioksidan aktivitesini degerlendirmek igin gesitli in
vitro yéntemler kullamlmistir (Kilei ve Gocmen,
2014). Bu yéntemlerden biri olan, Cupric Indirgeyici
Antioksidan Kapasitesi (CUPRAC) yontemi, besin
bilegsenleri, sentetik antioksidanlar, C ve E
vitaminleri dahil olmak tizere bir¢ok farkli bileseni
uygulamak i¢in basit ve ¢ok yonli bir antioksidan
kapasite yontemidir (Apak ve ark., 2004). Bu reaktif,
kararl, ucuz, kolay ulagilabilen, hidrofilik ve lipofilik
antioksidanlara cevap verebilen bir reaktiftir.
CUPRAC reaktifi, diger kromojenik reaktiflere (6rn.
ABTS, DPPH) goére daha kararli ve erisilebilir
avantajlara sahip oldugu rapor edimistir (Celik ve
ark., 2008). DPPH- yéntemi ise kisa siirede bircok
numuneyi barindirabilmesi ve dustuk
konsantrasyonlarda aktif maddeleri tespit edecek
kadar hassas olmasi nedeniyle, meyve-sebze sulari
veya ekstraktlarinin  antiradikal aktivitelerini
taramak icin yaygin olarak kullamlmaktadir (Zou ve
ark. 2004). Ayrica, testin kullanimi basittir ve test
maddelerinin termal bozunmasini 6nleyen ortam

sicakliginda gerceklesmesi avantajdir
(Peterson,2001).

Serbest radikaller canli hiicreleri parcgalayan,
yaglanmaya ve hastaliklara neden olan yikic
molekiillerdir.  Serbest radikaller, eslesmemis
elektrona sahip molektllerdir. Organizmadaki

serbest radikallerin cogu molekiiler oksijenden olugan
radikallerdir. Molekiiler oksijen, diradikal dogas:
nedeniyle oldukca reaktif oksijen tiirleri (ROS)
olusturma egilimindedir. ROS, normal oksijen
metabolizmasi sirasinda kiigiik miktarlarda olusan
stiperoksit radikali (02" ), hidrojen peroksit (H202)
ve hidroksil radikalidir (OH’). ROS niikleik asitler,
lipidler, proteinler ve karbonhidratlar dahil olmak
uzere 6nemli biyomolekiillere zarar verebilir ve buna
bagli olarak, mutasyonlara yol acabilecek DNA
hasarina neden olabilir. (Ak ve Giil¢in, 2008). Benzer
sekilde reaktif azot tiirleri (RNS) de, DNA, proteinler
ve lipidler gibi farkli biyomolekiilleri oksitleyerek
epitel hiicre hasarina ve oOlimiine yol agabilir
(Boukhenouna ve ark., 2018). Reaktif azot tiirlerinin
bashcalar1 ise (RNOS); nitrik oksit radikali (NO),
peroksinitrit radikali (ONOO’) ve azot dioksit
radikalidir (NO2’). Siiperoksit radikalinin beyindeki
noronal ve endoteliyal nitrik oksit sentaz (NOS)
aracihigr ile sturekli olusan ve bir gaz radikal olan
nitrik oksit ile girdigi reaksiyon sonucu peroksinitrit
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olugsur ( Beckman ve ark., 1990). ONOO" giiclii bir
oksidandir, NO ve Oz 'den daha toksiktir (Keynes ve
Garthwaite, 2004).

Yeni ekstraksiyon yontemlerinden biri olan Ultrason
Destekli Ekstraksiyon (UDE), biyoaktif bilesiklerin
farkli kaynaklardan geri kazanilmasi i¢in yeni ve
basit bir tekniktir (Carreira-Casais ve ark., 2021).

Ultrason glcliniin yogunlugu, numune
molekillerinde ekstra titresim tUretir ve hedef
bilesiklerin katidan sivi  ¢6zlici fazina geri

kazanmlmasini kolaylastirir (Okur ve ark., 2019).
UDE, ekstraksiyon siuresini kisaltmak, ekstraksiyon
verimini yikseltmek ve ekstraktin kalitesini
iyilestirmek i¢in bitki bilegenlerinin ekstraksiyonu
icin siklikla kullanilmigtir (Toma ve ark., 2001). Bu
bitkilerden yulafla ilgili ekstraksiyon calismalari,
Maserasyon (Bryngelsson ve ark., 2002), sokslet
ekstraksiyonu (Biel ve ark., 2014; Kouiimska ve ark.,
2018), hizlandirilmis solvent ekstraksiyonu (Yang ve
ark., 2019) ve ekstriizyon igleme (Liu ve ark., 2020)
gibi yontemleri icerir. Bununla birlikte, literatiirde,
ulstrasonik destekli ekstraksiyon yonteminin yulaf
tzerinde, ekstrakt verimi, yag asidi profili, toplam
tokoferol icerigi ve toplam antioksidan aktivitesi gibi
ozellikleri bakimindan ne gibi bir degisiklik
yapacagina iligkin arastirmalar sinirlidir.

Bu c¢alismada; yulaf tanelerinin ultrasonik destekli
etanolik ekstraksiyonunun CUPRAC metoduna gore
toplam antioksidan kapasitesi, DPPH metoduna goére
serbest radikal supurme aktivitesi belirlenmesi
amaclanmigtir. Calismanin diger bir amaci ise, yulaf
tanelerinin ultrasonik destekli ekstraksiyonundan
yiksek verimlilikte ekstraktlar elde edilmesi ve elde
edilen ekstraktlarin yag asitleri profilinin ve toplam
tokoferol iceriginin belirlenmesidir.

MATERYAL ve METOD
Bitki materyali

Mevcut ¢aligmada kullanilan yulaf taneleri yerel bir
saticidan temin edildi. Ornekler ayrica Dog. Dr. Sabri
Erbag tarafindan da teshis edilip, Isparta Uygulamali
Bilimler Universitesi Ziraat Fakiiltesi Endistri
Bitkileri laboratuvarina YLF32-2022 fig numune
numarasi ile birakildi.

Kimyasallar

Bakir(II) kloriir dihidrat (CuClz.2H:20), Neocuproine
(Nc:C14aH12N2),  2,2-Bipiridin  (C10HsN2), DL-a-
Tokoferol, DPPH - (2,2-difenil-1-pikrilhidrazil:
C18H12N506) ve Troloks (TR), Sigma Chemical Co.'dan
(St. Louis, MO, ABD) satin alindi. Amonyum asetat
(NH:Ac) ve  Demir(II)  kloriir  heksahidrat
(FeCls.6H20) Merck (Darmstadt, Almanya) ten satin
alindi. Mutlak etanol (EtOH, %99), ISOLAB
Laborgerite GmbH (Eschau, ALMANYA)den satin
alinda.
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Cozeltilerin hazirlanmasi

10 mM CuClz ¢ozeltisi, 0.4262 g CuCl2.2H20' nun az
miktarda distile suda ¢oziinmesi ve distile su ile 250
mL' ye seyreltilmesiyle hazirlandi. 1.0 M amonyum
asetat tamponu (pH 7.0), 19.27 g NHsAcnin az
miktarda distile su i¢inde ¢ézinmesi ve 250 mL' ye
seyreltilmesiyle hazirlandi. 7.5 mM Neocuproin (Nc)
¢ozeltisi, 0.078 g Nc' nin %96 etanol iginde ¢éziinmesi
ve etanol ile 50 mL' ye seyreltilmesiyle giinliik olarak
hazirlandi. DPPH  ¢o6zeltisi (0.2 mM), 7.88 mg DPPH'
nin %96’ ik etanol i¢ginde ¢6ziinmesi ve etanol ile 100
ml'ye seyreltilmesiyle hazirlandi. %0.2" lik
FeCl3.6H20 cozeltisi; 0.2 g Demir(III) Kkloriir
heksahidrat etanolde ¢éziinmesi ve %95 lik etanolle
100 mL’ ye seyreltilmesiyle hazirlandi. %0.07’ lik 2,2'-
bipiridin c¢oézeltisi; 70 mg 2,2'-Bipiridin’in %95 lik
etanol ortaminda ¢éziinmesi ve etanol ile 100 mL’ ye
seyreltilmesiyle hazirlanda.

Ultrasonik - Destekli Ekstraksiyon (UDE)

Yulaf tanelerinin ultrasonik destekli etanolik
ekstraksiyonu Zhang ve ark. (2009) tarafindan
onerilen yonteme gore gerceklestirildi. Oncelikle

nemden arindirilmig yulaf taneleri ekstraksiyondan
once kahve degirmeni (Sinbo SCM 2934-Tiirkiye) ile
ogutilerek hazirlandi. 10 g 6giitilmiis yulaf, kapali
bir sisede 100 mL %96 ik etanol ortaminda
ekstraksiyona tabi tutuldu. Ekstraksiyon i¢in
ultrasonik banyo sistemi (Power sonic 180, 40 kHz
frekans ve maksimum 150 W, i¢ 6l¢tit 300 mm X 150
mm X 100 mm) kullanildi. Ultrasonik ekstraksiyon,
asagidaki deneysel kosgullar altinda gergeklestirildi:
sicaklik: 50 °C; zaman: 45 dakika; kati/¢ozlicii orani:
1:10 (w/v) ve maksimum ultrason giicii: 40 kHz ve 150
W giig. Toplanan ekstraktlar Whatman No: 1 filtre
kagidindan suzildi ve c¢oziiciler doner bir
buharlastirica (IKA RV 10 digital, IKA, Almanya) ile
55 °C' de vakum altinda buharlastirilarak
uzaklagtirildi. Ekstraksiyon prosediirii paralel olarak
uc kez gerceklestirildi. Ekstraksiyon verimi agsagidaki
esitlik (1) kullanmilarak hesaplanda.

% Verim= (Ekstrakt agirligi / kuru érnek agirlign) x 100 (1)

Yag asitlerinin GC analizi

Etanolik yulaf taneleri ekstraktlarindan, Fathi-
Achachlouei ~ ve  Azadmard-Damirchi  (2009)
tarafindan bildirilen yénteme goére yag asidi metil
esterleri (FAME' ler) hazirlandi. Kisaca, 0.5 mL
hekzan iginde c¢oziinmis yulaf taneleri ekstrakti
(yaklasik 20 mg) iceren bir tiipe metanol icinde 2 mL
0.01 M NaOH ilave edilip, 10 dakika boyunca 60°C'
deki su banyosunda tutuldu. Daha sonra metanol
icinde bor trifloriir (metanol icinde %20 BF3) ilave
edilip, numuneler 60°C' deki su banyosunda 10
dakika daha bekletildi. Numune, akan su altinda
sogutuldu. 2 mL %20 (a/h) sodyum kloriir ve 1 mL
hekzan ilave edildi. Tamamen karistirildiktan sonra,
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Fame'leri iceren hekzan tabakasi, santrifijleme ile
ayrildi ve daha sonra GC ile analiz edildi. Esterlesmis
yag asitlerinin (FAME) toplandig1 iist fazdan 1 pL
cekilerek gaz kromatografisi (GC-FID) cihazina
enjekte edildi. Yag asitlerine iligkin kromatogramlar
elde edilerek yag asitlerinin oranlari belirlendi. GC-
FID cihazimin ¢alisma kosullar su sekildedir (Onder
ve ark., 2022): Kolon Teknokroma TR-CN100 (100 m
x 0.25 mm, 0.20 pum), enjektér sicakligi 250 °C,
detektor sicaklign 250 °C, akis hiz (psi) 10, tasiyica
gaz Nz (40 mL dk'), enjektér kapasitesi 1.0 pL’dir.
Firin sicakligr 140 °C’de 10 dakika bekledikten sonra
240 °Cye dakikada 3 °Clik artigla yukseltilip, bu
sicaklikta 10 dakika bekletildi. Elde edilen
kromotogramlardaki pikler ticari standart yag asidi
metil ester karisitmina (Sigma, Supelco® 37
Component FAME Mix) gore isimlendirildi (Erdogan
ve Homan Gékge, 2021).

Toplam tokoferol analizleri

Toplam tokoferol icerigi, Wong ve ark., (1988)
tarafindan acgiklanan yoénteme gore belirlendi. 10
mL'lik bir deney tiiptne, 0.2 g etanolik yulaf
ekstrakt: tartildl. Uzerine toluen (5 mL) ilave
edildikten sonra, 3.5 mL 2,2"-bipiridin (%0.07) ve 0.5
mL FeC13.6H20 (%0.2) ilave edilip, ¢ozelti %95 etanol
kullanilarak 10 mL'ye tamamlandi. 1 dakika sonra
520 nm'de absorpsiyon, referansa kars:
spektrofotometrede belirlendi (Referans c¢ézelti 6rnek
yerine toluen iceriyordu ve diger adimlar aynidy).
Benzer sekilde a-tokoferolun 50, 100, 150, 200 ve 250
pg mL?! konsantrasyonlar1 hazirlanarak yukarida

aciklanan  yonteme gore kalibrasyon  grafigi
olusturuldu.  Ekstraktaki  toplam  tokoferoller
asagidaki esitlikten (2) hesaplandi ve sonuclar

numunenin gram basina miligram [mg a-tokoferol/g]

cinsinden a-tokoferol egdegerleri olarak ifade
edilmigtir.
Toplam tokoferoller (ppm)= (Ae - Ab) / (M * W) 2

burada Ae= 10 mm hiicrede numune absorpsiyonu,
Ab= 10 mm hiicrede bos absorpsiyon, M= a-tokoferol
kalibrasyonu i¢in absorbansa karsi agirhik grafigi ve
W= numunenin agirhg (g).

Toplam antioksidan kapasitenin belirlenmesi

Etanolik yulaf ekstraktlarimin toplam antioksidan
kapasitesi, Apak ve ark., (2006) tarafindan
gelistirilen CUPRAC metoduna gore belirlendi. Yulaf
ekstraktinin CUPRAC metoduna goére toplam
antioksidan kapasitesinin belirlenmesi igin 0.420 g
yulaf ekstrakti tartildi ve tizerine 10 mL etanol ilave
edildi ve 4 kat etanolle seyreltilerek son nihai
¢ozeltiden 0.5 mL 6rnek alinarak asagidaki formdiil
uygulandi. Her test 3 paralel olarak hazirland.
Kisaca, cam bir tiipe sirasiyla 1 mL bakir(I) ¢ozeltisi
(10 mM), 1 mL neocuproin ¢ézeltisi (7.5 mM) ve 1 mL
amonyum asetat tamponu (1 M, pH 7) eklendi. Daha
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sonra, 4 kat etanol 1ile seyreltilmis ekstrakt
¢ozeltisinden 0.5 mL ve 0.6 mL distile su eklenerek
son hacim 4.1 mL’ ye tamamlandi. Toplam 4.1 mL
hacimde hazirlanan ¢ézeltiler oda kosullarinda 30
dakika bekletildi. Bu slire sonunda 6rnek igcermeyen
referans ¢6zeltisine karsi absorbans degerleri, bir UV-
Vis spektrofotometrede (UV-1280, Shimadzu, Japan)
450 nm' de 6l¢uldi.

Referans Cézeltisi: 1 mL Cu(ID) + 1 mL Nc + 1 mL
NHAc + 1.1 mL H:20

Numune Cézeltisi: 1 mL Cu(I) + 1 mL Nc + 1 mL
NH4Ac + 0.5 mL numune ¢ozeltisi + 0.6 mL H20.

Saf troloks i¢in kalibrasyon egrisi orijinden gegen bir
¢izgl oldugundan, nihai soliisyondaki bitki ekstrakti
numunesinin troloks esdeger molar konsantrasyonu,
gozlemlenen absorbansin troloks i¢cin & 'ye
béliinmesiyle bulunabilir (optik kiivet kalinhg= 1
cm). Troloksa esdeger antioksidan kapasitesi (TEAC),
tum seyreltmeler g6z 6ntinde bulundurularak orijinal
ekstreye kadar izlenebilir ve milimol TR/g -kuru
madde birimi cinsinden bir kapasite bulmak igin
alman bitki numunesinin baslangi¢ kiutlesiyle
orantilidir (Celik ve ark., 2008).Yulaf ekstraktinin
toplam antioksidan kapasitesi asagidaki esitlige (3)
gore mmol troloks/g- yulaf ekstrakt TEAC esdegeri
olarak hesaplandi.

\s

vV
_mXSfX_E
Vs m

3)
Burada; A: 450 nm'de 6l¢liilen numune absorbansi;
Err: CUPRAC yonteminde TR bilesiginin molar
absorpsiyon katsayisi: 1.67 x 104 L mol! cm (Celik
ve ark.,, 2010); Vwm: CUPRAC yoéntemi 6l¢iim
¢ozeltisinin toplam hacmi (4.1 mL); Vs Ornek hacmi
(mL); St Seyreltme faktori (seyreltme
yapilmayacaksa bu faktér “1” olarak alinir); VE:
Hazirlanan ekstraktin hacmi (mL); m: Ekstraksiyon
isleminde alinan numune miktar: (g).

TAC (mmol TR gt extract) = Eix
TR

Serbest radikal (SRS)

belirlenmesi

slipiiriici kapasitenin
Yulaf taneleri ekstraktinin serbest radikal stiptirme
kapasitesi, Bener ve ark., (2022) tarafindan bildirilen
DPPH metodolojisi izlenerek degerlendirildi. Ozetle,
DPPH testinin uygulanmasi su sekildeydi: bir tiip
icinde, 1 mL numune ekstrakti, 1 mL etanol (%99) ve
2 mL DPPH- (0.2 mM) cozeltisi ile karistirildi.
DPPH- ilavesinden 30 dakika sonra 515 nm'de
etanole kars1i absorbans kaydedildi. Ekstrelerin
serbest radikal stiplriicii aktivitelerini hesaplamak
icin diizeltilmis absorbans degerleri (Aa) kullanildi. Aa
asagidaki esitlikten (4) hesaplandi:

Aa = Apprr — (A — Ao) (4)

Apppa, Ornek icermeyen DPPH-+  reaktifinin
absorbansi; Ag! numune ekstraktinin absorbansi; Ao:
DPPH - reaktifi icermeyen ¢6zeltinin absorbansi.

Serbest radikal stiptirticii aktivite, troloksun standart
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egrisine dayali olarak troloks egdegeri (mmol TR g1
ekstrakt) olarak ifade edildi. DPPH-+ radikalini
siipiirme yetenegi, asagidaki esitlik (5) kullanilarak
hesaplandi:

A

SRS (mmol TR gt ekstrakt) = 22 x 1 x 5 x *E (5)
ETR VS m

burada €rr: DPPH* yonteminde TR bilesiginin molar
absorpsiyon katsayisi (2.168 x 104 L mol! cm-1); Vi,
numune hacmi; Vm, metodun toplam hacmi (4 mL); S,
seyreltme faktoriidiir (gerektiginde); Ve,  oziit
hacmidir ve m, ekstraktin kiitlesidir.

TR  bilesiginin  standart  kalibrasyon  egrisi,
konsantrasyona karsi absorbans olarak olusturuldu
(1.25 x 10 - 6.25 x 10 M), ve Troloks i¢cin DPPH*
yoénteminin molar absorptivitesi (€), ilgili kalibrasyon
cizgisinin egiminden bulundu (y= 2.168 x 104 +
1.130; R 0.9991).

BULGULAR ve TARTISMA
Ekstraksiyon verimliligi

Yeni ekstraksiyon  yontemlerinden biri olan
ultrasonik destekli ekstraksiyon (UDE), farkh
kaynaklardan biyoaktif bilesiklerin geri kazanilmasi
icin yeni ve basit bir tekniktir (Vinatoru ve ark.,

1997). Ultrason gliciiniin yogunlugu, numune
molekiillerinde ekstra titresim tretir ve hedef
molekiillerin  katidan sivi  c¢ozici fazina geri

kazanilmasini kolaylastirir (Samaram ve ark., 2015).
Bu nedenle, kisa ekstraksiyon suresinde yiiksek
verim ve dusiik solvent miktari, UDE tekniginin
dikkate deger avantajlaridir (Gulzar ve Benjakul).
Ayrica, ultrasonik teknikler nispeten ucuz, enerji ve
maliyet tasarrufu saglayan yéntemlerdir. (Dedebas ve
ark., 2021) Ayrica hizli, verimli ve diisiik
sicakliklarda yapilabildigi i¢in ekstraktlarin termal
hasarini énleyen ve biyoaktif bilesiklerin molekiiler
ozelliklerini koruyan gida endustrisinde ideal bir
secenektir. Mevcut calismada, etanol (%96)
kullanilarak yapilan ultrasonik destekl

Cizelge 1. Yulaf tane ekstraktinin yag asidi komposizyonu

Table 1. Fatty acid composition Qf oat grain extract

ekstraksiyonda ylksek bir oranda yulaf ekstrakt:
elde edilmigtir. Ekstraksiyon verimi %7.31 + 0.2
olarak hesaplanmisgtir.

Yulaf tane ekstraktinin yag asidi komposizyonu

GC-FID analizine gore yulaf tanelerinin yag asidi
bilesimi Cizelge 1'de gosterilmektedir. Yulaf
ekstraktinin yag asitleri GC-FID kromotogrami ise
Sekil 1’ de sunulmustur. Sekil 1’ de gosterildigi gibi
yulaf ekstraktinin yag asitlerinin karbon zincir
uzunluguna bagh olarak alinkonma zamanlar
farklihik gostermistir. Yulaf ekstrakti, degisen
miktarlarda yag asitlerinin yami sira doymus yag
asitleri (DYA), tekli doymamis yag asitleri (TDYA) ve
coklu doymamigs yag  asitlerinden (CDYA)
olusmaktadir. Yulaf ekstraktinda en fazla bulunan
major yag asidinin oleik asit (% 43.62) oldugu tespit
edilmistir. Oleik asidi sirasiyla linoleik asit (% 34.02)
ve palmitik asit ( %17.38) takip etmistir. Yulaf
ekstraktinin yag asidi profilinin neredeyse % 80’ 1
doymamig yag asitlerinden olugsmaktadar.

Bu yag asitlerinden linoleik asitin viicutta ¢ok 6nemli
fonksiyonlari bulunmaktadir. Linolenik ve linoleik
asit gibi doymamis yag asitlerinin yam sira E
vitamini icerigi bakimindan da zengin olan sabit
yaglarin kullanimi besin degeri 6zelliklerinden dolay:
siklikla tercih edilmektedir (Raes ve ark., 2004).
Dahasi bu tip yag asitleri bakimindan zengin olan
sabit yaglarin kozmetik turinlerde de kullanimi
yaygin hale gelmistir (Vermaak ve ark., 2011). Ciinkii
linoleik asit (o -6, omega 6), epidermiste en fazla
bulunan yag asidi olmakla beraber, stratum korneum'
un iglevsel epidermal su gecirgenlik bariyerinin
korunmasinda da 6zel bir role sahiptir (McCuskerve
ve Grant-Kels, 2010). Bu nedenle, deride yetersiz
¢oklu doymamis yag asitleri varlig transepidermal su
kaybinin artmasimna neden olmaktadir ( Meguro ve
ark., 2000).

Yag asitleri Isim Alinkonma zamam Y
Fatty acid Name Retention time ’
C14:0 Miristik asit 36.066 0.24 £0.01
C16: 0 Palmitik asit 41.493 17.38 £ 0.015
C18:0 Stearik asit 46.486 1.37+0.013
C18: 1 cis-9 (n-9) Oleik asit 48.064 43.62 = 0.17
C18: 2 cis9,12 Linoleik asit 50.017 34.02 £ 0.14
C20: 1 cis11 (n-9) Eikosenoik asit 52.450 1.51+0.01
C24: 0 Lignoserik asit 60.365 0.6 + 0.05

L DYA(SFA) 19.59 + 0.09
L TDYAMUFA) 45.13+0.18
¥ CDYA(PUFA) 34.02 +0.14

GC-FID ile elde edilen veriler bagil degerler (%) olarak ifade edilir: & DYA, doymus yag asitlerinin toplami; ¥ TDYA, tekli
doymamisg yag asitlerinin toplami; X CDYA, ¢oklu doymamis yag asitlerinin toplama.

Data obtained by GC-FID are expressed as relative values (%): mean % of total FAs+SD; X SFA, sum of saturated fatty
acids; X MUFA, sum of monounsaturated fatty acids; X PUFA, sum of polyunsaturated fatty acids



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 326-334, 2022
KSU J. Agric Nat_25 (Suppl 2): 326-334, 2022

Aragtirma Makalesi
Research Article

75000

50000

25000

) 10 0

T
30

40
i

Sekil 1. Yulaf ekstraktinin yag asitleri GC-FID kromotogrami
Figure 1. GC-FID chromatogram of fatty acids of oat extract

Musa Ozcan ve ark. (2006) tarafindan bildirilen bir
calismada dort farkli yulaf tanelerinin yag asitleri
bilesimini palmitik asit: %15.72; oleik asit: %33.97-
51.26 ve linoleik asit: %22.80-35.90 olarak
bulunmustur. Mevcut c¢alismada sunulan bulgular,
daha o6nceden bildirilen yulaf taneleri yagi
sonuclaryla karsilastirildiginda benzer bulunmustur.

Yaglh tohum bitkilerinde de ultrason destekli
ekstraksiyonlarin, genel olarak yag verimini
arttirdign  yag asidi  kompozisyonunu ise ¢ok
etkilemedigi gortilmiistiir (Li ve ark., 2004).

Toplam tokoferol igerigi

Yulaf ekstraktlarinin toplam tokoferol igerigi
spektrofotometrik olarak tespit edilmistir. Sekil 2’ de
gosterilen o  tokoferolin  absorbansa  karsi

konsantrasyon kalibrasyon grafigi denklemi (y=
0.0022x+0.0098) kullanilarak yulaf ekstraktlarinin
toplam tokoferol icerigi 1376.3 = 16 mg kg?! yulaf
ekstrakt olarak bulunmustur (Cizelge 2).

0.8 v =0,0022x +0,0098
0,7 R? =0,9988
0,6
E
=
S 0,5
uy
2 0,4
£
2 0,3
=
=T
0,2
0,1
0
(o] 100 200 300 400
Konsantrasyon (ug/ml)
Sekil 2. a-tokoferol kalibrasyonu i¢in absorbans

gradyanina kars1 konsantrasyon grafigi
Figure 2. Gradient of absorbance vs. concentration
graph for a-tocopherol calibration

Literatirde yulaf tanelerinden farkli ¢6ziici
ekstraksiyonlarindan elde edilen yaglarda a-
tokoferol igeriginin 3-1724 pg gl arasinda degistigi
rapor edilmistir ve en fazla a-tokoferol icerigi ise
etanol ekstraksiyonu (1724 pg g1 ile yapilanda
bulundugu bildirilmistir (Chen ve ark., 2016). Analiz
sonucu, yulaf ekstraktlarinin toplam tokoferol igerigi
bakimindan olduk¢ca zengin oldugunu ortaya
cikarmagtir.

Toplam antioksidan kapasitesi

Bu calismada yulaf ekstraktinin toplam antioksidan
kapasitesi CUPRAC yontemine gore hesaplanmistir.
Yulaf taneleri ekstraktinin CUPRAC metoduna gore
toplam antioksidan kapasitesi 1.5 = 0.03 mmol TR
100g! yulaf ekstrakt: olarak hesaplanmistir (Cizelge
2). Yulaf ekstraktinin bu kadar etkili antioksidan
kapasite gOstermesinin sebebi igerdigi yliksek
miktarda E vitamini ile iligkilendirilmigtir.

Serbest radikal siipiirme aktivitesi

Troloks i¢cin DPPH *'nin molar absorbsiyon katsayisi
(€rr) coziiciiye baglh oldugundan (Villafio ve ark.,
2007), calisma kosullarinda €rr tahmin edilmistir.
Troloks bilesiginin standart kalibrasyon egrisi,
absorbansa karsi konsantrasyon olarak bu sekilde
olusturulmustur ve trolox i¢in DPPH yo6nteminin
molar absorptivitesi, ilgili kalibrasyon ¢izgisinin
egiminden bulunmustur. Etanol ortaminda DPPH
testi ile isi ici

denklem ve regresyon katsayisi (y = 2.17 X 104c +
1.130; R2: 0.9991) Sekil 3’te gosterilmistir. Bu veriler
esitlik 5te  kullanilarak  yulaf  tanelerinin
ekstraktlarinin serbest radikal stpiirme aktivetesi
belirlenmigtir. Yulaf ekstraktinin serbest radikal
stupiirme aktivitesi Cizelge 2’ de sunulmustur.

Cizelge 2. Yulaf ekstraktinin toplam antioksidan kapasitesi, radikal stiplirme aktivitesi ve toplam tokoferol i¢erigi
Table 2. Total antioxidant capacity, radical scavenging activity and total tocopherol content of oat extract

CUPRAC-Toplam Antioksidan Kapasite
(mmol TR 100g™! ekstrakt)
CUPRAC-Total Antioxidant Capacity
(mmol TR 100g! extract)

DPPH siliptirme aktivite
(mmol TR 100g! ekstrakt)
DPPH scavenging activity

(mmol TR 100g”! extract)

Toplam tokoferol icerigi
(mg kg! ekstrakt)
Total tocopherol content
(mg kg-1 extract)

Yulaf ekstrakt:

Oat extract 1.5+0.03

2.02+£0.01 1376.3 + 16
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y=21680x+
R* =0.9991

Absorbans 515 nm
N

1.1295

0 0,000001 0,000002 0,000003 0,000004 0,000005 0,000006 0,000007

Konsantrasyon (M)

Sekil 3. Standart Troloks bilesiginin kalibrasyon egrisi

Figure 3. Calibration curve of standard Trolox compound

Yulaf ekstraktinin DPPH-+ radikali slipturme
aktivitesi 2.02 + 0.01 mmol TR 100g! yulaf ekstrakt:
olarak hesaplanmigtir. Literatirde, etanol ile elde
edilen yulaf ekstraktinin, en gucli DPPH- radikal
sipurme aktivitesini sergiledigi rapor edilmistir.
Chen ve ark. (2016), yulaf tanelerinin DPPH-
radikali stpirme kabiliyetindeki artan sirasini,
petrol eteri<heksan< izopropanol<etil asetat<etanol
ille elde edilen ekstraktlar i¢cin  oldugunu
bildirmiglerdir. Co6ziicii polaritesi arttiginda yulaf
ekstraktinin DPPH * radikal siipiirme yeteneginin de
arttig gorilmustir.

SONUC ve ONERILER

Mevcut calismada yulaf tanelerinin ultrasonik
destekli etanolik ekstraktlarinin, toplam antioksidan
kapasitesi, serbest radikal stplirme aktivitesi, yag
asitleri komposizyonu ve toplam tokoferol igerigi
dahil olmak tizere detayh bir sekilde arastirildi. Yulaf
tanelerinden  ultrasonik  destekli  ekstraksiyon
yontemiyle daha kisa slirede, daha az enerji ve daha
az solvent kullanmilarak ekstraktlar elde edilmistir. /n
vitro antioksidan yontemler kullanilarak ultrasonik
destekli yulaf ekstraktlarinin giigli radikal stiptirme
kapasitesine ve antioksidan o6zelliklere sahip oldugu
belirlendi. Aragtirma bulgulari, yulaf ekstraktlarinin
oleik ve linoleik yag asitleri bakimindan zengin
olmasinin yami sira toplam tokoferol igerigi
bakimindan da zengin oldugunu gosterdi. Veriler,
ultrasonik destekli ekstraksiyonun yagli tohum
bitkileri igin uygun oldugunu géstermigtir.

Aragtirmacilarin Katki Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET

Bitkiler ¢ok eski zamanlardan beri hem Tirkiye’de hem de diinyada
tibbi  amacgli olarak kullanmilmaktadir. Bu Dbitkilerin ¢ogu
antimikrobiyal o6zellikleri nedeniyle pek ¢ok hastaligin tedavi
surecine dahil edilmektedir. Benzer sekilde meyveler de geleneksel
tedavi amagh halk arasinda siklhikla kullanilmaktadir. Bir yabani
meyve tiirii olan Berberis crataegina (karamuk) meyveleri tanen,
organik asitler, yliksek oranda C vitamini ve antosiyanin igermekte
olup; ates dustriict, kasint1 6nleyici ve ditiretik etkilerinden dolay:
yaygin olarak tuketilmektedir. Bu calismada, Berberis crataegina
meyvelerinin  farkli  ¢oziiciilerle (etanol, metanol, hekzan,
diklorometan) hazirlanan ekstratlarinin total antioksidan/oksidan
etkileri ve Stenotrophomonas maltophilia bakterisine karsi
antibakteriyel etkisinin belirlenmesi amaglandi. Calismada, toplanip
kurutulan meyve tanelerinin farkli c¢oziiciilerle hazirlanan
ekstraktlarinda total antioksidan/oksidan seviyeleri ticari kitler ile
spektrofotometrede oOl¢uldii. Berberis crataegina meyvelerinin
Stenotrophomonas maltophilia bakterisine karsi antibakteriyel
etkisinin olup olmadig1 disk diftizyon yontemiyle belirlendi.
Calismaya gore Berberis crataegina meyvelerinin ylksek
antioksidan seviyeye sahip oldugu, Stenotrophomonas maltophilia
bakterisine kars1 antibakteriyel etkisinin olmadig: tespit edildi.
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Investigation of Antioxidant and Antibacterial Effect of Berberis crataegina Fruit Extract

ABSTRACT

Plants have been used for medicinal purposes both in Turkiye and in
the world since ancient times. Many of these plants are included in
the treatment process of many diseases due to their antimicrobial
properties. Similarly, fruits are frequently used among the people for
traditional treatment purposes. Berberis crataegina (barberry)
fruits, a wild fruit species, contain tannins, organic acids, high levels
of vitamin C and anthocyanins; it is widely consumed due to its
antipyretic, antipruritic and diuretic effects. In this study, it was
aimed to determine the total antioxidant/oxidant effects of Berberis
crataegina fruit extracts prepared with different solvents (ethanol,
methanol, hexane, dichloromethane) and antibacterial effect against
Stenotrophomonas maltophilia bacteria. In the study, the total
antioxidant/oxidant levels of the extracts of the collected and dried
fruit grains prepared with different solvents were measured in
spectrophotometer with commercial kits. The antibacterial effect of
Berberis crataegina fruits against Stenotrophomonas maltophilia
was determined by disk diffusion method. According to the study, it
was determined that Berberis crataegina fruits had high antioxidant
level and had no antibacterial effect against Stenotrophomonas
maltophilia bacteria.
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GIRIS oliimlerini azalttig belirtilmektedir (Schoeter ve ark.,

Insanhigin var olusundan itibaren beslenmede énemli
bir yer tutan bitkiler, yasamin vazgecilmez temel
kaynaklarindan biridir. Insanlar bitkilerden sadece
beslenme amach degil ge¢cmis yillardan beri sagligin
korunmasi ve cesitli hastaliklarin tedavisinde de
faydalanmaktadirlar (Njume ve ark., 2009; Deveci ve
ark., 2016).

Son zamanlarda tibbi bitkilerden hazirlanan ilag
hammaddeleri tizerine yapilan arastirmalar 6nem
kazanmistir. Sentetik ilaclarin tehlikeli yan etkileri
mevcutken, birgok olumlu biyolojik aktiviteye sahip
olan bitki o6ziitlerinin yan etkisinin olmamas1 dikkat
cekicidir. Bu nedenle sentetik ilaglara gore tibbi
bitkiler ile yapilan ilaclar daha fazla tercih
edilmektedir (Diken, 2009).

Normal fizyolojik durumlarda, hicrelerde devamli
olusan oksidanlar ve bunlarla etkilesim iginde olan
antioksidanlar arasinda mevcut bir denge s6z
konusudur. Bu dengenin oksidanlar lehinde
bozulmasina yani antioksidan savunma sisteminin
yetersiz olmasina oksidatif stres adi verilmektedir
(Sies ve Cadenas, 1985; Halliwell, 2007; Deveci,
2017a). Bitkilerle yapilan baz calismalarda bitkisel
antioksidanlarin oksidatif stresi engelledigi ve hiicre

-

Sekil 1. Berberis crataegina meyve

sinin

2000; Youim ve Joseph, 2001; Parihar ve Hemnani,
2004). Bitkilerin yapisinda bulunan antioksidan
maddeler, hiicreleri deforme eden oksijene ve diger
zararli maddelere karsi koruyucu bir kalkan gorevi
yapar. Bitkisel antioksidanlar, oksidasyonu 6nleyerek
vicutta antibakteriyel ve antikanserojen etki de
gosterirler (Meral ve ark, 2012; Deveci ve ark., 2016).
Bu durum bitkisel dogal tirtinlere olan ilgiyi daha da
arttirmaktadir.  Berberis crataegina (karamuk),
Berberidaceae familyasinin Berberis cinsine ait
onemli bir tir olup, Turkiye ve Iran bélgesinde genis
bir alanda yayilim gostermektedir. Turkiye’de yetisen
Berberis cinsine ait tirler; B. crataegiana, B. cretica,
B. integerrima ve B. vulgaristir. Berberis crataegina,
Anadolu'nun farkls yorelerinde karamuk, dikenli
Uziim, amber ekmegi, ekgsimen ve yilki calis1 gibi
degisik isimlerle amilmaktadir (Baytop, 1999; Gedikli,
2006). Berberis crataegina bilesiminde organik
asitler, tanen, C vitamini ve yiksek oranda
antosiyanin icermektedir (Gedikli, 2006). Bitkinin
meyvesinin tadi hafif eksi olup, eliptik ve Uzumsi
yapida olan meyveler olgunlastiginda daha da
siyahlagir (Davis, 1982; Baytop, 1999). Sekil 1.de
Berberis crataegina meyvesinin gekli gériilmektedir.

»

bitki iizerindeki goriiniimii (Orijinal).

Figure 1. View of Berberis crataegina fruit on the plant.

Son zamanlarda farklh bitki ekstraktlarinin
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antioksidan ve antimikrobiyal etkilerinin
saghg acisindan 6nemli gorevleri
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bilindiginden, bu calismada da Berberis crataegina
bitkisinin etanol metanol hekzan ve diklorometan ile
hazirlanan meyve ekstraktinin total
antioksidan/oksidan  seviyeleri  (TAS/TOS) ve
Stenotrophomonas maltophilia izerine antibakteriyel
etkisinin olup olmadig1 arastirilmigtir.Yapilan genis
literatiir ¢calismalar1 sonucunda Berberis crataegina
meyvesinin oksidan seviyesini ve Stenotrophomonas
maltophilia’ ya Kkarst antibakteriyel aktivitesini
arastiran herhangi bir ¢aligmaya rastlanmamis olup,
calisma bu yonuyle orijinallik arz etmektedir.

MATERYAL ve METOD

Berberis crataegina Meyvelerinin Toplanmasi ve
Teghisi

Calisma materyali olan B. crataegina meyveleri 2019
Eylil ayinin ilk haftasinda, Kayseri ili Sariz ilgesinin
Fettahdere, Oglakkaya ve Ayranlik kéylerinin yiiksek
bélgelerinden  toplandi. Calismaya uygun olacak
parlak ve taze gériniimlii olan meyveler tercih edildi.
Gaziantep Universitesi Fen Edebiyat Fakiiltesi
Biyoloji Bolumi’'nin Botanik Anabilim Dali'nda
teshis edildi.

Meyve Ekstraktlarinin Elde Edilmesi

Arazi sartlarindan ileri gelen toz, yabanci ot, diken,
dal, yaprak vb olusumlar manuel olarak
temizlendi.Yikama islemi yapilmaksizin kurutma
kagidina serilerek golgede kurutulan meyve taneleri,
ekstraksiyon iglemi icin mekanik ogutici 1ile
ogutildi. Toz haline gelen meyveler 10 gram olarak
tartilarak  Soxtherm cihazinin beherleri icine
yerlestirildi. Oziit eldesi i¢in Etanol (C2HsO), Metanol
(CH30H), Hekzan (CeHis), Diklorometan (CH:Cls )
kullamildi. Tum ¢6zuciler i¢in ayr1 ayr1 olmak
kaydiyla 5.1 bar basingta, 2 saat boyunca 10 grama
150 ml ¢6zlici konularak 130 °C’ de igleme tabi
tutuldu. Elde edilen 6zitlerden, Rotary Evaporator’de
90°C’de evaporasyon (buharlastirma) yontemiyle
¢ozuculer wuzaklastirildi. Hazirlanan ekstraktlar
kullanilana kadar +4 °C’de muhafaza edildi.

(0SD)

TAS, TOS ve Oksidatif Stres Indeksi

Degerlerinin Belirlenmesi

Farkl ¢ozictilerle elde edilen meyve ekstraktlarinin
total antioksidan seviyeleri (TAS), Erel (2004)
tarafindan gelistirilmis Total Antioxidant Durum kiti

Cizelgel. Farkl ¢oziiciilerdeki TAS, TOS ve OSI degerleri

Table 1. TAS, TOS and OSI values in different solvents.

(Rel Assay Kit Diagnostics, Tiirkiye) ile analiz edildi.
TAS degeri mmol Trolox esdegeri/L olarak hesapland:
ve kalibratéor olarak Trolox kullanmildi. Meyve
ekstraktlarinin total oksidan seviyeleri (TOS), Erel
(2005) tarafindan gelistirilmis olan Total Oksidan
Durum kiti (Rel Assay Kit Diagnostics, Tiirkiye) ile
analiz edildi. TOS degeri pmol H20:2 egdegeri/L olarak
hesapland1 ve kalibratér olarak hidrojen peroksit
kullamldi. Meyve ekstraktlarmin OSI degerleri ise,
TOS degerlerinin TAS degerlerine oraninin ytizde
derecesi olarak ifade edildi. OSI  degerleri
hesaplanirken, TAS sonucglarin birimindeki mmol
degeri TOS sonuglarindaki gibi pmol birimine
cevrildi. Sonuglar asagida verilen formile gore
hesaplandi (Eren ve ark., 2015).

0Si= [ (TOS/TAS) x 100 ]

Stenotrophomonas maltophilia¥a Kars1
Antibakteriyel Etkinligin Belirlenmesi

B, crataegina  ekstraktlarinin, antimikrobiyal
aktivitelerinin degerlendirilmesi amaciyla

Stenotrophomonas maltophilia bakterisi kullanildi.
S.maltophilia suslar1 Gaziantep Universitesi Tip
Fakultesi Mikrobiyoloji Laboratuvarindan temin
edildi. Antibakteriyel etkinligin blirlenmesi i¢in disk
diftizyon yontemi uygulandi (Bauer ve ark 1966). Bu
yonteme gore daha oOnceden hazirlanmig olan
orneklerin 30ul’si 6mm capindaki steril blank (bos)

disklere emdirildi. Nutrient-Broth Agar (NBA)
ortaminda 37°C'de inkiibe edilen test
mikroorganizmalarindan, 0.5 McFarland (son

inokulum 1.5 x 108 CFU/mL) bulaniklik degerine
gore suspansiyonlar hazirlandi. Bu suspansiyonlar
daha sonra Mueller-Hinton besiyerlerine 100 pl
inokiile edilerek steril ekiivyon ¢ubuk ile yayilip disk
difiizyon testinde kullanilmak amaciyla ekimi yapildi
ve kurutulmus diskler steril bir penset yardimiyla
besiyeri iizerine yerlestirildi. Hazirlanan besiyerleri
24 saat streyle 37°C’de inkibe edildi. Inkiibasyon
stiresi sonunda disklerin etrafinda zon olusup
olusmadig incelendi.

BULGULAR
B. crataegina Meyvesinin TAS, TOS ve Oksidatif
Stres Indeksi (OSI) Degerleri

B. crataegina meyvelerinin farkh ¢oztciilerdeki TAS,
TOS ve OSI degerleri Cizelge 1. ’de gosterildi.

rametreler TAS TOS 0SI
Coziciiler (mmol Trolox esdegeri./L) (umol H202 egdegeri./L) (Arbitrary unit)
Etanol 4.303 = 0.020 41.580 £ 0.105 0.966 + 0.013
Metanol 5.096 + 0.019 46.403 £0.133 0.911 +0.012
Hekzan 0.891 £ 0.017 24.227 + 0.095 2.719 £ 0.034
Diklorometan 1.235 £ 0.016 14.312+0.108 1.159 £ 0.018
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B. crataegina meyvesinin farkl cozicller ile elde dusiikten  yiksege  dogru  metanol, etanol,

edilen ekstraktlarinin TAS degerleri
kargilastirildiginda Cizelge 1.de gorulduga gibi
etanol ve metanol ¢6ziiciileriyle elde edilen ekstraktin
¢ok yiiksek, diklorometan ile elde edilen ekstraktin
normal seviyede, hekzan ile elde edilen ekstraktin ise
daha az antioksidan 6zellik gosterdigi belirlendi.

B. crataegina meyvesinin farkli c¢oziciler ile elde
edilen ekstraktlarinin TOS degerleri
karsilastirildiginda ise en yuksek oksidan ozelligi
sirasiyla metanol, etanol, hekzan ve diklorometan ile
elde edilen ekstraktlarin gosterdigi tespit edildi.

B. crataegina meyvesinin farkl cozicller ile elde
edilen ekstraktlarimin OSI degerleri incelendiginde
ise TAS degerleriyle dogru orantili olarak sonug
verdigi goriildi. Buna gére OSI degerleri sirasiyla en

diklorometan ve hekzan ile elde edilen ekstraktlarin
gosterdigi belirlendi.

B.  crataegina  Meyvesinin  Stenotrophomonas
maltophiliaya Kars1 Antibakteriyel Etkinligi

Antibakteriyel etkinligin belirlenmesi amaciyla
yapilan disk diflizyon testine gére 24 saatin sonunda
Olclilen zon caplar1 asagida Sekil 2’de verildi. Buna
gore B. crataegina meyvesinin farkli ¢oziiciilerle elde
edilen ekstraktlarinin, disk diftizyon testinde 24 saat
sonunda herhangi bir zon olusturmamasi sonucu, B.
crataegina meyvesinin S. maltophiliaya karsi
herhangi bir antibakteriyel aktivitesinin olmadig:
tespit edildi.

Sekil 2. Disk difiizyon test sonucu
Figure 2. Disk diffusion test result.

TARTISMA ve SONUC

Turkiye; bulundugu cografi konumu, uygun toprak
yapisi, iklim sartlar1 ve ekolojisiyle diger tlkelere
gore zengin bir bitki florasina sahiptir. Dolayisiyla
Turkiye’deki tibbi ve aromatik bitkilerin c¢esitli
arastirmalarda c¢alisilma potansiyelleri ylksektir
(Kendir ve Giiveng, 2010). Giiniimiizde insanlar
beslenmelerinde daha dogal ve organik olan gidalar
tercih etmektedir. Boylece hem dinyada hem de
Turkiyede dogal ve organik gidaya yoénelim hizla
artmaktadir. Ayrica hem kirsal kesimde hem de
sehirlerde insanlar, hastaliklardan korunmada ve
hastaliklarin ~ tedavisinde tibbi ve  aromatik
bitkilerden faydalanmaktadir (Mosihuzzaman, 2012;
Ozkol ve ark., 2017). Tibbi ve aromatik bitkilerin
meyve, ¢icek, yaprak ve kok gibi boliimlerinden elde
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edilen ekstraktlar pek ¢ok tibbi ilacin ham maddesini
olusturmaktadir (Ozyurt ve ark., 2021).

Saglikli bireylerde antioksidan ve oksidan molekiiller
hassas bir denge halindedir. Ancak bu dengenin
oksidanlarin lehine bozulmasiyla hicre ve dokularda
oksidatif stres meydana gelir. Oksidatif stres,
hiicresel ve molekiiler doku hasar1 olugsum
mekanizmalarinin bir parcasidir (Tabakoglu ve
Durgut, 2013; Deveci, 2017b; Deveci ve ark., 2021).
Yapilan birgok arastirmada, belli baghh bitkisel
antioksidanlarin oksidatif stres sonucu olusan hiicre
6liimlerini engelledigi bildirilmektedir (Schoeter ve
ark., 2000; Youim ve dJoseph, 2001; Parihar ve
Hemnani, 2004).

Bitkisel antioksidanlarin aktivitelerinin bilinmesi,
hastaliklarin ¢ogunun baglamasina oOnciilik eden
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oksidatif stresin engellenmesi ve oksidan maddelerin
zararll etkilerinin ortadan kaldirilmas1 agisindan
biuyuk o6nem arz eder. Son yillarda dogal
antioksidanlarin 6nemli bir b6limini olugsturan tibbi
ve aromatik Dbitkiler tlizerine bir ¢ok arastirma
yapilmis, hala da bu calismalar devam etmektedir
(Diken, 2009; Deveci ve ark., 2016; Ozyurt ve ark.,
2021).

Berberis crataegina, Turkiyede Ankara, Antalya,
Denizli, Erzincan, Karaman, Kahramanmaras,
Kayseri, Kastamonu, Konya, Kiitahya, Malatya,
Mugla, Nigde, Sanhurfa, Tunceli ve Yozgat'ta dogal
olarak yetismektedir (Arslanoglu ve Ayna, 2019).
Turkiyede geleneksel kullanimda bitkinin meyveleri;
kan yapici, tansiyon disliriici, mide ve bagirsak
rahatsizliklari, hemoroit, sarilik, ishal, kabizlik ve
soguk alginlig1 tedavisinde siklikla kullanilmaktadir (
Baytop, 1999; Yesilada ve Kupeli, 2002; Tuzlaci, 2016;
Arslanoglu ve Ayna, 2019).

Yapilan bu ¢alismada, Anadolu’da bir¢ok hastalik ve
rahatsizligin tedavisinde siklikla kullanilan Berberis
crataegina meyvesinin total antioksidan /oksidan
seviyesi ve Stenotrophomonas maltophiliaya karsi
antibakteriyel etkisinin olup olmadig1 arastirildi.
Farkli ¢oziiciilerle elde edilen B. crataegina meyve
ekstraktlarinin total antioksidan seviyelerinin test
kiti referans degerlerine gore yliksek oldugu
belirlendi. Buna gore B. crataegina meyvesinin
antioksidan seviyesinin belirlenmesinde metanol ve
etanol c¢ozicilerinin kullanilmasinin daha uygun
olabilecegi kanaatine varildi. Charehsaz ve ark.
(2015), yaptiklar: calismada B. crataegina meyvesinin
serbest radikal supurme yetenegini; DPPH,
stperoksit radikal stpiirme ve TEAC testleri ile
degerlendirilmistir. Buna gére B. crataegina
meyvesinin 1yl bir antioksidan 6zellige sahip
oldugunu bildirmistir. Eroglu ve ark. (2020), B.
crataegina meyvelerinin antioksidan kapasitesi
uzerine yaptiklar1 calismada, £-karoten agartma
yonteminde Berberis meyvelerinin antioksidan
diizeylerinin %62.83 ile %92.19 arasinda oldugunu,
DPPH radikal stipurici aktivite testinde antioksidan
seviyenin %11,92-40,44 araliginda oldugunu, ABTS
yonteminde ise su ekstraktinin, diger ekstratlara
kiyasla daha yiiksek antioksidan seviyeye sahip
oldugunu bildirmistir. Gidik (2021), B. crataegina ile
yapmis oldugu bir ¢alismada antioksidan kapasiteyi
belirlemek i¢cin DPPH y6ntemi kullanmis ve sonucun
0.36 £ 0.01 oldugunu bildirmigtir. Yapilan bu
calismanin sonuclar1 farkli yontemlerle 6lgiilen
antioksidan aktivite Dbelirlemeye yonelik simirh
sayidaki ¢aligmalarla uyumludur.

Yapilan bu ¢aligmada farkli ¢oziictilerle elde edilen B.
crataegina meyve ekstraktlarinin, total oksidan
seviyeleri de total antioksidan seviyelere benzer
oranda yiksek c¢ikmigtir. B. crataegina meyve
ekstraklarinin total oksidan seviyeleri ile ilgili
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herhangi bir ¢alismaya rastlanmamistir, bu durum
calismanin 6zgin oldugunu gostermektedir. Total
oksidan seviyelerin yiuksek olmasi bu ¢alismanin en
onemli  bulgularindan  birisidir. Ancak hem
antioksidan seviyenin hem de oksidan seviyenin
birlikte degerlendirilmesine olanak saglayan oksidatif
stres indeksi baz alindiginda, c¢alisma sonucglarinin
antioksidan seviyeleri lehine oldugu goérilmektedir.
Bu da B. crataegina meyve ekstraktinin giglia
antioksidan etkiye sahip oldugu ve oksidatif stresi
onleyebilecegini géstermektedir.

Genis literatiir  taramalari  sonucu  Berberis
crataegina meyvesinin Stenotrophomonas
maltophilidya karst antibakteriyel aktivitesini

arastiran herhangi bir ¢alismaya rastlanmamis olup,
calisma bu yonlyle orijinallik arz etmektedir.
Stenotrophomonas maltophilia, siklikla rastlanan
firsatc1 patojen bir bakteridir (Diilger ve Berktas,
2007).Stenotrophomonas maltophilia; aminoglikozid
asetil transferaz, beta-laktamaz ve eritromisini
inaktive eden enzimleri, efliks pompalar1 kodlayan
genleri sebebiyle c¢ogu antibiyotige direnclidir.
Gluntumuzde Karbapenemler dahil ¢ogu antibiyotige
direncgli olduklarindan bu bakterilerin neden oldugu
hastaliklarin tedavisi oldukca giictiir (Valdezate ve
ark., 2001). Eroglu ve ark. (2020), Berberis crataegina
meyvesinin antimikrobiyal etkisini inceledikleri bir
calismada meyve ekstraktinin Staphylococcus aureus,
Salmonella typhimurium, Yersinia enterocolitica’ya
kars1 etkili, Escherichia coli ve Bacillus cereus’a karsi
ise etkisiz oldugunu bildirmislerdir. Kyzy (2017),
bogurtlen meyvesinin metanol ile hazirlanan
ekstraktlarinin farkl konsantrasyonlarinin
S.maltophilia tzerine antibakteriyel etkilerini
arastirmigtir. Calisma sonucunda béglrtlen
meyvesinin S.maltophilia tUzerine antibakteriyel
etkilerinin; bdégirtlen ekstraktinin konsantrasyonu
ile dogru orantili olarak yiksek oldugunu
bildirmistir. Cicek (2019), yaptig1 bir ¢alismada saf
nar eksisinin ve limon suyu ilaveli nar eksisinin,
sulandirilmadan kullamilmalarimin S, maltophilia
uzerine antimikrobiyal etkisinin oldugunu
bildirmistir. Bu calismada ise Berberis crataegina
meyve ekstraktlarinin disk difiizyon testinde 24 saat
sonunda herhangi bir zon olusturmamasi, S.
maltophiliaya karst herhangi bir antibakteriyel
aktivitesininin olmadigini géstermektedir.

Bu c¢alisma ile B. crataegina meyvesinin, hem
antioksidan hem de oksidan seviyelerinin yiliksek
oldugu, ancak oksidatif stres indeksi
degerlendirildiginde ylksek antioksidan aktiviteye
sahip oldugu belirlenmigtir. Bitkinin meyvesinin
antioksidan seviyelerinin yiiksek olmasinin yaninda
oksidan seviyenin de yiiksek olmasinin nedeni;
meyvede fazla sayidaki antioksidan bilesiklerin
prooksidan etki géstermesi olabilir. Bu durum asirn
miktarda antioksidan iceren bitkilerin fazla
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tuketilmemesi gerektigini gostermektedir. Ayrica B.
crataegina meyvesinin S. maltophilia bakterisine
karst antibakteriyel bir etkisinin olmadig1 tespit

edilmigtir. Calismanin daha sonra yapilacak
arastirmalara 1g1k tutacagi kanisindayiz.
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OZET Biyoloji

Bu aragtirmada menderes cografi olusumlar ile karakterize edilen

Ordu Ili Aybasti Ilgesi Persembe yaylasindan toplanan lokal Aragtirma Makalesi
endemik Alchemilla orduensis ile ¢alisilmigtir. Bitkinin vejetatif ve

generetif donemlerinde toplanan 6rneklerinin toprak tsti ve toprak Makale Tarihgesi

alt1 kisimlarinda N, C, H ve S elementlerinin miktarlar1 tespit Gelis Tarihi @ 23.03.2022
edilmigtir. S elementine ¢igekli donemdeki bitki orneklerinde az Kabul Tarihi :26.05.2022
miktarda rastlamilmistir. N miktarinin toprak alt1 kisminda

generatif donemde, toprak ustii kisminda ise vejetatif dénemde Anahtar Kelimeler

yiksek oldugu gorilmektedir. C ve H miktarlar: ise hem toprak alti Pergsembe yaylasi

hem de toprak tustii kisminda vejetatif doénemde yuksek Ekoloji

bulunmustur. Calisma alam dusiik sicaklik ve bol yagis alan iklim Generatif organ

ozelliklerine sahiptir. Bitkinin bulundugu bélge killi-tinli karakterde
hafif alkali, az kire¢li ve az tuzlu toprak ozelliklerine sahiptir.
Bununla beraber, topragin organik madde, pH, yarayishh potasyum,
fosfor, kalsiyum ve magnezyum miktarlar1 a¢isinda da yeterli oldugu
belirlenmigtir. Turiin neslinin devaminda 6nemli roli olan cicek ve
meyve kisimlari da morfolojik ve mikromorfolojik olarak
incelenmigtir. Turin c¢iceginde periant epikaliks ve kaliksten
olugsmaktadir. Infloresens ¢ok cicekli ve cigekler sar1 renklidir.
Epikaliksin i¢ yiizeyindeki hiicreler dalgal ceperlidir. Epikaliks i¢
yuzeyi retikulat-rugose, sepal i¢ yuzeyi ise retikulat ytzey sekillidir.
Meyve aken tipindedir ve yilizeyi retikulat yapidadir.

Elementel analiz

An Eco-Biological Study on the Localy Endemic Species Alchemilla orduensis B. Pawl

ABSTRACT Biology
In this study, the local endemic A. orduensis collected from Persembe )
plateau of Aybast1 district of Ordu provinve, which is characterized Research Article
by meander geographical formations, was studied. The amounts of Article Hist
N, C, H and S elements were determined in the aboveground and R icle dls ory. 93.03.2022
underground parts of samples collected from vegetative and Aecewe d ) 26.05'2022
generative periods of plants. S element was found in small amounts ieote TeTEe
in plant samples belonging to the flowering period. It is seen that the
o . . Lo, Keywords

amount of N is high in the generative period in the underground part

X . i Persembe pletacau
and in the vegetative period in the above ground part. The amounts Ecology

of C and H were found to be high in both the underground and
aboveground parts during the vegetative period. The study area has
low temperature and high precipitation climate characteristics. The
region where the plant is located has clayey-loamy, slightly alkaline,
little calcareous and salty soil properties. However, it was
determined that the soil was sufficient in terms of organic matter,
pH, available potassium, calcium and magnesium amounts. The
flower and fruit, which have an important role in the continuation of
the species' extinction, have also been examined morphologically and
micromorphologically. In the flower of the species, the perianth
consists of epicalyx and calyx. The inflorescence is multi-flowered
and the flowers are yellow. Cells on the inner surface of the epicalix
have wavy walls. Epicalyx inner surface is reticulate-rugose, sepal

Generative organ
Elementel analysis



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 342-351, 2022
KSU J. Agric Nat 25 (Suppl 2): 342-351, 2022

Aragtirma Makalesi
Research Article

inner surface is reticulate surface shaped. The fruit is achene type

and its surface is reticulate.
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GIRIS elementi ve hemikriptofit hayat formuna sahip olan

Alchemilla L., basta kuzey yarimkurede olmak tzere
tim dinyada yayilis gosteren yaklagik 100 cins ve
3500 tur igeren Rosaceae familyasina ait bir cinstir.
Tek veya c¢ok yillik otsu, cali veya nadiren agag
formunda bitkilerdir (Heywood ve ark., 2007;
Aymerich ve Saez, 2015). Tiirkiyede bu familyaya ait
36 cins ve 250 kadar tir bulunmaktadir. Alchemilla
1000 ture sahip buyuk bir cins olup, Potentileae
tribusunda, Alchemilinae alt tribusunda
siniflandirilmaktadir (Fréhner ve Faghir, 2022). Cins
Turkiye'de 82 tur ile temsil edilmekte olup bu
tirlerden 36 tanesi endemiktir. Cinsin endemizm
oram %33,8' dir (Davis, 1972; Ozhatay ve Kiltir,
2006; Ozhatay ve ark., 2011). Tibbi, gida ve siis
bitkisi olarak kullamilan bircok tird vardir.
Alchemilla turlerinin “findik otu, aslan pencesi,
keltat, sebnemli gibi yoresel isimleri bulunmaktadir
(Baytop, 1994).

Yaprak ve c¢icek bitkinin énemli vejetatif ve generetif
organlaridir. Yapraklar bitkinin beslenme durumunu
en 1yl yansitan, fotosentez, solunum ve transpirasyon
gibi 6nemli fizyolojik olaylarin gerceklestigi primer
organlardir (Bilgin ve ark., 2016; Yalcin, 2018). Bu
nedenle  bitkinin  timiindeki besin = maddesi
konsantrasyonunun degerlendirilmesinde
yapraklardaki besin maddesi konsantrasyonu oldukca
onemlidir (Kutbay ve ark., 2003; Kili¢c ve ark., 2012).
Azot (N), Karbon (C), Hidrojen (H) ve Kiikiirt (S)
bitkilerin biytime ve gelismesi i¢in bulunduklar
ortamdan blyik miktarda almasi gereken makro
elementlerdir. Bununla beraber, topraktan inorganik
olarak absorbe edilen besin elementlerinin alinima,
ortamin pH’sina, sicakligina, 151k miktarina, topragin
yapisina, bitkinin tiirine ve diger bitkilerle olan
rekabetine baghh olarak degismektedir (Comerford,
2005; Bolat ve Kara, 2017). Bitkinin &énemli bir
generatif organi olan ¢igek ise egeyli Ureme yoluyla
bitkinin neslini devam ettirmeye yarayan siirglin
veya strgiin kisimlar1 (Ozcagiran, 2002) olup énemli
morfolojik karakterlerdendir.

Alchemilla cinsine ait Alchemilla orduensis B. Pawl
tiri 30-40 cm boylanabilen ¢ok yillik bir bitkidir.
Tirkiyede lokal endemik olarak yayilis gosteren tiir,
Dogu Karadeniz Boélgesinde Ordu, Giresun ve
Trabzon illerinde dar bir alanda bulunmaktadir.
Turun yoresel adi "Ordu keltat1" olarak bilinmektedir
(Giiner ve ark., 2012). Avrupa- Sibirya fitocografik
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tiir, [UCN kriterlerine gore, EN (Endangered- dogada
yok olma riski ¢ok yiiksek) kategorisindedir (Deveci,
2012). Belirtilen yayilis alanlarinin ¢ok dar olmasi
nedeniyle yeni lokalitelerin var olup olmadiginin
arastirilmasi, soyu tehlike altinda olan bu tirin
neslinin devaminin saglanabilmesi i¢in poptulasyon
calismalarimin  yapilmasi  gerekmektedir. Bu
calismada dogal popilasyonlarda lokal endemik bir
tur olan A. orduensise ait 6zelliklerin gézlenmesi ve
detaylandirilmasi amaciyla tir popililasyonunun
yayilis gosterdigi lokalitelerin ekolojik 6zelliklerinin
ve bitkinin neslinin devaminda 6nemli roli olan ¢icek
kisimlarinin morfolojik ve mikromorfolojik 6zellikleri

belirlenmeye c¢alisilacaktir. Turkiye ic¢in oldukea
onemli olan endemik Dbitkilerin incelenmesi,
arastirilmasi ve ozelliklerinin belirlenmesi
biyocesitliligin  strdurilebilir gekilde korunmasi

adina oldukga 6nemlidir.

MATERYAL ve METOD

Bu calismada Ordu Ili Aybasti Ilgesi Pergembe
yaylasindan toplanan A. orduensise ait 6rnekler ile
calisilmigtir. Turin toplanmasi icin hedeflenen arazi
¢aligmalarimin  ¢ogunda  tire ait  Orneklere
rastlanmamigstir. Calisma materyalleri 1500m (40°
471’ 6.5832" kuzey paralelleri ile 37° 23’ 39.1992" dogu
meridyenleri arasinda) yiikseklikte bitkinin yayilig
gosterdigi populasyonlardan vejetatif ve generatif
periyotlarda (Haziran-Eyliil) toplanmis ve fotograflar:
cekilmistir (Sekil 1). Ornekler Flora of Turkey
(Davis, 1972)e gore teshis edilerek Ordu Universitesi
Fen-Edebiyat Fakiiltesi Botanik laboratuvarinda
koruma altina alinmigtir.

Toprak alt1 ve toprak ustii kisimlari alinan bitki
orneklerinde Elemantar/Vario Mikro Cube Elementel

Analiz Cihaz1 kullamilarak N, C, H ve S
elementlerinin miktar tayinleri yapilmigtir.
Elementel analizler i¢in toprak {stii kismina

generatif dénemde c¢icek kisimlari da katilmigtir.
Toprak alt1 kismi olarak rizom ve kok kisimlari
kullanilmigtir. Bitki orneklerinin toplandig1
poptilasyonlardan alinan toprak érneklerinde fiziksel,
kimyasal ve elementel analiz tayinleri yapilmigtir.
Toprak orneklerinin fiziksel ve kimyasal
analizlerinde organik madde (%) Walkkey — Black
metodu ile, N (%) mikro-Kjeldhal metodu ile, P (%)
amonyum-molibdat- Stannus klorid metodu ile K (%),
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Ca (%) ve Mg (%) ise atomik absorbsiyon
spektrofotometre ile belirlenmistir. Topraktaki %
nem miktari ise topragin yas ve kuru agirlik farkinin

belirlenmesi ile ortaya konulmustur. Toprak tekstiir
analizi Bouyoucus hidrometre metodu ile toprak pH’s1
pH metre ile 6lciilmiistiir (Kacar, 1984).

Sekil 1. A,B- A. orduensis bitkisinin genel gériinligii. C- Calisma alaninin genel gorintiisii ve otlatma baskisi

(ordu.gov.tr.)

Figure 1. A-B. General view of A. orduensis . C- A general view of field and grazing pressure.

Caligilan boélgenin iklim 6zelliklerinin belirlenmesi
i¢in, Ordu Ili Meteoroloji Istasyon Miidirligiinden
alinan 1961-2019 yillar1 arasindaki iklim verileri ile
Walter iklim diyagrami ¢izilmistir. Calisilan bélgede
meteoroloji istasyonu bulunmadigi i¢in ile ait veriler
enterpolasyon yapilarak boélgenin iklim verileri
hesaplanmis ve grafik cizilmistir (Sekil 2). Iklim
grafikleri ¢alisilan bélgenin 6nemli iklim elemanlar:
olan sicaklik ve yagis 6zelliklerindeki degisimi ortaya
koymas1 adina onemlidir. Iklim diyagramina
bakildiginda 1848.4 mm. lik ylksek yagis miktari, 5.8
°C’lik dusguk sicaklik ile nispeten diizenli yagis egrisi
ve kurak devrenin olmayis1 géze ¢arpan 6zelliklerdir.

Ayirt edici karakter agisindan ¢igek morfolojisi biiyiik
onem tasidigindan bu kisimlara ait o6zellikler 1sik
mikroskobu ve taramali elektron mikroskobu (SEM)

kullanilarak belirlenmigtir. Mikromorfolojik
incelemeler i¢in herbaryum materyalleri
kullanilmigtir.  Elektron  mikroskobunda ¢ekim

yapabilmek i¢in 6ncelikle kurutulmus c¢icek 6rnekleri

cift tarafli karbon bant Uzerine yapistirilarak
sabitlenmigtir. Sabitlenen ornekler 12.5-15
nanometre (nm) altin ile kaplanmis ve 10-15
kilovoltluk  (kV) voltajla elekton mikroskobu
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cekimleri yapilmistir. Yiizey sekilleri Stearn'e (1985)
gore belirlenmigtir.

BULGULAR ve TARTISMA

Yapilan bu g¢alismada Ordu 1ili Aybast1 ilgesi
sinirlarinda  bulunan Turkiyein ve ilin 6nemli
cografik  alanlarindan  birisi olan  Persembe

yaylasindan toplanan, lokal bir endemik olan ve ile
0zgu spesifik epithet tasiyan A. orduensis tiiriinin
baz1 ekolojik ve morfolojik 6zellikleri ¢alisilmistir. A.
orduensisin bolgeye 6zgl ve dar yayiliga sahip olmasi

nedeniyle tuzerinde ¢ok fazla bilimsel c¢alisma
yapilmadigr  tespit edilmigtir. Bu noktadan
degerlendirildiginde hem c¢alisma alani hem de

¢aligilan bitkinin ayr1 bir 6neme sahip oldugu

gorulmektedir.

Persembe yaylasi Aybasti ilgesine 17 km. uzakta
bulunmaktadir. Calisma alaninda menderesler olarak
bilinen S ve U harfi gseklindeki cografi olusumlar
dikkat cekmektedir (Sekil 1C). Yaylanin sahip oldugu
menderesleri ile diinya miras listesine aday
bagvurusunda bulunulmustur (Bahtiyar Karadeniz ve
Sari, 2018). Alan, Bakanlar Kurulunun 20.09.1991
tarih ve 2997 sayili karariyla Turizm Merkezi,
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Bagbakanlik  Ozel Cevre Koruma Kurumu
Bagkanhginca da Ozel Koruma Alam olarak ilan
edilmigtir. Alanda orman, ¢ayir, sucul ve bozkir gibi
farkli habitatlar bulunmaktadir. Yapilan arazi
gozlemlerde c¢alisma alaninda turistik tesislerin
etrafina dikilen agaclar disinda agaca
rastlanmamigtir. Bitki gesitliligi bakimindan 6zellikle
Asteraceae ve Poaceae familyalarina ait tirlerin
homojen ve genigs bir yayilisa sahip oldugu
gorulmektedir. Sahip oldugu c¢ayir-mera 6zelligi
nedeniyle alanda kontrolsiiz ve asir1 otlatma baskisi
oldugu dikkatimizi ¢ekmistir (Sekil 1C). Ayrica arazi
calismalar sirasinda A. orduensis 6rneklerine otlama
baskisindan uzak mendereslerin ¢ukur taraflarinda

rastlamasida bu durumun bir kamtidir. Otlatma
baskis1 disinda yerli ve yabanci turistlerin oldukga
ilgisini ¢eken alanda her yil temmuz ayinda senlikler
dizenlenmektedir. Bu da alandaki antropojenik
kokenli kirlilik ve tahribat nedenlerinden bir tanesi
olarak ifade edilebilir. Giiler (2021) tarafindan
Persembe yaylasinin ekoturizm acisindan 6nemli bir
potansiyele  sahip  oldugu  Dbelirtilmigtir.  Bu
potansiyelin kullanilmasinda yapilacak planh ve
denetimli uygulamalarin dogada ekoturizme bagh
olusabilecek tahribati 6nleyebilecegi bildirilmigtir.
Bitki 6rneklerinin generatif ve vejetatif donemlerinde
toprak Ustii ve toprak alti kisimlarinin elementel
analiz sonuglar1 Cizelge 1’de verilmigtir.

Sicaklik (°C) K Yagis (mm)
a b e f
100 - Aybasti 1500 m 5.8 1848.4 ,\/ - 200
c-d ~o—
90 7 59 9 180
80 1 N i d L 160
04| PT el _» - 140
60 / o - 120
50 A - 100
40 -+ - 80
3“9 30 - - 60
' 20 - | o - 40
P10 A | e~ P Tl - 20
-7.2 0 y T T T T T T l\.= - 0
-10 - n m/ L -20
1 2 3 4 5 6 7 8 9 10 11 12
Aylar

-#-Sicakhk (°C)

Sekil 2. Calisma alanina ait iklim diyagrami (a: Meteoroloji istasyonunun yeri, b: Istasyonun deniz seviyesinden
yiiksekligi, c¢: Sicaklik icin 6lciim siiresi (y1l), d: Yagis icin 6l¢iim siiresi (y1), e: Yillik ortalama sicaklik
(°Q), f: Yillik toplam yagis (mm), g' Yagish devre, h: Kurak devre, 1 Sicaklik egrisi, k! Yagis egrisi, m:
Muhtemel donlu aylar, n: En soguk ayin ortalama minimum sicakligi, p: Mutlak minimum sicaklik)

Figure 2. Climatic diagram of study area (a’ Location of meteorological station, b Altitude of the station above
sea level, c-d° Length of observation period of temperature and precipitation, e’ Average annual
temperature (°C), £ Average annual precipitation (mm), g° Wet period, h: Dry period, 1"Temperature
curve, k: Precipitation curve, m: Frosty months, n- Mean Daily minimum temperature of the coldest

month, p° Minimum temperature)

-e-Yagis (mm)

Cizelge 1. A. orduensis tiriniin toprak alt1 ve toprak tstii kisimlarinin elementel analiz sonuglari.
Table 1. Elemental analysis results of underground and above ground parts of A. orduensis

Bitki Elementel Analiz Azot (%) Karbon (%) Hidrojen (%) Kiikiirt (%)
Ort + SD Ort = SD Ort £5D Ort + SD
Toprak Alt1 Cicekli 1.150 = 0.057 39.007 + 0.063 5.407 + 0.005 0.000 £ 0.000
Cigeksiz  0.969 = 0.039 40.354 + 0.756 5.556 + 0.100 0.000 £ 0.000
Toprak Usti  Cigekli 2.089+£0.130 39.504 + 0.074 5.433 +0.019 0.058 £ 0.009
Ciceksiz  2.148 + 0.059 40.868 + 0.109 5.567 + 0.021 0.067 £+ 0.004
Ort; Ortalama, SD;Standart sapma
Her iki déneme ait orneklerin toprak alti ve {istii dioksit  seklinde alabilirler. Fosil  yakitlarin

kisimlarinda S elementine rastlanmazken, toprak
usti kisimlarinda cok az miktarda S elementine
rastlanmigtir. Bitkiler kiikiirdi topraktan sulfat
iyonlar1 veya havadan stomalar vasitasiyla kikirt
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kullanimina baglh olarak havaya kiikirt dioksit
salinim1 gerceklesmektedir (Tongu¢ ve ark., 2017).
Mobil bir element olan SUn tasinimi genel olarak
yukaridan asagiya dogru olmaktadir. Asagidan
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yukariya taginim ¢ok azdir. Bu durum bitkinin toprak
usti kisimlarinda az miktarda tespit edilen S
elementinin nedeni olabilir.

N miktarinin toprak alt1 kisminda generatif dénemde,
toprak usti kisminda ise vejetatif donemde yiiksek
oldugu gorulmektedir. N miktar1 generatif dénemde
toprak tsti kisimlarda daha yluksektir. C ve H
miktarlar: ise toprak alt1 ve listiinde birbirine yakin
degerler gostermekle beraber hem toprak alti hem de
toprak usti kisminda vejetatif dénemde yiliksek
bulunmuglardir. Geofit bitkilerde makro element
konsantrasyonlarinin toprak tsti bitki kisitmlarinda
vejetatif donemde toprak alti bitki kisimlarindan,
generatif dénemde ise toprak alt1 kisimlarinda toprak
isti  kisimlarindan daha yiiksek bulundugunu
gosteren top senesens denilen bir strateji
bulunmaktadir (Kutbay ve Kiling, 2002). Bu
calismada bunun aksine, generatif donemdeki bitki
orneklerinin toprak tsti kisimlarindaki N, C ve H
miktarlarinin  toprak alt1  kisimlardaki azot
miktarindan daha yiiksek oldugu belirlenmigtir. N
elementi sonucu literatiirlerle benzerlik
gostermektedir (Kutbay ve Kiling, 2002; Ozbucak ve
ark., 2017 a, b). Bununla beraber, yiiksek rakimlarda
bulunan bitkiler ¢alisma alaninda oldugu gibi diistik
sicakliklar, rizgar hizi gibi daha zor iklim gartlarinda
yasamak zorundadirlar (Lemke ve ark., 2012). Shi ve
ark. (2012), diisiik sicakliklarda azot bakimindan
zengin enzimlerin verimliligindeki dislisin neden
oldugu biyokimyasal reaksiyonlardaki azalmanin
yiksek yaprak azot icerigi ile telafi edilebilecegini
bildirmistir. Ozen (2006) tarafindan yapilan bir
calismada da benzer sonuclar bulunmus olup
elementlerin generatif gelisme doéneminde vejetatif
doneme goére daha diisik olmasinin bu dénemdeki
fizyolojik faaliyetlerin yogun olmasi nedeniyle bitkiye

Cizelge 2. Toprak analiz sonugclari
Table 2. Soil analysis results

tasinmasindan  kaynaklanabilecegi  bildirilmigtir.
Ayrica N, P, K gibi metabolizma ile iligkili olan
elementlerin konsantrasyonlar1 yaprak ya da diger
organlar ilk olustugunda hiicre duvari materyalinin
artmasi ile en yiiksek degerdedir (Lambers ve ark.,
2008). Toprak iistii ve toprak alt1 kisimlari kendi
arasinda degerlendirildiginde toprak usti
kisimlarinin N, C, H ve S element miktarlarinin
toprak alt1i kisimlara goére daha yiliksek oldugu
gorilmektedir. Ozellikle ¢icekli yani generatif
dénemde toprak usti kisimlarinda bu elementlerin
vejetatif doneme gore yiiksek olmasi beklenen bir
sonuctur. Rong ve ark. (2015) ¢alismalarinda N, C ve
P degerlerinin 6nemli  derecede  mevsimsel
varyasyonlar gosterdigini ifade etmiglerdir.
Mevsimler boyunca bitkilerin degisen biylime hizi
nedeniyle, bitki organlar1 i¢cinde yapisal, fonksiyonel
ve depolanan bilesenlerin dagilim oranlar1 degisen
biylime hizi altinda besin ihtiyaclarini karsilamak
icin mevsimlere gore onemli Ol¢iide degismektedir
(Sterner ve Elser, 2002; Kerkhoff ve ark., 2006).
Aragtirma alaninda bulunan toprak oOrneklerinde
yapilan fiziksel ve kimyasal analizler sonucunda
bitkinin bulundugu bélgelerin killi-tinl1 karakterde
hafif alkali, az kirecli ve az tuzlu ozellikte oldugu
goriilmektedir. Bununla beraber, topragin organik
madde, pH, yarayishh potasyum, fosfor, kalsiyum ve
magnezyum miktarlar1 acisinda da yeterli oldugu
goriilmektedir (Cizelge 2). Cizelge 3’te ise toprak
element analiz sonuglar1 gérilmektedir. Bu sonuclara
bakildiginda toprakta en fazla miktarda C
elementinin bulundugu goérilmektedir. Onu H ve N
elementleri izlemektedir. Bu da arastirma alaninda
bulunan topragin organik madde acgisindan zengin
oldugunu gostermektedir.

Toprak Ph % % % Yarayish Yarayishh % Biinye Yarayish Yarayish
Analizleri Kire¢  Tuz Organik Potasyum Fosfor Suya smifi -~ % Kalsiyum  Potasyum
madde (K20) (kg/da) (P205)  doygunluk N (mg/kg) (mg/kg)
Analiz sonucu 7.15 1.56 0.07 6.86 51.25 12.78 57.3 0.11 4725 512.25
Degerlendirme H. alkali Azkiregli Az tuzlu Iyi Yeterli Yeterli Killi- Yetersiz  Yiiksek Yiksek
Tinlt
Analiz sonucu 7.17 1.56 0.07 6.40 56.32 13.83 5606 0.10 4625 502.25
Degerlendirme H. alkali Az kiregli Aztuzlu lyi Yeterli Yeterli Killi- Yetersiz ~ Yiksek Yiiksek
Tinlt
Analiz sonucu 7.23 1.56 0.06 6.53 56.21 11.77 58.7 0.11 4685 511.05
Degerlendirme H. alkali Azkiregli Az tuzlu Iyi Yeterli Yeterli Killi- Yetersiz =~ Yiiksek Yiiksek
Tinlt

Cizelge 3. Toprak elementel analiz sonuclari
Table 3. Soil elemental analysis results

Azot (%) Karbon (%) Hidrojen (%) Kiikiirt (%)
Elementel analiz Ort + SD Ort + SD Ort + SD Ort + SD
0.763+0.075 4.639 + 3.943 2.549 +1.197 0.000 + 0.000

Ort; Ortalama, SD;Standart sapma
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Arastirma alam yaklagik 1500m rakimda olup toprak
ozellikleri  bolgenin  topografik  yapisina, ana
materyale, yikanma zonuna, mikroiklim
farkliliklarina, vejetasyona ve abiyotik faktorlerin
degiskenligine bagh olarak farklilik
gosterebilmektedir (Bilgin ve ark., 2016). Tekstiir
veya topragin mineral igerigi gibi baz1 duragan toprak
ozellikleri, olusum stiregleri tarafindan
belirlenmesine kargin su igerigi, elektriksel iletkenlik,
sikisma, organik madde miktar1 gibi bazi dinamik
toprak ozellikleri arazi yonetim uygulamalarina bagh
olarak degiskenlikler gésterebilmektedir (Jabro ve
ark., 2006). Calismanin sonuclarina bakildiginda
topragin Ozellikle organik madde ve K, P, Ca, Mg
elementler bakimindan yeterli diizeyde oldugu
gorilmektedir. Toprakta N igeriginin dustk
olmasinin nedeni ortamda azotun bitki tarafindan
kullanilabilir formlarinin bulunmasi olabilir. Ayrica
bolgesel ve yillik iklim farkliliklari azot alim
etkinligini  degistirmektedir. Azot alimi1 iklim
sartlarindan buyuk olgiide etkilenmektedir. Farkli
ekolojik kosgullarin, hava sicakliginin ve neminin,
bitkinin azot alimimi ve kullanimini etkiledigi
varsayllmaktadir (Karasahin, 2014).

A.orduensis tirine ait ¢icek kisimlarinin morfolojik
incelemesi sonucunda g¢igegin epikaliks ve kaliksten
olustugu, koralla olmadigi, epikaliksin 4 parcals,
kaliksin 4 sepalli, kaliks ve epikaliks parcalarinin
almasgh siralandig1 ve infloresensin ¢ok ¢igekli oldugu
belirlenmigtir. Epikaliks loplarinin u¢ kisimlarinda
belirgin tiyler bulunmaktadir. Turiin cicekleri sari

renklidir.  Hipantium  bulunmaktadir.  Pedisel
tuyludur. Sepaller 0.6-0.7mm X 0.8-1mm ebatlarinda,
epikaliks loblarida 0.5-lmm X 1-1.5 mm

boyutlarindadir. Sepaller epikaliks loplarindan daha
dardir (Sekil 3A-D). Davis (1972) benzer sekilde
turtin  epikalikslerinin daha genis oldugunu
belirtmistir. Meyve oOzellikleri ile ilgili Flora of
Turkey'de (1972) veriye rastlanilmamistir. Yapilan
calismada tiiriin aken tipi meyveye sahip oldugu ve
akenlerin yaklagitk 0.5-0.7mm X 1-1.2 mm
boyutlarinda oldugu belirlenmistir. Faghir ve ark.
(2017) 24 Alchemilla tiirtiniin c¢icek morfolojisini
incelemigler ve kaliks sekli ve uzunlugu, kaliks ve

pediseldeki tlylerin durumunun tirlerin ayirt
edilmesinde ¢ok o6nemli karakterler oldugunu
belirtmiglerdir. Ayrica cinsin tir tayin

anahtarlarinda c¢icek o6zellikleri ayirt edici 6zellik
olarak kullanilmaktadir (Davis, 1972).

Taramali elektron mikroskobunun (SEM) kullanima,
bitkilerin vejetatif ve generatif organlarinin yizey
ozelliklerinin  belirlenmesinde  6nemli  katkilar
saglamistir (Barthlott, 1984; Stace, 1984). Petal ve
sepal morfolojisi ve mikromorfolojisi taksonlarin ayirt
edilmesinde ayirtedeci 6zelliklerdir (Metcalfe ve
Chalk, 1979; Ozcan, 2002). Song ve ark., (2020)
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Rosaceae familyasinda petal ve epikaliks gibi
yapilarin mikromorfolojik ve morfolojik
karakterlerinin evolusyonuna farkli bir bakis acgisi
getirdigini belirtmiglerdir. A. orduensis tirinin
epikaliks, sepal ve meyve yiizeylerinin taramal
elektron mikroskobu yardimi ile yapilan
mikromorfolojik incelenme sonuglar1 Sekil 3 ve Sekil
4’te gorulmektedir. Epikaliksin alt tipsii yapisinda
belirgin tiiyler bulunmaktadir (Sekil 3B). Epikaliks
dis ylzeyi dikdortgenimsi hiicrelerden olusmaktadir.
Hiicrelerin  ceperleri ice gomulia  durumdadir.
Hiicrelerin antiklinal geperleri genellikle diiz bazende
kavislidir (Sekil 3 F-G). Epikaliksin i¢ yiizeyindeki
hiicreler dalgali c¢eperlidir. Hiicrelerin c¢eperleri
belirgin sekilde ige gomulidir. Epikaliks i¢ yiizeyi
retikulat-rugose yiizey sekillidir (Sekil 3 H-I).
Onosma L. turlerinin petalleri ile yapilan calismada
petal dorsal yiizeylerinin mikromorfolojik yapilarinin
diger morfolojik ve mikromorfolojik ozellikler ile
birlikte tiirlerin ayirt edilmesinde kullanilacag:
belirtilmistir (Akgin, 2009).

Ciceklerin sepallerinin dig ylizeyinde epidermis
hiicreleri az-¢ok dikdoértgenimsi bir yapidadir. Yizey
tzerinde kitikular katlanmalar ve vaks yapisi
bulunmaktadir.  Antiklinal ¢eperler  genellikle
kavislidir. Hiicre geperleri ige gémuli vaziyettedir
(Sekil 4 A-B). Sepallerin i¢ yiizeyleri dalgah
ceperlidir. Hiucreler girintili c¢ikintili  yapidadir.
Hiicrelerin tizerinde yogun retikulat yuzey sekilleri
bulunmaktadir (Sekil 4 C-D).

A. orduensis tirinun meyvesi aken tipindedir. Yuzey
uzerinde suslemeler bulunmaktadir. Meyve yuzey tipi
retikulat tiptedir. Epidermis hiicreleri az ¢ok
dikdortgenimsi ve antiklinal c¢eperleri diz veya
kavislidir (Sekil 4 E-F). Bircok bitkinin meyve ve
tohum mikromorfolojileri taramal elektron
mikroskobu ile incelenmis ve taksonomik Onemleri
ortaya konulmustur (Juan ve ark., 2000; Akgin,
2007). Potentilla L. (Rosaceae) tiirlerinin aken
mikromorfolojilerinin cinsin tiirlerini ayirt etmek igin
givenilir kriterler olarak kullanilabilecegini
gosterilmistir (Sadeghi ve ark., 2021).

SONUC ve ONERILER

Bu ¢alismada Ordu Ili Pergembe yaylasinda sinirh bir
alanda ¢ok az bir popiilasyon ile temsil edilen lokal
endemik tir olan A. orduensisin ¢igcek ve meyve
morfolojisi ile baz1 ekolojik 6zellikleri tespit edilmeye
¢alisilmigtir. Hem generatif hem de vejetatif donemde
N, C, H ve S element miktarlarinin toprak usti
kisimlarda fazla oldugu belirlenmigtir. Bitkinin ¢igek
ozellikleri ayrintili sekilde incelenmigtir. Cinsin tur
tayin anahtarinda bu ozelliklerinden
faydalanilmaktadir. Lokal endemik olan tirun daha
iyl taminmasi i¢in diger ozelliklerinin de ayrintili
sekilde incelenmesi 6nerilmektedir. Farkli cografi ve
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iklimsel o6zelliklere sahip alanin otlama baskis1
altinda oldugu gozlenmigtir. Calisilan  bitki
orneklerinin otlatma baskisindan uzak lokalitelerde
bulunmasi1 tahribatin bir go6stergesi olabilir. O

nedenle alanda bulunan endemik ve tehdit altindaki

turler 1ile yapilacak c¢alismalarin hem  bitki
gesitliliginin hem de mendereslerin korunmasi ve
stirdurulebilirligine katk: saglayacagim
diustinmekteyiz.

25 pm

Epikaliks i¢ yiizey (SEM).

Sekil 3. Alchemilla orduensis. A-D. Cicek genel goniinim, E; Cicek (SEM) F-G; Epikaliks dis yiizey (SEM), H-T;

Figure 3. Alchemilla orduensis.A-D.Flower general appearance, E; Flower (SEM) F-G; Epicalyx outer surface

(SEM), H-I; Epicalyx inner surface (SEM).

348



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 342-351, 2022
KSU J. Agric Nat 25 (Suppl 2): 342-351, 2022

Aragtirma Makalesi
Research Article

Sekil 4. A. orduensis SEM gekimleri. A-B; Sepal dig yiizey, C-D; Sepal i¢ yiizey, E; Meyve genel gorunus, F;

Meyve ylizeyi.

Figure 4. A. orduensis SEM photos. A-B; Sepal outer surface, C-D; Sepal inner surface, E; Fruit general

appearance, F; Fruit surface.
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Bu caligma Ordu Universitesi Bilimsel Aragtirma
Projeleri Koordinasyon Birimi tarafindan desteklenen
A-1832 no’lu projenin bir kismidir. Katkilarindan
dolay1 tesekkiir ederiz.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katk:
olduklarini beyan eder.

saglamisg

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
¢atismasi olmadiginmi beyan ederler.
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OZET Biyoloji
Bu ¢alismada, Inocybe tardanin bazidiyokarplar: Turkiye’den ilk kez
toplanmig, makroskobik ve mikroskobik yapilari, ilgili fotograflar ve Aragtirma Makalesi
kisa bir tartisma ile birlikte sunulmustur. Tirkiye 6rnegi soluk ; ;
kirmizimsi kahverengi veya kestane rengi sapka, badem bi¢iminde, Makale T.ar'lhge's1
8-12 x 5—6 pm bazidiyosporlar ve i1g veya siskin silindir bi¢gimindeki, Gelis Tarl}'u‘ ) 01.08.2022
50-80 X 12—21 pm sistityumlar ile akraba tirlerden ayrilir. Kabul Tarihi :21.07.2022
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Inocybe tarda Kiihner: A New Record for the Turkish Mycota
ABSTRACT Research Article
In this study, basidiocarps of Inocybe tarda were collected for the
first time from Turkey and are presented together with macroscopic Article History
and microscopic structures, related photos and a brief discussion. Received - 01.03.2022
The Turkish specimen is distinguished from related species by its Accepted £ 21.07.2022
pale reddish brown or chestnut color cap, almond-shaped, 8—12 x 5—6
pm basidiospores and spindle-shaped or swollen cylindrical, 50-80 X Keyyvgrds
12-21 pm cystidia. Basidiomycota
Taxonomy
Trabzon
Basidiospore
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GIRIS gerekliligini ortaya koymaktadir (Akata ve ark., 2014;

Inocybe (Fr.) Fr. cesitli renklerde, kiicilk ve orta
buyuklukte, yiizeyi pullu veya lifli ve az ¢ok yapiskan
sapkasi, sapa az veya cok birlesik, acik veya koyu
renkli lamelleri, silindirik veya tabanda genislemis,
tozlu, lifli veya pullu, az ¢ok kortinali sapi, sperm
veya farkli kokulu ve biiyiik ¢ogunlugunda zehirli eti,
acik sarims1 kahverengi spor izi, fasulye seklinde,
badem bi¢iminde, diigiimli-késeli, diiz yiizeyli ve agik
kahverengimsi bazidiyosporlari, ig bigiminde, kalin
ceperli ve tepesi kristalli sistityumlari, az ¢ok paralel
veya bazen ylizeye dogru biliyliyen ve kancali sapka
derisi hifleri ile diger gruplardan ayirt edilen biytk
bir cins olup son yillardaki molekiiler g¢aligmalar
sonucunda birka¢ alt cinse béliinmiistiir (Kuyper,
1986; Vauras, 1992; Knudsen ve Vesterholt, 2008).
Cins Tirkiye'nin her yoresine yayilmig olup ylze
yakin tirle temsil edilmektedir. Yakin zamanda bilim
diinyas1 i¢in yeni ve Tirkiye i¢in yeni kayit /nocybe
turlerinin yayimlanmasi yeni caligmalarin

Keles ve ark., 2014; Altuntas ve ark., 2019;
Sadullahoglu ve ark., 2019; Sesli, 2019; Bandini ve
ark., 2020; Sesli, 2020; Sesli ve ark., 2020; Dogan ve
ark., 2021; Uzun ve Kaya, 2022).

Bu ¢alismanin amaci Turkiye’'de yayilis gosterdigi ilk
kez saptanan bazidiyokarplar1 inceleyip tamitarak
Inocybe tarda turuini Tiurkiye mikotas1 i¢in yeni
olarak bildirmektir.

MATERYAL ve METOD

Bu arastirmanin materyalini 06.12.2017 tarihinde
Trabzon ili Ortahisar ilgesinde bulunan Karadeniz
Teknik  Universitesi  yerlegskesinden  toplanan
bazidiyokarplar olusturmaktadir. Toplama sahasinda
yayilis gosteren agaclarin tird, bazidiyokarplarin
genel 6zellikleri, renklerinin degisip degismedigi ve
olas1 mikorizal iligkileri kaydedildikten sonra birkag
tanesi  toplanarak  kese  kagitlarina  konup
laboratuvara getirildi. Spor izleri elde edildikten
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sonra geriye kalan numuneler radyatoér Uzerinde
birkag saatte kurutuldu ve kataloglanarak
fungaryuma  yerlestirildi. Daha sonra  kuru
materyalin lamel, sapka derisi ve sap ylzeyinden
mikroskop altinda ince kesitler alindi. Mikroskopik
incelemeler icin kesitler %5’lik amonyak ¢ozeltisi
icerisine konuldu, birka¢ dakika bekletildikten sonra

bazidiyum, sistityum ve gapka derisi hifleri
goriintiileme  sistemi  sayesinde  6l¢ildi  ve
mikroskopik fotograflar elde edildi.

Bazidiyosporlarin toplu halde gorintiilenebilmesi i¢in
bazidiyokarptan yaklasik bir santimetre karelik bir
parca kesildi, %10’ luk amonyak ¢ozeltisi igerisinde 5
dakika bekledildikten sonra lam {izerinde pens
yardimi  ile  birkag¢ defa sikihp  birakilds.
Fotomikrografi sistemi sayesinde yaklasik 30
tanesinin buyuklikleri 6l¢uldd, ortalamasi alinarak
en yakin sayiya yuvarlandi ve fotograflari cekildi.
Numunelerin teshisi ilgili kaynaklara gore yapildi
(Kuyper, 1986; Vauras, 1992; Knudsen ve Vesterholt,
2008; Sesli ve Bandini, 2019, 2020).

BULGULAR

Basidiomycota / Topuzlu mantaralar
Inocybaceae / Kimbetmantarigiller

Inocybe tarda Kiithner / Ciicekiimbet (Sekil 1)

Sapka konik veya diiz, 25-55 mm, tepe cikintili,
pullu, lifli veya tiyli, soluk kirmizimsi1 veya
turuncumsu kahverengi ve kenarlara dogru daha
soluk renklidir. Lameller sinirli bir bélgeden veya
daralarak sapa bagl, genis, beyazimsi gri veya
pembemsi kahverengi ve kenarlari sillidir. Eti ince,
spermatik kokulu, hafif tath, beyazimsi, grimsi veya
soluk pembemsidir. Sap silindirik, kirilgan, bazen
tabanda daha genis, 35-65 X 3-8 mm, ylizeyi
pembemsi veya turuncumsu kahverengi, tabana
dogru daha acik renkli, beyazims:1 ve lifli, yukarida
beyazims1  tozlu  goriinimdedir. Bazidiyumlar
¢omakcik biciminde, 4 sporlu, kancali ve 25-38 X 8-
12 pm’dir. Bazidiyosporlar eliptik veya badem
bi¢iminde, diiz yuzeyli, kalin ¢eperli ve 8-12 X 5-6
pm’dir. Sistityumlar ig biciminde veya ortadan siskin
silindir geklinde ve 50-82 X 12-21 pm’dir. Sapka
derisi az ¢ok diizglin ve paralel, 5-12 pm kalinlhiginda
silindirik hiflerden olugsmustur. Sonbaharda park ve
bahgelerde, genis yaprakli agaclardan olusan orman
kenarlarinda, agaglar altinda, genellikle gruplar
halinde bazen de tek tek yayilis gosterir.

Incelenen o6rnekler: Tiirkiye, Trabzon, Karadeniz
Teknik Universitesi Yerleskesi, 40°59'39.07" K ve
39°46'17.22" D, 108 m, 06.12.2017, gruplar halinde,
E. Sesli 3875.

TARTISMA

Inocybe tardamin ait oldugu alt cins (sect. Tardae
Bon) iiyelerinde sapka beyaz, sari, grimsi beyaz,
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turuncumsu kahverengi, toprak, cilt, leylak veya
menekse renginde olabilmektedir. Bu alt cins
icerisinde yeni kayda yakin bireylerde sapka nispeten
zarif ve kucuktir. En yakin tir olan JInocybe
nitidiuscula (Britzelm.) Sacc., kozalakli agaclar ve
ozellikle ladinle mikorizal yasamas1 ve daha kiigiik
sapkali (10-40 mm) olmasi ile ayirt edilir. Diger
yakin bir tir olan 1. involuta Kuyper genellikle ¢atlak
sapkasi, daha kiiciik boyutlu olmas1 (sapka: 20—40,
sap 30—50 X 4-7 mm), daha genis bazidiyosporlar1 (6—
7.5 um) ve igne yaprakh agaclar ile mikorizal olmasi
ile yeni kayittan fark eder. Inocybe pusio P. Karst
oldukca kiiciik (10-35 mm) sapkaya, az veya cok
menekse renginde sap ve lamellere ve daha kiigiik
bazidiyosporlara (8-11 X 4.5-6 pm) sahiptir. Inocybe
aeruginascens Babos beyaz ve zedelenince mavimsi
yesil sapa, 810 x 4-5.5 pm bazidiyosporlara sahiptir
ve daha cok kumlu topraklari tercih eder. Inocybe
nespiakii Bon oldukca kiiciik sapka ve sap1 (8—13 mm,
20-30 X 1.5-3 mm) ve polimorfik sistityumlar1 ile
kolayca aywrt edilir. Inocybe obscurobadia ladinle
mikorizal yasam strmesi, daha kisa bazidiyosporlari
(7-10.5 um), sise vel/veya armut bicimindeki
sistityumlar: ile farklilik gosterir. Diger bir nispeten
yakin fakat farklh bir tir, J[Inocybe ochroalba
Bruylants 10-30 mm, konik, yarim kiire veya can
biciminde sapkaya, 7.6-10 X 4.5-5.5 pm
bazidiyosporlara ve daha kicik sistityumlara
sahiptir. Inocybe Iuteipes J. Favre koyu grimsi ve
olduk¢a kiicik sapkaya, sarimsi1 veya turuncumsu
kahverengi sapa, eliptik ve 85-9.5 X 6-6.5 pm
bazidiyosporlara sahiptir. Inocybe rupestris J. Favre
kahverengimsi sapi, 10—-15 mm sapkasi, silindirik ve
45-65 x 10-16 pm sistityumlar ile /nocybe tarda’dan
ayrilir. Inocybe posterula (Britzelm.) Sacc. eliptik ve
daha kiiciik bazidiyospor (7.5-9 x 4.5-6 um) ve sise
seklinde, 45—-60 X 12—-20 pm sistityumlar ile farklilik
gosterir. Inocybe subporospora Kuyper 9-36 mm
sapkali, kirmizimsi kahverengi saphh ve daha kisa
(8.5-10 pm) Dbazidiyosporludur (Kuyper, 1986;
Vauras, 1992; Breitenbach ve Kranzlin, 2000;
Knudsen ve Vesterholt, 2008).

SONUC ve ONERILER

Bu calisma sonucunda Inocybe tarda Turkiye icgin
yeni kayit olarak betimlenmisg ve Tirkiye mikotasina
katkida bulunulmustur. /nocybe grubu mantarlarin
disaridan bakildiginda teshisi zor goriinmesine
ragmen, renkleri, mikorizal iligkileri, oldukc¢a ilging

sistityumlari, eliptik veya nodilli  olabilen
bazidiyosporlari, ezildiginde renk degistirebilme
ozellikleri, sapka derisinin mikroskopik yapisi,

kokusu ve benzeri c¢ok degisken ve kullanilabilir
karakterleri sayesinde dikkatli ¢alisildiginda kolay
bir grup oldugu sdylenebilir.

Genellikle kucuk boyutlu olduklarindan ve ¢esitli
habitatlarda kendilerini kamufle edebildiklerinden
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arazide dikkatli aranmalar1 gerekir. Fakat bu caligmalarimi olumsuz etkiledigi bir gercgektir. Fakat
zorlugun iyi yonu olarak her zaman yeni kayit veya birgok Inocybe tirini ge¢ sonbaharda ve hemen
yeni tir Inocybe bulma olasiliginin yiiksek oldugunu hemen kiga kadar toplayabilme sansiniz mevcuttur.
soyleyebiliriz. Diger yonden bazi yillar yaz ve Kicik boyutlu olduklarindan kurutulmalari da
sonbahar aylarinda beklenen yagmurlarin kolaydir. Bu nedenlerle mantar arastirmacilarina bu

yagmamasi mantar arastirmacilarinin arazi grup mantarlari ¢aligmalarini 6neririz.

a

20pm

%m

Sekil 1. Inocybe tarda: a- bazidiyokarplar, b- sistityumlar, c- sapka derisi kesiti, d- bazidiyosporlar, e-
bazidiyumlar (Olcek cubuklari: a: 50 mm, b ve c: 20 pm, d ve e: 10 um)
Figure 1. Inocybe tarda’ a-basidiocarps, b-cystidia, c-section from the pileipellis, d-basidiospores, e-basidia (Scale
bars: a: 50 mm, b and ¢’ 20 um, d and e’ 10 um)
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ABSTRACT

Freshwater is a very important part of the ecosystem. Aquatic
insects are at the center of importance of fresh waters due to their
remarkable number and diversity.. The purpose of this study was to
compare the morphological differences in male and female
individuals with the arithmetic mean of some body measurements
and to give a summary of rare unexpected structural disorders. On
observing sexual dimorphism, Helophorus aquaticus Linnaeus, 1758
(Coleoptera) specimens were selected from the samples collected
from Erzurum Wetlands (Turkey) between April and October (2021),
as it has a large body and their number in the collection was
sufficient. Measurements were performed under a stereo microscope.
In this context, some differences in measurements were evaluated by
considering sexual dimorphism, some structural disorders and
gender-developmental stages in our study. Along with some
ecological data, like sexual difference of approximately 100 samples,
measurement differences were identified with body length 0.1-0.4
mm, body width 0.1-0.3 mm and leg length 0.1-0.3 mm. There are
differences in measurements between the two groups, and in some
species belonging to some families of the other Coleptera order,
individuals with structural disorders have been identified.. It is
believed that the developmental stages and sexual dimorphism size
differences are important data for future ecological and evolutionary
studies.
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Baz1 Sucul Béceklerde (Coleoptera) Egeysel Dimorfizm ve Yapisal Bozukluklar Ornegi

OZET

Tath sular ekosistemin ¢ok ©nemli bir tamamlayicidir. Sucul
bocekler say1 ve cesitlilik acisindan dikkat ¢ekmeleri nedeniyle tath
sularin 6nem bakimindan merkezindedir. Bu c¢alismanin amaci;
erkek ve disi bireylerde morfolojik farkliliklarin bazi viicut
Olctilerindeki aritmetik ortalamasiyla karsilagtirnlmasinmi saglamak
ve nadir karsilasilan beklenmedik yapisal bozukluklara onek
vermektir. Egeysel dimorfizmi gorebilmek ic¢in; Erzurum Sulak
alanlarindan (Turkey) nisan ve ekim aylar1 arasinda toplanan
orneklerden buytk viicuda sahip olmasi ve toplanma sayisi yeterli
oldugu icin Helophorus aqauticus Linneus, 1758 (Coleoptera) tiirii
sec¢ilmigtir. Bir stereo mikroskopta o&lgimleri yapilmistir. Bu
baglamda; olgimlerdeki bazi farkhiliklar calismamizda eseysel
dimorfizm, baz1 yapisal bozukluklar ve cinsiyet-gelisim evreleri
dikkate alinarak degerlendirilmistir. Baz1 ekolojik verilerle birlikte
yaklagik 100 o¢rnegin esesel farklhiligi olarak; viicut uzunlugunda
0,1mm.-0,4 mm., viicut genigliginde 0,1 mm.-0,3 mm. aras1 ve bacak
uzunlugunda 0,1 mm.-0,3 mm. aras1 ol¢giim farklhiliklarinin oldugu,
diger Coleptera takiminin bazi familyalarina ait baz turlerde ise
yapisal bozukluk o6rnegi goruldigli bireyler tespit edilmigtir.
Sonuglarin, gelisim evreleri ve eseysel dimorfizm boyut
farklihiklarinin gelecekteki ekolojik ve evrimsel calismalar igin
onemli veriler olacagina inanmilmaktadir.
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INTRODUCTION 1). Adult individuals of Helophorus spp. species and

Freshwater ecosystems provide several functions for other aquatic coleoptera were collected from a

both nature and society. Freshwater affects randomly selected area of Erzurum Wetland (Turkey)

biogeochemical processes, ecological dynamics of
biodiversity, ecosystem productivity, and human
health and welfare at local, regional and global scales
(Albert et al., 2021). Freshwater insect abundance
needs to be evaluated cautiously in the context of
distinct (Jahnig et al.,, 2020) and morphometric
characters.

Dey (2007) suggested that morphometrics can play a
very important role in understanding some of the
unique features and additional information about
insects. Geometric morphometrics is a relatively new
technique that has generated valuable results in the
study of insects and ecology. The advantage of a
geometric framework is comprehensive wuse of
information about shape (Vijayakumar and Jayaraj,
2013). Because insects have morphometric variations,
geometric morphometry has an important role in
studying aquatic ecosystems. Study of morphometrics
is a simple and quick technique, with low cost and
very good discriminatory power. Also, Zelditch et al.
(2004) mentioned that this new information from
geometric morphometrics for biologists is divided into
three parts topically: basics of shape data, analysing
shape variables, and applications of morphometric
methods.

Sexually dimorphic organisms provide elegant
comparative systems in which to study adaptation
(Dawson and Geber, 1999). The comparison of
anatomical features of organisms, and understanding
how variation in these features is associated with
variation in other traits, has long been of interest to
ecologists and evolutionary biologists (Adams and
Castillo, 2013). Additionally, geometric
morphometrics can be used in a phylogenetic context
(Monteiro, 2013).

Finally, invasive species are well known to impact
many aspects of ecosystems, including biodiversity (Li
et al., 2021). Helophorus spp. insects are abundant in
freshwater (Bektas, 2015). For morphometric aims,
some measurements of geometrical features of
aquatic insects, shape variation and descriptions of
numerous functions are obtained as both two-
dimensional and three-dimensional data (Adams and
Castillo, 2013).

MATERIAL and METHODS
Collection of samples

One species of Helophorus aquaticus Linnaeus, 1758
(Coleoptera: Helophoridae) was used as a model (Fig.
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from April-October 2021, using aerial nets in the late
afternoon (Table 1). After the collected individuals
were sorted and examined in using a stereo
microscope (Zeiss Stemi 305) in the Entomology
laboratory  (Agricultural Faculty of Ataturk
University) and East Anatolia High Technology
Application and Research Center (DAYTAM)
laboratories (Ataturk University), they were
separated to two sections according to use in research.
Then they were scanned, measured and parameters
were calculated under light microscopy. The
materials (hexapod) were stored in small bottles. The
hexapod was cleaned with a brush before
identification, and then the adeagophore of the
hexapod was dissected under a stereo microscope in
the laboratory. Bektas (2015) was used for
morphological identifications. The sampling time was
not a special time, but a rain-free day when the insect
could be in the adult phase. Also, the coordinates of
localities (different sampling-points of Erzurum
wetland) where the insect samples were taken were
obtained by using a GPS device (Garmin Gpsmap 66S
Handheld).

Figurel. Sexual dimorphism at Helohrus aqauticus
Linneus, 1758 (Coleoptera: Hydrophilidae).

Sekil  1.Helohrus  agauticus  Linneus, 1758
(Coleoptera: Hydrophilidae) tiiriinde eseysel
dimorfizm.

Methodology

Every metric has the possibility to clearly contribute
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to understanding (Daan, 2005). Aquatic ecosystem
analysis was considered the aim of this study. The
differences between males and females in
morphometric measurements were tested using
statistical analysis under stereo microscopy (Zeiss
Stemi 305). To visualize the shape (Fig. 2 and Table
1), maximum and minimum values and variation
coefficients were calculated using mean values and
standard deviations. Measurements used the
technological device which was located at DAYTAM.
Additionally, the difference between measurements of

morphometrics for male and female structures and
structural defects may be an important focus in
evolutionary research. Approximately 100 aquatic
insect specimens (43 males; 54 females) of Helophorus
aquaticus, were caught. This species was chosen
because it is found in abundance by chance.
Moreover, sexual dimorphism (in terms of size) is
evident and body size is easy to measure. Other
aquatic insects with structural defects were found by
chance and the insects were photographed to make
use of this opportunity (Fig. 3).

MORPHOMETRIC VARIATIONS
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Figure 2. Morphometric variaons on stage and sexual of collected Helophorus spp. species.
Sekil 2. Helophorus spp. tiirlerinde yasam evreleri ve cinsiyetlerine gore morfometrik varyasyonlar.

Table 1. Morphometric scales on Helophorus agauticus Linneus, 1758 (Coleoptera: Hydrophilidae) species.

Cizelge 1. Helophorus aqauticus Linneus, 1758 (Coleoptera’ Hydrophilidae) tiiriinde morfometrik élgiimler.

Gender Collected Information
Coordinates:
39°58'02.0"N/41°17'52.5"E

Male Location:

38 Vegetation Regions, Local
Conserved Wetlands.
Erzurum Wetlands, Turkey  5,7+0,1
Collected time:

April-October
Coordinates:
39°58'02.0"N/41°17'52.5"E

1501 Location:

Q Vegetation Regions, Local
Conserved Wetlands. 6,2+0,1

Erzurum Wetlands, Turkey

Collected time:
April-October »
aAverage measurements
bThere are twin sercus at last sternit of abdomen

Freshwater
pH*

Freshwater

temperature

(°C)=

2,1£0,1  3,5+0,1  25+1 6.9+0,1

2,4+0,1 3,8+0,1 25+1 6.9+0,1
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Figure 3. Structural defects at some aquatic insects (Coleoptera).
Sekil 3. Bazi sucul béceklerde (Coleoptera) yapisal bozukluklar.

RESULTS and DISCUSSION
The most conspicuous secondary sexual traits in
animals are morphological features. This is

exemplified by body size in insects (Ariza-Marin and
Luna, 2022). In past research, populations of insects
confirmed that morphological traces were not more
structured than genetic patterns and did not always
correlate (Zubrii et al., 2022). Also, teratology
(structural defect) studies the causes that produce
structural malformations, defects or abnormalities in
organisms (Burke et al., 2018). Before genetic
support, 1nsect studies are mneeded to reveal
morphological differences and obtain preliminary
data. These analyses were conducted for both
structural defects and morphometric differences. Here
we attempt to demonstrate that utility of
morphometric and structural analysis as a new
methodology for research. Also, there are some groups
that are:

For animals, some anatomical structure appears to be
good markers of quality of diet, with feedback
mediated by sex (Gutiérrez-Cabrera et al., 2022).
Insects are among the most successful animals among
species in the world. Their success is partly attributed
to their modified, sclerotized forewings, known as
elytra, that protect their body against physical
damage, desiccation, predation and thermal stress,
enabling them to occupy a wide range of ecological
habitats (Katlav et al., 2021). An increase in insect
abundance may reflect improved water quality
(Jahnig et al., 2020), as distribution and behaviour of
insect populations are based on their powerful
structures and adaptation to the environment. Wings,
legs and genital organs are excellent structures for
studying morphological variations. Comparisons of
results among these studies are difficult because of
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the different morphometric methods and concepts of
modularity and integration (Joji’c et al., 2012).
Morphometrics is defined as the quantitative
description, analysis and interpretation of shape and
variation of structures in biology (Mondal et al.,
2015). As in other applications of geometric
morphometrics, some adjustments may be needed
(Klingenberg et al.,, 2003). Plus, these studies
contributed to resolving taxonomic problems in
aquatic insects and other species (Petrarca et al.,
1998). Dawson and Geber (1999) indicated that
females are more often limited in their reproductive
success by resources, whereas males are limited by
opportunities for mating. Consistent with this view is
the very strong evidence of larger resource (biomass)
investments in reproduction in females compared to
males. This approach may be supported for aquatic
insects. Morphological integration also manifests at a
macroevolutionary level (Klingenberg, 2008). It is
important to study teratomorphs because they can
last a long time and manifest in the phylogeny of a
certain lineage; also these morphological
abnormalities pinpoint the underlying genetic
determinism of the morphology. Morphological
anomalies are not uncommon in insects, and
Coleoptera is one of the orders with the highest
number of described teratological cases (Popa et al.,
2021). Therefore, it is very important to find these
teratological images in our morphometric and
ecological studies of aquatic insects.

Some differences in animal body shape arise even
when there are minimal variations in diet (Huie et
al., 2020). A similar study (Almeida et al., 2021) found
females were larger than males in body length, but
males had thicker arms and forearms. The diet of
males and females is similar for Hylodes perere Silva
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& Benmaman, 2008 (Anura, Hylodidae), comprising
insects, arachnids and crustaceans, suggesting a
similar foraging strategy for both sexes. Francoy et al.
(2009) examined the forewing venation patterns of
males and females of five stingless bee species and
reported that the patterns of males and females from
the same species were more similar than the patterns
of individuals of the same sex from different species.
They suggested that the features extracted from the
wings of males and females were very informative in
discriminating the five species. Metrics, however,
measure something specific, while indicators are
supposed to tell us something different from what
they actually measure (Daan, 2005).

Above all, the analyses showed that there was strong
integration of geometric morphometric analysis, and
that this approach might help future studies not only
by contributing to solving problems in systematics but
also in understanding the flight mechanism of
bumblebees (Aytekin et al., 2007). Klann et al. (2021)
performed on study of sensory mechanisms that cause
severe structural defects on sensilla pattern in
Tribolium castaneum  larva (Tenebrionidae).
Moreover; a study of an insect species belonging to
the Pentatomidae family found correlation between
sexual dimorphism and epicuticular hydrocarbon.
Differences were found in the epicuticular
hydrocarbon pattern among nymphs and adults, as
well as sexual dimorphism in adult stink bugs (Sessa
et al., 2021).

The most common hypothesis is that females are
larger than males and this is prevalent in many
animals (Kelly et al., 2008). Instruments of geometric
morphometrics will be able to answer many specific
questions about evolutionary diversification of shape.
A foundation of other multivariate methods can also
be used in a comparative context to understand
geometric morphometrics and structural defects
(Revell and Harmon, 2008). Results show:

Since it was invented, the microscope has become
very important to investigate microinvertebrates and
macroinvertebrates, especially insects. With the
development of technology, microscopes have been
developed for scientific research. This search has
progressed with the ability of the researcher to
observe tiny organisms.

So we undertook a comparative study of correlations
of morphologies for male and female body structures,
such as body length in approximately 100 aquatic
insects (43 males; 54 females) in the genera
Helophorus. Helophorus spp. includes aquatic insects,
distributed in a wide habitat, that were collected from

Erzurum province in Turkey. In this genus,
morphometric  characteristics are  vital for
understanding how organism shapes evolve.

Additionally, comparative studies are necessary due
to the identification of specific data about structure.
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Studies that emphasise the variability in body
measurements are very useful for identification and
ecological dynamics.

The results showed that both male and female insects
have different measurements. Additionally, sexual
dimorphism may be an important force with
ecological dimensions based on measurements of
morphometrics of male and female organs. There is
no inherent limitation in phylogenetic comparative
approaches that restricts them to regression. On the
contrary, all the wusual tools of geometric
morphometrics can be used in a phylogenetic
comparative context (Monteiro, 2013). Similarly, it is
unsurprising that insect structural defects are
explained by their necessary generation as a function
of local area variation in related tissue and cells (Kim
et al., 2016). When viewed in this light, the approach
described here provides a general conceptual
framework for understanding patterns of change in
morphometrics. Our results may indicate that
differences in sexual dimorphism between these
Helophorus insects could be due to differentiation of
developmental methods and possible distinctions of
feeding activity between individuals. It is believed
that further investigations are needed.

CONCLUSION

These methods are mathematical applications of
geometric morphometric. Geometric morphometry is a
simple and quick technique with low costs, and
revealed itself to be a valuable tool in this research.
Distribution and behaviour of insect populations are
based on their powerful structures and adaptation to
the environment. Wings, legs and genital organs are
excellent structures for studying morphological
variations. This research is the first to demonstrate
that a wide range of morphometric methods can be
combined with morphological defects, which 1is
concerned with structural changes. It 1s believed that
these data will support the improvement of these new
methods.
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OZET

Diyarbakir'in Egil yo6resinden farkli iki lokaliteden toplanan 11
(1029, 183) Pipistrellus kuhlii érneginin morfolojik ve karyolojik
ozellikleri incelenmigstir. Morfolojik karakterler, dl¢iiler ve karyolojik
ozellikler daha once yayinlanmis calismalarla karsilagtirilmigtir.
Diploid kromozom sayis1 2n = 44, kromozom kol sayis1 NF = 54 ve
otozomal kromozom kol sayis1 NFa =50'dir. X kromozomu orta
buytklikte metasentrik, Y kromozomu nokta seklinde olup, son
akrosentrik  kromozom  ¢iftlerinden  daha
karsilagtirmali c¢alisma sonucunda, tragus ve ust dis ozellikleri
disinda diger morfolojik ve karyolojik 6zellikler Tirkiye'deki
Pipistrellus kuhlii 6zelliklerine sahiptir.

Morphology and Karyology of Pipistrellus kuhlii (Kuhl, 1817)

Diyarbakir Province/Turkey
ABSTRACT

In this study, the morphological and karyological peculiarities of
eleven (1099, 143) specimens of Pipistrellus kuhlii collected from
Diyarbakir province were examined. The external and cranial
measurements and weights of the specimens were taken and also the
field notes were recorded. The diploid chromosome number of the
specimens was 2n = 44, fundamental chromosome number was NF =
54 and autosomal chromosome number was NFa = 50. The X
chromosome was middle sized metacentric and Y chromosome was
small acrocentric. The external and cranial measurements and
karyological and morphological peculiarities were compared with
previously published accounts. The results revealed that the species
of P. kuhlii distributed in this region.
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GIRIS Rudloff, 2009). Vespertilionidae familyas1 icerisinde

Tirkiye yarasalariyla ilgili yapilmis ¢ok sayida
onemli  morfolojik, molekiiller ve taksonomik
calismalar bulunmaktadir (Caglar, 1969; Felten ve
ark., 1977; Kumerloeve, 1978; Helversen, 1989;
Benda ve Horacek 1998; Albayrak ve Asan, 1999;
Horacek ve ark., 2000; Krystufek ve Vohralik, 2001,
Yagc1 ve Asan, 2019). Tiirkiye’de farkli sayida yarasa
tiri yasadigi ifade edilmekle beraber toplamda
yaklagik 39 tiir ve Vespertilionidae familyasina ait 30
tir bulunmaktadir (Benda ve Horaéek, 1998;
Krystufek ve Vohralik, 2001; Grimmberger ve

yer alan Pipistrellus cinsinin Turkiye'de Pipistrellus,
Pipistrellus kuhlii, Pipistrellus nathusii, Pipistrellus
pygmaeus olmak tlzere toplam 4 tird bulundugu
ifade edilmektedir (Albayrak ve Asan, 1999; Karatas,
2005).

Pipistrellus  kuhlii  tura Palearktik bolge
memelilerinden olup diinyada Akdeniz cevresindeki
ulkelerde, Kuzey Afrika, Ortadogu, Kafkaslar ve

Avrupa’nin biytuk bir kisminda dagilig
gostermektedir (Benda ve Horacek, 1998; Wilson ve
Reeder, 2005; Grimmberger ve Rudloff, 2009).
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Pipistrellus kuhlii tirinin Turkiye'nin giney kesimi
ve Kuzeydogu Anadolu'da kayitlari bulunmasina
karsihik Turkiyemin Kuzey boélgesi igin  durum
belirsizdir (Albayrak ve Asan, 1999). Tiirkiyemin 21
illinde Pipistrellus kuhlii tirid kayit edilmistir
(DeBlase ve Martin, 1974; Benda ve Horacek, 1998;
Albayrak, 1990; 1993; 2003; Karatas, 2000; Karatas
ve ark., 2004; Kahraman, 2007; Koksalan, 2010;
Yorulmaz, 2010).

Diyarbakir'in yakin ¢evresinde, Adiyaman, Sanliurfa
ve Mardin illerinde Pipistrellus kuhlii tirine ait
kayitlar bulunmaktadir (Arslan, 2004a; Arslan ve
Albayrak, 2005). Ancak, Diyarbakira komsu olan
Elazig, Bingol, Malatya, Batman ve Mus gibi kuzey,
bati ve dogusunda bulunan illerde kayit bulunmayisi
turun karyolojik ve morfolojik 6zellikleri, taksonomik
durumu, dagilis alanlar1  acisindan  bosluk
olusturmaktadir. Bu ¢alismada Diyarbakir'da dagilis
gosteren Pipistrellus kuhlii turinin morfolojik ve
karyolojik o6zellikleri hakkinda Dbilgi eksikligini
gidermek ve dagilis alanlarini belirlemekle birlikte,
Gineydogu  Anadolu  boélgesi  biyogesitliliginin
tespitine katkida bulunmak amaglanmistir.

p
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MATERYAL ve METOD

Diyarbakir'in Egil ilgesinde bulunan evlerin ve Yatili
Boélge Okulunun duvarlarindaki ¢atlaklar igerisinde,
gengel sekline getirilen tel c¢ubuklar yardimyla,
toplamda 11 (1099, 133) Pipistrellus kuhlii tiri
ornekleri 09-16 Aralik 2016 tarihleri arasinda
yakalanmistir (Sekil 1). Caglar, 1969; DeBlase, 1980;
Palmeirim, 1990; Albayrak, 1993; Dietz ve Helversen,
2004 tarafindan olusturulan tayin anahtarlarlari ile
kargilagtirma yapilarak toplanan o&rneklerin tir
tespiti yapilmistir. Orneklerin cinsiyetleri belirlenip,
dis vicut ve bas iskeleti olc¢lileri Karatas, 2000;
Arslan, 2004b ve Yorulmaz, 2010'a goére 0,1 mm
duyarli dijital kumpas ile (mm) ve agirhklar: (g)
olarak olctilmiistiir. Ford ve Hamerton (1956)
yontemine gore kromozom preparasyonlari
yapilmistir. Sentromer pozisyonlarina goére diploid
kromozom sayis1 (2n), kromozom kol sayis1 (NF) ve
otozomal kromozom kol sayis1 (NFa) belirlenmistir.
Orneklerin  derileri ve bag iskeletleri Dicle
Universitesi Fen Fakiiltesi Biyoloji Boélimiinde

muhafaza edilmektedir.

Albayrak, 1990

Karatas, 2000

@ Karatas ve ark. 2004
y Kahraman, 2007

I Kéksalan, 2010

Yorulmaz, 2010

A Albayrak, 2003
~~Arslan, 2004

9, Arslan ve Albayrak, 2005
@ Benda ve Horacek, 1998

J Bu ¢alisma

Sekil 1. Materyalin toplandig1 lokaliteler: Diyarbakir-Egil-Dégemeler Koyt ile Bolge Yatili Okulu ve Pipistrellus

kuhlifnin Turkiye'de kayit edildigi iller.

Figure 1. Collection localities: Diyarbakir-Egil-Dosemeler koéyi, Bolge Yatili Okulu and previously recorded

province of Pipistrellus kuhlii in Turkey.

BULGULAR

Pipistrellus kuhlii tiri boyut olarak olduke¢a kiigiik
yarasadir. Sirt ve karin kirki yogun bir gekilde
ince ve yumusak killarla ortilidir. Tirin kirkini
olusturan killar farkli iki renk tonuna sahiptir. Sirtta
bulunan killarin taban kisimlari siyah, u¢ kisimlari
daha acik sarimsi-kahverengidir (Sekil 2). Karinda
bulunan killarin ise taban kisimlar1 siyah, ug
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kisimlar1 sarimsi-beyaz renktedir. Kanat zari genis,
uzun ve ylzeyi c¢iplaktir. Zar grimsi-kahverengi
tonlarda, yar1 saydam, ince bir yapiya sahip ve
damarlanmalar net bir gekilde goriilmektedir. Kanat
zarinda, her iki yénde iglincii parmaktan itibaren
baglayan ve uropatagiumun serbest kenari boyunca
devam eden simetrik, serit seklinde olan dar beyaz
alan goriilmektedir (Sekil 2).
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Sekil 2. Pipistrellus kuhlifnin dis morfolojik 6zellikleri. a. Bag parmak tirnagi, b. Arka ayak tirnagi, c. Mahmuz

ve epiblema, d. Kulak ve tragus.

Figure 2. Morphological characters of Pipistrellus kuhlil. a. Claw of thumb, b. Hind foot claw c. Spur and

epiblema d. FEar and tragus.

Bacaklar kisa ve ayaklar1i  kiguk. Ayak
parmaklarindaki tirnaklar g¢engel seklinde ve
keskindir (Sekil 2b). Epiblema ve mahmuz

bulunmaktadir (Sekil 2c). Bacaklardan kuyruga
dogru her iki yonden simetrik sekilde uzayan "V"
seklinde daha agik alanlar bulunmaktadir. Bu agik
alanlar uropatagiumun yilizeyindebeyaz seritler
varmis gibi gériinmesine neden olmaktadir (Sekil 2).

Kulaklar kiciik ve uca dogru daralarak oval bir gekil
almigtir. Kulaklarin kenar kisminda oldukca belirgin
disa dogru bir ¢ikint: ve i¢ kisminda 5 tane yatay ¢izgi
seklinde deri kivrimlari bulunmaktadir (Sekil 2d).
Kulaklar ve tragus kahverengi tonlarindadir. Tragus,
kulagin yari uzunluguna ulagsmamakta,uca dogru
daralmis ve oval bir sekil almigtir. Tragusun kenar
kisminda bir c¢ikinti mevcuttur ve tragusun ig
kisminin kenarinda ice dogru belirgin bir girinti
vardir. Bu da u¢ kismin ige dogru bikiilmesine ve
kama seklini almasina neden olmustur. Antitragus
belirgin, kulagin dis kenar tabanindan ¢ikint:1 yapmis
ve tepe kismi oval bir sekil almistir (Sekil 2d).

Beyin kapsili rostrumdan genistir. Rostrum 06ne
dogru daralan ve az da olsa ¢ikintilh bir ylzeye
sahiptir. Zygomatik yayin orta kisminda hafif ige
dogru bir ¢okiintii vardir (Sekil 3Aa-c). Tympanic
bullae 1iyi gelismigtir. Foramen magnum genistir
(Sekil 3Ab). Mandibula oldukca saglam ve coronoid
process belirgindir (Sekil 3A, d ve e).
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Ust cenedeki birinci kesici dis tek zirvelidir (Sekil 3
Ba-al ve a2); Ikinci kesici dig, birinci kesici dig ile
temas halinde ve aralarinda bosluk yoktur. Birinci
kesici dis belirgin sekilde ikinci kesiciden uzundur.
Orneklerde istcenede bulunan canine ile ikinci
premolar disleri arasinda c¢ok az ya da oldukca
belirgin bir boglugun bulundugu ve tamamiyla temas
halinde olmadig1 goriilmiistiir (Sekil 3 Bb ve ¢). Cok
kicik olan st birinci premolar dis dizi sirasi
icerisinde yer almaz, agiz i¢ine dogru yerlesmis ve
yandan bakildiginda ¢ok az ya da belirgin bir sekilde
goriilebilmektedir (Sekil 3 Bc ve d). Molar disler
yandan bakildiginda u¢ kisimlari birbirine esit g
tane zirve seklinde gérilmektedir. Ustcene tgiinci
molar diger molar diglerden geniglik agisindan daha
dardir. Altgcenedeki kesici diglerin ug¢ kisimlari g
zirvelidir. Bu digler sikigik bir sekilde dizilmis ve
aralarinda bogluk bulunmamaktadir. Alt cenedeki
diglerin tamami dis sirasi hizasinda ve yandan
bakildiginda gorilmektedir. Ustcene dis dizisi
uzunlugu 4.69-5.14 mm ve alt¢ene dig dizisi uzunlugu
5.05-5.34 mm’dir. Diyarbakir 6rneklerinin bag iskeleti
olgiileri Cizelge 1'de verilmistir.

Diyarbakir Pipistrellus kuhliihin tim o6rneklerinde
diploid kromozom sayis1 2n=44, otozomal kromozom
kol sayis1 NFa=50 ve kromozom kol sayis1 NF=54
olarak bulunmustur (Sekil 4). Otozom kromozomlarin
3 ¢ifti kromozom setinin en biyik metasentrik
kromozomudur. Bir ¢ifti kiuc¢ik submetasentrik, 17



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 363-369, 2022 Aragtirma Makalesi

KSU J. Agric Nat 25 (Suppl 2): 363-369, 2022 Research Article
cifti ise orta buyuklikten ki¢uge dogru siralanan kromozomu ise oldukca kucik olup, nokta
akrosentriktir. X kromozomu metasentrik olup, seklindedir. Diyarbakir Pipistrellus kuhli
kiiciik submetasentrik ile en biyuk metasentrik karyotipinin sonuclari onceki caligmalarla
kromozom c¢ifti arasinda bir biyukluge sahiptir. Y karsilastirilmasi Cizelge 2’de gésterilmigtir.

v Zygomatik vay

A

Coronoid process
\
g |

Premolar 2

Bremolar 1

Canine

’OI amoen magnum v
w y L.\\\-\\\"
-
- \

Premolar 2

mm mm

b

Sekil 3. Pipistrellus kuhlifnin A. Bag iskeleti o6zellikleri; a. Dorsalden, b. Ventralden, c. Lateralden, d.
Mandibula lateral, e. Mandibula. B. Ustcene dis yapist a. Kesici diglerin yapisi, b. Canine ve
Premolar 2 (pm?) disin durumu , c. Premolar 1 (pm!) 'in durumu, d. Molar dislerin lateral'den
gorinimu.

Figure 3. Skull of Pipistrellus kuhlii, A. Skull peculiaritiess a. Dorsal view, b. Ventral view, c. Lateral view, d.
Mandibula lateral, e. Mandibula. B. Upper tooth row, a. Incisive, b. Canine and Premolar 2 (pm?),
teeth location, c. Upper Premolar 1 (pm?), d. Lateral view of upper molars.

Table 1. Body and skull measurements of Pipistrellus kuhlii samples (mm) and weight (g); sample size (n),
ekstrems (min./max.), avarage (x), standart deviation (xSd).

Cizelge 1. Pipistrellus kuhlii orneklerinin dis viicut ve bas iskeleti élctileri (mm) ve agirlik (g); érnek sayisi (n),
varyasyon alt ve iist sinir1 (min./max.), ortalama (x), standart sapma (+Sd) degerleri.

Ozellikler n min./max. X +Sd

Tum boy uzunlugu 11 84-95 90.7 3.23

Bag-beden uzunlugu 11 44-59 53.2 3.87

Kuyruk uzunlugu 11 34-40 37.5 2.21

Agirlik (g) 11 4.9-7.1 6.1 0.56

Onkol uzunlugu 11 34-39 35.4 1.44

Kulak uzunlugu 11 10-12 10.9 0.54

Ardayak uzunlugu 11 6-10 8.0 1.18

Kanat a¢iklig1 11 240-270 247.9 8.81

Tum kafatas1 uzunlugu 11 12.94-13.61 13.2 0.24
Condylobasal uzunluk 11 12.3-12.98 12.6 0.19

Zygomatik geniglik 11 8.45-8.98 8.6 0.18
Interorbital geniglik 11 3.35-3.54 3.4 0.06

Mastoid genislik 11 7.39-7.89 7.7 0.14

Beyin kapstli genigligi 11 6.42-7.03 6.7 0.16

Rostral geniglik 11 4.17-5.44 4.5 0.39

Kafatas: yluksekligi 11 5.82-6.36 6.1 0.15

Altgene uzunlugu 11 9.45-10.04 9.7 0.18

Ustcene dis dizisi uzunlugu 11 4.69-5.14 4.9 0.13

Altgene dig dizisi uzunlugu 11 5.05-5.34 5.2 0.09
TARTISMA ve SONUC bakimindan Diyarbakir Pipistrellus kuhlii
Pipistrellus kuhlii i¢in ayiricai karakter olarak orneklerinde beyaz serit tigtincti parmaktan baslayip,
belirtilen kanat membraninda beyaz seridin varhg ve kuyruk ucuna kadar kesintisiz bir sekilde devam
bu seridin kanat sistemi i¢erisinde bulunmasi 6zelligi etmektedir. Bu &zellik yalmzca Caglar (1969)
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tarafindan ifade edilen durumla benzerlik gosterir. Yorulmaz (2010) “n c¢alismalarinda ise genellikle
Ognev (1962), Albayrak (1990, 1993), Karatas (2000), beyaz serit beginci parmaktan baslayip devam ettigi
Arslan (2004a), Arslan ve Albayrak (2005) ve i¢in farklilik géstermektedir.

1 4

s 12

DO A0 a0 A0 AP 90 b an a.
13 21

a Pipistrellus kuhli No: 790, Erkek, Diyarbakir-E£i-Diseme kiva

b

Sekil 4. Diyarbakir erkek Pipistrellus kuhlii 6rneginin; a. Karyotipi (No: 790 erkek, Egil), b. Metafaz plagi.
Figure 4. A male sample of Pipistrellus kuhlii from Diyarbakir province; a. Karyotipi (No: 790 male, Egil), b.
Metaphase plate.

Table 2. Karyoype comparation of Pipistrellus kuhlii with previously published accounts; 2n; diploid
chromosome number, NF; chromosomal arm number, NFa; autosomal arm number, A; acrocentrik,
M+SM; metacentric+submetasentrics.

Cizelge 2. Diyarbakir Pipistrellus kuhlii karyotipinin onceki arastirmalarla karsilastirilmasi; 2n; diploid
kromozom sayisi, NF; kromozom kol sayisi, NFa; otozomal kromozom kol sayisi, A5 akrosentrik,
M+SM; metasentrik+submetasentrik.

' 2n NF NFa M+SM A X Y Referanslar ﬂlkeler

g 44 - 50 4 7 M - Capanna ve Civitelli (1970) Italya

£ 44 - 50 - - - - Volleth ve ark. (2001) Yunanistan

,;5 44 54 50 4 17 M A Arslan (2004) Antalya ve Sanhurfa

Ea 44 - 50 4 17 M A Karatas ve ark. (2004) Tirkiye

& 44 54 50 4 17 M A Gharkheloo ve ark. (2008) Iran

@ 44 - - 4 17 M A Yorulmaz (2010) Tiirkiye

44 54 50 4 17 M - Bu ¢aligsma Diyarbakir

Pipistrellus kuhlii 6rneklerinde tragusun uca dogru gostermektedir.

daralip, oval bir sekil almasi; Ognev (1962), Harrison Karyolojik 6zellikleri, diploid kromozom sayis1 2n=44,
ve Bates (1991) ve Arslan (2004b)in belirttigi otozomal kromozom kol sayis1 NFa=50 ve kromozom

ozelliklerle aynidir. Tragusun dis kenarinda belirgin kol sayisinin NF=54 olup literatiir c¢alismalariyla
bir ¢ikint1 ve i¢ kisminda ige dogru bir girinti karsilastirilmasi sonucunda herhangi bir farkliligin
bulunmas1 durumu ise Arslan (2004b) ile benzerlik olmadig1 anlasilmistir (Capanna ve Civitelli 1970,

gosterirken, Harrison ve Bates (1991) ve Dietz ve Volleth ve ark. 2001, Arslan 2004a, Karatas ve ark.
Helversen (2004)'den  faklibk  gdstermektedir. 2004, Gharkheloo ve ark. 2008, Yorulmaz 2010).
Harrison ve Bates (1991) Pipistrellus kuhliide
antitragusun iyi gelistigini ve kulagin dig kisminin
tabanindan ayr: bir ¢entik seklinde sinirlandirildigini
ifade etmiglerdir. Diyarbakir Pipistrellus kuhlii
ornekleri de benzer 6zelliklere sahiptir.

Dis vicut ve bag iskeleti ol¢uleri ile Diyarbakir
Pipistrellus kuhlii 6rneklerinin hem Turkiye hem de
Ortadogu tlkelerinde verilen o6l¢tulerin  simirlar:
igerisinde oldugu ve o6nemli farklhihik géstermedigi
gorulmustur. Yalnizca interorbital genigligin Arslan
Harrison ve Bates (1991) Pipistrellus kuhliide (2004b)in  calismasinda  belirttiginden  énemli
altgene kesici diglerin u¢ kisimlarinin tig esit pargals, derecede farklilik gostermektedir.

birinci premolarin ikincisinin yari uzunlugunda
oldugunu ve Palmeirim (1990) alt kesici dislerin
olduk¢a sikigik bir sekilde dizilmis oldugunu ifade ve ikinci premolar disleri arasinda boslugun
etmiglerdir. Bu 6zellikler Diyarbakir Pipistrellus bulunmamasi ve birinci premolarm  yandan

kuhli orneklerinin tamaminda benzerlik bakildiginda goriilmemesi durumu, Diyarbakir

Pipistrellus kuhlii tirinin yasa bagh olmaksizin
karakteristik 6zelliklerinden oldugu belirtilen canine
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Pipistrellus kuhlii 6rnekleri igin gecerli olmadigi;
orneklerin bes tanesinde canine ve ikinci premolar
disi arasinda az bir bogluk bulundugu ve birinci
premolar yandan bakildiginda goérilebilmektedir.
Alt1 ornekte ise canine disi ve ikinci premolar
arasinda belirgin bir bogluk bulunmakta ve birinci
premolar yandan bakildiginda net bir gekilde
gorilmektedir. Tir i¢in karakteristik olarak kabul
edilen canine ve ikinci premolar digleri arasinda
boslugun bulunmamasi ve birinci premolarin yandan
gorilmemesi 6zelliginin farklihik gosterebilecegi
ortaya ¢cikmigtir.
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Sogucak Yaylasi'ndan (Tiirkiye) Toprak Akar: Faunasi (Acari: Oribatida) Uzerine Yeni Veriler

OZET Zooloji
Sogucak Yaylasi toprak akarlar1 tizerinde yapilan arastirmalarda
Oribotritiidae, Neoliodidae ve Collohmanniidae (Acari:Oribatida)  Arastirma Makalesi
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INTRODUCTION Collohmannia Sellnick, 1922 has 3 known species and

Oribatid mites are one of the major microarthropod
groups in soil organic horizons, and they perform vital
roles during litter decomposition (Norton, 1990; Scheu
et al, 2005). While this taxa includes more than
11,000 species in 162 families (Subias, 2004, updated
2021), the fauna of Turkey is little known with
around 250 species (Baran et al, 2018).

The genus Oribotritia Jacot, 1924 has 95 known
species and only four of them (O. hermanni, O.
schusteri, O. turcica and O. berleser) previously
recorded from Turkey (Giimiis, 2002; Niedbala, 2006,
2008). The genus Neoliodes Berlese, 1888 has 39
known species and only two of them (V. theleproctus
and N. ionicus) previously recorded from Turkey (Per
et al, 2015; Sevimli and Baran, 2016). The genus

one of them (C. gigantea) previously recorded from
Turkey (Baran and Bezci, 2017).

During the investigations of soil mites of the Sogucak
Plateau in Turkey, three species belonging to the
families Oribotritiidae, Neoliodidae, and
Collohmanniidae were found. These species are
Oribotritia (0O.) krivolutskyi Liu, Niedbala and Stary,
2011, Neoliodes theleproctus (Hermann, 1804), and
Collohmannia gigantea Sellnick, 1922. The first one
has been recorded only from Caucasus up to date and
secondly recorded throughout the world from Turkey.
The species N. theleproctus has a semicosmopolitan
and C. gigantea has a Southern Palearctic
distribution and both of them previously recorded
from Turkey. The SEM images of O. (0.) krivolutskyi
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firstly given in this paper.

The Marmara Region constitutes a transition area
between the two continents, namely Europe and Asia.
Sogucak plateau is well represented by moist forests.
Beech (Fagus sp.) is the most common tree among the
moist forests in these regions and it has a wide
distribution on the Sogucak plateau. Sessile oak
(Quercus petraea) and chestnut (Castanea sativa) are
also occasionally mixed into these forests. The latest
supplementary checklist of oribatid mite species in
Turkey has already been published by Baran et al
(2018). When compared with the number of species
known from the world, it is seen that the number of
species known from Turkey is quite low. We estimate
that with sufficient taxonomic research, the number
of oribatid mites in Turkey, located at the junction of
the Asian and European continents, will be much
higher. The main goal of the present paper is to make
a contribution to oribatid fauna and facilitate the
further study.

M,
Nara Denitl

Figurel. Map o te study area (oogl

MATERIAL and METHOD

Samples taken from Sogucak Plateau (1100 msl
altitude) in Sakarya province (Fig 1) in May and June
2020 and mites were extracted using a Berlese funnel
apparatus.

They were fixed and stored in 70% ethanol.
Specimens  were cleaned by  soaking in
Tergazyme® solution for 6-12 h. They were mounted
on aluminum stubs with conductive double-sided
adhesive carbon tape then critical point dried and
gold-coated in a Hummer sputter apparatus before
SEM investigation. All measurements are given in
micrometers (um).

Terminology and taxa identification were according to
Balogh and Balogh, (1992) and Weigmann, (2006).

Microscopic investigation: Mites were selected under
Olympus SZX51 stereomicroscope and investigated
under Leica DM1000LED microscope. SEM images
were taken by JEOL JSM 6060 LV and Vega Tescan
II.

oy

e Earth)

v

bl

Sekil 1. Calisma alaninin haritas: (Google Earth)

RESULTS
Family: Collohmanniidae
Collohmannia gigantea Sellnick, 1922

Measurements and colour: Body length: 1571, body
width: 867 um (n=1). Colour dark brown.

Diagnosis (Figure 2): Prodorsum subtriangular and
rostrum broadly rounded. Sensillus long rod shaped,
distally thickened. The notogaster convex dorsally
with an imbricate cuticle pattern. Notogaster with
three flagellate setae; di, A2z and pr seta other
notogastral setae relatively short. gla present. Eight
pairs of genital, two pairs of aggenital, three pairs of
anal and three pairs of adanal setae present. Genital
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plate not divided transversely. Legs are tridactylous.

Material examined- Turkey, Sakarya, Sogucak platue,
40°36°36.6"N, 30°10°32.3"E, 27.05.2020, grassy soil
under Pinus sp., 1 specimen.

Distribution: Sogucak platue. The second locality
record for the species in Turkey (previously recorden
from Amasya province Baran and Bezci, 2017).
Holoarctic (Weigmann, 2006; Subias, 2004, updated
2021).

Family: Oribotritiidae
Oribotritia (0.) krivolutskyi Liu, Niedbala and Stary,
2011
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Figure 2. Collohmannia gigantea Sellnick, 1922. A - latera view; B - bothridium; C — notogastral cuticle pattern;

D- ventral view

Sekil 2. Collohmannia gigantea Sellnick, 1922. A — yandan goriiniis; B - bothridium; C — notogaster kiitiikula

deseni; D- karindan gortiniis

Measurements and colour: Prodorsal length: 558-600
width:474-487 height:170-188 pm. Notogastral length
1210-1403, width 980-1010, height 895-903 um (n=3).
Colour brown.

Diagnosis (Figure 3): Body surface finely punctate.
Rostral, interlamellar, lamellar and exobothridial
setae smooth, fine and setiform. Sensillus short and
robust 120-125 um in length. One pair of long and
strong lateral carina. Notogastral setae thin and
setiform except thick and rigid setae psz and pss.
Eight pairs of genital setae, grgz longer than the
others. Two pairs of thin and long aggenital setae
present. One pair of minute anal setae, three pairs of
thin adanal setae present. Genito-aggenital plate 270-
300, ano-adanal plate 565-576 pm in length. Mutual
distance between ad; and ads smaller than that
between ads and ads; setae adsthe shortest, setae ads
the longest; lyrifissures iad located between setae ads
and anal setae. Legs are heterotridactylous.

Material examined: Turkey, Sakarya, Sogucak
plateau, 40°36°37.0"N, 30°10"33"E, 27.05.2020, soil
and litter from the mixed forest, 3 specimens.
Distribution: Sogucak plateau. The second locality
record for the species throughout the world and the
first in Turkey (previously only known from
Azerbaijan Lui et al 2011). Palearctic.

Family: Neoliodidae
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Neoliodes theleproctus (Hermann, 1804)

Measurements and colour: Body length: 1064- 1085,
body width: 754-760 pm (n=3). Colour brown.

Diagnosis (Figure 4)° Rostrum broadly rounded.
Bothridia dorso-laterally opened, Sensillus short-
stalked, thick club-shaped. Notogaster oval, with
longitudional carina in front of notogaster. Anterior
border of notogaster convex. The surface of notogaster
with nymphal scalps and with laterally arranged
lines. Six pairs of notogastral setae present. Genital
and anal plates large and close to each other. Genital
plate transversely divided into two parts. Seven pairs
of thin genital setae (5+2) present. Adanal plate with
three pairs of minute setae.

Material examined: Turkey, Sakarya, Sogucak
plateau, 40° 36'37.6'" N, 30° 10'32.3"" E, 27.05.2020,
soil and litter under Pinus sp., 3 specimens.

Distribution: Sogucak plateau. The second locality
record for the species in Turkey (previously recorded
from Yozgat province Per et al, 2015).
Semicosmopolitan (Subias, 2004, updated 2021;
Weigmann, 2006).

DISCUSSION

Oribotritia (0.) krivolutskyi, has been recorded only
from the Caucasus (Azerbaijan) in 2011 by Liu et al.
and secondly recorded throughout the world from



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 370-375, 2022
KSU J. Agric Nat_25 (Suppl 2): 370-375, 2022

Aragtirma Makalesi
Research Article

Turkey by this study. This species can be
distinguished from congeners by the presence of thick
and rigid notogastral setae pszand pss one pair long
and strong prodorsal lateral carina, shape of
sensillus, number and position of adanal setae (Liu et
al 2011). The notogastral length and width of the
Turkish specimens (1210-1403x 980-1010um) are in

accordance with the Azerbaijan nominal species.
Length of strong notogastral setae psz and pszin the
Turkish specimens are shorter than the length of the
type specimens. The other morphological feature of
the Turkish specimens are appropriate with the
original description (Liu et al 2011).

Figure 3. Oribotritia (O.) krivolutskyi Liu, Niedbala and Stary, 2011. A -

[ —
X388 SBrm

ventral view; B - prodorsum; C -

sensillus; D - genital setae (g1-g3); E - notogastral setae; F — legs
Sekil 3. Oribotritia (O.) krivolutskyi Liu, Niedbala ve Stary, 2011. A — karindan gériiniis; B - prodorsum; C -
sensillus; D - genital killar (g1-g3); E - notogaster kili; F — bacaklar

Phthiracaroid genera are especially diverse in areas
with well developed organic debries layer (Woas,
2002). Oribotritia (O.) krivolutskyi was found in moss
and litter sample under beech forest in the Talysh
Mountains of Azerbaijan (Liu et al 2011). We found
in litter and soil under mixed forest in Sogucak
plateau. Beech (Fagus sp.) is the most common and
widely distributed tree among the moist forests in the
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Sogucak plateau. According to available data it can be
considered as a typical inhabitant of litter and soil
under beech forests in mountains.

Neoliodes theleproctus has a semicosmopolitan
distribution (Palearctic, Oriental, Australia and
Neotropic) (Subias, 2004, updated 2021). In Turkey
previously recorded from Yozgat province by Per et al
(2015). The body length of Neoliodes theleproctus was
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previously given between 1100-1375 um (Weigmann,
2006; Per et al, 2015). Body lengths of the specimens
(1064- 1085um) are smaller than the previously given.

.
X158 188 Mm

The other morphological features are in agreement
with the features given by Weigmann (2006) and Per
et al. (2015) for this species.

X780 266N

Figure 4. Neoliodes theleproctus (Hermann, 1804). A - prodorsum; B - dorsal view
Sekil 4. Neoliodes theleproctus (Hermann, 1804). A - prodorsum; B — sirttan goriiniis

In temperate regions mites of Liodidae family tend to
prefer warmer and dryer places and their distribution
restricted to woodlands (Woas, 2002). This species
was detected in bark, rotten wood (Weigmann, 2006),
tree debris, moss and lichen (Per et al. 2015). We
found in litter and soil under Prinus sp..

The species Collohmannia gigantea 1is show
distribution in the Holarctic region. In Turkey it was
recorded from Amasya province (Baran and Bezci,
2017). Collohmannia gigantea is similar to C. chusteri
and C. asiatica but differs from it by bigger body
dimensions and the length of setae d2, p1 and A2. The
body length of the species was previously given
between 1450-2025 um (Weigmann, 2006) and the
body length of the specimen shows conformity with
this. The other morphological features of the
specimens closely resemble given by Weigmann
(2006) for this species. This is the second record of
species from Turkey.

Family Collohmanniidae shows Holoactic distribution
(Woas 2002; Weigmann, 2006; Subias, 2004, updated
2021). The species Collohmannia gigantea has been
reported from deciduous and mixed forests such as
sweet chestnut forests and thermophilic (Woas 2002).
We also found it in grassy soil from mixed forest
under Pinus sp..

This study presents newly recorded and known
species to the oribatid fauna of Turkey. For
Oribotritia (0.) krivolutskyi Turkey is the first
locality record outside its type locality Azerbaijan.
The species N. theleproctus has a semicosmopolitan
and C. gigantea has a Southern Palearctic
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distribution and they are previously recorded in

Tukey from Yozgat and Amasya provinces
respectively.
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ABSTRACT

The purpose of this study was to look into the in vitro anthelmintic
activities of methanol extracts of Hyacinthella lineata (Steud. ex
Schult. & Schult.f.) Chouard, Ornithogalum umbellatum L., Allium
reuterianum Boiss., Cyclamen coum Mill., and Sternbergia clusiana
(Ker Gawl.) Ker Gawl. ex Spreng.. The paralysis and death times of
the Indian earthworm, Cosmocerca ornata, were used to assess
anthelmintic activity. Three different concentrations, (5,10 and 20 mg
mL1) of methanol extracts were used to determine the time required
to paralyze and to induce death in the earthworms. Albendazole (15
mg mL1) was used as reference standard drug. Plant extracts at
higher concentrations (20 mg mL1) produced faster paralytic effects
and a shorter time to death. The results revealed that S. clusiana
killed all of the test worms within 20 £ 0.6 min of exposure and was
100% effective. Among all five plants extracts tested, S. clusiana was
found to be highly effective and significant against C. ornata. The
findings will aid in understanding the significance and application of
these medicinal plant species in the food industry, traditional
medicine, and pharmaceutical applications. This anthelmintic study
of the plant extracts revealed that traditional medicine may be as
effective as modern medicine in combating pathogenic micro-
organisms.

Aktivitesinin Aragtirilmasi

OZET

Bu calisma Hyacinthella lineata, Ornithogalum umbellatum, Allium
reuterianum, Cyclamen coum, Sternbergia clusiana turleri metanol
ekstraktlarinin in vitro antihelmintik aktivitelerini arastirmak igin
tasarlanmigtir. Hint toprak solucani Cosmocerca ornatanin paraliz
ve Olim zamaninin hesaplanmasi ile antihelmint aktivite
degerlendirilmesi yapilmigstir. Paraliz ve 6liime yol agan stireyi
belirlemek icin {i¢ farkli konsantrasyon (5,10 ve 20 mg mL™)
kullanilmigtir. Referans standart olarak Albendazol (15 mg mL™)
kullanmilmigtir. Bitki 6ziitleri yiiksek konsantrasyonlarda (20 mg mL-
1) daha hizh paralitik etkiler ve daha kisa zamanda 6liim gostermistir.
Sonuclar gostermistir ki, Sternbergia clusiana tiriine maruz kalan
test solucanlarinin timi 20+0.6 dakika i¢inde 6lim gostererek %100
etkili olmustur. Bes bitki tiirti arasinda S. clusiana'min solucanlara
(Cosmocerca ornata) kars1 oldukca etkili oldugu ve énemli sonuglar
verdigi bulunmustur. Sonuglar, bu tibbi tirlerin gida endiistrisindeki,
geleneksel tiptaki ve farmasotik uygulamalardaki o6nemini ve
kullanimin1 anlamamiza yardimeci olacaktir. Bitki 6zleri iizerinde
yapilan bu antelmintik c¢alisma, geleneksel tibbin patojenik
mikroorganizmalarin iistesinden gelmek i¢in modern tip kadar etkili
olabilecegini ortaya koydu.
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INTRODUCTION of some species contain a variety of steroidal

Helminthes infections are among the most common
infections in humans. Human intestinal parasitic
worms are vectored through air, food, and water,
causing disease state, secreting toxins, and stealing
vital nutrients from host bodies. The current
treatment regimens for these diseases have limitations
because the anthelmintic drugs used are primarily
microfilaricidal, with little effect on the adult worms;
thus new drugs are urgently needed. In this regard,
natural products have made and continue to make
important contributions to this therapeutic area. The
drugs currently used for helminthes infections include
combinations of DEC (diethylcarbamazine) and
albendazole, ivermectin and albendazole or the use of
DEC fortified salt, which has also been described in
(Murugamani et al., 2012).

The plant mediated drugs may be a potential
alternative to synthetic anthelmintic drugs. The
resistance against the synthetic anthelmintic results
in the search of alternative natural resources to
overcome the drug resistance (Thooyavan et al., 2018).

The plants are known to provide a rich source of
botanical anthelmintics. A number of medicinal plants
have been used to treat parasitic infections in man and
animals. In traditional system of medicine the
practitioners use various indigenous plants for the
treatment of anthelmintic (Vidyadhar et al., 2010).
Secondary metabolites isolated from plants by
different isolation and purification techniques play
major role as alternative to synthetic drugs.

To eliminate the harmful side effects of the synthetic
anthelmintic drugs and to provide newer and cheaper
alternative, it is important for us to promote the
studies of traditionally used anthelmintic plants,
which will lead to the development of new anthelmintic
substances with ease of availability and lesser side-
effects.

Hyacinthella Schur (Liliaceae) is a genus of 17 species
distributed in mainly Mediterranean
regions. Hyacinthella genus is constantly changing
place between families (Liliaceae, Hyacinthaceae,
recently Asparagaceae). Genus represented 12 species,
in which 10 of them are endemic, in Turkey. Recently,
several scientific studies on the floristic, morphology,
and anatomy of this genus have been performed (Aydin
and Mammadov, 2017).

The genus Ornithogalum (family: Liliaceae) comprises
150 species, distributed in temperate Europe, Asia,
and Africa. Some Ornithogalum plants are known to
be poisonous; of these, several cardenolide glycosides
have been isolated and identified (Ghannamy et al,
1987). Phytochemical studies revealed that the bulbs
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compounds and steroidal glycosides such as cholestane
glycosides, acylated cholestane bisdesmosides,
saponins, and spirostanol glycosides, some of which
exhibit significant cytotoxic activities against cultured
tumor cells and have anticancer potential (Delazar et
al., 2009). Some Ornithogalum species (sp.) have been
reported to exhibit a wide range of biological activities
such as anticancer, anti-inflammatory, antimicrobial,
antioxidant and antitumor (Plan¢ié et al., 2014).

The species of A. reuterianum are members of the
Alliaceae family. Allium L., which is a genus, is
important because it creates a group of natural
antioxidants. Since ancient times, many Allium
species, such as onion, garlic, leek, and chives, have
been used as foods, spices, and herbal remedies in
widespread areas of the world, especially in the
northern hemisphere. The Allium genus is one of the
major sources of polyphenolic compounds and the
antioxidative activity of some Al/ium species has been
reported and has been mainly attributed to a variety of
organo-sulfurous compounds as well as their
precursors.

The genus Cyclamen, which possesses geofit plant
species, belongs to the family of Primulaceae
(Davis,1978). In Turkey, this genus is represented by
12 taxa, 5 of which are endemic (Guner et al., 2000).
Cyclamen plants are used as medicinal plants and also
as ornamental plants (Mathew et al, 2001).
Pharmacological investigations into the extracts or
isolated saponins of Cyclamen spp. tubers exhibited in
vitro cytotoxic, antimicrobial, analgesic, and anti-
inflammatory activities. Also, analgesic, anti-
inflammatory, and antimicrobial activities of some
Cyclamen species such as C. repandum and C. mirabile
have been reported (Dall'acqua et al., 2010). C. coum is
used in traditional medicine for the treatment of
hemorrhages, ecchymosis, inflammations,
hemorrhoids, and cancer (Jaradat et al., 2017). The
tubers were used in Turkish folkloric medicine for
infertility treatment in women. Recent studies have
shown that C.coum can be used as a perspective
medicinal plant in clinical practice (Bokov et al., 2020).

Sternbergia Waldst & Kit. (winter daffodil) is a genus
of bulbous monocotyledons belonging to the family
Amaryllidaceae (Mathew and Davis, 1999). The
species of Sternbergia always takes the interest of
scientists; therefore, several studies have been done on
this species (Mammadov et al.,, 2011). Plants of the
family Amaryllidace are well known not only for their
ornamental value but also for the alkaloids they
produce. Studies on Sternbergia species yielded
compounds belonging to the basically different groups
of Amaryllidaceae alkaloids (Kivcak and Gézler, 1993).
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Amaryllidaceae is a family of monocotyledonous plants
with significant economic and medical value.
Amaryllidaceae alkaloids have been shown to possess
important biological activities, including antitumor,
antiviral, and acetylcholinesterase inhibitory activity
(Kaya et al., 2010; Berkov et al., 2009). Also, analgesic
and antimicrobial activities have been reported for
extracts and alkaloids from S. clusiana, S. sicula, and
S. Iutea (Unver et al., 2005).

The purpose of this study is to evaluate the
anthelmintic activity of methanol extracts of bulbs and
leaves of H. lineata, O. umbellatum, A. reuterianum,
C. coum, and S. clusiana.

MATERIALS and METHODS
Preparation of plant extracts

H. lineata species were collected in the spring of 2020
from the Honaz locality, near Denizli province, in
Turkey and identified from the book of Flora of Turkey.
The fresh bulbs and leaves of the plant samples were
cleaned and dried in the shadow for extraction. The
voucher specimen was deposited at the herbarium of
Pamukkale University the Laboratory of Botanics,
under the “PAU2020-2023” number.

O.umbellatum species were collected in April 2020
from the Honaz locality, near Denizli province in
Turkey and identified from the book of Flora of Turkey.
The fresh bulbs and leaves of the plant samples were
cleaned and dried in the shadow for extraction. Dried
plant parts (bulbs and leaves) were pulverized. Each
ground sample was transferred into a beaker. The
voucher specimen was deposited at the herbarium of
Pamukkale University the Laboratory of Botanics,
under the “PAU2020-2024” number.

S.clusiana species were collected in the spring of 2019
from the Kavaklidere locality, near Mugla province, in
Turkey and identified from the book of Flora of Turkey.
The fresh bulbs and leaves of the plant samples were

cleaned and dried in the shadow for extraction. The
voucher specimen was deposited at the herbarium of
Pamukkale University the Laboratory of Botanics
under the “PAU219-2021” number.

A. reuterianum species were collected in the spring of
2019 from the Kotekli locality, near Mugla province, in
Turkey and identified from the book of Flora of Turkey.
The fresh bulbs and leaves of the plant samples were
cleaned and dried in the shadow for extraction. The
voucher specimen was deposited at the herbarium of
Pamukkale University the Laboratory of Botanics,
under the “PAU219-2022” number.

C. coum species were collected in the spring 2019 from
Kotekli locality, near Mugla province, in Turkey and
identified from the Flora of Turkey book. Each part
(tubers and leaves) was dried in the shadow at room
temperature and low humidity. The voucher specimen
was cataloged as “PAU219-2023” in the Pamukkale
University the Laboratory of Botanics.

Each material (Tablel) was thoroughly cleaned with
water and dried (bulbs and leaves) under shade for
seven days. All samples were kept at 25°C until
extraction. In our laboratory, the dried materials were
ground and powdered before being stored separately
for future use. Dried plant parts are kept in tightly-
sealed dark containers until they are needed. About
200 g of each plant material was used for extraction.
Methanol (100mL) was added in the ratio of 1:10 and
each plant material was put in a water bath at 55 °C
for 6 h . The extraction mixture was separated from the
residue by filtration through filter paper (Whatman
No. 1). The plant residue was re-extracted twice with
methanol. After the filtration, the two extracts were
combined. The residual solvent of methanol extracts of
samples was removed under reduced pressure at 48 -
49°C using a rotary evaporator IKA RV10D, Staufen,
Germany). Extracts were produced in duplicates and
used to assay the biological activity (Aydin and
Mammadov, 2017).

Table 1. Plant materials evaluated for their anthelmintic activity
Cizelge 1. Antihelmintik aktiviteleri acisindan degerlendirilen bitki materyalleri

Botanical name Family Parts used
H. Iineata Asparagaceae Bulb, leaf
O. umbellatum Asparagaceae Bulb, leaf
A. reuterianum Amaryllidaceae Bulb, leaf
C. coum Primulaceae Bulb, leaf
S. clusiana Amaryllidaceae Bulb, leaf

Evaluation of the in vitro anthelmintic activities

The anthelmintic activities were performed according
to the method mentioned in Ghosh et al. (2005). The
adult Cosmocerca ornata (of the Cosmocercidae family)
resembles intestinal round worm parasites in terms of
anatomy and physiology. C. ornata was placed in a
petridish containing three different concentrations (5,
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10, and 20 mg mL1) each of plant methanol extracts.
Each petridish was placed with six worms and
observed for paralysis (or) death. The mean time for
paralysis was noted when no movement of any sort
could be observed except when the worm was shaken
vigorously; the time of death of the worm (min) was
recorded after ascertaining that worms neither moved
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when shaken nor when given external stimuli. In the
same manner, albendazole was included as a reference
compound. The test results were compared to samples
that had been treated with the reference substance
albendazole (15 mg mL-1).

RESULTS and DISCUSSION

The results in Table 2 show the anthelmintic activities
of the extracts obtained from each plant species. The
present study also shows that there was an increase in
the anthelmintic activities as the concentrations
increased. The extracts were effective in causing the
death of the worms as well as promoting paralysis. All
the doses of the extracts of each plant showed better

Table 2. Anthelmintic activity of plant materials

Cizelge 2. Bitki materyallerinin antihelmintik aktivitesi

anthelmintic activity than the standard. S. clusiana
was the most potent, requiring less time for paralysis
and death of the worms. It showed a concentration-
dependent anthelmintic property (Table 2). S. clusiana
bulb extract was the most active against C. ornata with
paralysis time of 12 + 0.6 and death time of 20 + 0.6 in
minutes at 20 mg mL1,while O. umbellatum leaves
extract was the least active with paralysis time of 98 +
0.3 and death time of 105 + 0.5 in minutes at 20 mg
mL (Table 2). The strong anthelmintic activity of the
extract of S. clusiana may be due to the presence of rich
polyphenolic compounds in its essential oil, which are
monoterpenoid phenols and alkaloids (Berkov et al.,
2009; Kaya et al., 2010).

. Concentration (mg Time taken for Time taken for death
Plant species . . ) .
mL?1) paralysis (min) (min)
dH>0 control - -
Albendazole (Reference) 15 39+0.5 58+0.4
5 46+0.3 57+0.4
Bulb 10 26+0.2 38+0.7
. 20 19+0.4 30+0.4
A. reuterianum
5 52+0.6 66+0.8
Leaves 10 37+0.7 45+0.5
20 26+0.3 35+0.3
5 115+0.3 120+0.7
Bulb 10 89+0.2 100+0.7
. 20 73+0.6 80+0.2
H.lineata 5 86+0.7 98+0.3
Leaves 10 83+0.2 95+0.8
20 79+0.4 90+0.4
5 100+0.3 115+0.7
Bulb 10 95+0.4 105+0.5
20 91+0.2 100+0.6
O. umbellatum 5 116+0.5 130+0.2
Leaves 10 108+0.4 120+0.7
20 98+0.3 105+0.5
5 33+0.6 48+0.6
Bulb 10 22+0.7 35+0.4
S clusiana 20 12+0.6 20+0.6
5 38+0.4 554+0.4
Leaves 10 27+0.6 40+0.4
20 2440.5 30+0.3
5 65+0.7 78+0.2
Bulb 10 48+0.6 60+0.7
C.coum 20 36+0.6 47+0.5
5 50+0.5 65+0.7
Leaves 10 47+0.4 58+0.5
20 35+0.3 46+0.4

The anthelmintic activities of the species investigated
in this study wereilluminated for the first time.
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Studies have shown that phenolic and alkaloids
possess plants to produce anthelmintic activities
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because alkaloids chemically belong to polyphenolic
compounds. Phenolics and alkaloids are known to
interfere with the generation of energy in helminth
parasites by uncoupling the oxidative phosphorylation
and also bind to free proteins in the GIT of the host
animal or glycoprotein on the parasite cuticle, leading
to death (Mali and Wadekar, 2008).

It is possible that phenolic compounds and alkaloids
also present in S. clusiana extracts may be responsible
for the anthelmintic activity. S. clusiana shows
moderate anthelmintic activity comparable to other
plants.

All values are present as mean+SD; n=6 in each group.
Comparisons made between standard versus treated
groups.

Results obtained from the anthelmintic assay
indicated that higher concentrations of plant extracts
produced faster paralytic effects and showed a shorter
time of death. Methanol extracts of plant species
demonstrated paralysis as well as death of worms,
especially at a higher concentration of 20 mg mL1,
while a 5 mg concentration also showed activity but at
a longer time. An In vitro assay was used in this
present investigation in agreement with the findings.
This provides a cheaper, more economical and rapid
turnover in contrast to In vivo assays as far as anti-
parasitic properties of plants and plant extracts are
concerned (Blessing et al., 2019).

Igbal et al (2001), has been reported that the alcoholic
extract of the bulb of A. sativum shows in vitro
anthelmintic activity against human  Ascaris
Iumbricoldes. A. sativum's alcoholic extract has
demonstrated anthelmintic activity in vitro against
Heterakis gallinae and Ascaridia galli, Haemonchus
contortus, a free-living worm of Rhabditis sp., larvae of
Nippostrongylus brasiliensis, and eggs of Ascaris
summ (Chybowski, 1997; Nagaich, 2000).Singh et al.
(2008) reported the alcoholic extract of A. sativum
causes a paralytic effect on liver amphistomes
Gigantocotyle explanatum.

It has been shown that the ethanolic extracts of the
tuber and leaf parts of the Cyclamen alpinum have
anthelmintic activity. After 6 minutes, it was seen that
the tuber part (LCso: 0.52 mg mL1) is more toxic than
the leaf part (LCso: 1.32 mg mL!) with an LCso value
(Turan and Mammadov, 2018).

The phytochemical constituents showing anthelmintic
effects include alkaloids, saponins, polyphenols,
tannins, etc. Alkaloids suppress the transfer of sucrose
from the stomach to the small intestine, diminish the
support of glucose to the helminths, and act on the
CNS(Central Nervous System) causing paralysis.
Synthetic anthelmintic drugs are usually associated
with various side effects. More attention is attracted
by the increasing problems of resistance development
in helminthes against synthetic anthelmintics.
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However, plants are the richest source of bioactive
compounds. The best alternative to modern synthetic
drugs is plant-derived medicine. Many investigators
have worked on similar aspects, and their reports
support this investigation, revealing that plants are
potent anthelmintic agents.

CONCLUSION

It is concluded that all possess a varying degree of
anthelmintic activity. Ultimately, it is possible that
methanol extracts of Sternbergia clusianabulb possess
significant anthelmintic activity.The results suggest
the presence of biologically active components in .S.
Clusiana, which may be worth further investigation.
These findings of this geophyte species will be the basis
for future work on the purification and identification of
the active compounds, which may be useful for
medicinal purposes, and on the potential use of this
plant for nutrition. This is the first comprehensive
study on the anthelmintic activities of species. These
results indicated that extracts have strong
anthelmintic activities, and that these extracts can be
used as a food additive in food processing and
pharmaceutical industries.
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OZET

Bu ¢alismada, Mardin Ilinde bir kamu kurumuna ait iki su kuyusu,
bir su deposu ve binalarin musluklarindan alinan su ve surinti
numunelerinde mikrobiyolojik ve kimyasal analiz yapilmistir. Bu

Mikrobiyoloji

Aragtirma makalesi

orneklerde Legionella ve serogruplarinin varhigi ile klor, nitrat, Makale Tarihgesi

nitrit, pH ve elektriksel iletkenlik gibi parametreler analiz Gelig Tarihi  :01.02.2022
edilmigtir. Alman 25 su oOrneginden Legionella tremesi Kabul Tarihi :01.04.2022
gozlenmezken, aym yerlerden alinan 25 stirinta kultir 6rneginin 4

tanesinde L. pneumophila serogrup 1 saptanmistir. Su 6rneklerinin Anahtar Kelimeler

pH degerlik araliklar: 7.53-8.02 olarak tespit edilirken en dusik pH Mardin

degeri 7.53 ile bir nolu kuyuda gozlenirken en yiiksegi ise 8.02 ile iki Legionella

nolu kuyuda gozlenmigstir. En diisiik elektrik iletkenlik degeri 376.44 Su analizi

pS/em ile iki nolu kuyuda, en yliksegi ise 446.57 uS cm ile bir nolu Mikrobiyolojik

kuyuda ol¢ulmustir. Arastirmada yapilan analizler neticesinde Kimyasal

hicbir su numunesinde nitrit tespit edilmezken, nitrat miktar1 en
duastik bir nolu kuyuda 4.30 ppm ile en yiiksek ise 10.85 ppm ile 1ki
nolu kuyuda tespit edilmistir. Su numunesi alinan bir nolu ve iki
nolu kuyu ile ana depodaki klor degerleri sirasiyla 2.21, 2.05 ve 2.43
ppm olarak olgiiliirken, bina musluklarindan alinan o6rneklerde ise
bu degerler 1.68-1.73 ppm araliginda oldugu tespit edilmigtir.

Analysis of Legionella and Some Chemicals in Water Samples in Mardin Province

ABSTRACT Microbiology
In this study microbiological and chemical analyzes were carried out )
on water and swab samples taken from two water wells, a water Research Article
tank and taps of buildings belonging to a public institution in Article Hi
Mardin Province. In these specimens the presence of Legionella and R t1c. € dlstory. 01.02.2022
its serogroups as well as the parameters such as chlorine, nitrate, Aecewe d 201'04'2022
nitrite concentration, pH level and electrical conductivity were ieote e
analyzed. While Legionella growth was not observed in 25 water
. . Keywords
samples, L. pneumophila serogroup 1 was detected in 4 of 25 swab Mardin
culture samples taken from the same places. The pH values of water Legionella
samples ranged from 7.53 to 8.02 the lowest pH value was observed Water analysis
in well no 1 as 7.53 while the highest was observed in well no 2 as . . 4
. L Microbiological
8.02. The lowest electrical conductivity value was measured at well 2 Chemical

as 376.44 pS cm! and the highest was measured as 446.57 pS/cm
from well 1. As a result of the analyzes made in our research nitrite
was not detected in any of the water samples. Whilst the nitrate
amount was found to be the lowest with 4.30 ppm in the well , the
highest with 10.85 ppm in the well 2. The chlorine values in the well
1 and 2 from which water samples were taken and the main tank
were measured as 2.21, 2.05 and 2.43 ppm respectively. These values
were found to be in the range of 1.68-1.73 ppm in the samples taken
from the building taps.

Ataf Sekli: Diindar A, Yildirnm I, Diindar DN, 2022. Mardin Ilindeki Su Orneklerinde Legionella ve Baz1 Kimyasallarin
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GIRIS

Amerika  Birlesik  Devletleri’'nin, Philadelphia
sehrindeki bir otelde 1975 yili Haziran ayinda 58.
yillik Amerikan Lejyonu Kongresine katilan yaklagik
4400 emekli Amerikali asker arasinda daha once
benzeri goérilmemis bir zatirre salgini meydana
gelmis ve Legionella pneumophila salgini ilk defa bu
askeri toplantida tespit edilmistir. Toplantiya
katilanlarin 189unda pnémoni salgini tanimlanmig
ve bunlarin 29u bu salgindan o6tiri hayatini
kaybetmistir (Alary ve Joly, 1992; Yu, 1995). ABD
Hastalik Kontrol ve Onleme Merkezi (CDC) ve
Pensilvanya’daki  saghik c¢aliganlari  tarafindan
yuritilen  epidemiyolojik  arastirmalar  netice
vermemis ve salginin nedeni ve etkeni teghis
edilememigstir. Salginin tlzerinden alt1 ay gectikten
sonra, CDC’deki bilim insanlari salginin etkeninin
zor ureyen Gram  negatif basil oldugunu
duyurmuslardir (McDade ve ark., 1977; Newton. ve

ark., 2018). Kesfedilen bu yeni hastalik etkeni
siniflandirmada Legionellaceae familyasinin,
Legionella cinsinin  pneumophila tirine dahil

edilmistir (Qiu ve Luo, 2017; Mondino ve ark., 2020).

Legionellaceae familyas1 tek cins Legionella’ dan
olusur. Legionella 60’dan fazla tur 70 serogrup
icermektedir. Hastalardan yaklasik 30 tiir izole
edilmis ve insanlar i¢in patojen oldugu ispatlanmigtir.
Lejyoner hastaliginin olugsmasindaki en 6nemli etken
L. pneumophiladir. L. pneumophila ise 16 farkh
serogruptan meydana gelen bir bakteri tiirtidir
(Fields ve ark., 2002). Insanlarda ortaya cikan
enfeksiyonun ¢ogunlukla . pneumophila serogrup 1,
serogrup 4 ve serogrup 6 tarafindan meydana
getirildigi tespit edilmistir. Mahon, 2007).

L. pneumophilanin akigkan su kaynaklarinda, koloni
olusturma olasiligr olduk¢a dusuktir. Fakat bu

patojenler, evsel su sistemlerine bulastiklarinda
kogullar daha uygun oldugundan ureyip
geligebilmekte ve insanlar i¢in énemli bir saghk riski
olusturmaktadir  (Cramer, 2003; Brady ve

Sundareshan, 2019). Legionella spp. tiirlerinin en ¢ok
tespit edildigi ve onlar i¢in elverigli yasam kosullarinmi
iceren alanlar; “6rn., merkezi klima ve havalandirma
sistemleri, sicak su tanklari, sogutma kuleleri, su
sertligini kirma tanklari, dus basliklar1 ve sicak su
musluklari, termal banyolar, camurlar ve kaplicalar,
hastanelerde bulunan solunum cihazlari, siis havuzu
ve bahce fiskiyeleri, yangin sondirme igleminde
kullanilan springler, evaporatorler ve nebulizatérler”
olarak siralanabilir. Sogutma kuleleri ve merkezi
klima sistemlerinden salinan Legionella spp. igeren
aerosoller ozellikle bagisiklik sistemi zayif kisiler ve
risk gruplari icin tehlike olusturmaktadir (Hornei ve

ark., 2007; Garrison ve ark., 2016). Lejyoner
hastaliginin benzeri olan Pontiac atesi sendromunda
da kontaminasyon kaynaginin merkezi klima

383

sistemleri, sogutma kuleleri, klimalar ve jakuziler
oldugu tahmin edilmektedir (Yu, 1995). Molekiiler
parmak izi (fingerprinting) calismalarinda L.
pneumophilanin alt turlerinin genotipleri
belirlenerek, musluk suyu kaynaklarinin da bu
patojenin yasam alani oldugu belirtilmistir (Yu, 1995;
Hamilton ve ark., 2019). Yukarida sayilan muhtemel
rezervuarlarinin yanisira belkide en ¢ok risk
olusturan1 hastanelerdeki su sebeke sistemlerinin
Legionella spp. ile kontamine olmasidir. Legionella
spp.’ lerin nozokomiyal enfeksiyon etkenleri arasinda
onemli bir yerinin oldugu belirtilmistir (Hornei ve
ark., 2007; Garrison ve ark., 2016). Bu bakterilerinin
insanlara bulagmasi genellikle; kontamine aerosoller,
aspirasyon veya entiibasyon esnasinda kontamine
olmus ortamin solunmasiyla olusmakta ve direkt
olarak pulmoner sistemi etkilemektedir (Giirler ve
Ignak, 2012). Bilimsel raporlarda, sogutma kuleleri
ve klimalar tarafindan ortama yayilan aerosollerin
hava akimiyla 1.6 km’den daha uzak mesafeye
tasindigl vurgulanmigtir. Legionella
kontaminasyonunda  aerosolizasyon  partikilleri
ortalama 1-5 pm boyutlarinda olup bu partikillerdeki
enfeksiyon etkeni iki saat kadar canlhihigim

koruyabilmektedirler (Baskerville ve ark., 1983;
Memish ve ark., 1992; Hlady ve ark., 1993).
Ozellikle hastanelerdeki solunum sistemi arag

gerecleri L. pneumophila ile kontamine olmus musluk
sular1 ile temizlenip daha sonra bu ekipmanlarin
hastalarda tekrar kullanilmasi direkt aspirasyon
araciligiyla  nozokomiyal hastaliga yakalanma
olasiligini arttirmakta, bu da risk gruplar: i¢in biiytik
bir tehlike arz etmektedir (Park ve ark., 2020). L.
pneumophila ile kontamine suyun deriye temas
etmesi deri lezyonlarina ve dolayisiyla da enfeksiyon
olusmasina sebebiyet vermektedir (Baskerville ve
ark., 1983; Memish ve ark., 1992). Nazogastrik
tuplerin de kontamine suyla mikroaspirasyonu
sonucu nozokomiyal Lejyoner hastaligina neden
oldugu baz calismalarda belirtilmistir (Brabender ve
ark., 1983). Ayrica yapilan bazi caligmalarda topragin
kazilmas1 sebebiyle olusabilecek aerosolizasyondan
dahi bulagsma riski olasiliginin olabilecegi iddia
edilmistir (Yu, 1995; Khodr ve ark., 2016).

Legionella spp. su sistemlerinin her tarafinda
bulunabilir ve baz1 protozalar ve biyofilm
tabakalariyla yakin iligki igindedir. En az 20 amip ve
iki siliali protozoonlarin Legionella spp. i¢in konak
oldugu gosterilmistir (Erdogan, 2018). Sudaki
biyofilm tabakalari, amip ve siliali protozalar hem
besin kaynagi hem de olumsuz sartlarda korunak
gorevi gorurler ve Legionella spp. i¢in yagsam
alanlaridir (McBurnett ve ark., 2018). Ozellikle otel,
hastane, okul, yurt gibi kalabalik yasam
alanlarindaki su tesisat sistemlerinin eski olmasi ve
su sicaklhiginin ylksek olmasi bakterinin reme ve
¢ogalmasini arttirarak salginlara neden
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olabilmektedirler (Garrison ve ark., 2016). Lejyoner
hastaligi tanis1 konmus kisinin veya Kkigilerin
konakladig: binadaki su deposundan, su
tanklarindan, klima sistemi ig¢inde dolasan sudan,
binanin tim katlarinin en az birer odasinin dus
bagliklarindan, musluklardan ve termal havuzlardan
su Ornekleri alinmalidir. Stuphelenilen alan hastane
binasi ise 6rnekler yalnizca katlari temsilen alinmaz.
Yogun bakim ve ameliyathanelerden, kliniklerde
yatan hastalarin solunum ekipmanlarinin su
haznelerinden de érnek alinmalidir (Huang ve ark.,
2011).

Bu hastalik, Saghk Bakanlhg, Halk Saghgi Genel
Midiurlugi, Bulasict Hastaliklar Daire Bagkanligi'nin
kontroliinde takip edilmekte ve bununla ilgili
Lejyoner Hastaligt Kontrol Programi Rehberi
bulunmaktadir (Anonim, 2018). Ayrica 13 Mayis 2015
tarihli resmi gazetede Saglhik Bakanhg Tirkiye Halk
Saghignt Kurumu tarafindan “Lejyoner Hastalig:
Kontrol Usul ve Esaslari Hakkinda Yo6netmelik”
yayimlanmistir (Anonim, 2015). Bu yénetmelige gére;
insanlarin topluluk halinde bir arada bulunabildigi
hastane, okul, otel, fabrika, yurt ve restoran gibi
yerlerde Legionella ya da vaka tespitinin bildiriminin
zorunlu ve derhal yapilmasi gerekmektedir. Bunu
takiben 1iligili konaklama  biriminde etkenin
belirlenmesi i¢in gevre siirveyansinin yapilmasi elzem
bir husustur.

Yapilan bu ¢alismada, Mardin ilinde bir kamu
kurumuna ait iki su kuyusu, bir su deposu ve
binalarin musluklarindan toplamda 25 su ve 25
stirinti numunesinin mikrobiyolojik olarak
Legionella cinsi bakteri ve serogruplarinin varhg ile
klor, nitrat, nitrit, pH ve elektriksel iletkenlik gibi
kimyasal ozellikleri analiz edilmistir. Ayrica bu
calisma Legionella analizi acisindan Mardin ili igin
ilk bilimsel rapor olma 6zellgini de tagimaktadir.

MATERYAL ve METOD
Su numuneleri

Mardin ilindeki bir kamu kurumuna ait iki su
kuyusu, bir su deposu ve binalarin musluklarindan
25’er adet su ve slirtintii numuneleri alinmigtir.

Arag ve Geregler

Siif II biyogiivenlik kabini (Biosafety, BILF2000),
kabinli UV (C-MAG), buffered charcoal yeast extract
(BCYE), GVPC ve kanh agar besiyerleri (Liofilchem,
Italya), vorteks (VelpScientifica), bunzen beki, -20°C
buzdolab:r (Arcelik), vakum pompast (Sartorius),
kronometre, etiiv (Sanyo, MR262), +4 °C buzdolab1
(Arcelik), binokiiler koloni mikroskobu (Hund
Wetzlar), membran filtrasyon cihaz1 (Sartorius),
Legionella spesifik lateks agliitinasyon kiti (Migrogen
M45, Ingiltere), membran filtre (0.45 pm), hidroklorik
asit (HCl, Merck) potasyum kloriir (KCl, Merck), cam
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L baget, N95 maske (3M), tek kullanimlik plastik
pastér pipetler (1mL, 10 mL), 500 ml steril burgu
kapakli plastik kap, 15x120 mm vidali steril plastik
tip, 15x160 mm kapakli vidali steril plastik tip,
25x160 mm vidali kapakh pyrex tip, tek kullanimlik
steril plastik 6ze, tek kullanimlik drigalski spatiili ve
sarf malzemeler kullanilmigtir. Su 6rneklerinde klor,
nitrat ve nitrit anyonlar1 analizi i¢inde 1iyon
kromatografisi cihazi (ICS 5000+ DIONEX), pH ve
elketriksel iletkenlik 6l¢timleri Multi Mettler Toledo
marka cihaz ile 6l¢ilmiustir.

Mikrobiyolojik analizler

Alman su ve slrintii orneklerinin Legionella spp.
analizleri Diyarbakir I1 Saghk Mudirlagi, Halk
Saglig1 Laboratuvarlarinda yapilmigtir. Su 6rnekleri
toplandiklar: yerlere gore membran filtrastyon, direkt
ekim ve filtre asit gibi farkli metodlarla deristirilir.
Su orneklerinde Legionella cinsi diginda farklh
bakterilerin de oldugu ve bu bakterilerin tireme
hizlarinin Legionella bakterisine gore daha yiliksek
oldugundan Legionella bakterilerini baskiladig:
bilinmektedir. Bunu 6nlemek amaciyla toplanan su
numunelerine asit ile muamele islemi uygulanmistar.
Islem gormis ve gérmemis su numuneleri, daha
sonra Legionella igin segici agar ortami igeren
plaklara ekilir ve inkiibe edilir. Inkiibasyon
isleminden sonra segici ortamda gelisen morfolojik
olarak karakteristik koloniler, olas1 Legionella tiirleri
olarak kabul edilir ve dogrulama i¢in kanli agar ve
BCYE agara parelel ekimler yapilir (Erdogan ve
Arslan, 2007).

Ekiivyon ile depo ve musluklardan alinan strinti
ornekleri filtre edilmeden HCI-KCl (pH 2.2) asit
¢oOzeltisi igeren tiipe daldirilip, pamuklu u¢ kuvvetlice
tup icindeki asitle karigtirildi. Ekiivyon ¢ubuklar: tip
kenarindan suzdiriulerek cikartilip atik kutusuna
atildi. Tup 3 dakika arayla iki defa vortekslendikten
sonra tupten 0.1'ler ml o6rnek BCYE ve GVPC
besiyerlerine paralel ekim yapilmis ve L 06ze ile
yayma islemi gerceklestirilmistir (Erdogan ve Arslan,
2007).

Depo ve musluklardan siseye doldurularak alinan
ornekler filtre edildikten sonra asit ile muameleye
tabi tutulmustur. Oncelikle filtrasyon islemi i¢in su
orneginin 50 ml'si filtrasyon cihazinda filtre edilmis,
filtre ucu alevden gecirilen penset ile dikkatlice
tutulduktan sonra 5 ml steril su iceren tiipe (25 x 160
mm) konmus ve tiip 30 saniye boyunca
vortekslenmistir (Erdogan ve Arslan, 2007).

Asitle muamele iglemi i¢in ise vortekslenmis filtre
iceren tiipten 2 ml érnek, 2 ml HCI-KC1 (pH 2.2) asit
¢Ozeltisi iceren tipe aktarilmistir. Tiup vortekslenip 3
dakikaya ayarlanmig saate basip 3 dakika
doldugunda tup tekrar vortekslenmigtir. Tupten
0.'er ml o6rnek BCYE ve GVPC besiyerilerine
konulmus ve L oze ile yayma ekim yapilmigtir
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(Erdogan ve Arslan, 2007).

Legionella ekimi yapilan besiyeri plaklari, kapaklar
alta gelecek sekilde etliv tepsisine dizilmistir. Plaklar
oda 1si1sinda, yiizeyleri kuruyuncaya kadar
bekletildikten sonra plaklar ters c¢evrilerek tepsi
36.5+£0.5 °C etiivde aerob kosullarda 5-10 gin
stiresince inkiibe edilmistir. Plaklar 3. glinden
itibaren okunmaya ve degerlendirilmeye
baglanmigtir. Ayrica baz1 su sistemlerinde Legionella
tara bakterilerin bulunacagindan kuvvetle
kuskulaniliyorsa; 6zellikle mavi-beyaz floresan veren
koloniler en erken bir haftada ureyebildikleri goz
ontine alinarak tireme siireleri 10. giine kadar
uzatilabilir. Baz1 Legionella tiirleri (L. bozemanii, L.
gormanii, L. dumoffii ve L. anisa) 362 nm dalga
boyunda UV lamba 15181 altinda mavi-beyaz floresan
verirler. Bu o6zellik bu tirlerin tanisinda bir 6n
basamak olarak kullanilir (Erdogan ve Arslan, 2007).

Inkiibasyon sonunda plaklar koloni mikroskopu
altinda incelenir; Legionella spp. ile uyumlu,
yuzeyleri diizgin, hafif bombeli, gri-beyaz, 1-3 mm
capli, mikroskop altinda kenarlari pembe, mor, yesil
veya mavi buzlu cam goérinimi veren koloniler
muhtemel Legionella kolonileri olarak ayirt edilir
(Erdogan ve Arslan, 2007).

Sonraki tanimlama basamaginda Legionella kugskulu
kolonilerin gérildugi her plaktan bir veya daha fazla
koloni secilir. Bir plaktaki tim koloniler ayni
gorinimde ise bir koloni segilir, farkli iseler her
birini temsilen birer koloni secilir. Secilen her koloni

l’den  baglayarak  sirasiyla  numaranladirilir.
Tanimlama calismasinin ilk basamagi,
Legionella'larin %5 kanli agarda ilreyemediginin

gosterilmesi prensibine dayanir. Bu nedenle kanl
agara ve BCYE besiyerinden secilen her koloniden
paralel pasaj yapilir. Secilen biitiin kolonilere bu
iglem uygulanir. Bu sekilde pasajlanan paralel ekim
plaklar1  etiive kaldirilip, 24-48 saat sonra
degerlendirilir. Genellikle tremeler igin 24 saat
yeterlidir. Kanli plaklarda treme olmamis iken,
BCYE’de iiremis olan kolonilerin yiiksek olasilikla
Legionella oldugu kabul edilir. Kiltir sonunda tespit
edilen Legionella cinsi bakterilerin tiir ve serogrup
diizeyinde tanimlanmasi1 i¢in lateks agliitinasyon
testi yapilmistir (Fields, 1996).

Su numunelerinin kimyasal analizleri

Alinan su ve siiriint 6rneklerinin kimyasal analizleri
Diyarbakir II Saghk Mudurlagi, Halk Saghg
Laboratuvarlarinda yapilmistir. Su numunelerinin
pH élgiimii Tirk Standardlari Enstitiisitniin (TSE),
TS 9748 EN 27888 nolu (Anonim, 2010), su kalitesi
elektrik iletkenligi 6l¢imi TS 3263 ISO 10523 nolu
(Anonim, 2010) ve sudaki klor nitrat ve nitrit
analizleri ise TS EN ISO 10304-1 nolu (Anonim,
2010), metodlarina gére yapilmistir. Her bir analiz
uger tekrarh olarak yapilip, ortalamalar: ve standart
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sapmalar1 hesaplanmistir.

BULGULAR ve TARTISMA

Alman su orneklerinin higbirinde ZLegionella spp.
uremesi gerceklesmezken, sliriinti o6rneklerinin
dordiinde 1se L. pneumophila serogrup 1'e
rastlanilmistir (Sekil 1.1.,, 1.2. ve 1.3). 6 nolu
muslukta 20 (ml/koloni), 4 nolu da 40, 8 nolu da 60 ve
9 nolu da ise 100 adet koloniye rastlanilmistir. Hedef
(2019), yaptign calismada, Halk Saghg Genel
Muduarlagi Ulusal Solunum Yolu Patojenleri
Referanslar1 Laboratuvarina, konut, fabrika ve
hastanelerden gelen 64 adet su numunesinin 23
tanesinde Legionella varligina rastlandigim
belirtmigtir. Lateks agliitinasyon kiti ile yapilan
tanimlamada 3 numunede L. pneumophila serogrup

1, 8 numunede L. pneumophila serogrup 2, 12
numunede  Legionella spp. tespit edilmigtir.
Legionella tespit edilen numunelerin ml'de 2

koloniden 2176 koloniye kadar genis bir aralikta
oldugu belirtilmigtir. Bir bagska calismada 131’1 su ve
84’1 stirtintli 6rnegi olmak tizere toplam 215 6rnekte
(cami, okul, bina su depolari, dogal kaynak suyu)
Legionella spp. analizi yapilmis, bunlarin 18inde
Legionella spp. iremesi tespit edilmistir (Ayhan,
2020). Akkaya ve Ozbalin (2011) yapmis oldugu
Legionella spp. analzinde Kayseri’de 16 binanin depo
sularindan alinan o6rneklerin analizi neticesinde 3
ornegin L. pneumophila serogrup 1, 64 musluk ve dus
baslig1 suyundan tretilen 2 Legionella tiirinin 1’1 L.
pneumophila serogrup 1 ve 40 musluk ve dus baghig:
striintisinden uretilen 3 Legionella tirinin 2’sinin
L. pneumophila serogrup 1 oldugu belirtilmistir.
Ispanya’nin Huesca boélgesinde boyunca sehire su
tasiyan boru hatlarindan 6 ay boyunca degisik
araliklarla alinan 21 su oOrneginin Legionella
analizinde, oOrneklerin 11 tanesinde serogrup 2,
gozlenirken 10 tanesinde ise Legionella tespit
edilmedigi raporlanmistir (Gruas ve ark., 2013).

Sularin pH yani asitlik ve alkalilik derecesi suda
bulunan tuzlara baghh olarak degismektedir.
Kalsiyum bikarbonat ve alkali karakterde tuzlar
mevcutsa alkali. asirni  miktarda karbondioksit
bulundugu durumlarda ise asidik karakter sergiler.
Suyun asir1 miktarda alkali olmasi1 suyun kirlilik
nedeniyle kokustugunun gostergesidir. Suyun
asiditesinin kaynagi karbondioksit digindaki etkenler
ise suyu korozif karaktere déniistirir. Ideal su
pH'nin ise nétre yakin yada hafif alkali olmasi
gerekmektedir (Demirer, 1995).

Yapilan c¢alismada su numunelerinin pH degerlik
araligl 7.53+0.76-8.02+0.87 olarak tespit edilmistir
(Cizelge 1.). En diisiik pH degeri 7.53+0.76 ile bir nolu
kuyuda gézlenirken, en yiliksegi ise 8.02+0.87 ile iki
nolu kuyuda gézlenmigtir.

Zonguldak'ta yapilan bir calismada (Bora, 2016),
merkez il¢ceye bagh kéylerden alinan su numunelerin
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hepsinde pH degerleri igilebilir seviyede cikmigtir. pH
degerlerinden en yiiksegi Kaleoglu kéyunden alinan
numunede 8.79 olarak ¢l¢ulirken en diisik pH degeri
ise Koroglu koylinden alinan numunede 6.50 olarak
6lctilmiistir. Koylerden alinan tim numunelerin pH
degeri ortalama 7.80 olarak belirlenmigtir Bu
calismanin en dusik ve en yiksek degerleri bu
calismadaki degerlerden sirasiyla daha digsik ve
daha yiikksek ¢ikmigtir. Vanin Ercig Ilgesinde su

-!

BCY F

GVPC

Sekil 1. Besiyerinde Legionella spp. Uremesi
Figure 1. Growth of Legionella spp. in the medium

depolarindan alinan 6rneklerin pH degerlerinin 7.60,
musluk sularinda ise 7.27 oldugu (Agaoglu ve ark.,
2007a), icme sularinda ise bu degerin 6.95 oldugu
belirtilmistir (Atict ve ark., 2016). Mugla'nin
Kavaklidere ile Aydin'in Bozdogan il¢elerinin yer alti
ve kaynak sularinin pH analizlerinin yapildig1 bir
calismada deger araliginin 6.34-7.33 oldugu tespit
edilmistir (Karaoglu, 2001).

BCYE

BLOOD

Sekil 2. Besiyerinde dogrulama ekimi
Figure 2.Conformation cultivation in the medium

1 REAG TEST 1

>l REAG TEST 2-15

oG 3 REAG TEST SPECIES

Sekil 1. Legionella serotiplendirme aglutinasyon testi
Figure 3. Agglutination test for Legionella serotyping

Degisik calismalardan elde edilen bulgularin farkh

olmas1 biyotik ve abiyotik faktorler nedeniyle
gerceklegebilmektedir. Biyotik  faktorler  igin
ureticilerin, ayristiricilarin ve tiketicilerin

faaliyetleri sayilirken abiyotik faktorlerin ise fiziksel
fakérler (sicaklik, nem, 1s1tk ve atmosfer basincy),
inorganik maddeler ve organik maddeler oldugunu
soyleyebiliriz. Farkli ¢alismalarda elde edilen 6l¢iim
degerlerinin  farkli olmasi, su kaynaklarinin
bulundugu yerin kayag¢ ve toprak yapisi,, su
kaynagina yakin bolgelerde yapilan tarim ve hayvan
ciftligi faaliyetlerinin atik ve artiklarimin su
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kaynaklarina karigmas ile diger gevre kirleticilerinin
su  kaynagimma  bulagsmasi  gibi  nedenlerden
kaynaklandiginmi1 diisintilmektedir.

TSE standartlarina gore igilebilecek suyun pH degeri
6.5-9.5 araliginda olmas1 istenirken (Anonim, 2010),
bu deger araligi Diinya Saghk Orgiitiine gore ise 6.5-
8.5 tur (WHO, 1996). Bu degerler 1s181nda alinan
6lcimler neticesinde analiz edilen suyun pH
acisindan igilebilir oldugu goriilmektedir.

Arastirmada su numunelerin elektrik iletkenlik

degerlerinin en dusigu 376.44+10.87 puS cm ile iki
nolu kuyudan, en yiiksegi ise 446.57+15.76 nS cm! ile
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bir nolu kuyudan alinan numunede &lgulmustiir.
Binalarin musluklarindan alinan orneklerde ise bu

Cizelge 1. Su numunelerinin kimyasal analiz sonuglar:
Table 1. Chemical analysis results of water samples

araligin 382.40 pS cm’! ile 418.06 pS cm oldugu
gorilmistir (Cizelge 1.).

Parametreler
Su numuneleri Klor (ppm) Nitrat(ppm) Nitrit (ppm) Iletkenlik(uS cm™) pH
Bir nolu kuyu 2.21+0.15 4.30+0.45 * 446.57+15.76 7.53+£0.76
Iki nolu kuyu 2.05+0.08 10.85+1.12 * 376.44+10.87 8.02+0.87
Ana depo 2.43+0.07 7.00£1.06 * 390.98+10.85 7.90+0.64
1 nolu musluk 1.70+0.09 7.00+0.87 * 382.40+12.78 7.84+0.45
2 nolu musluk 1.70+0.11 7.00+0.98 * 394.57+13.43 7.82+0.82
3 nolu musluk 1.69+0.10 6.98+0.97 * 402.63+12.36 7.79+0.76
4 nolu musluk 1.71+0.05 7.02+£1.08 * 401.17+10.53 7.80+0.61
5 nolu musluk 1.70+0.05 7.02+1.10 * 406.41+12.90 7.81+0.92
6 nolu musluk 1.70+0.05 7.03+1.15 * 407.55+14.63 7.77+0.37
7 nolu musluk 1.73+0.12 7.01+0.87 * 415.67+12.92 7.76£0.74
8 nolu musluk 1.68+0.02 6.97+0.85 * 406.58+11.24 7.76=0.75
9 nolu musluk 1.69+0.10 6.97+0.76 * 401.02+12.73 7.76=0.73
10 nolu musluk 1.68+0.05 6.95+0.68 * 404.22+12.97 7.78+0.21
11 nolu musluk 1.68+0.04 6.97+0.87 * 407.36+13.64 7.78+0.56
12 nolu musluk 1.69+0.07 7.03+0.98 * 415.77+£12.79 7.73+0.65
13 nolu musluk 1.69+0.06 7.04+0.85 * 409.89+12.35 7.81+0.52
14 nolu musluk 1.69+0.07 7.03+0.65 * 411.33+11.09 7.75+0.74
15 nolu musluk 1.69+0.09 7.02+0.87 * 410.12+10.32 7.75+0.45
16 nolu musluk 1.70+0.04 7.03+0.64 * 408.49+10.43 7.88+0.44
17 nolu musluk 1.70+0.07 7.04+1.52 * 418.06+12.62 7.75+0.27
18 nolu musluk 1.69+0.08 6.97+0.97 * 412.25+11.23 7.74+0.62
19 nolu musluk 1.69+0.06 6.96+0.76 * 404.59+12.48 7.74+0.67
20 nolu musluk 1.72+0.08 6.97+0.95 * 404.34+14.23 7.76=0.73
21 nolu musluk 1.69+0.09 7.01+0.75 * 415.40+11.87 7.76+0.76
22 nolu musluk 1.69+0.06 6.92+0.63 * 409.90+10.65 7.81+0.52
*: Tespit edilmedi, Her bir analiz tcer tekrarli olarak yapilmigtir.
Farkli bir arastirmada (Bora, 2016), Zonguldak'a Igme sularindaki elektrik iletkenliginin farkh
baglh merkez koylerden alinan numunelere ait en standartlara  gére maksimum 2500 S cm?
yiksek elektriksel iletkenlik degeri Cukuréren seviyesinde olmasi istenmektedir (WHO, 1996;

koylinden alinan numunede 1020 puS cm olarak en
diisiik iletkenlik degeri ise Olukyani kéytinden alinan
numunede 21 pS cm? olarak oOl¢iilmustir.
Calismadaki en yiiksek veri Boramin (2016)
bulgularindan oldukc¢a disuk, en disik veri ise
olduk¢ca  yuksektir. Tunceli'de sekiz farkl
istasyondaki su kaynaklarinmin iletkenlik degerleri.
165.8 ile 760 pS cm! arasinda degistigi
belirtilmektedir (Cetin, 2017). Karaoglu ve ark.,
(2008) yaptiklari calismada sularin iletkenlik
degerlerini en yiksek ve en disiik sirasiyla 42 ve
1000 pS cm? olarak &lgmuslerdir. Ercig’te 6l¢tlen
degerler musluk sularinda 301.9 pS cm’, depo
sularinda 294.5 ps/cm seklindedir (Agaoglu ve ark.,
2007b). Ercis icme sularinda ise bu deger 313.0 nS
cm! (Atic1 ve ark., 2016) oldugu tespit edilmistir.

Suda ¢6zlinen organik ya da inorganik madde miktar:
arttikca suyun elektrik iletkenligi de artmaktadir.
Yani iletkenlik derecesi yiiksek olan sularda
¢6ziinmiis madde miktarinin da yiiksek oldugu kabul
edilmektedir.
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Anonim, 2010). Saha calismasindaki kuyu, depo ve
musluk su numunelerinin hepsinin bu degerin
altinda oldugu goérilmiis ve dolayisiyla iletkenlik
acisindan da i¢ilebilir bir su oldugu tespit edilmistir.

Arastirmada yapilan 6lgimler neticesinde higbir su
numunesinde nitrit tespit edilmezken, nitrat miktari
en diisiik bir nolu kuyuda 4.30+0.45 ppm (mg L1) ile
en ylksek ise 10.85+1.12 ppm ile iki nolu kuyuda
olctilmistiir (Cizelge 1.).

Cetin’in (2017), Tunceli'de yaptig1 calismada sekiz
farkli su kaynagindan alinan oOrneklerin nitrit
degerleri. <0.001 ile 0.6734 mg L arasinda. nitrat
degerleri ise 0.0162 ile 10.010 mg L' arasinda
olciilmiigtiir. Karaoglu ve ark., (2008) tarafindan
belirlenen nitrit miktarinin 0.0003 mg L' nitrat
miktarinin ise 0.0035 ile 1.88 mg L! dir. Kogak ve
Giiner (2010), Erzurum’un igme ve kullanma
sularinda yaptiklar: nitrit miktar tayininde sonucun
0.03 mg L1 oldugu belirtilmigtir. Agaoglu ve ark.
(2007a) yaptign bir calismada gére nitrit diizeyi
ortalamasimnin 0.1 mg/L’'in  altinda  oldugu
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bildirilmistir. Cavus ve ark., (2017) Van sehir
merkezi ve ilgelerinde bulunan dere sularinin
tamaminda bulunan nitrit miktarin1 0.060-0.691 mg
L1 araliginda tespit etmis, Ercig’teki igme sularinda
ise nitrit miktar1 0.012 mg L olarak o6lgiilmistir
(Atic1 ve ark., 2016). Karaoglu, (2001) yilinda yaptig
calismada Kavakhdere (Mugla). Bozdogan (Aydin)
yerlesim yerlerindeki kaynak ve yer alti sularininin
nitrit degerlerini 0.003-0.073 mg L! araliginda
olemiistiir. Erzurum II merkezindeki i¢me ve
kullanma sularinin nitrat degerleri tlizerine yapilan
bir ¢alismada en dusiik deger 4.08 mg L1, en yiiksek
deger ise 128.39 mg L1 olarak bildirilmistir (Kocak,
2007).

Dogada ayristiricilarin faaliyetleri sonucu olusan
amonyak (NHs) nitrit bakterileri tarafindan nitrite
(NO2 ), nitritten de nitrat bakterileri tarafinadan
nitrata NOs ) déniisiir (Sipahi ve ark., 2016). Igme ve
kullanma sularinda nitrit bulunmasi istenen bir
madde olmadigindan kalitatif analiz yapilir.

Icme sularindaki nitrit seviyesinin TSE
standartlarina gore en fazla 0.5 mg L1, Dinya Saghk
Orgiitiine ise 3 mg L olmas1 istenirken, nitrat i¢in
st smr degeri ise 50 mg Ldir (WHO, 1996;
Anonim, 2010). Su numunelerinin nitrit ve nitrat
degerleri agisindan standartlara uygun ve dolayisiyla
icilebilir oldugunu belirtebiliriz.

Yapilan ¢alismada su numunesi alinan iki nolu kuyu.
bir nolu kuyu ve ana depodaki klor degerleri
2.05+0.08-2.21+0.15 ve 2.43+0.07 ppm olarak
Olcilmiistir. Bina musluklarindan alinan érneklerde
ise 1.68+0.02-1.73+0.12 ppm araliginda oldugu tespit
edilmistir (Cizelge 1).

Tunceli'nin dogal su kaynaklarimin klor degerleri
0.9997 ile 10.996 mg L1 arasinda oldugu belirtilmigtir
(Cetin, 2017). Cavus ve ark. (2017) Van sehir
sulariin ortalama serbest klor degerinin 0.05 mg L
olarak Olgmiigtur. Ercig’te yapilan analiz
calismasinda musluk suyunun klor degeri 8.99 mg L!
iken, depo suyunun klor degeri ise 9.07 mg L1 olarak
tespit edilmistir (Agaoglu ve ark., 2007b). Calisma
bulgular1 Agaoglu ve ark. (2007a) bulgularindan daha
dusiik seviyededir. Bitlis ve ilgelerindeki i¢cme suyu
klor 6lgimleri neticesinde ortalama degerin 7.69 mg
L1, en yuksek degerin Ahlat ilgesinde 12.21 mg L1,
en disiik deger ise 2.14 mg L't olarak Hizan ilgesinde
belirlenmistir (Alemdar ve ark., 2009). Ercis icme
sularinda yapilan 6l¢imlerde serbest klor miktarinin
0.02 mg L1 olarak bulundugu rapor edilmistir (Atic1
ve ark., 2016).

Kloriin, TSE standartlarina (Anonim, 2010) gére icme
sularindaki ist degerinin 0.5 mg L1 oldugu bunun
tuzerindeki klor degerindeki sularin igilemez oldugu
belirtilmistir.
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SONUC ve ONERILER
Su

analiz
Spp.

mikrobiyolojik
su orneginde Legionella
bakterileri tespit edilememisken, 25 sirinti
orneginin doérdinde L. pneumophila serogrup-1
patojen bakterisi tespit edilmistir. Su &rneklerinin
kimyasal acidan degerlendirilmesi pH, iletkenlik,
klor, nitrit ve nitrat degerleri izerinden yapilmigtir.
Analiz edilen su numuneleri klor haricindeki
parametreler goz 6nline alindiginda TSE ve Diinya
Saghik Orguti standartlarinm kargilar niteliktedir.

orneklerinde yapilan

neticesinde 25

L. pneumophila'nin tespiti ve vaka bildirimleri Saghk
Bakanlhigi, Halk Sagligi Genel Mudurligi, Bulasic
Hastaliklar Daire Bagskanligi'min kontrolinde takip
edilmektedir. Bagkanligin bununla ilgili Lejyoner
Hastaligi Kontrol Programi Rehberi bulunmaktadir.
Insanlarin topluluk halinde bir arada bulunabildigi
hastane, okul, otel, fabrika, yurt ve restoran gibi
yerlerle iligkili vakalarin bildiriminin zorunlu ve
derhal yapilmasi1 gerekmektedir. Bunu takiben iligili
konaklama biriminde etkenin belirlenmesi i¢in ¢evre
stirveyansinin yapilmasi elzem bir husustur. Ilgili
yonetmelik uyarinca elde edilen veriler ve bunun
geregi olarak alinmasi gereken 6nlemler ilgili kuruma
iletilmigtir.

Yapilan bu c¢alismadan elde edilen veriler 1s1ginda
onerileri su sekilde siralayabiliriz.

O Bircok hastane, okul, yurt, otel, restoran ve
konutlar gibi insan sirkiilasyonunun yougun oldugu
yerlegkelerden ilgili ve yetkili birimlerce hem su
hemde strinti o6rnekleri alimip Legionella spp.
varhig1 agisindan incelenmelidir.

O Ozellikle hastane, kres, yash evi, huzur evi ve okul
gibi bagisiklik sistemi nispeten zayif bireylerin
bulunabildigi alanlarda su sistemlerinin periyodik
olarak incelenmesi 6nem arz etmektedir.

O Lejyoner hastaligr insandan insana solunum
yoluyla bulasabilen bir hastaliktir. Universiteler
mobilite acisindan daha aktif bireylerin bir araya
geldigi mekanlar oldugundan, buradan kaynaklanan
bir hastaligin yayilim hizinin diger yerlegkelere
nazaran daha hizlh olabilecegi unutulmamali gereken
onlemler alinmalidir.

O Yukarida belirtilen yapilarin depo, kuyu ve
musluk gibi su sistemlerinde yapilan analiz
neticesinde Legioenella spp. tespit edildiginde bir an
once su sistemlerinin ilgili protokoller rehberliginde
dezenfeksiyon ve dekontamisyonu saglanmalidir.

00 Ayrica yapilan analiz neticesinde Legionella spp.
varligi  tespit edilen su sistemlerine bagh
iklimlendirme cihazlar1 Legionella sppnin hizli bir
sekilde yayilmasina yol acacagindan cihazlarin
bakim1 ve dezenfeksiyonu bir an evvel yapilmalidir.

O Bakir-glimiig iyonizasyon dezenfeksiyon
yonteminin hem en etkili yontem ve hem de insan
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saghgina olumsuz etkilerinin diger yoOntemlere
nazaran daha disik oldugundan dezenfeksiyon
yontemi olarak tercih edilmelidir.

0O Legionella spp.nin sebep oldugu hastaliklardan
Legionell2dan  guphelenilmemesi bu hastaligin
insidansim disiik gostermektedir. Bundan dolay: bu
hastaligin belirtileri daha iyi bilinmelidir.

0 Su numuneleri igerisinde yasamini sirdiiren
Legionella spp. bakterilerini daha yogun bir sekilde
kultirde uretmek igin filtrasyonla konsantrasyon
islemi uygulanmalidir. Kultir yonteminde Legionella
spp. Uremesini artirmanin diger bir yolu ise ¢evre
biyotay1 baskilayan asitle muamele igsleminin
uygulanmasi oldugu sonucuna varilmistir.

O Lejyoner hastaliginin da diger hastaliklar gibi
sigara, alkol, stres, dengesiz beslenme, hareketsiz
yasam vb. nedenlerle immiin sistemi baskilanmig ya
da zayiflamis bireylerde daha yikica oldugu
disunuldiginde bu tiur olumsuz etkenlerden uzak
durmak o6nem arz etmektedir. Bu riski tasiyan
bireylerin etkenin kaynagindan mumkin oldukea
uzak durmalari ve bu etkene kars1 dikkatli
davranmalari 6nerilmektedir.

O Hizl ve dogru tam1 sonucunda hastaligin teghisi ile
dogru antibiyotik kullanimi hastaligin seyrini olumlu
yonde etkileyen bir unsur olmaktadir. Bu amagla
hastaligin tedavi stireci dogru yonetilmelidir.

sirintii.  orneginde
su oOrneginden daha

O Legionella bakterilerinin
bulunma olasiligr normal
yiksektir.
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ABSTRACT Microbiology

C. cyminum (cumin) and M. communis (myrtle) comprise many

biologically active molecules. In this study, cumin seed and myrtle Research Article

leaves were mixed then hydrodistilled and analyzed by GC-MS. The

main components of the essential oil were cuminal (50.71%), 1,8 Article History

cineole (8.30%), O-cymene (7.88%), B-pinene (7.62%), o-pinene Received :17.02.2022
(7.16%), y-terpinene (6.09%) and a-terpinolene (2.19%). The Accepted :01.04.2022
antifungal activity of the essential oil against C. albicans, C.

parapsilosis and C. tropicalis was Investigated using Keywords
spectrophotometric  broth  microdilution, colorimetric  broth Cumin

microdilution, and agar well diffusion tests. Antimicrobial Myrtle

mechanism of the EO was researched by TTC-dehydrogenase FEssential o1l
relative activity, protein and DNA leakage analysis. While the MIC Anticandidal
values of the oil were 3.29 mg mL! for C. albicans, 3.57 mg mL! for Antifungal
C. parapsilosis and 3.65 mg mL! for C. tropicalis, the 50% cytotoxic

concentration values were between 0.17 mg mL?! and 2.61 mg mL!

for Candida species. The inhibition values against yeasts in dark and

light conditions were found as 42.1 mm on C. parapsilosis and 39

mm on C. tropicalis exposed dark and light, respectively. The

inhibition zones of oil in water, glucose, glycerol and salt

environment. As a result, the highest IZ was found as 26.6 mm on C.

albicans and 26 mm on C. tropicalis in the presence of a 3% glycerol

environment. The DNA and protein levels were increased when yeast

was exposed to the EO. As a result, the oil of mixed C. cyminum and

M. communis preserved its antimicrobial stability in different

environmental conditions and should contribute to new antifungal

research.

Cuminum cyminum L. ve Myrtus communis L. Karigim Ucucu Yaginin Antikandidal Aktivitesi ve
Antikandidal Mekanizmasinin Belirlenmesi

OZET Mikrobiyoloji
C. cyminum (kimyon) ve M. communis (murt) pek cok aktif bileseni :
olan ozellikle antimikrobiyal, antioksidan ve antidiyabetik Aragtirma Makalesi

ozellikleriyle bilinmektedirler. Bu ¢alismada, ilk kez olarak, kimyon
tohumlar1 ve murt bitkisinin yapraklar1 birlikte su distilasyonuna
tab tutulmus ve elde edilen ugucu yagin bilesenleri GC-MS cihaziyla
belirlenmistir. Ucucu yagin temel bilesenleri cuminal (%50.71), 1,8
sineol (%8.30), osimen (%7.88), B-pinen (%7.62), a-pinen (%7.16), y- Anahtar Kelimeler
terpinen (6.09%) ve a-terpinolen (%2.19) olarak belirlenmistir. Kimyon
Antifungal aktiviteyi belirlemek amaciyla ugucu yagin C. albicans, Murt

C. parapsilosis and C. tropicalis mantarlarina karsi

Makale Tarihgesi
Gelis Tarth1  :17.02.2022
Kabul Tarihi :01.04.2022

o ;
Spektrofotometrik Broth Mikrodiliisyon, ~Kolorimetrik Broth v Y s
Mikrodiliisyon ve Agar Well Difgzyon metodlariyla etkileri Antifungal

belirlenmigtir. Ugucu yagin animikrobiyal etkisini belirlemek
amaciyla TTC-dehidrogenaz aktivite, protein kacagi ve DNA
aktiviteleri incelenmistir. Yaglarin MIC degerleri C. albicans igin
3.29 mg mL?1, C. parapsilosis i¢in 3.57 mg mL1! ve C. tropicalis i¢in
3.65 mg mL1, CC50 (%50 sitotoksisite konsantrasyonu) degerleri ise
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caligsilan kandidalar i¢in 0.17 mg mL?! ve 2.61 mg mL?! olarak
belirlenmistir. Yaglarin mayalara karsi karanhk ve 1s1k (standart
LED 1s1k) kosullarinda etkilerinin de belirlendigi c¢alismada en
yiksek inhibisyon 42.1 mm ile C. parapsilosis ve 39 mm ile C.
tropicalisde sirasiyla karanlhk ve isikta bulunmustur. Calismada
ayrica yaglarin su, glikoz, gliserol ve tuz kosullarinda inhibisyon
bélgeleri (IZ) 26.6 mm ile C. albicans ve 26 mm ile C. tropicalisde %3
gliserol kosullarinda bulunmustur. Mayalarin DNA ve protein
seviyelerinde yaga maruz kalma durumlarina gore artis tespit
edilmigtir. Sonug¢ olarak, kimyon ve murt birlikte distile ugucu
yaginin antimikrobiyal stabilite gosterdigi ileri calismalar yapilmasi

gerektigi tespit edilmigtir.
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INTRODUCTION

Candidiasis is a common infection found in the
gastrointestinal tract, oral cavity, and esophagus,
skin, vagina, and vascular system. The most
important species isolated is Candida albicans
(Calderone et al.,, 2001). However, in the last two
decades, infections caused by non-albicans Candida
species have been observed to increase (Miguel et al.,
2005). Candida species for instance C. albicans, C.
parapsilosis and C. tropicalis could cause multiple
nosocomial bloodstream infections with high
morbidity and mortality rates (Wisplinghoff et al.,
2004; Pappas et al., 2016). C. parapsilosis could cause
invasive candida related disease (Trofa et al., 2008).
The other emerging human pathogen is C. tropicalis,
1dentified with more detailed screening methods and
it causes serious infections with other Candida
pathogens (Silva et al., 2012).

Many antifungal drugs are used in the treatment of
candidal infections, and the side effects of these drugs
occur especially in immunocompromised patients. In
addition, candidal resistance emerges as another
important problem even in healthy people (Whaley et
al., 2017). For this reason, plants are being constantly
being researched to discover new antifungal agents.
Essential oils, (EOs), which have particularly strong
effects against microbes, are extracted from a wide
variety of plants and are widely used in antimicrobial
research (Bakkali et al., 2008). Some of those are the
essential oils of cumin, fennel, manuka (Elisa et al.,
2019), thyme, pennyroyal, and lemon (Mahdavi et al.,
2010), which have strong antifungal performance.
Among medicinal plants, C. cyminum (cumin) and M.
communis (myrtle) are known as two important
aromatic plants with very high biological activity.
Mpyrtus communis L., belongs to Myrtaceae family, is
an evergreen aromatic tree in bush form, and widely
grows throughout the Mediterranean region (Aleksic
and Knezevic, 2014). Especially leaves of myrtle have
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been used in medicine for years as an antidiabetic,
antiseptic, analgesic, emmenagogue, astringent,
haemostatic, and cardiotonic agent, and in lithotripsy
applications (Sumbul et al., 2011). Furthermore,
myrtle leaves essential oil have been used perfume
and cosmetic industry and, owing to high
antimicrobial  activity even in  post-harvest
applications (Zomorodian et al., 2013; Bahadirli et al.,
2020). M. communis plants cultivated in the
Mediterranean 1is for its fruits, but for leaves,
demands consume mostly by collecting from nature.
C. cyminum L., from the Apiaceae family, is an
annual herbaceous plant, that has been used as a
medicinal herb in Asia, Europe, and Africa (Johri,
2011; Al-Rubaye et al., 2017). Cumin is an important
export crop of Turkey after poppy, oregano and bay
laurel (Kiric1 et al., 2020). Cumin is cultivated in ca.
361.761 da area, especially in Central Anatolia (Kirici
et al., 2020; Baydar, 2020). Dried seeds of C. cyminum
are commonly used for culinary and medicinal
purposes (VanderdJagt et al., 2002). Many cumin types
are used in traditional medicine and veterinary
applications as antispasmodic, due to their
appetizing, carminative, stimulant, and astringent
effects and as a remedy against flatulence, diarrhea,
and indigestion (Morton, 1976).

Aromatic plants are very active against
microorganisms due to their bioactive molecules.
Research conducted so far on the essential oil
contents of these plants has made important
contributions to microbiology. In recent years, studies
have been investigating the antimicrobial effects of
combinations of essential oils with different herbs and
antibiotics to control pathogenic microorganisms and
to reveal resistance mechanisms and multiple
biochemical processes (Bassolé and Juliani, 2012;
Bajpai and Dash, 2012). Also, essential oils used for
pharmaceutical, food, or cosmetic purposes are
generally not used alone. They are mostly found in
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mixtures in the drugs or foods (Baser, 2009), and
exposed to environmental factors such as pH, food
additives (Gutierrez et al., 2008), and light (Erdogan
Eliuz, 2017). C. cyminum as a stimulant, carminative,
therapeutic in respiratory diseases (Thippeswamy
and Naidu, 2005) and M. communis as a reliever,
therapeutic in lung diseases are indispensable
(Asgarpanah and Ariamanesh, 2015) food and
medicine sources used by the people.

This study, best of our knowledge is the first study to
make essential oil extraction from two plants (I,
communis and C. cyminum) mixed in equal
proportions. The antifungal effect and antifungal
mechanism of the essential oil obtained from the
mixture was investigated against C. albicans, C.
parapsilosis, and C. tropicalis. In addition, it was
researched whether there was any change in the
antifungal performance of this mixture oil in NaCl,
glucose, glycerol, and LED light environments.

MATERIAL and METHOD
The Extraction Method and GC-MS Analysis

Cumin seeds were purchased from an herbalist in
Hatay and myrtle leaves were collected from nature
in Hatay/Turkey, 2020. Cumin seeds was grounded
and myrtle leaf dried and cut into small pieces. The
seeds of C. cyminum and M. communis leaves were
mixed (1:1) and hydro-distilled with Clevenger-type
apparatus for 4 hours. The mixture of essential oil
was stored at 4 °C until the time of analysis. The
essential oil composition was determined with GC-MS
(Agilent 7890A-5975C) equipped with an Agilent
19091S-433 model column (30m X 250 pm film X 0.25
pm). Helium was a carrier gas. The detector transfer
line temperature was 260 °C and the detector
ionization temperature was 250 °C. The analysis
program was as follows: starting with 60 °C increased
to 150 °C with 5 °C min!, from 150 to 200 °C with
1.5°C min’, from 200 °C to 240°C with 4 °C min.
The essential oil components were defined using
Wiley and NIST database. Retention indices were
calculated against n-alkanes (C8—C40).

Antifungal Screening:

Antifungal activity of the essential oil of the plant
mixture against Candida albicans (ATCC 90028), C.
tropicalis (ATCC 750) and C. parapsilosis (ATCC
22019) were tested by Spectrophotometric Broth
Microdilution and Agar Well Diffusion methods.
Yeasts’ inoculums were prepared in 4 mL of
Sabouraud Dextrose Broth media and incubated at
35°C, overnight followed the directions of document
M27-A of the NCCLS. After 24 hours the yeast
cultures were adjusted to 0.5 McFarland Standard
(NCCLS, 1997).
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Spectrophotometric Broth Microdilution Method

This method was performed to determine MIC
(Minimum Inhibitory Concentration) of C. cyminum
and M. communis EO mixture on C. albicans, C.
tropicalis and C. parapsilosis using a 96-well
microplate. Firstly, a 50 pL portion of the Mueller
Hinton Broth (MHB) was poured in all wells and then
a 50 pL portion of the essential oil mixture (3.024 mg
mL1) in %10 DMSO (Dimethyl sulfoxide) was poured
into the first order wells. Columns 11 (media and
yeast) was the negative control and 12 (fluconazole;
FLC:128 pg mL1) was a positive control. Lastly, 5 pL
cultures of yeast were inoculated on all the wells
except negative control. Then, the two-fold serial
dilution of the EO mixture was made and the final
diluted was 0.05 mg mL'1l. The same procedure was
applied for the antibiotic. The plates were incubated
at 35°C for 24 hours and the optical density of growth
was measured at 415 nm after incubation by
spectrophotometer (Thermo Scientific, MULTISKAN
GO). The MIC of the EO mixture, which results in
99.9% inhibition of growth, was calculated using the
regression curve obtained from Eq. 1 and Eq. 2
(Erdogan Eliuz, 2020).

Growth (%) = (&) x100 Eq. 1

control

6]D)

test well

Inhibition (%) = |1— x100 Eq. 2

corresponding control well

Cytotoxicity Assay for Candida Species

Colorimetric (MTT: 4,5 dimethyl-2-thiazole-2,5-
diphenyl-2H-tetrazolium bromide) broth
microdilution method was performed to determine the
50% cytotoxic concentration (CC50) of the oil based on
the method previously applied for microorganisms
(Wang et al., 2010; Cruz et al., 2018). Briefly, MTT
(Sigma) solution was prepared to obtain the
concentration of 5.0 g/L. and stored -20 °C at until the
experiment. MHB medium was loaded and then two-
fold serial diluted of the essential oil was added to all
wells. No essential oil was added to the negative
control well alone. Then, 5 pl of the yeast prepared
according to Mecfarland 0.5 was added to all wells.
Subsequently, the plates were left to incubate for 24-
48 hours and then 25 pl of MTT (1/10 diluted from
stock solution) was added to all wells and the
incubation was continued for 1 more hours at 37 °C.
The metabolically active fungal cells disrupted the
tetrazolium chain that gave MTT its yellow color and
turned into purple-colored MTT-formazan crystals.
By ensuring that these crystals were dissolved in 200
ul of DMSO added to each well, the resulting color
density was measured in the spectrophotometer at
575 nm wavelength, and the % viability was
determined by proportioning the optical densities of
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the control and test wells. The CC50 reflects the
concentration of the oil required to reduce the yeast
cell viability by 50% and was calculated using the
equation below (Eq 3 and Eq 4). All experiments were
repeated three times in the study.

Viability (%) = (%) %100

control

Cytotoxicity (%) = 100- Viability (%) Eq. 4

Eq. 3

Agar Well Diffusion Method

The inhibition zones of the C. cyminum and M.
communis mixture on C. albicans, C. parapsilosis and
C. tropicalis were studied with AWD method, the
analysis was replicated 3 times (Erdogan Eliuz et al.,
2017). The experiment was carried out under both
light and dark incubation conditions. The 50 uL of the
EO mixture add to the wells and incubated at 35°C
for 24 hours (dark treatment). The same procedure
was repeated for the light incubation experiments
and a standard white LED source (470 Lumens / 40
watts) was used as the light (light treatment). After
one day-incubation, caliper and sterile distilled water
were measured as negative controls.

To determine the inhibition area of the EO against
the yeast in different stress conditions, the test was
performed in the presence of NaCl, Glucose, Glycerol.
For this, 1 mL of 1%, 3% and 9% of NaCl, glucose,
glycerol solutions and 100% distilled water were
prepared in aseptic conditions. The pure essential oil
(100 uL) of C. cyminum and M. communis mixture
was added to each solution and mixed for 2 minutes
at 100 rpm. The 50 pL of the samples were added to
the wells in the MHA petri dishes which were
prepared and where the C. albicans, C. parapsilosis
and C. tropicalis were spread as in the first agar well
diffusion experiment. All tests were performed three
times and after 24-hours of incubation, the inhibition
zones were measured. Solutions with no added oil
were used as a negative control.

Antifungal Mechanism of the EO of C. cyminum and
M. communis Mixture

The inhibition mechanism of the essential oil of the
EO of C. cyminum and M. communis mixture on the
yeast was also determined. The yeast exposed to the
essential oils then TTC (Triphenyl tetrazolium
chloride dye)-DRA (Dehydrogenase relative activity)
of the yeasts were analyzed according to the Ding et
al., (2016) and Ersoy et al., (2019) after some
modifications. TTC-DR produces insoluble reddish
colored TF (2,3,5-triphenyl formazan) which is
reduced by the H* acceptor TTC dye in the living cells.
Regarding this absorbance of the TF was evaluated at
485 nm to obtain dehydrogenase enzyme activity in
the cells. A 0.2 mL of yeast (McFarland 0.5) was
incubated with 0.2 mL of the mixture and glucose

394

solution (0.1 mL) with TTC (0.1 mol/L glucose and
0.4% TTC solution) for 35°C during 2.5 hours. The
mixture was centrifuged at 14,000xg for 3 min and
the supernatant (50 uL) was transferred to the well
(96-plate) and finally, 10 uL ethanol was added. The
plates were kept for 5 min in a shaking incubator to
develop red. The measurement of absorbance at 485
nm was taken every 10 minutes using the UV-Vis
spectrophotometer. The experiments were repeated 3
times and DRA was formulated as follows:

% = ODx 100

0= [ODC] i

where ODx is the absorbance of treated and OD. is the
control samples.

Intracellular protein and DNA leakage in the yeast
was studied according to Qi and Hung, (2019). The 0.2
mL of yeast culture (McFarland 0.5) was incubated
with the 0.2 mL of the EO mixture for 37 ° C, for 2

hours. The sample was centrifuged at 14,000xg for 3
min and the supernatant (50 pl) was withdrawn,
then stained with Bradford dye reagent (50 pL) for 15
minutes to determine leakage of protein. The
absorbance of the culture was measured at 595 nm.

For DNA leakage, all procedures were the same as
the protein leak test. No dye was used in the process
and the absorbance was determined at 260 nm (Qi
and Hung, 2019).

The increase of leakage of protein and DNA was
formulated as follows:

0 [ODx — ODC] 100
= |—— | *
0 ODc
where ODx is the absorbance of treated and OD. is the

control samples

Statistical Analyses

The MICs, CC50, and IZ of the EO were measured by
One-way ANOVA with posthoc Tukey HSD Test
(p<0.01 and p<0.05). To compare IZs of dark
treatment with light treatment was used T-Test for 2
Independent Means (<0.05).

RESULTS and DISCUSSION

The Components of the EO Mixed C. cyminum and M.
communis

The compounds of the essential oil of mixed C.
cyminum and M. communis were determined by GC-
MS analysis and a total of 19 compounds were
identified. The quality values of the compounds were
higher than 83% (Table 1). The main compounds were
found cuminal, which was determined at a peak ratio
of 50.71% and with a peak quality of 98%. Cuminal
was followed by 1,8 cineole (8.30%), O-cymene
(7.88%), B-pinene (7.62%), a-pinene (7.16%), Y-
terpinene (6.09%) and a-terpinolene (2.19%). The
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other compounds were camphene, 1-Terpinen-4-ol,
nerol, B-myrcene, p-cymen-7-ol, phellandral, ao-

thujene, 1isobutyl isobutyrate, terpinolene, a-
terpinene, O-cymene, and 2,4-dimethyl-3-pentanone.

Table 1. Chemical composition of C. cyminum and M. communis mixture essential oil
Cizelge 1. C. cyminum ve M. communis karigiminin ugucu yag bilegenleri

No aRT bPRRI Compound % ‘RA MwW %Quality
1 3.133 616  2,4-Dimethyl-3-pentanone 0.03 C7H140 90
2 6.012 736  Isobutyl isobutyrate 0.12 CsH1602 90
3 6.469 937  a-Thujene 0.17 C10H16 87
4 6.754 943  a-Pinene 7.16 C10H16 96
5 8.469 979  B-Pinene 7.62 C10H1s 94
6 9.104 992  B-Myrcene 0.28 CioH1e 92
7 9.881 1008 P-Cymene 0.05 CioH1e 93
8 10.226 1015 a-Terpinene 0.05 CioH1e 97
9 10.736 1026 O-Cymene 7.88 CioH14 97
10 10.944 1030 1,8-Cineole 8.30 C10H1s0 99
11 12.309 1059 yTerpinene 6.09 CioH16 97
12 13.680 1087 Terpinolene 0.08 CioH16 98
13 14.618 1107 a-terpinolene 2.19 CioH16 95
14 18.375 1185 1-Terpinen-4-ol 0.35 C10H180 98
15 19.230 1202 Camphene 0.98 CioH16 91
16 22.007 1260 Cuminal 50.71 C10H120 98
17 23.266 1286 Phellandral 0.21 C10H160 91
18 27.486 1374 p-Cymen-7-ol 0.28 C10H140 87
19 28.500 1395 Nerol 0.33 C10H150 83

Total-identified compounds 92.88
Non-identified compounds 7.12

aRetention Time relative, PCalculated Kovats index, Relative area (peak area relative to the total peak area).

MW: Molecular Weight (g mol )

In this study, cuminal was the most detected
compound in the mixed oil, and it has been shown in
previous studies that it is the basic component of
cumin (Li and Jiang, 2004; Sahana et al., 2011;
Chaudhary et al., 2014). The 1,8 cineole, which was
detected at a high rate after cumin, is one of the most
important components detected in both myrtus and
cumin essential oil (Chalchat et al., 1998; Ozek et al.,
2000; Yadegarinia et al., 2006; Gachkar et al., 2007;
Mahboubi and Bidgoli, 2010; Bahadirli et al., 2021).
The other molecules such as O-cymene (Chalchat et
al., 1998; Gachkar et al.,, 2007), B-pinene (Li and
Jiang, 2004; Chaudhary et al., 2014; Curini et al.,
2003), a-pinene (Chalchat et al., 1998; Allaq et al.,
2020; Yadegarinia et al., 2006), y-terpinene (Li and
Jiang, 2004; Gardeli et al., 2008; Sahana et al., 2011),
and a-terpinolene (Chalchat et al., 1998; Curini et al.,
2003, Li and Jiang, 2004) were previously detected by
several studies in both C. cyminum and M. communis
EO. In literature, the compound of 2,4-Dimethyl-3-
pentanone was found only in M. communis (Mahboubi
et al., 2010), but no record was found with C
cyminum.

The EOs of C. cyminum (Allaq et al., 2020) and M.
communis (Aleksic et al., 2014; Cannas et al., 2013)
have antifungal properties, about which a great
amount of data has already been published. A broad-
spectrum antifungal performance of the EO obtained
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from both plants is due to the high percentage of
cumin molecule that cumin (Naeini et al., 2014;
Petretto et al., 2018) contains and a-pinene and 1,8-
cineole that myrtle has (Jamoussi et al., 2005;
Bouzabata et al., 2013; Bahadirli et al., 2021). There
is a great lack of literature on the combination of
essential oils. This study is original in this respect.
The only study, that combined cumin with another
herb was Minooeianhaghighi’s study.
Minooeianhaghighi et al. (2017), found that C.
cyminum with Lavandula binaludensis mixed oils
were inhibited many C. albicans isolates than cumin
alone. In that study, only essential oils were mixed.
However, in this study, it was left to hydrodistillation
with cumin and myrtle, together.

The evaluation of antifungal activity and cytotoxicity
of the EO on Candida species

The mean MICs, CC50 and IZs were calculated and,
the results showed that the essential oil of C.
cyminum and M. communis mixture were effective
against C. albicans, C. parapsilosis and C. tropicalis
by spectrophotometric broth microdilution and agar
well diffusion method (Table 2). The MICs of the EO
against the yeasts were between 3.29 and 3.65 mg
mL! and they were 3.29 for C. albicans, 3.57 mg mL1
for C. parapsilosis and 3.65 mg mL! C. tropicalis.
(p<0.05).
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Table 2. MICs and 1Zs of the EO of C. cyminum and M. communis mixture against C. albicans, C. parapsilosis

and C. tropicalis.

Cizelge 2. C. cyminum ve M. communis karsiminin ugucu yaginin C. albicans, C. parapsilosis ve C. tropicalis’e

karsi MIC ve 17 degerleri

)  FLC-MIC (g EO-CCso(mg IZ (mm)indark EO-IZ (mm) in
Species EO-MIC (mg mL) mL ) mL1) environment LED environment
C. albicans 3.292 +2.07 1792+ 1.8 2.612+1.4 19.3abedT£].5 23¢8T+0.8
C. parapsilosis 3.57°+1.43 102.52¢ +3.8 0.58> +0.5 42.12eT+(0.8 33.01<T +6.6
C. tropicalis 3.65¢+3.94 25.7bc £ 2.8 0.17¢+£0.16 41.01b 2.1 3948t+3.6

(ANOVA, p<0.05, Tukey HSD). Values on the same column with same superscript letters differ statistically (a,b,c,de,f,g). IZs
in the same line (IZs in dark environment and IZs in LED environment) with “T” superscript letters: statistically significant,
with “t” superscript letters: no statistically significant (T-Test for 2 Independent Means p<0.05). FLC: antibiotic

The cytotoxicity of different concentrations of the
essential oils (0.38-3 mg mL!) was studied on C.
albicans, C parapsilosis and C. tropicalis (Table 2).
The EO significantly decreased the viability of the
yeasts and IC50 of the essential oil was 2.61 mg mL!

for C. albicans, 0.58 mg mL? for C. parapsilosis and
0.17 mg mL?! for C. tropicalis (p<0.05). When the
MTT dye was reduced by the viable yeast cells, the
yeast cells and was in the form of clusters of beads-
like cells and completely covered with dye (Figure 1).
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Figure 1. The micrograph in the light microscope (40X) of yeast cell-formazan crystal complexes formed in the

MTT reduction solution
MTT
mikroskobundaki (40X) mikrografi

Sekil 1.

In the present study, strong antifungal activity of the
EO of cumin and myrtle part mixture was determined
in standard condition (in dark incubation) against C.
albicans, C. parapsilosis, and C. tropicalis (Figure 2).
The essential oil exhibited different levels of
antifungal activities depending on the dark and light

indirgeme soliisyonunda olugsan maya hiicresi-formazan kristal komplekslerinin 1s1k

treatments applied. The inhibition zones of the EO
were 19.3 mm against C. albicans, 42.1 mm against
C. parapsilosis and 41.01 mm against C. tropicalis in
dark treatment, while IZs were 23 mm on C. albicans,
33.01 mm on C. parapsilosis and 39 mm on C.
tropicalis in light treatment (p<0.05).

Figure 2. The images of inhibition zone of the EO of the plant mixture on C. albicans (a), C. parapsilosis (b) and

C. tropicalis (c)

Sekil 2. Ucucu yag karissminin C. albicans (a), C. parapsilosis (b) ve C. tropicalise kars1 inhibisyon bolgeleri

There were any MTT study found on the effects of
cumin and myrtle against Candida species, however,

the CC50 values of the oil obtained from both plants
can be expressed in the following order: C. tropicalis
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(0.17 mg mL'Y) < C. parapsilosis (0.58 mg mL1) < C.
albicans (2.61 mg mL71). When compared with the
data in the literature, it is stated that cumin and
myrtle alone were active against Candida-type fungi.
The MICs of cumin alone were 4.375 mg mL1! for
many C. albicans strains and 2.188 mg mL1 for C.
parapsilosis because of cuminaldehyde, y-terpinene,
and B-pinene components of cumin (Vieira et al.,
2019). Considering the MIC value (3.29 mg mL) of
the mixed plants against C. albicans in this study, it
can be said that the MIC in C. albicans decreased due
to a synergistic effect between plants. For Candida
parapsillosis, (3.57 mg mL1), an antagonistic effect
can be mentioned because the MIC value increased
with mixing the cumin and myrtle. In another article,
the MICs of M. communis EO, the main components
of which were 1,8-cineole, a-pinene, and limonene,
were 2.5 mg mL! for Candida albicans ATCC 10231,
C. kruser, C. tropicalis ATCC 13803, and C.
parapsilosis ATCC 90018 (Bouzabata et al., 2015). In
this study, the MICs of the mixture were between
3.65 and 3.29 mg mL! for Candida species. In this
case, it was determined that when the cumin was
mixed into the myrtle plant, the MICs increased.
Similarly, the MICs of C. cyminum oil was 289 mg L-
1 against C. albicans and C. dubliniensis (Naeini et
al., 2014). Compared to Naeini’s study, the
enrichment of cumin with myrtle in this study may
have enhanced its antimicrobial effect against C.
albicans. In this case, an antagonistic effect can be
mentioned among the oils.

The compounds of essential oil are highly affected by
environmental alterations. In this study, changes in
1Zs were controlled by adding the EO into different
solutions. As a result, it was observed that the effects
of the essential oil on yeast continued in different
concentrations of the solutions, but differences
occurred between inhibition zones. This may be due to
the interactions of the essential oil with glycerol,
glucose, and NaCl. or, IZs for each fungal strain may
have changed depending on their resistance status.

Antifungal activity in the stress conditions

The inhibitory effect of the EO of C. cyminum and M.
communis mixture, at different NaCl, glucose,
glycerol concentrations and distilled water added the
EO on the yeasts is shown in Table 3. No inhibition
was observed against C. albicans, C. parapsilosis and
C. tropicalis in the presence of pure water, 1%, 3%,
9% NaCl, glucose, glycerol without EO as negative
control. The maximal IZs of the EO tested in different
stress conditions can be presented as: 3% glycerol
(26.6 mm)> 3% glucose (24 mm)> 3% NaCl (20 mm)>
Water (19 mm) for C. albicans; 9% glucose (20 mm)>
3% NaCl (19.6 mm)> 9% NaCl (18 mm)> 9% glycerol
(17.6 mm)> water (14.3 mm) for C. parapsilosis; 3%
glycerol (26 mm)> 1% NaCl (21.3 mm)> water (21.1
mm)> 1% glucose (17 mm) for C. tropicalis. The
lowest 1Zs were 13.3 mm and 10 mm for C. albicans
and C. parapsilosis, respectively, at 1% NaCl
concentration, while the lowest IZ was 7.6 mm at 9%
glucose for C. tropicalis.

Table 3. Anticandidal effect of the essential oil (10%) in the presence of NaCl, glucose, glycerol and water

environments

Cizelge 3. Ucucu yaglarin (%10) NaCl, glikoz, gliserol ve su ortamlarinda antikandidal aktiviteleri

C. albicans C. parapsilosis C. tropicalis
C% With EO NG With EO NG With EO NG
NaCl 1 13.3abe +1.07 * 102b +0.9 * 21.32 +0.08 *
3 20f +2.0 * 19.62 +1.07 * 19.3b +0.09 *
9 164 28 * 18¢ 423 * 11.6¢ +1.09 *
Glucose 1 22.62 +3.0 * 164 £9.2 * 17t +1.27 *
3 24b +3.0 * 16e +2.1 * 16.68 +2.31 *
9 20¢ +1.08 * 20f 000 ¥ 7.6abe +0.07 *
Glycerol 1 19.60 +1.08 * 14¢ w202 * 17.6h 1.3 *
3 26.6¢de +1.9 * 13.3h +1.11 * 26¢d +1.07 *
9 16¢ +1.011 * 17.6 +1.08 ¥ 12.34 +2.04 *
Water 100 19 £2.13 * 14.3b 203 ¥ 21.11 +2.07 *

C: The concentration of NaCl, Glucose, Glycerol, and water. NG: negative control, *: no inhibition zone. The mean IZs were
expressed with the standard deviation (+) and significance level (ANOVA, p<0.05, Tukey HSD). Values on the same column
with same superscript letters differ statistically at the level of 0.05.

Antifungal mechanism of the EO of C. cyminum and
M. communis mixture

When a microorganism is exposed to an antimicrobial
agent, the cell structure damaged and therefore many
intracelluler macromolecules are left out. In this
study, it was investigated the effect of the EO of C.
cyminum and M. communis mixture on yeast cells
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(Table 4). All the treatments showed the DRA
dropped from 100% to near 75% within 15 min. In
yeast treated with the EO, DRA dropped to 75.01%,
81.9%, 80.1% in supernatant of C. albicans, C.
parapsilosis and C. tropicalis, respectively, within 20
min.
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Table 4. The dehydrogenase relative activity (DRA%) and the percentage increase (%) of intracellular DNA and
protein leakage of C. albicans, C. parapsilosis and C. tropicalis after the EO of C. cyminum and M.

communis mixture treatment

Cizelge 4. C. cyminum ve M. communis karigsim ucgucu yagina maruz birakilan C. albicans, C. parapsilosis ve C.
tropicalisin dehidrogenaz bagil aktivite (DRA%) ve Hiicre ici DNA ve protein kacisinin ortalama artis

(%) degerleri

Time DRA (%) Protein leakage (%) DNA leakage (%)
C. albicans 5. min. 90.18 6.76 1.006

10. min 80.12 7.78 2.03

15.min. 75.01 8.01 3.01
C. parapsilosis 5. min. 93.7 0.08 3.78

10. min. 82.6 1.25 3.04

15.min. 81.9 5.25 3.04
C. tropicalis 5. min. 90.1 2.46 3.83

10. min. 80.2 3.25 4.1

15.min. 80.1 4.01 5.2

All experiments were done in triplicate (P<0.05). For EO activation, Standard deviation of all 3 replicate

experiments was between 0.1 and 0.001. Min: minute.

After treatment by the EO at MIC, the fastest
increase in protein and DNA leakage in supernatant
of yeast was found in the first 20 minutes compared
to the control. Percent increase in the water-soluble
proteins of yeast exposed to the EO was 6.76%-8.01%
for C. albicans, 0.08%-5.25% for C. parapsilosis, and
2.46%-4.01% for C. tropicalis in 15 min. Percent
increase in DNA leakage of the yeast exposed to the
EO was 1.006%-3.01% for C. albicans, 3.78%-3.04%
for C. parapsilosis, and 3.83%-5.2% for C. tropicalis in
15 min. These results implied the cell structures of
the yeast were destroyed after treatment by the EO,
causing protein and DNA leakage.

The mechanism of action of most antibiotics used
recently destroys the microorganism by targeting
specific regions such as the cell wall of
microorganisms, nucleic acids, and proteins.
However, after a while, yeast gain resistance against
these new antibiotics by changing the structures
targeted by the antibiotic (Yao and Moellering, 2011).
Therefore, it 1is necessary to understand the
antimicrobial mechanism correctly and to reveal the
effects of new antimicrobial compounds. In this study,
when the yeasts were exposed to EO, there was cell
destruction due to the increase in protein and DNA in
the environment.

CONCLUSION

Essential oils are widely used in various fields such
as the cosmetics, pharmaceutical, and food industries,
and antimicrobial activity of them are their
antimicrobial effect is the most powerful biological
activity known. The stability of these oils alone or in
mixtures is a powerful alternative in the fight against
resistant strains. Therefore, we have to develop
various methods against antibiotic resistance, which
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will be the most important problem of the future.
Antimicrobial agent combinations are one of these
methods. Essential oils are often not found alone in
foods and medicines. With this study, it was shown
that there may be changes in the antimicrobial
activity of the oil, depending on the amount of salt,
water, and light. When aromatic oils are hydro
distilled alone or with another plant, it has been
shown that there may be changes in their active
ingredients. This situation can be turned into an
advantage for biological activity studies. Cumin and
myrtle are among the most significant herbs of
traditional medicine and are the two recommended
plants especially for diabetes. In diabetic studies, new
drug formations can be created using these plants.
These two herbs can be used in skin surface
infections. Finally, environmental factors such as
heat, light, and water should be included and
investigated in more detail in future studies.
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ABSTRACT Microbiology

The insufficiency of existing antibiotics in the combat against

antibiotics-resistant bacteria has necessitated the discovery of new Research Article

and effective antibacterial drugs. The discovery that bacteria

synthesize various virulence factors by the quorum sensing system Article History

has suggested that quorum sensing inhibitors may be used in the Received :23.02.2022
fight against infectious diseases. This study aimed to determine the Accepted 1 09.05.2022
antibacterial and anti-quorum sensing activities of methanol and

water extracts of aerial and root parts of Phlomoides molucelloides Keywords

(Bunge) Salmaki. The minimal inhibitory concentration (MIC) values Antibacterial activity

of the extracts were investigated against reference bacterial strains Antibiofilm

using the broth microdilution method. Anti-quorum sensing Phlomoides molucelloides (Bunge)
activities were examined by violacein and pyocyanin pigments Salmaki

inhibition and swarming motility inhibition assays against
Chromobacterium violaceum ATCC 12472 and Pseudomonas
aeruginosa PAO1 bioreporter strains. The antibiofilm activities of
the extracts were tested against P. aeruginosa PAO1 using the
crystal violet staining method. The MIC value (> 2000 pg/mL) of all
extracts against the tested bacteria could not be determined at the
concentrations studied. All extracts partially inhibited the swarming
motility of P. aeruginosa. Methanol extract of the aerial part
inhibited pyocyanin production by 81.7% without interfering with P,
aeruginosa growth. The extracts had no significant inhibitory
activity on biofilm formation and violacein pigment production.
These results showed that the extracts of P. molucelloides may be
good anti-quorum sensing agents. Further research can be done to
elucidate the mechanisms underlying these biological activities.

Quorum sensing

Phlomoides molucelloides (Bunge) Salmaki'nin Antibakteriyel Etkileri

OZET Mikrobiyoloji

Antibiyotiklere direngli  bakterilerle miucadelede mevcut

antibiyotiklerin yetersizligi, yeni ve etkili antibakteriyel ilaglarin Aragtirma Makalesi

kesfini zorunlu kilmigtir. Bakterilerin quorum sensing mekanizmasi ; : ; ;

ile gesitli virtilans faktorlerini sentezlediginin kesfediglmesi, quorum Makale T.a r'lhge'm Article History
sensing inhibitérlerinin enfeksiyon hastaliklar1 ile miicadelede Gelis Tarl}'n. :23'02'2022
kullanilabilecegini dilgiindiirmiistir. Bu calsmada, Phlomoides  Fapul Tarihi :09.05.2022
molucelloides (Bunge) Salmalfi _tiirlintin - toprak {isti ve kok Anahtar Kelimeler

kisimlarinin metanol ve su .oz.utlerlmn antibakteriyel ve anti- Antibakteriyel aktivite

quorum sensing aktivitelerinin aragtirilmasi amacglanmigtir. Antibiyofilm

Oziitlerin referans bakteri suglarina karsi minimal inhibitor
konsantrasyon (MIK) degerleri sivi mikrodilisyon yéntemi ile
arastirnlmigtir. Anti-quorum sensing aktivite, Chromobacterium
violaceum ATCC 12472 ve Pseudomonas aeruginosa PAO1
biyoraportor suglarda viyolasin ve piyosiyanin pigment tiretiminin ve

Phlomoides molucelloides (Bunge)
Salmaki
Quorum sensing
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swarming (yayilma) hareketinin inhibisyonu {izerine belirlenmistir.
Antibiyofilm aktivite testi P. aeruginosa PAO1 susuna karsi kristal
viyole yontemi ile degerlendirilmigtir. Tim o6ziitlerin test edilen
bakterilere kars: calisilan konsantrasyonlarda MIK degeri (> 2000
ng/mL) tespit edilmemistir. Buna karsihk tiim o&ziitlerin 2.
aeruginosanin swarming hareketini baskiladigi saptanmagtir.
Ayrica, bitkinin toprak tisti kisimlarinin metanol 6ziitlerinin bakteri
uremesini baskilamadan piyosiyanin tiretimini kontrole gore %81.7
oraninda inhibe ettigi belirlenmigtir. Tum o6zutlerin  biyofilm
olusumu ve viyolasin pigment liretimi tizerine énemli bir inhibitor
etkinligi saptanmamastir. Sonuc¢lar P. molucelloides 6ziitlerinin iyi
bir anti-quorum sensing ajani olabilecegini gostermistir. Bu biyolojik
aktivitelerin altinda yatan mekanizmalar1 aydinlatmak amaciyla

ileri ¢aligmalarin yapilmasi gerekmektedir.

To Cite: Al Kateeb AIM, Tifekci EF, Baloglu MC, Zengin G, Yildiztugay E, Celik Altunoglu Y 2022. Antibacterial
effects of Phlomoides molucelloides (Bunge) Salmaki. KSU J. Agric Nat 25 (Ek Sayr1 2): 402-410.
httpsi//doi.org/10.18016/ksutarimdoga.v25173358.107798
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INTRODUCTION 2020). Therefore, it is significant to discover natural

Antibiotic resistance, which has become widespread
today, has necessitated the development of new
antibacterials or alternative treatment methods in
the combat against infectious diseases (Uddin et al.,
2021). The fact that bacteria modulate the synthesis
of virulence factors using the Quorum Sensing (QS)
system suggested that QS inhibition could be an
alternative antibacterial treatment method. QS is the
regulation of some phenotypic and biochemical
activities of bacteria reaching a certain population
density with signal molecules called autoinducers
(Jiang et al., 2019).

Some autoinducers as QS signal molecules have been
identified in bacteria. These are autoinducing
peptides (AIP) used by Gram-positive bacteria, N-acyl
homoserine lactone (AHL) used by Gram-negative
bacteria, and autoinducer-2 (AI-2) used by both
Gram-positive and Gram-negative bacteria
(Prazdnova et al., 2022). These signaling molecules
regulate the expression of virulence-related genes
such as biofilm formation, swarming motility,
pigment, enzyme and toxin production in many
bacteria strains (Eberl et al., 1996; McClean et al.,
1997; Ohtani et al., 2002; Marketon et al., 2003; Rice
et al. 2005).

QS inhibition in bacteria can occur such as i) by
inhibiting autoinducer synthesis, ii) by cleaving
autoinducers, iii) by preventing autoinducers from
binding to the specific receptor through competition
for the binding site, iv) by blocking the binding of the
signal-receptor complex to the gene promoter and
inhibiting gene expression (Prazdnova et al., 2022).
There are many compounds known to have QS
inhibitory activity in the literature. However, most of
them are not suitable for human use (Nain et al.,
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and reliable compounds.

Plants have the potential to develop new and effective
antibacterial with their secondary metabolites
(Gorlenko et al., 2020). Phlomoides molucelloides
(Bunge) Salmaki (also known as Kremostachys
molucelloides Bunge) is a plant species belonging to
the Lamiaceae family. It is a perennial herbaceous
plant. Limestone hills, schist and volcanic slopes are
its natural habitats (Babag, 2004). It is stated that
FEremostachys species have ethnopharmacological
activities and have essentials oils and secondary
metabolites such as flavonoids, monoterpenes, irioid,
and chrysoeriol glycosides (Mohammadhosseini et al.,
2019). Previous studies have demonstrated the
potential of Eremostachys genus to have various
biological effects. For example, the iridoid glycosides
of Eremostachys Ilaciniata (L) Bunge have been
reported to have antibacterial effects (Modaressi et
al., 2009). It was shown that essential oils obtained
from the root, stem, and flower parts of Eremostachys
laevigata Bunge had high antibacterial effects in
another study (Esmaeilli et al, 2012). It was
emphasized that Eremostachys labiosa Bunge has a
high potential in terms of anti-leishmanial,
anticancer, and anti-inflammatory activity in a study
(Taghizadeh Rabe et al., 2014). Dichloromethane, n-
hexane and methanol extracts of rhizomes of
Eremostachys azerbaijanica Rech.f. have been
reported to have antibacterial and antioxidant
activity, respectively. Moreover, it has been reported
that all extracts exhibit cytotoxic activity against the
A549 cell line. The presence of fatty acids and steroids
as the main compounds in the extracts has been held
responsible for those bioactivities (Asnaashari et al.,
2017).

To the best of our knowledge, there is no previous
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report about the antibacterial effects of P. for 10 days and dried until weighing constant. The

molucelloides in the literature. Therefore, this study samples were then pulverized (particle size about 2
aimed to investigate the antibacterial and anti-QS mm) by using a laboratory mill (Retsch SM-200,
activities of methanol and water extracts of aerial and Germany). The pulverized samples were stored in a
root parts of P. molucelloides. dark environment and at room temperature. In the

present work, it was used methanol and water as
MATERIALS and METHODS solvents. Maceration was used as an extraction

method. In addition, infusion was prepared with
water. In the maceration, the plant materials (10 g)
were macerated with 200 mL methanol at room
temperature for 24 h. Then, after the extracts were
filtered, the methanol was removed by using a rotary
evaporator. Regarding infusion, the plant materials
(10 g) were kept with 200 mL boiled water for 15 min

Plant material and preparation of extracts

P. molucelloides were collected from Konya province
(Akbas Village, Bozdag Natural park around, 1020 m,
38° 02° 517 N, 32° 56" 20” E), Tiirkiye in June 2019.
The plant picture from natural location is given in
Figure 1. The plants were confirmed by a botanist at

Selcgk University (Konya,.Tl'irk‘iye) and one Youcher and then filtered (2 pm, Whatman 589/3). Water
specimen has been deposited in Selcuk University

(EY-3004). The aerial and root parts of the plant were
kept in a shaded environment and room temperature

extracts were lyophilized and all extracts were held at
4°C until study.

= , :
ﬁ’é s S B YFE W"/

Figure 1. Pb]omojds mo]ucé]]ojdéé
Sekil 1. Phlomoides molucelloides

Bacterial strains and growth conditions synthesis of various phenotypic behaviors using the
Antibacterial activities of the extracts were QS mechanism, so they are widely used to investigate
investigated against three Gram-positive bacteria QS inhibition. For example, C. violaceum ATCC
(Staphylococcus aureus ATCC 25923, Enterococcus 12472 produces violacein pigment using cvi system
faecalis ATCC 29212, Bacillus subtilis ATCC 6633)  Vvia long-chain (C10-C16) AHL molecules (Morohoshi
and nine Gram-negative bacteria (Escherichia coli et al, 2008). P. aeruginosa PAO1 regulates the

ATCC 25922, E. coli NCTC 13846, Klebsiella synthesis of pyocyanin pigment, swarming motility
pneumoniae ATCC 13883, K. pneumonia ATCC and biofilm formation using rhl system via short-
700603, K. pneumonia NCTC 13440, Salmonella chain C4-AHL molecules and Jas, rhl, pgs, and

Typhimurium ATCC 14028, Pseudomonas aeruginosa integrated QS systems via various signal molecules,
ATCC 27853, Enterobacter aerogenes ATCC 13048, respectively (Tapia-Rodriguez et al., 2019; Vetriel et
Acinetobacter haemolyticus ATCC 19002). al., 2021).

P. aeruginosa PAO1 and C. violaceum ATCC 12472 All bacteria were National Collection of Type
strains were used as bioreporters for the anti-QS Cultures (NCTC) and American Type Culture
activities of the extracts. These strains regulate the Collection (ATCC) reference strains. They were
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obtained from the culture collection of the
Department of Medical Microbiology, Faculty of
Medicine, Karadeniz Technical University.

C violaceum was grown in Luria-Bertani (LB)
medium at 30°C, and the others were grown in
Mueller-Hinton medium at 37°C aerobically.

Determination of minimal inhibitory concentration

The minimal inhibitory concentration (MIC) values of
the extracts were determined by the broth
microdilution method as previously described
(Wiegand et al. 2008). Briefly, the test was carried out
in 96-well plates every well containing 100 pL of
Mueller Hinton broth (MHB; Merck, Darmstadt,
Germany). The tested concentration range of the
extracts was from 2000 to 62.5 ng mL1. Levofloxacin
(Chemical Industry, Tokyo, Japan) was used as a
standard antibiotic in the concentration range of
0.015-128 pg mLl. The inoculums of bacteria
prepared from the fresh cultures were set to 0.5
McFarland (~1.0 x 108 CFU mL) turbidity standards
using a turbidimeter (DEN-1B, Biosan, Latvia) and
then diluted 10-fold. Five pL of prepared inoculums
were put into the wells. One well without the extracts
was used as a growth control and one well without
the bacteria was used as a sterility control. The plate
was covered with a lid and incubated at 37°C for 24 h.
The minimal extract concentration without visible
bacterial growth was determined as the MIC value.

Anti-quorum sensing inhibition assays

Violacein inhibition

The abilities of the extracts to inhibit violacein
pigment production was investigated by the soft agar
method on C. violaceum ATCC 12472 (McClean et al.
1997). Briefly, 50 pL of an overnight culture of C.
violaceum was transferred into a 5 mL volume of
molten soft LB agar (0.5% w v1) (NZYTech, Lisbon,
Portugal). The agar-culture mixture was vortexed and
directly spilled over the surface of prewarmed LB
agar plates. After solidifying the agar, a set of blank
discs in 6 mm diameter were on the seeded agar
media and then impregnated with 20 pL from each
extract (20 mg mL1) to obtain 400 pg extract per disc.
The supernatant (20 pL) of an overnight culture of P.
aeruginosa PAO1 strain was used as a positive
control. The cultures were incubated at 30°C for 18 h.
Violacein inhibition was determined by a colorless,
opaque, but viable halo around the discs.

Pyocyanin inhibition

The MIC value of the extracts against P. aeruginosa
PAO1 has been determined wusing the broth
microdilution assay. For avoiding any antibacterial
effect, the sub-MIC values (500 ug mL) of the extract
have been wused for this assay. The pyocyanin
production inhibitory activities of the extracts were
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performed using the pyocyanin extraction method
described by Tiifekci et al. (2020). Briefly, the
supernatants from 16 h cultures of P. aeruginosa
PAO1 grown in broth with and without the extracts
were obtained. The pigment in the supernatant was
extracted by chloroform, then by 0.2 N HCIl. The
absorbance was determined at 520 nm against 0.2 N
HCl using a spectrophotometer (Multiskan Go,
Thermo Fisher Scientific). Whether bacterial growth
was interfered or not was determined by viable cell
count. For this purpose, serial dilutions were
prepared from the cultures and spread on MHA
medium. After overnight incubation, colonies were
counted on the media and compared with the control.

Swarming inhibition

Swarming inhibition was done based on a previously
described assay (Saliha et al., 2020). Briefly, a small
piece of the colony was taken from a fresh culture of
P. aeruginosa PAO1 on MHA with a sterile toothpick
and inoculated onto swarm agar plates. Swarm agar
contained 1% glucose, 0.5% peptone, 0.5%
bacteriological agar, 0.2% yeast extract and the test
material (500 ng mL1 of the extract). Sterile distilled
water was added to the control plate instead of the
extract. The plates were incubated in the upright
position at 37°C for 24 hr. At the end of the
incubation, the swarming motility was determined
from the point of inoculation to the environment.

Biofilm inhibition

This experiment was done in 96-well flat-bottom
polystyrene plates as described previously (O’Toole,
2011). In brief, a 16 h broth culture of P. aeruginosa
PAO1 was diluted 100-fold in fresh LB broth and 180
uL. was inoculated into each well. Then, 20 pL of the
extract at a concentration of 5 mg mL?! was added to
provide a final concentration in the wells was 500 pg
mL1. For control wells, 20 uLi sterile distilled water
was put to the wells as the solvent of the extracts.
Typically, three replicate wells were used for each
treatment. The plate was incubated at 37°C without
agitation for 24 h after the plate was covered with a
lid. After incubation, it was determined whether the
bacterial growth in the wells was suppressed by
measuring the plate at 600 nm using the
spectrophotometer. Then, the media from the wells
was discarded and biofilm was washed three times by
gently dipping into a container including sterile
distilled water. The biofilm layer was stained with
200 pL 0.1% (w v'1) crystal violet (Merck) solution for
5 min, and then the unbound stain was discarded.
The washing process was repeated as described
above. The crystal violet retained by the biofilm layer
was dissolved with 100 pL absolute ethanol. The
absorbance was determined at 570 nm against
absolute ethanol using the spectrophotometer.
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Statistical analysis

The tests were repeated three times and the data
were given as mean + standard deviation (SD) values.
Wilks-Shapiro test (Shapiro and Wilk, 1965) has been
used for normality of the data analysis. Mann-
Whitney U test and independent samples t-test were
done using IBM-SPSS statistics version 23.0 (IBM
Inc., Armonk, NY, USA) for the analysis of
nonparametric data and  parametric  data,
respectively. A consider of P < 0.05 was statistically
significant.

RESULTS and DISCUSSION
Anti-quorum sensing activity results

Pyocyanin is a secondary metabolite produced by P.
aeruginosa strains and exhibits cytotoxicity by
inducing oxidative stress in host cells (Goncalves and
Vasconcelos, 2021). Methanol extract of the aerial
part inhibited pyocyanin production by 81.7 = 0.2% (P
< 0.05 versus control) without interfering with
bacterial growth. However, other extracts could not

inhibit pyocyanin production at the concentration
tested (Figure 2). This means that there are
compounds that inhibit the production of pyocyanin
pigment in the aerial part of P. molucelloides. Since
no inhibition was detected in water extracts, the
compounds in question were probably extracted with
methanol.

Swarming motility is a virulence factor that enables
P. aeruginosa strains to attach to biotic or abiotic
surfaces and form a biofilm. Also, bacteria adapt to
the environment they are in with their swarming
motility (Khan et al., 2020). As with pyocyanin, P.
aeruginosa PAO1 swarming motility is regulated by
the system of rAl using C4-AHL signal molecules
(Tapia-Rodriguez et al., 2019). In the presented study,
it was observed that all extracts suppressed the
swarming motility of the P. aeruginosa PAO1 strain
(Figure 3). Considering that pyocyanin pigment
production is also regulated by the rAfl system, it can
be said that P. molucelloides interferes with the rhl
system.
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Figure 2. The result of the pyocyanin inhibition assay (1; water extract of aerial part, 2; methanol extract of
aerial part, 3; water extract of root part, 4, methanol extracts of root part). Data are presented as the

mean + SD. *P < 0.05.

Sekil 2. Pjyosiyanin inhibisyon deneyinin sonucu (C; kontrol, 1; toprak iistii kismin su oziitii, 2; toprak iistii
kismin metanol 6ziitii, 37 kok kismin su oziitii, 4; kok kismin metanol 6ziitii). Veriler ortalama + standart

sapma olarak sunulmustur. *P < 0.05.

Biofilms are cell communities formed by bacteria on
biotic and abiotic surfaces. The biofilm layer protects
bacterial cells against various environmental stresses
such as disinfectants, antibiotics, and the host's
immune system (Maurice et al., 2018). However, the
extracts did not have any inhibitory activity on
biofilm formation at the concentrations studied

406

(Figure 4). This may be due to the inability of the
extracts to inhibit the QS pathways for biofilm
synthesis in P. aeruginosa. Moreover, none of the
extracts could inhibit violacein pigment production in
this study (Figure 5). This result showed that the
extracts could not have any inhibitory effect on the cvi
system.
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Figure 3. Swarming inhibition assay (C; control, 1; water extract of aerial part, 2; methanol extract of aerial part,
3; water extract of root part, 4; methanol extract of root part).

Sekil 3. Swarming inhibisyon deneyi (C; kontrol, 1, toprak iistii kismin su éziiti, 2; toprak tistii kzsmin metanol
oziitti, 3 kok kismin su 6ziiti, 4; kok kismin metanol 6ziitii).
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Figure 4. The result of antibiofilm activity (1; water extract of aerial part, 2; methanol extract of aerial part, 3;
water extract of root part, 4; methanol extract of root part). Data are presented as the mean + SD. P >

0.05.

Sekil 4. Biyofilm inhibisyon deneyinin sonucu (C: kontrol, 1; toprak iistii kismin su 6ziitii, 2; toprak tistii kismin
metanol 6ziitti, 3 kok kismin su oziitti, 4, kok kismin metanol 6ziitii). Veriler ortalama + standart sapma

olarak sunulmugstur. P> 0.05.

Antibacterial activity results

The antibacterial activity of the extracts of aerial and
root parts of P. molucelloides was investigated
against some reference bacterial strains representing

pathogens in the presented study. The broth
microdilution method was done to test the
antibacterial activity of the extracts at high

concentrations in this study. However, MIC values of
the extracts against all tested bacteria could not be
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determined (MIC > 2000 pg/mL). There are studies in
the literature researching the antibacterial activity of
various Fremostachys species. For example, it has
been reported that n-hexane, dichloromethane, and
methanol extracts of the aerial parts of Eremostachys
macrophylla Montbret & Aucher ex Benth. and
methanol extracts of the rhizomes of E. azerbaijanica
had no antibacterial activity as in the current study
(Asgharian et al., 2017; Asnaashari et al., 2017).
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Figure 5. The result of violacein inhibition assay (1; positive control, 2 and 4; methanol extracts of aerial and root
parts, respectively, 3 and 5; water extracts of aerial and root parts).

Sekil 5. Viyolasin inhibisyon deneyi sonucu (1; pozitif kontrol, 2 ve 4, sirasiyla toprak iistii ve kok kisimlarinin
metanol oziitleri, 3 ve 5; sirasiyla toprak listii ve kék kisimlarinin su oziitleri).

However, dichloromethane and n-hexane extracts of
the rhizomes of E. azerbaijanica have been shown to
exhibit antibacterial activity against S. aureus and
Staphylococcus epidermidis (Gram-positive bacteria)
(Asnaashari et al., 2017). Moreover, it has been stated
that essential oils obtained from the root, stem, and
flower parts of FE. Jaevigata also exhibit high
antibacterial activity (Esmaeilli et al., 2012). In
addition, it was reported that iridoid glycosides
purified from K. Jlaciniata have a remarkable
antibacterial activity especially against Bacillus
cereus, S. aureus (Gram-positive bacteria) and E. coli,
Proteus mirabilis (Gram-negative bacteria)
(Modaressi et al., 2009). In the current study, it was
determined that methanol and water extracts of the
aerial and root parts of P. molucellides did not exhibit
any antibacterial activity against the Gram-positive
(S aureus, E faecalis and B. subtilis and Gram-
negative (E. coli, K. pneumoniae, S. Typhimurium, P.
aeruginosa, E. aerogenes, A. haemolyticus) bacteria
tested, even at high concentrations. This result may
be due to the chemical content of the plant, the
geographical region where it grows, the harvesting, or
the extraction method.

CONCLUSION

The lack of determination of the chemical content of
the plant and the lack of investigation of other
biological activities such as cytotoxic and antioxidant
activities limit this study. This research was reported
as preliminary study based on the in-vitro
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antibacterial and anti-QS effects of methanol and
water extracts of aerial and root parts of P
moluccellides. Based on the results, P. molucelloides
had not been found antibacterial and antibiofilm
activities. However, its inhibitory activities on
swarming motility were noteworthy. In particular,
methanol extract of the aerial part of P. molucelloides
had strong inhibitory activity on pyocyanin
production. These results showed that P
molucelloides is a good candidate for the development
of anti-QS agents. Further research can be done to
elucidate the mechanisms underlying these biological
activities.
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OZET Bahge Bitkileri

Calismada, kiraz meyvelerine depolama o6ncesinde uygulanan

BTH'nin depolama siirecindeki kalite degisimi ile toplam fenolik Aragtirma Makalesi
madde, antosiyanin ve antioksidan kapasitesi tizerine etkileri

incelenmistir. Calismada, BTHnin iki farkl dozu (100 ve 200 ppm) Makale Tarihgesi
uygulanmig ve 200 ppm daha etkili olacak gekilde her iki dozun da Gelig Tarihi  :10.09.2021
depolama siirecinde olusan agirlhik kaybini azaltmada etkili oldugu Kabul Tarihi : 05.04.2022
tespit edilmistir. Yirmi bir giinlik depolama sonunda, 200 ppm

BTH'nin asit igeriginde o6nemli bir artisa SCKM igerinde ise Anahtar Kelimeler
azalmaya neden oldugu belirlenmistir. Depolamanin yedinci Antosiyanin

giinlinde yapilan o¢l¢iimlerde kontrol meyvelerinin toplam fenolik Antioksidant

madde miktari, antosiyanin icerigi ile antioksidan kapasitesinde Benzo-Thiadiazol karbotioik
belirgin bir artis gézlenmistir. Bu artis BTH uygulanan meyvelerde Depolama

gorilmemigtir. Depolamanin 14 ve 21. giiniinde belirlenen toplam Fenolik madde

fenolik madde miktarn1 ve antosiyanin icerigi ile antioksidan
kapasitesi agisindan kontrol ve BTH uygulamalar: arasinda 6nemli
bir farklilik ortaya ¢citkmamagtir.

Effect of Post-Harvest Benzo-Thiadiazole Carbotioic Applications on Storage Performance and
Phytochemicals in Sweet Cherry Fruit

ABSTRACT Horticulture
In the study, the effects of BTH applied to cherry fruits before )
storage on changes of the quality, total phenolic, anthocyanin and Research Article
antioxidant capacity during the storage period were investigated. In Article Hist
the study, two different doses of BTH (100 and 200 ppm) were R icie dls ory. 10.09.2021
applied and it was determined that both doses were effective in Aecewe d 205'04'2022
reducing weight loss during storage, with 200 ppm being more ieote T
effective. At the end of 21 days of storage, it was determined that 200 K

C . . eywords
ppm BTH significantly increased acid content and decreased total Antioxidant
soluble solid content. On the 7th day of storage, a significant increase Anthocyanin
was observed in tgtal phenolic cor.npoun(.is,. anthocyanin content and Benzo-Thiadiazole Carbotioic
antioxidant capacity of control fruits. This increase was not observed Phenolic
in fruits treated with BTH. There were no significant differences Storage

between control and BTH applications in terms of total phenolic
compounds and anthocyanin content and antioxidant capacity
determined on the 14th and 21st days of storage.

Atif Sekli: A1 BC, Yildiz K, Saragoglu O 2022. Hasat Sonras1 Benzo-Thiadiazol Karbotioik Uygulamalarinin Kiraz
Meyvesinde Muhafaza Performansi ve Fitokimyasal Maddeler Uzerine Etkisi . KSU Tarim ve Doga Derg 25
(Ek Say1 2): 411-420. https://doi.org/10.18016/ksutarimdoga.vi.983978

To Cite : An BC, Yildiz K, Saragoglu O 2022. Effect of Post-Harvest Benzo-Thiadiazole Carbotioic Applications on
Storage Performance and Phytochemicals in Sweet Cherry Fruit. KSU J. Agric Nat 25 (Suppl 2): 411-420.
httpsi//doi.org/10.18016/ksutarimdoga.vi.983978

GIRIS icermis oldugu saghk agisindan ilave faydalar

Saglhik konusunda biling diizeyinin artmasi, bitin saglayan bioaktif madde mi}{tarl ile élgﬁlmektedirj

diinyada titketici tercihlerini etkileyen kalite ~ (Wang, 2006). Bu anlamda kiraz gerek tat ve gekici

faktorlerinde o6nemli degismelere yol ac¢migtir. rengi gerekse de yiiksek antioksidan igerigi ile

Ozellikle geligmis tlkelerde meyve kalitesi, sadece tat
ve dis gorinilsle degil, aym1 zamanda meyvenin

tuketici talebinin her gegen giin artis gosterdigi bir
iirtindiir (Wani ve ark., 2014; Oztiirk ve ark., 2019).
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Yiiksek oranda antioksidan igeriginden dolayi, kiraz
meyvesinin saghkli bir yasam sturdirme ve baz
hastaliklara karsi korunmada etkili oldugunu
bildiren arastirma sonuclari bulunmaktadir (Yilmaz
ve ark., 2009; Yoo ve ark., 2010). Kirazin énemli bir
fenolik madde kaynagi oldugu, fenolik madde
iceriginin ¢ilek, kirmizi kus ulzimi ve kirmiz
ahududu meyveleri ile benzer diizeyde, maviyemis
gibi koyu renkli meyvelerinkinden ise daha disiik
diizeyde oldugu arastirmacilar tarafindan
bildirilmistir (Jakobek ve ark., 2007; Jakobek ve ark.,
2009).

Daha iyi beslenme ve saghkla ilgili kaygilar, biyoaktif
madde igerigi ylksek yeni tir ve ¢egit arayisi
yaninda, halihazirda, tat ve aromasi ile tiiketicilerin
begenisini kazanmis meyvelerin biyoaktif madde
icerigini artirmaya yonelik ya da hasattan sonra
besin degerinin en iyi sekilde korunmasina yonelik
depolama c¢aligsmalarina olan ilgiyi artirmigtir.

Bitkilerin patojenlere kargi dayamikliligini artirmak
amaciyla yapilan bazi uygulamalarin bitkide polifenol
sentezini artirdiginin tespit edilmesinden sonra,
yiksek fenolik madde icerigine sahip bitki elde etmek
icin alternatif bir yol giindeme gelmistir. Yiiksek veya
disuk sicaklik, ultraviole veya gama 1sinlar1 gibi
fiziksel uyaricilar ile citosan (chitosan), benzo-
thiadiazole, harpin, ve 1-metilsiklopropane gibi
kimyasal uyaricilarin polifenol sentezini uyardigina
dair bulgular bulunmaktadir (Cantos ve ark., 2003;
Obradovic ve ark., 2004; Liu ve ark., 2005; Aglar ve
ark., 2016). Bunlarin disinda jasmonik asit, metil
jasmonat ve benzo-thiadiazole karbotik asidin (BTH)
farkli meyve tilirlerinde toplam fenolik madde
icerigini etkiledigi bildirilmistir (Hukkanen ve ark.,
2007; Belhadj ve ark., 2008; Cao ve ark., 2010; 2011;
Oztiirk ve ark., 2013; Saracoglu ve ark., 2017).

BTH depolama siirecinde taze meyve ve sebzelerde
onemli bir sorun olan ciriimelere karg1 fungusitlere
alternatif bir uygulama olarak giindeme gelmistir
(Buonaurio ve ark., 2002). Bu gelisme diizenleyicinin
sistemik kazanilmis dayamklilik mekanizmasini
tesvik ederek meyvelerin dayanikliliginmi artirdig: ileri
siiriilmektedir. (Benhamou ve Belanger, 1998).
BTH’nin bitkide dayaniklhilik mekanizmasinda 6nemli
bir yere sahip olan fenolik madde sentezinde de etkili
olabilecegi duisuntlerek bu konuda c¢aligmalar
yapilmaktadir. Nitekim baz ¢ilek cesitleri ile yapilan
caligmalarda hasat sonrast1 BTH uygulamasinin
fenolik madde birikimini ve meyvelerin antioksidan
aktivitesini artirdign kaydedilmistir (Hukkanen ve
ark., 2007; Cao ve ark., 2010; 2011).

Yukarida verilen bilgileri 1s18inda, bu calismada
gerek 1¢ pazar gerekse dis pazar i¢in 6nemli bir
Urinimiz olan 0900 Ziraat kiraz c¢esidine ait
meyvelere uygulanan BTH’nin depolama siirecinde
meyve kalitesine etkisini incelemek, bunun yaninda
uygulamanin fenolik madde igerigi ve antioksidan
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aktivite tizerine etkisinin belirlenmesi amaclanmistir.

MATERYAL ve METOD

Ornekleme Yéntemi

Aragtirmada Tokat Gaziosmanpasa Universitesi
Tarimsal Uygulama ve  Arastirma  Merkezi

biinyesinde bulunan, kurulumu 2008 yilinda ‘0900
Ziraat’/Gisela 5 c¢esit-ana¢ kombinasyonu tuzerinde
2018 buylime doneminde elde edilen meyveler
kullanilmistir. Hasat edilen meyvelerden homojen
renklenmisg, yeknesak buytklikte, herhangi bir hasar
gormemis, saglikli ve kusursuz olanlar secilerek,
plastik ambalajlara istiflenmis ve meyveler derhal -5
ile +10 C ye kadar muhafaza olanagi sunan, aym
zamanda nem kontroli yapilabilen, 25 m3 hacme
sahip soguk hava deposuna transfer edilmistir. Soguk
hava deposunda bir giin sireyle 6n sogutmaya tabi
tutulmusg, bu siire sonunda laboratuvara getirilen
meyveler 1000 gramlik polipropilen plastik kutulara
yerlestirilmistir. Her bir grupta 12 adet kutu olacak
sekilde meyveler ti¢ gruba ayrilmistir. Birinci gruba
100 ppm, ikinci gruba 200 ppm BTH uygulamasi
daldirma yoéntemi ile yapilmistir. Uglincii grup
meyveler kontrol olarak birakilmis ve sadece su ile
muamele edilmigtir. Uygulama sonrasi meyveler
kurumalar: icin 20 dakika bekletilmig, daha sonra
meyveler 1 °C ve % 9045 oransal nem kosullarinda 21
giin boyunca depolanmigtir. Depolamanin 0, 7, 14 ve
21. guninde ornekler alinarak gerekli analizler
yapilmistir. Deneme tam gansa bagh tesadif
parselleri deneme desenine gore ¢ tekerrurla olarak
kurulmustur. Buna goére her bir érnekleme tarihinde,
her bir uygulama igin, tekerrir bagina 1 paket olacak
sekilde 3 paket alinarak analizler yapilmistir.
Denemede her bir érnekleme donemi i¢in agagidaki
6l¢imler yapilmigtir.

Laboratuvar analizleri

Agirlik Kaybi, Meyve Kabuk Rengi, Suda Cé6ziinebilir
Kuru Madde, Titrasyon Asitligi ve pH

Farkli o6rnekleme tarihlerinde agirlhik kayiplar:
belirlenmigtir. Kumilatif agirlik kayiplar1 her bir
muhafaza déneminde o6rnek kaplar1 t¢ tekerrirli
olarak tartilarak, giincel agirliklar orijinal agirhiga
oranlanarak yuzde olarak ifade edilmigtir. Meyve
kabuk rengi CIE L*, a* ve b* cinsinden bir renk 6lcer
(Minolta, model CR—400, Tokyo, Japonya)
kullanilarak her bir analiz doéneminde, her bir
tekerriirde 20 meyvenin ekvatoral kismindan bir
6lcim yapilarak belirlenmigtir. Belirlenen a ve b
degerlerinden kroma degeri (C= (a2+b2)1/2) ve hue
acis1 degerleri (h°= tan-1 x b/a) hesaplanmistir
(McGuire, 1992). Her tekerriirde 10 meyve elle
sikilarak meyve sular1 gikarilmig daha sona dijital
refraktometre (PAL-1, McCormick Fruit Tech.
Yakima, ABD) ile SCKM degerleri % briks olarak
Olcilmiistir. Titrasyon asitligi degerini belirlemek
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icin elde edilen meyve puresi 6rneginden alinan 10
mL’lik 6rnek 10 mL saf su ile seyreltildikten sonra
pH 8.1 degerine ulagsana kadar 0.1 mol L-1sodyum
hidroksit (NaOH) ile titre edilmis ve titrasyonda
harcanan NaOH miktar1 esas alinarak malik asit
cinsinden (g malik asit 100 mL-1 ) ifade edilmistir.
Homojenizatérde piire hale getirilen meyvelere pH-
metre ile dogrudan cam elektrot daldirilarak pH
6lctilmiistiir.

Toplam Fenolik Madde, Toplam Antosiyanin Igerigi
ve Toplam Antioksidan Kapasitesi

Toplam fenolik madde miktar1 Folin-Ciocalteu
(Singleton ve Rossi,1965) yontemine gore yapilmistir.
Bu amagla, homojenize edilen pilire aseton, su ve
asetik asit (70:29.5:0.5) ¢ozeltisi kullanilarak bir saat
boyunca tiipler icerisinde ekstraksiyon islemine tabi
tutulmustur. Folin-Ciocalteu’s kimyasali ve saf su
karigtirilarak 8 dakika bekletilmistir. Sonra %7’lik
sodyum karbonat ilave edilmistir. Iki saat
inkiibasyondan sonra mavimsi bir renk alan
cozeltinin absorbansi spektrafotometrede 750 nm
dalga boyunda ol¢ulmustir. Sonuclar gallik asit
cinsinden pg gallik asit esdeger/g taze meyve olarak
hesaplanmigtir.

Meyvedeki toplam antosiyanin tayini, pH farka
metodu kullanilarak yapilmistir (Giusti and Wrolstad
2005). Ekstraktlar pH 1.0. ve 4.5 cozeltiler
hazirlanarak 520 ve 700 nm dalga boylarinda
olcilmiistiir. Toplam antosiyanin miktar1 (molar
extinction coefficient of 26900 siyanidin 3-glikozit)
absorbanslar [(A520-A700) pH 1.0 - (A520-A700) pH
45] pg antosiyanin /g kuru madde olarak
hesaplanmigtir.

Meyvelerin anitioksidan kapasiteleri icin (Saracoglu,
2018) 7 nm ABTS (2,2-Azino-bis 3-
ethylbenzothiazoline-6-sulfonic  acid) 2,45 mM

10 -
—— Kontrol

>

A = = = = &

100 ppm

potasyum bistilfat ile karigtirilarak karanlik ortamda
12-16 saat bekletilmistir. Daha sonra bu solisyon 20
mM sodium asetat (pH4.5) bafir ile
spectrofotometrede 734 nm dalga boyunda 0,700+0,01
absorbans olacak sekilde sadelesgtirilmistir.
Nihayetinde 30 pL ekstrakt 2.97 mL hazirlanan bakir
karigtirilarak  absorbance 10 dakika  sonra
spektrafotometrede 734 nm dalga Dboyunda
Olgilmustir. Elde edilen absorbans degerleri Trolox
(10-100 pmol/L) standart egim cizelgesi ile
hesaplanarak pmol Troloks esdegeri/g yas agirhik
olarak sunulmustur.

Istatistik Analizler

Deneme tam sansa bagh tesadif parselleri deneme
desenine gore U¢ tekerriirli olarak kurulmustur.
Buna gore her bir ornekleme tarihinde, her bir
uygulama icin, tekerriir basina 1 paket olacak sekilde
3 paket alinarak analizler yapilmigtir. Veriler
varyans analizi ile analiz edildikten sonra uygulama
ortalamalar1 arasindaki farklarin énem dizeyi Tukey
testi ile belirlenmigtir. Biitiin istatistik analizler SAS
paket programi kullanilarak yapilmigtir.

BULGULAR

Kiraz meyvelerinin agirlik kaybi butiin
uygulamalarda depolanma siirecinde diizenli bir artig
gostermistir. Ilk élgimiin yapildigr 7. giinde kontrol
meyvelerindeki agirlik kaybi %3.25+0.09 iken, on
dordinci ginde %5.62+0.18, yirmi birinci giinde ise
%8.01+0.19’a kadar ¢ikmistir. BTHnin her iki dozu
da agirhik kaybini azaltmigtir. Depolamanin son giini
olan 21. giinde yapilan o6lgiimlerde 100 ppm BTH
uygulanan meyvelerin agirlik kayb1 %7.37+0.15 iken,
200 ppm BTH uygulamasinda bu deger %6.82+0.14
olarak 6lciilmiistiir (Sekil 1).
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Sekil 1. 0900 kiraz ¢esidinde, depolama siirecinde olusan agirlik kayiplar: iizerine BTH uygulamalarinin etkisi.
Figure 1. The effect of BTH applications on weight loss during storage in 0900 cherry cultivar.

Depolama silirecinde kontrol meyvelerinin titre
edilebilir asit igeriginde diizenli bir azalma
gézlenmistir. Depo baslangicinda % 1.05+0.03 olarak

olctlen asitlik degeri 21 giinlik depolama sonunda
%0.89+0.03’e dismustir. BTH uygulamalarinda ise
TA’nin degisimi depolama siirecinde dalgali bir seyir
izlemigtir. Depolamanin 7. giintide 100 ve 200 ppm
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BTH uygulanan meyvelerin asit iceriginde depolama
baglangicina kiyasla dusiis gézlenmistir. 100 ppm
BTH uygulamasinda 14 giinde artan asitlik 21. giinde
tekrar azalmigtir. 21 ginliik depolama sonunda 100
ppm BTH uygulanan meyvelerin asit igerigi
(%0.78+0.05) kontrol meyvelerine kiyasla daha diisiik
bulunurken 200 ppm uygulamasi (%0.93+0.02) ile
kontrol arasindaki fark énemsiz cikmistir (Sekil 2).

Depolama surecinde 14. giine kadar uygulamalar
arasinda pH degeri acisindan belirgin bir farklilik

—&— Kontrol

ortaya ¢ikmamigtir. Depolamanin son giini olan 21.
giinde ise 100 ppm BTH uygulanan meyvelerin pH
degerinde, diger uygulamalara kiyasla, belirgin bir
artisin oldugu tespit edilmistir. (Sekil 3). Bu dénemde
yapilan  Olgiimlerde, kontrol ve 200 ppm
uygulamasinda sirasiyla 3.21+0.01 ve 3.13+0.02 olan

ph degeri 100 ppm de 3.6+0.17 olarak tespit
edilmigtir. Kontrol meyveleri ile BTH uygulamalari
arasindaki fark, istatistiki olarak 6nemli
bulunmamastir.
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Sekil 2.
igerigindeki degisim tlizerine etkisi.

BTH uygulamalarinin depolama siirecinde,0900 Ziraat c¢esidine ait meyvelerin titre edilebilir asit

Figure 2. The effect of BTH applications on the change in titratable acid content of 0900 Ziraat fruits during the

storage period.
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Sekil 3. Farkli dozlarda BTH uygulanmig 0900 Ziraat meyvelerinin depolama siirecindeki pH degisimi.
Figure 3. The pH change of 0900 Ziraat fruits applied at different doses during the storage period.

Hicbir uygulama yapilmadan depolanan kontrol
meyvelerinin SCKM degerleri depolama stirecinin 7
ve 14. giiniinde bir miktar artmig, 21. gilinde ise
tekrar azalarak baglangictaki seviyesine dismuistir.
BTH uygulamalarinda ise dalgali bir seyir izlemistir.
14. giinde 100 ppm BTH uygulanmis meyvelerin
SCKM igerigi ile kontrol meyvelerinin SCKM igerigi
benzer seviyede iken 200 ppm BTH uygulamasinin
SCKM degerinde belirgin bir azalmaya neden oldugu
gorulmustur. 21. giinde ise SCKM igerigi tizerine 200
ppm BTH uygulamasinin etkisi 6nemsiz bulunurken,
100 ppm BTH uygulamasindan kaynaklanan 6nemli
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bir azalma tespit edilmigtir. 21 giinlik depolama
sonunda kontrol ve 200 ppm BTH uygulanan
meyvelerin SCKM igerigi sirasiyla %9.97+0.63 ve %
10.2+0.65 iken 100 ppm BTH uygulanmig meyvelerde
bu deger % 8.5+0.68e diigmiistiir (Sekil 4.).

Depolama o6ncesi 2.66+0.49 pg siy-3-gli gta! olarak
Olcilen toplam monomerik antosiyanin miktari,
depolamanin 7. gilinlinde kontrol meyvelerinde
7.71+£0.44 pg siy-3-gli gta'! kadar gikarken, 100 ve 200
ppm BTH uygulanan meyvelerde sirasiyla 2.58+0.46
ve 3.82+0.64 pg siy-3-gli gtal olarak belirlenmigtir.
Daha sonraki giinlerde olgiilen antosiyanin miktari
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acisindan kontrol ile BTH uygulamalar1 arasinda
belirgin bir farlilhigin ortaya cikmadig: belirlenmigtir.
Depolamanin son giinii olan 21. gliinde kontrolde
=—4—Kontrol
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2.76+£0.68 pg siy-3-gli gtal, 100 ve 200 ppm BTH
uygulamalarinda sirasiyla 2.95+1.71 ve 3.21+0.47 ug
siy-3-gli gta'l antosiyanin bulunmustur.
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Sekil 4. Farkli dozlarda BTH uygulanmis 0900 Ziraat meyvelerinin depolama siirecindeki SCKM degisimi.
Figure 4. The change in SSC of 0900 Ziraat fruits applied at different doses during the storage period.
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Sekil 5. Farklh dozlarda BTH uygulanmis 0900 Ziraat meyvelerinin depolama siirecindeki toplam antosiyanin

(ug siy-3-gli gta?) icerigindeki degisimler.

Figure 5. Changes in the total anthocyanin (ug cy-3-glu/g ta) content of 0900 Ziraat fruits applied at different

doses during the storage period.

Toplam fenolik madde igeriginde, antosiyanin
icerigindeki degigsime benzer bir seyir goézlenmigtir.
Depolamanin 7. giinde kontrol meyvelerinin fenolik
madde igerigi artarken, BTH uygulanan meyvelerin
fenolik madde igeriginde azalma gortismustir. Bu
degisim sonucunda 7. giinde kontrol meyvelerinde
Olcilen toplam fenolik madde miktarn BTH
uygulamasinda o6l¢lilenden 6nemli derecede daha
yiksek cikmigtir. Meyvelerin toplam fenolik madde
igerigi depo baslangicinda 368.15+7.4 ng GAE/g ta

iken bir haftallk depolama sonunda yapilan
O6lcimlerde kontrol meyvelerinde 455.41+48.9 pug
GAE/g ta, 100 ve 200 ppm BTH uygulanmis

meyvelerde sirasiyla 312. 57+5.9 ve 293.67+16.4 pg
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GAE/g ta olarak olgilmustiir. Hem 14. hem de 21.
ginde yapilan o6l¢imlerde kontrol ve BTH
uygulamalarinda toplam fenolik madde igerigi benzer
seviyelerde bulunmus ve aradaki farklar istatistiki
olarak 6nemsiz ¢ikmigtir.

TEAC cinsinden o6l¢ilen antioksidan kapasiteleri
incelenmis ve sonuglar Sekil 7’de verilmistir. Sekilden
de goruldigi gibi bir hafta depolama sonunda kontrol
meyvelerinin antioksidan kapasitesinde belirgin bir
artis  gorulmustir. Depolama  baglangicinda
0.78+0.09 umol TE/g ta olarak belirlenen antioksidan
kapasitesi 7 giinliik depolama sonunda 1.5+0.04 pmol
TE/g ta degerine ulagsmigtir. 14. giinde ise tekrar
azalarak BTH uygulanan meyvelerle benzer
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seviyelere (0.77+0.11) inmistir. 21 giin depoda
bekletilen meyvelerin antosiyanin  kapasiteleri
kontrol, 100 ve 200 ppm BTH uygulamalarinda
sirasiyla 0.86+0.11, 1.02+0.13 ve 0.96+0.07 umol TE/g
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ta olarak olciilmiistiir (Sekil 7). 21 giinde belirlenen
bu degerler arasindaki farklar istatistiki olarak
onemsiz bulunmustur.
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Sekil 6. Farkli dozlarda BTH uygulanmigs 0900 Ziraat meyvelerinin depolama siirecindeki toplam fenolik madde

(ug GAE/g ta) icerigindeki degisimler.

Figure 6. Changes in total phenol (ug GAE/g ta) content of 0900 Ziraat fruits applied at different doses during

storage.

Yapilan dlgimlerde renk parametrelerinde depolama
stirecinde baz1 6nemli degisimler gézlenmekle birlikte
hem L hem hue a¢1 degeri hem de kroma degerinde
uygulamalardan kaynaklanan o¢nemli bir farklilik
tespit edilememigtir. L degeri kontrol meyvelerinde
14. gine kadar yukselis gostermis 21. gilinde ise
tekrar azalmigtir. Her iki BTH uygulamasinda da 14
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ve 21. ginde belirlenen L degeri depolama
baglangicinda belirlenen L degerine gére o6nemli
derecede yuksek bulunmustur. Depolamanin sonunda
kontrol, 100 ve 200 ppm BTH uygulamalarinda
sirasiyla 25.2+0.8, 25.8+1.0 ve 24.8+0.7 olacak sekilde
birbirine oldukc¢a yakin degerler elde edilmigtir.
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Sekil 7. Farkli dozlarda BTH uygulanmis 0900 Ziraat meyvelerinin depolama strecindeki antioksidan

kapasiteleri (TEAC: umol TE/g ta).

Figure 7. Antioxidant capacities (TEAC: umol TE/g ta) of 0900 Ziraat fruits applied at different doses during

storage.

Hem kontrol hem de BTH uygulanmis meyvelerin
kroma degerlerinde depolama siireci uzadik¢a azalma
egilimi gostermistir (Cizelge 1). Kontrol meyvelerinde

depolama baglangicinda 33.9+0.2 olarak tespit edilen
kroma degeri 21 gilinlik depolama sonunda
26.6+0.6’ya diigmustiur. 100 ppm BTH uygulandiktan
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sonra depolanan meyvelerin kabuk rengine ait kroma
degerinde de depolama siirecinde azalma yoénlinde bir
egilim belirlenmekle birlikte bu degisim istatistiki

olarak onemsiz bulunmustur. 200 ppm
uygulamasinda 14. gine kadar azalan kroma
degerinde 21. glinde bir miktar artis goézlenmis
gérilmustir.

Hue degerlerinde de depolama siiresine bagli olarak
her t¢ uygulamada da azalma egilimi gérilmustir.

Bu azalma kontrol meyvelerinde 6nemli bulunurken
100 ve 200 ppm BTH uygulamalarindaki degisimler
onemsiz cakmigtir (Cizelge 1. Depolama
baglangicinda 14.7+0.5 olarak 6lc¢lilen hue degeri 21
giinlik depolama sonunda kontrol meyvelerinde
12.5+ 0.5’%¢, 100 ppm BTH uygulanan meyvelerde
13.7+1.6 ve 200 ppm BTH uygulanan meyvelerde ise
13.1+0.9 olarak tespit edilmigtir.

Cizelge 1. BTH uygulamalarina bagl olarak depolama siirecinde 0900 Ziraat meyvelerinin kabuk rengine ait L,

kroma ve hue degerlerindeki degisimler

Table 1. Changes in the L, chroma and hue values of the skin color of 0900 Ziraat fruits during the storage

process depending on BTH applications

Renk parametreleri Uygulama Depolama stiresi
0 7 14 21

L Kontrol 21.1+£1.1b 23.5+0.3 b 29.0+1.7 a 25.2+0.8 ab
100 ppm BTH 21.1+£1.1b 23.1+1.1 ab 25.6+0.6 a 25.8+1.0 a
200 ppm BTH 21.1+£1.1b 23.8+0.8 ab 27.2+0.4 a 24.8+0.7 a

Kroma Kontrol 33.9+0.2 a 30.2+1.1 ab 26.3+1.1¢ 26.6+0.6 be
100 ppm BTH 33.9+0.2 a 34.0£1.6 a 30.1+1.1a 28.9+2.0 a
200 ppm BTH 33.9+0.2 a 33.2+0.4 a 25.2+2.3 b 28.5+1.2 ab

Hue Kontrol 14.7+0.5 a 13.3+0.3 ab 12.3+0.2 b 12.5£0.5b
100 ppm BTH 14.7+0.5 a 14.7+0.3 a 13.4+0.6 a 13.7+1.6 a
200 ppm BTH 14.7+0.5 a 14.9+0.9 a 14.4+1.7 a 13.1+0.9 a

*Aym satirda ayni harfle gosterilen ortalamalar arasindaki farklar Tukey ¢oklu karsilagtirma testine gére énemli degildir(p<0.05).
* The difference between the means indicated with the same letter on the same row is not significant according to the Tukey test (p<0.05).

TARTISMA

Meyve kabugunun difiizyona karsi direncinin disiik
olmasi1 nedeni ile kirazda agirhik kaybinin diger
urinlerden daha yiksek oldugu bildirilmektedir
(Crisosto, 1992). Benzer durum bu calismada da
gozlenmig olup, herhangi bir uygulama yapilmadan 1
Ce sicaklik % 90 oransal nem kosullarinda depolanan
kontrol meyvelerinde 21. ginin sonunda % 8
civarinda agirhik kayiplari ortaya cikmigtir. Kiraz
uizerine yapilan onceki calismalarda, depo kosullarina
ve uygulanan tekniklere bagh olarak farklh oranlarda
agirhik kayiplar: rapor edilmekle birlikte genel olarak
yapilan calismada elde edilen sonuca benzer
diizeylerde agirlik kayiplarinin oldugu belirlenmigtir
(Cavusoglu ve ark., 2018; Koyuncu ve ark., 2018).
Yasar (2017) 0900 Ziraat cesidinde salisilik asit
uygulamasinin agirlik kaybimi azalttiginmi bildirmigtir.
Benzer sekilde, bu c¢alismada da bir salisilik asit
analogu oldugu bildirilen BTH uygulamas ile agirhik
kaybinin azaltilabilecegi belirlenmistir.

Meyvelerin asit igerigi, pH degeri ve toplam suda
¢oziiniir (SCKM) kuru madde icerikleri birer olgunluk
parametresi olmasi yaninda tat ve aromayi belirleyen
ozellikler oldugundan depolama silirecinde bu
ozelliklerin degisimi her zaman bilinmek istenir.
Yapilan BTH uygulamalari, asit igeriginde o&lgiim
tarihine bagh olarak bazi 6nemli farkhliklar ortaya
cikarmasina ragmen, c¢alismadan elde edilen
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bulgularla BTH’nmin kiraz meyvelerinin depolama
stirecindeki titrasyon asitligi ve SCKM icerigi tizerine
kararli bir etkisinin olmadigimi ortaya koymustur.
Huan ve ark (2021), erik meyveleri {izerine yaptiklar:
calismada muhafaza stiresi boyunca titrasyon asitligi
ve SCKM degerlerinde net bir trend tespit
edilemedigini ifade etmis, benzer sonuclar Li ve ark
(2015) tarafindan kavun iizerine yapilan calismada
da belirlenmisgtir.

Cilekte yapilan bir calismada, 0.2 g/LL BTH ¢ozeltisine
batirildiktan sonra depolanan meyvelerin antosiyanin
iceriginde depolamanin ikinci giiniinde belirgin bir
artisin  oldugu  belirtilmigtir. Ayn1  ¢alismada,
antosiyanin sentezinde g6rev alan bazi enzim
aktiviteleri de incelenmis ve depolamanin erken
dénemlerinde (0-6 giin) BTH bu enzimlerin
aktivitesini tegvik ettigi belirlenmigtir. Arastiricilar
BTH'nin antosiyanin igerigini artirici yoéndeki
etkisinin bu enzimlerin aktivitesindeki artistan
kaynaklanabilecegi ileri stirmiislerdir (Cao ve ark.,
2010). Kiraz meyveleri ile yapilan bu calismada ise
100 ve 200 ppm BTH kullanilmis ve depolamanin 7,
14 ve 21. giniinde yapilan o6l¢glimlerde antosiyanin
igeriginde BTH uygulamasindan kaynaklanan énemli
bir artig belirlenememis tam tersine 7 giinde kontrole
kiyasla azalma oldugu saptanmigtir. Bu durum cilek
ve kiraz meyvelerinin BTH uygulamalarina
tepkilerinin farkli olmasindan kaynaklanabilecegi
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gibi  Olgim tarihlerinin farkli olmasindan da
kaynaklanmig olabilir. Cilekte yapilan c¢aligmada
depolamanin 2 guninden baglanarak 2 gun

araliklarla 10 giin boyunca Ol¢giimler yapilmasina
kargin bu g¢alismada ilk o6rnekler depolamanin 7.
giinunde alinmig ve olgimler 1 hafta araliklarla
yapilmigtir.

Hormon benzeri etkileri olan salisilik asidin bir
analogu olan BTHnin, bitkilerde sistemik kazanilmisg
dayaniklilik (SAR) yolunu baslatarak viral, bakteriyel
ve fungal hastaliklara karsi bitki direncini artirdigi
belirlenmistir (Benhamou ve Belanger, 1998).
Savunma sisteminin baglatilmas1 baz1  sinyal
molekiilleri ve bilesiklerin tesvik edilmesi ile iligkili
olup bunlardan birisi de fenolik maddelerdir.
Hukkanen ve ark (2007), cilekte BTH uygulamasinin,
serbest ve hiicre duvar materyallerine bagh fenolik
madde birikimini  artirarak  kullemeye kars:
meyvelerin direncini artirdigini tespit etmistir. Bu
calismada ise depolama o6ncesi uygulanan BTH’nin
21. glnlik depolama siirecinde kiraz meyvelerinin
toplam fenolik madde igerinde beklendigi sekilde bir
artisa neden olmamigtir. Literatiir bulgularinin
aksine depolamanin 7. guninde kontrol meyvelerinin
toplam fenolik madde igerigi BTH uygulanan
meyvelerin toplam fenolik madde igeriginden daha
yiksek bulunmustur. Bu farkli sonu¢ uygulama
zamaninda meyvenin olgunluk safhasimin yada
uygulamadan sonraki o6rnekleme stlrelerinin farkl
olmasindan kaynaklanmig olabilecegi
diisinulmektedir.

Meyvelerde BTH uygulamalarinin meyve kalitesi
uzerine etkileri ile ilgili sinirh sayida ¢alisma vardar.
Cilekte yapilan birka¢ calismada hasattan sonra
uygulanan BTH uygulamasinin meyvelerin toplam
fenolik madde ve antosiyanin sentezini tesvik ettigi
buna baghh olarak da antioksidan kapasitelerinde
artisa neden oldugu bildirilmistir (Hukkanen ve ark.,
2007; Coa ve ark., 2010; 2011). Bu ¢calismada ise hem
toplam fenolik madde miktari hem antosiyanin
iceriginde hem de  meyvelerin  antioksidan
kapasitesinde BTH uygulamasindan kaynaklanan
onemli bir artig gériilmemistir. Calisma ile benzer
sekilde bazi meyve ve sebzelerde fitokimyasal
maddelerde net bir degisim gozlenememis olup
muhfaza siiresince degigkenlikler meydana gelmistir
(Hafez, 2010; Lin ve ark., 2011). Baz1 arastiricilar
elde edilen sonuglarin farkl tirlerde meyve kabuk

farkhiliklarindan kaynaklanabilecegini one
stirtilmiislerdir (Huan ve ark., 2021).

SONUC ve ONERILER

Insan saghg agsindan  biyoaktif maddelerin

6neminin anlasilmasinda sonra, biyoaktif madde
icerigi acisindan zengin, antioksidan kapasitesi
yiksek tUrunlere ve durlnlerin biyoaktif madde
igerigini artirmaya yonelik g¢aligmalara olan ilgiyi
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artirmigtir. Bu amacla bitki fizyolojisine y6n veren
gelisimi  dlzenleyici kullamimi ilk akla gelen
yontemlerden biri olmaktadir. Son yillarda, BTH ile
yapilan bazi ¢aligmalarda, bu gelisme diizenleyicinin
fenolik madde sentezini tesvik ederek Dbitkide
savunma sistemini baglattigi ileri stirilmigtir. Bu
bilgiler 1s181nda, bu ¢alismada gerek tat ve aromasi
gerekse icermig oldugu besin degeri ile sevilerek
tiketilen kiraz meyvesinde BTH uygulamas:1 ile
antosiyanin ve fenolik madde igeriginin artirilip
artirnflamayacaginin belirlenmesi amacglanmigtir. Bu
amag dogrultusunda 100 ve 200 ppm olarak iki doz
uygulanmig ve depolama boyunca hem biyoaktif
madde igeriginde hem de antioksidan kapasitesinde
uygulamadan kaynaklanan herhangi bir iyilesme
tespit edilememistir. Bu ¢alismada uygulamalar tek
zamanda yapilmig olup, uygun olgunluk agsamasi
yakalanamamisg olabilir. Farkl olgunluk agsamalari ve
farkli dozlar kullanilmasi ile ayrintili calismalar
yapilarak daha faydali sonuclara ulasilabilir.

BTH uygulamalarinin biyoaktif madde igeriginde
iyilestirici yonde bir etkisi tespit edilmemesine
ragmen depolama siirecinde olusan agirhik kaybinda
azalmaya neden olduklar: gériillmustiir. Bu sonug¢ s6z
konusu gelisme diizenleyicinin kiraz meyvesinde depo
performansini artirmaya yonelik olarak
kullanilabilecek alternatif bir yontem olabilecegini
ortaya koymustur.

TESEKKUR

Bu makale, Banu Cigek ARI tarafindan hazirlanan ve
Tokat Gaziosmanpagsa Universtesi Fen Bilimleri
Enstitiisii'nde kabul edilen Yiksek Lisans Tezinden
ozetlenerek sunulmustur. Yazarlar, bu calisma
stiresince laboratuvar analizlerinde katkilarindan
dolay1 Ars. Goér. Osman Nuri OCALAN'a tegekkiir
ederiz

Aragtirmacilari Katk: Orani1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamigtar.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi yoktur.
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ABSTRACT Research Article

Pecan is a major horticultural nut tree that originated in North

America and, in Turkey, it is generally cultivated in the Aegean and Horticulture
Mediterranean regions. In this study, morphometric traits of twenty-

one cultivars grown under equal ecological conditions in the Article History
Southeastern region of Turkey were determined. In addition, a Receive 114.12.2021
multivariate analysis was performed on morphometric traits for Accepted :01.06.2022
determining suitable cultivars that show the best performance in

these ecological conditions. The nut weight ranged from 3.66 g for Keywords

‘Cherokee’ to 10.35 g for the ‘Shoshoni’ cultivar. The ‘Choctaw’ had Pecan

the highest kernel weight and kernel ratio ranging from 5.63 g to
58.60%. While the ‘Cherokee’ had the lowest ranging from 0.91 g to
22.84 g, respectively. A significant positive correlation between nut
weight and kernel ratio was determined. The kernel weight was also
highly correlated with nut weight and height. The use of clustering
analysis according to Ward’s method allowed the establishment of
relationships between pecan cultivars by separating them into four
main clusters. Also, these results were supported by principal
component analysis, and ‘Big Z’ and ‘Ideal’ cultivars were determined
to be the closest cultivars. Results showed that there are
quantitative differences regarding the genetic property of pecan
cultivars and more than half of the examined cultivars showed a
good performance in terms of nut quality criteria that are crucial in
marketing. Furthermore, the multivariate analysis was effective in
the differentiation of pecan cultivars and it has been evaluated that
1t can be used successfully in future studies.

Carya illinoensis
Morphometric traits
Multivariate analysis

Pikan Cegsitlerinin Morfometrik Ozellikler Bakimindan Kargilastirilmasi

OZET Aragtirma Makalesi

Pikan, aslen Kuzey Amerika orjinli olan ve Tirkiye'de genellikle Ege

ve Akdeniz bolgelerinde yetistirilen 6nemli bir sert kabuklu meyve Bahge Bitkileri

turadur. Calismada, Turkiye'nin Giineydogu bdélgesinden ayni : :

ekolojik kosullar altinda yetistirilen yirmi bir pikan c¢esidinin Makale T.ar'lh(;e‘s1
morfometrik 6zellikleri belirlenmigtir. Ayrica, bu ekolojik kosullarda Gelis Tanhl, ) 14.12.2021
en uygun cesitlerin belirlenmesi i¢in morfometrik 6zellikler tizerine Kabul Tarihi  ©01.06.2022
¢ok degigkenli istatiksel analiz uygulanmigtir. Cesitlerin meyve Anahtar Kelimeler

agirhigr 3.66 g 'Cherokee' ile 10.35 g 'Shoshoni' arasinda degismisgtir. Pican

En yiiksek i¢ agirhg ve i¢c orami 'Choctaw' cesidinde (5.63 g ve Caryaillinoensis

%58.60) en diigiik ise "Cherokee" cesidinde (0.91 g ile 22.84 %)
belirlenmigtir. Meyve agirligi ile i¢ orani arasinda anlamh pozitif bir
iligki bulunmustur. Ayrica, i¢ agirhiginin meyve agirlig: ve yiiksekligi
ile yiiksek 6nemli iligkili oldugu belirlenmistir. Ward yontemine gére
yapilan kiimeleme analizi, pikan g¢esitleri arasinda iligkilerin
kurulmasina izin vermis ve gesitleri dort ana kiimeye ayirmistir.
Elde edilen sonuglar temel bilegsen analizi ile desteklenmis ve
¢esitlerden en yakin iligkisi ‘Big 7’ ile ‘Ideal” arasinda belirlenmistir.
Sonuclar pikan cegsitlerinin genetik o6zellikleri ile ilgili niceliksel
farkliliklarin oldugu ve incelenen cesitlerin yarisindan fazlasinin

Morfometrik ozellikler
Cok degigkenli analiz
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pazar tarafindan arzu edilen meyve kalitesi acisindan iyi bir
performans sergiledigini gostermistir. Ayrica ¢cok degiskenli analiz

pikan c¢esitlerinin ayriminda oldukg¢a etkili

olmus ve

ileriki

calismalarda basariyla kullanilabilecegi degerlendirilmigtir
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INTRODUCTION increase of HDL cholesterol and the reduction of

Pecan is a hard-shelled valuable fruit tree species
that have a high economic value nut belonging to the
Juglandaceae family, which also includes other tree
and Carya varieties (Rosengarten, 1984). The pecan is
a deciduous tree native to the North American
continent, especially the USA and Mexico. Today, the
USA and Mexico are the world’s largest commercial
pecan producers with about 75%, and 20% of world
production, respectively (Hadigeorgalis et al., 2005;
Venkatachalam et al., 2007; Thompson and Conner,
2012). Pecan is a popular fruit with a pleasant taste,
and medicinal and nutritive properties, so the
demand for it is increasing worldwide. Plantations
are being established in many countries outside of
North America such as; Australia (Wakeling et al.,
2000), Argentina (Giuffré et al.,, 2011), and China
(Zhang et al.,, 2015). The other important pecan-
producing countries are Israel, South Africa, and
Turkey).

Pecan is a healthy food that has always found an
important place in food production and human
nutrition the pecan is consumed fresh or in various
food products such as pies and cakes as well as in
salads and topping of desserts (Thompson and
Conner, 2012). In addition to being edible, pecan oil is
also used in cosmetics, medicine, paints, and essential
oil production (Prasad, 1993; Duke, 2001). Pecan
consists of 9-18% protein, which is lower compared to
other nuts, and it consists of 14% carbohydrate
depending on cultivars. Pecans are a fine source of
dietary fiber, and they are also rich in terms of
minerals including manganese, phosphorus,
magnesium, zinc, iron, and naturally low in sodium
(Prasad, 1993; Gebhardt and Thomas, 2002; USDA,
2004; Curiel-Maciel et al., 2021). Furthermore, pecans
have high oil contents, about 65-70%, depending on
cultivars, and the oil profile is mostly comprised of
monounsaturated (commonly oleic acid) and
polyunsaturated fatty acids (linoleic acid). Pecan
consists of high antioxidants including vitamin B
complex, beta-carotene, ellagic acid, lutein, and
vitamin E (Rudrappa, 2016; Binici Akkus et al., 2020;
Ozdemir et al., 2021; Curiel-Maciel et al., 2012).

Research shows that pecan has major beneficial

effects on cholesterol and triglyceride levels.
Moreover, regular pecan consumption affects the
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triglycerides and apolipoprotein B levels. Pecan is
considered cholesterol-free heart-healthy friendly food
and can improve human blood fat profiles and low-
density lipoprotein levels because of the high
monounsaturated fatty acid contents (Ros, 2010).

The pecan was introduced from North America to
Turkey and has been generally spread in Antalya and
Izmir regions that have subtropical and temperate
climates. Therefore, pecan nut production has been
intensive throughout the coastal regions of the
Mediterranean and Aegean in Turkey. Some
important cultivars were planted in the Southeastern
Anatolia Agricultural Research Institute collection
orchard in Sanliurfa province in 1992 to determine
the performance of pecan cultivars in the South
Eastern Anatolia region. The pecan is commercially
cultivated in temperate, tropical, and subtropical
regions of the world. Since pecan growing is limited in
Turkey due to the restriction of climatic conditions,
which is more suitable for walnut (Juglans regia)
growing, there is no data available on pecan
production in Turkey.

There are studies on the chemical compositions of
pecan cultivars. But, to the best of our knowledge,
there have not been studies on the morphometric
properties of pecan cultivars grown under equal
ecological conditions. With the present study, we
aimed to compare the morphometric traits of twenty-
one pecan cultivars that were grown in the same
cultural practices and climatic conditions by
performing multivariate analysis on the main nut
characteristics preferred by the market. The results of
this study will make a positive contribution to the
producers in the region regarding the cultivation of
pecan.

MATERIAL and METHOD
Plant material

In the study, morphometric traits of 21 pecan
cultivars (Big Z, Harris Super, Hastings, Ideal,
Kiowa, Mahan, MahanxStuart, Mohawk, Pawnee,
Royal, Schley, Shawnee, Shoshoni, Texhan, Western,
and  Wichita) from  Southeastern  Anatolia
Agricultural Research Institute collection orchard at
477 m altitude in Sanhurfa province were evaluated
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through two sequential years. The trees were twenty-
three years old and planted out 12x12 m within and
between row spacings. Plants were regularly
fertigated and weed, pest, and disease control were
performed properly. No nutritional deficiency was
observed on trees and all cultural practices were done
properly during the study.

Method

Twenty nuts from each cultivar were measured over
two years. Morphometric characters including nut
width (NW), nut length (NL), nut height (NH), and
shell thickness (SC) were measured using a caliper
with an accuracy of 0.1 mm. Nut weight NWT) and
kernel weight (KWT) were measured with an
electronic scale with a 0.01 g precision. Frequency
distribution of used characters such as shell color,
kernel color, kernel ratio, shell thickness, and harvest
date were determined according to UPOV criteria,
Pecan Descriptors Bulletin (available at: https:/www.
upov.int/meetings/en/doc.

details.jsp?meeting id=35045 &doc_id=297728).

Ecological data of research area

Climatic information, monthly maximum
temperature (°C), monthly average temperature (°C),
monthly precipitation (kg/m2), monthly average
humidity (%), and monthly average wind speed (m/s)
were received from the Turkish State Meteorological
Service (MGM) and shown from 1st January to 31st
December for two consecutive years (2015 and 2016).

Statistical Analysis

Descriptive statistics in the examined characters as
the minimum (min), maximum (max), mean, standard
error (SE), Duncan’s multiple range test, and
coefficient of variations (CV%) were determined by
using the statistical package program of SPSS. One-
way ANOVA and Duncan test were used to compare
the cultivars in terms of characteristics and the
statistical significance level was considered as 5% in
the calculations. Moreover, the relationship among
characteristics was determined by Pearson’s
correlation analysis utilized by the R Studio software
and the 'corrplot' package (Wei et al.,, 2017). The
principal component analysis (PCA) was conducted to
clarify the relationships of features with each other
being utilized by R Studio software and the package
of 'ggplot2' (Wickham, 2016). Clustering analysis (CA)
was utilized to create a dendrogram showing the
hierarchical distribution of cultivars in terms of
studied characteristics.

RESULTS and DISCUSSION
Ecological data of research area
The monthly average temperature showed a regular
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rise from January to July and a slight decrease was
observed in August. The highest monthly
temperature was monitored in July at 44.1 °C. The
monthly average relative humidity and monthly
precipitation occurred mostly in the winter months,
and a decline was observed in June and July. Also,
parallelism was determined between monthly
precipitation and relative humidity. The monthly
average wind speed was slightly higher in the spring
months (March, April, May, and June) than thin e
others. While no significant difference was observed
in temperature data between years, the precipitation
amount and distribution were dissimilar compared to
the previous year (Figure 1).

Fruit yield and quality are closely related to
environmental conditions. Very low and high
temperatures, light quantity and quality, soil
temperature, altitude, relative humidity, and wind
speed have detrimental effects on fruit trees.
Unsuitable environmental conditions cause problems
in flowering and fruit sets. The areas with below 55%
humidity and up to 150-200m altitudes, which have
long hot summers, short and not very hard winters,
and rare early or late frosts, are suitable for pecan
growing (Dolgun et al., 2020). In the research area,
summers are hot and dry, winters are warm and
rainy, and humidity is lower than 55% during the
vegetation period that is suitable for pecan growing.
On the other hand, the altitude is a little high, which
may cause appearances of late and early frosts.

Morphometric traits of cultivars

A high variation and significant (P<0.05) differences
were observed between the morphometric traits of
cultivars. These differences were due to genetics
because cultural practices and ecological conditions
were equal for all cultivars. The morphometric traits
that are important for consumers were determined.
Shell color, nut dimensions (width, length, and
height), nut weight, kernel weight, and color traits in
twenty-one pecan cultivars are presented in Tables 1
and 2. Shell color and kernel weight showed the
highest CVs (43.27 and 40.48%, respectively) while
nut length (10.68%) and nut width (12.92%) had the
lowest CVs. NWT, KWT, KC, KR, ST, and HD had
higher than 20.00% CVs (Table 1). The NW, NL, and
NH had low CVs indicating that these may be
considered more stable traits. Similar CVs in terms of
morphometric traits were observed on other nuts such
as walnut (Khadivi et al., 2015; Basak et al., 2022),
chestnuts (Corona et al., 2021), hazelnut (Mohammad
et al., 2014), and other fruits such as hawthorn
(Muradoglu et al., 2021).

Nut size is more important for marketing that prefers
large nuts for the succinct quality kernel. Generally,
nut weight above 9.5 g is desirable for pecan (Wells
and Corner, 2012), while smaller nuts than 8.0 g are
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not preferred by the market. In the investigated
cultivars, nut traits are shown in Table 2. The nut
width varied between 19.43 and 27.30 mm. the
largest nut width was determined in the ‘Wichita’
cultivar, while the ‘Shoshoni’ cultivar was the
smallest one. The largest nut length was determined
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50.84 mm by the ‘Mahan’ cultivar, and the smallest
one 35.86 mm by the ‘Cape Fear’ cultivar. The nut
height varied from 22.98 to 29.45 mm, ‘Choctaw’
cultivar was found the largest in section, and the
smallest section was found on the ‘Cherokee’ cultivar.
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Figure 1. Meteorological data belonging to the research location

Resim 1. Arastirma alanina ait iklim verileri

The nut weight was between 3.66 and 10.35 g. The
largest nut weight was measured in the ‘Shoshoni’
cultivar, while the ‘Cherokee’ cultivar was the
smallest one. Seven cultivars were show good
performance with 9 g and above kernel weight which
was a preferable limit for markets. In addition, kernel
weight was defined as 8 g and above in three
cultivars, while ten cultivars were smaller than 8 g
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(Table 2). The nut weight and kernel ratio varied
between 0.91 and 58.60 g, between 5.63 and 22.84%
respectively, and for both the highest rate was
calculated for ‘Choctaw’ while the lowest rate was for
‘Cherokee’. Shell thickness varied from 0.61 mm
‘Mahan’ to 1.20 mm ’Shoshoni’. Kernel quality is
relative to kernel ratio and desirable high kernel ratio
of 50% and higher by customers. The ‘Choctaw’ and
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‘Western’ cultivars yielded the highest kernel ratio,
58.60%, and 58.45%, respectively. However, the
lowest kernel ratio (22.84%) was determined in
‘Cherokee’. The high relationship between kernel
weight and kernel ratio is a well-known phenomenon

in nut crops (Khadivi et al., 2019). The regression plot
illustrated in Figure 2 proves a significant positive
association (r=0.80, P<0.0001) between kernel weight
and kernel ratio was observed a significant positive
association.

Table 1. Illustrative statistics for morphometric characters in the pecan cultivars.
Cizelge 1. Pikan gesitlerinde morphometrik karekterlerin istatiksel tanimlanmasi.

Traits Abbrev Unit/code Minimum Maximum Mean SE CV
Nut width NW mm 15.93 30.11 23.20 0.15 12.92
Nut length NL mm 25.51 54.42 40.77 0.21 10.68
Nut height NH mm 18.44 36.29 26.71 0.18 13.79
Nut weight NWT g 2.24 13.72 8.11 0.12 29.26
Kernel weight KWT g 0.35 8.51 4.17 0.08 40.48
Kernel color KC Code 1.00 3.00 2.10 0.02 20.35
Kernel ratio KR % 9.77 82.28 49.57 0.55 22.53
Shell color SC Code 1.00 4.00 1.95 0.04 43.27
Shell thickness ST mm 0.41 1.67 1.00 0.01 24.85
Harvest date HD Date 1.00 4.00 3.10 0.04 28.07
Frequencies (%)
Frekanslar (%)
Kernel color KC Code Light (4.76) Medium (80.95) Dark (14.29)
Shell color SC Code Extra light (28.57)  Light (57.14) Medium (4.76) Dark (9.52)
Kernel ratio KR % Small (47.61) Medium (14.28) Large (38.09)
Shell thickness ST mm Thin (19.04) Medium (47.61) Thick (33.33)
Harvest date HT Date Very early (9.52) Early (4.76) Medium (52.34)  Late (33.33)
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Figure 2. Regression plot for kernel ratio and kernel weight in pecan cultivars.
Resim 2. Pikan g¢esitlerinde i¢ orani ve i¢ agirligina ait regresyon grafigi.

Nut and kernel color are major parameters for pecan
cultivars and desirable kernel color is ‘light’ for
marketing and breeding value. In addition, previous
works showed that the oxidation of polyphenols and
fatty acids contents is relatively within the color
sensory of walnut (Muradoglu and Balta, 2010;
Fuentealba et al., 2017). A total of 6 cultivars
(28.57%) had ‘extra light’, 12 cultivars had ‘light’, 1
cultivar ‘medium’, and only two cultivars had ‘dark’
skin color. The kernel color of 1 cultivar (4.76%) was
‘light’, 17 (80.95%) was ‘medium’, and 3 (14.29%) was
‘dark’.

The cultivars were suitable for marketing in terms of
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the skin at a rate of 84.17% rate and kernel color at
38.09%. (Tables 1 and 2). The earliest harvested
cultivars were ‘Royal’ and ‘Wichita’ followed by
another early cultivar ‘Shoshoni’. Seven cultivars
were determined late in terms of harvest time. The
average harvest date for very early in this region was
10 October and for the late cultivars was 15
November. Similar results were reported by Badyal
and Upadhayay (2004) who reported nut length,
width, weight, kernel weight, and kernel percentage
varied from 31.6 to 54.0 mm, from 23.2 to 34.0 mm,
from 3.59 to 5.71 g, from 2.10 to 3.90 g, from 8.30 to
55.2%, respectively. In another study conducted on 5
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pecan cultivars, nut traits were investigated and
reported as 5.42-10.84 g for nut weight, 34.51-51.83
mm for nut length, 21.99-26.18 mm for nut width,
23.20-25.40 mm for nut height, 2.42-6.10 g for kernel
weight, and 0.58-1.10 mm for shell thickness. (Binici
Akkus et al., 2020). Similarly, nut weight and kernel
ratio of pecan cultivars were reported as 3.98-8.40 g
and 43.55-59.28% by Reid and Hunt (2000) and 0.8-

Table 2: Some nut traits of investigated Pecan cultivars.
Cizelge 2. Incelenen pikan ¢esitlerinin baz1 meyve 6zellikleri.

6.9 g and 41.1-62.3% by Poletto et al., 2020.

Studied cultivars showed major diversity because of
genetic factors. Also, morphometric traits of studied
pecan cultivars were in close relationship with
previous findings, but minor differences related to
cultivars factors, edaphoclimatic conditions, different
locations, maturity stages, and cultural practices
have existed.

Cultivars NW (mm) NL (mm) NH (mm) NWT (g) KWT (g) ST (mm) KR (%) SC KC HD

Big Z 23.29+0.28%  40.93+0.41"  26.62+0.73%  7.38+0.20%  3.52+0.12"  1.03+0.02%  47.58+0.63*" L~ M Late
Burkett 19.62+0.18! 44.21+0.61° 25.83+1.01%  7.32+026%  3.87+0.25"  1.02+0.06”  52.12+1.94% EL M Medium
Cape Fear 25.41+0.23%  35.86+0.73™  26.03+0.52%  9.25+0.20® = 4.52+0.12%9  1.19+0.05 48.94£0.90" 1, M Late
Cherokee 21.59+031™  37.16+047¢  22.98+0.36"  3.66+0.23) 0.91+0.161'  1.07+0.04*  22.84+248 EL D Late
Choctaw 26.23+021%  41.58+0.48%  29.45+0.61% 9.51+0.48®  5.63+0.35° 1.02+0.03”  58.60+0.86° L M Medium
Comanche 26.56+0.40%  39.36x043"  29.43+0.55® = 9.76+0.39%®  5.39+0.24*  1.15+0.05°  55.06+0.74* M M Medium
Harris Super 21.21+0.68"  39.55+1.167  23.31+0.407  9.71+034®  528+0.26™  0.88+0.02%  53.82+1.54® D M Medium
Hastings 24.92+0.45%  39.724+0.411 28.52+0.65®  8.95+0.34*  511+0.28°  0.90+0.03%®¢  56.23+1.35¢ L, M Medium
Ideal 22.11+023%  40.78+0.60°  27.27+0.89®  7.98+0.29%  3.67+0.157 1.16+0.03®  46.15+1.26" L, M Late
Kiowa 22.01+0.75"  41.36+0.75%  27.71+1.05°  9.14+0.51*  5.43+0.42*  0.95+0.05%  57.81+1.84% L, M Medium
Mahan 22.48+027%  50.84+0.51*  26.92+0.83%  5.15+0.24' 2.19+0.21%  0.61+0.03"  40.77+2.44% L, M Late
MahanxStuart ~ 23.80+0.71¢F  43.25+0.76*  28.20+0.46°  8.64+0.78"™  3.65+0.509  1.15+0.05%  37.94+2.92i L D Late
Mohawk 26.01+0.35%  37.94+0.36%  27.76+0.61*  10.18+0.30*  5.36+0.19°  0.92+0.02%9  52.49+0.62" D L Late
Pawnee 25.31+0.30™  41.99+0.63%  26.93+1.11%  7.57+0.34%%  3.80+0.28"  0.94+0.05%  4959+2.62*" L, M Medium
Royal 24.58+0.28%  38.92+0.46%  27.89+0.88*  9.70+0.20®  4.38+0.16""  1.11+0.05°  44.95+1.17" EL M Very early
Schley 24.09+0.24%"  34.88+0.28™  24.64+0.42¢"  6.44+0329"  2.91+0.22%  0.99+0.06% = 44.23+1.57" L, M Medium
Shawnee 19.44+0.25j 38.96+0.52%  24.98+0.63%  573+0.25™  3.32+021%  0.82+0.03°  57.11+1.70° EL M Medium
Shoshoni 27.30£0.37°  38.23+0.72K  27.92+0.36*  10.35+0.46°  5.22+0.34%*  1.20£0.04°  49.46+1.52%" [, M Early
Texhan 20.48+0.16%  46.23+0.37° 26.88+1.13%  7.94+028%  4.45+025%  0.91+0.04% 5549+1.84¢ EL M Medium
Western 21.28+0.17"  42.35+0.47%  25.15+0.92% = 7.81+0.22%  457+0.16®  0.89+0.05¢  58.45+]1.55% E M Medium
Wichita 19.43+0.711 41.90+0.68%  26.35£0.58*  8.07+0.61  4.36+0.47"  1.00£0.06"  51.24+2.04% [, D Very early
Average 23.20+0.14 40.76+0.21 26.70+0.17 8.11+0.11 4.17+0.08 1.00+0.01 49.56+0.54 SC KC HD

*Different letters in lines indicate significantly different values at p < 0.05. NW: nut width, NL: nut length, NH: nut height, NWT: nut
weight, KWT: kernel weight, ST: shell thickness, KR: kernel ratio, SC: shell color, KC: kernel color, HD: harvest date. “L: light, EL: extra

light, M: medium, D: dark.

The correlation and distribution of the morphometric
traits were exhibited with the scatterplot matrix
(Figure 3). Morphometric traits showed a highly
significant and highly positive correlation (P<0.0001)
between NH and NW, NH, and NL (P<0.001). KWT
had highly significant and positive correlations
(P<0.0001) with NH, NWT, and KR. Nut weight
exhibited a highly significant and positive correlation
with Nut height, nut weight, as well as KR and NW
(P<0.01) exhibited significant positive correlations.
Furthermore, significant negative correlations were
identified between ST and NL (P<0.001) and KR and
NW (P<0.01). Previously, Poggetti et al. (2017)
reported negative relationships between nut weight
and kernel ratio and nut ratio and shell thickness,
while there were positive correlations with kernel
weight, shell thickness, and kernel skin color in
walnut. Similar results were reported by Guler et al.
(2020) in rosehip observing positive relationships
between fruit width, fruit weight, and fruit shape
index.

The principal component analysis (PCA) separated
the pecan cultivars according to their morphometric
traits. Nine principal components were significant
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(P<0.001), and four components explained 75.44% of
the total variance (Figure 4). The first component
(PC1) constituted 32.5 % of the total variance and was
positively correlated with nut width and weight,
kernel weight, and ratio while negatively correlated
to kernel color. The second component (PC2)
constituted 16.5 % of the total variance and was
mostly defined by nut height, shell thickness, and
negative kernel ratio. The remaining components also

contained other variables and explained less
variability (24.5 % of total wvariance). PCA is
performed to identify the main factors and

parameters that are discriminant among studied
traits (Khadivi et al., 2015). PCA was successfully
conducted to determine diversity among different
fruit species or genotypes such as walnut (Ozcan et
al., 2020; Basak et al., 2022), hawthorn (Muradoglu et
al., 2021), and rosehip (Giiler et al., 2021).

The couples of the highest similarities among the
cultivars were identified by the Hierarchical cluster
analysis and presented in Figure 5. The highest
similarity was between ‘Big Z' and ‘Ideal’, while the
farthest distance was between ‘Big Z’ and ‘Burkett’.
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Figure 3. Scatterplot matrix demonstrating morphologlcal traits pairwise. The color gradient (red to blue) and
the size of the circles show the amount and significance of correlations.

Resim 3. Morfolojik ézellikleri gosteren dagilim grafigi matrisi.

. Renk gradyani (kirmizidan maviye) ve dairelerin

boyutu, korelasyonlarin miktarini ve 6nemini gostermektedir.

: ®
E o & o
o LT -
2 @ Q a @ a?s’ % & : o LA
] ° “ 'JOGO l}0 i E QHIIG.IICIEE °
o B
s © o & 30 sMohawk o
. "o CaneC'fea.r <;-,1°g Sho;,h
- a0
i \Iiahai’f)x Stq_@l- e @ Id iI 8 0o @ o °
1 o o o edl o0 Qn o
g ® ® Bis7 I h.mtaw
o
— . ° ! Schf L: ;g) PY
T O e Cheroke o or 02 20 Biiiee e SUnSs o oo
o % G
o & # B o 8o og
2 o @ @ r. !
g p 5 o5%p s "% ?ﬁ"“ °«Hatls &iper
g - 5 s 7 X o % ilo e Im . ° e
s . o cBurkett i @ . o °
L o ° . Maham g Texhagoo o o 8
 Bhawnee ‘V" estem L o
L
0':: # coo
-2 EI-;I o @ 00
° ° &8 g
AC'.ﬁ_Bo og o -
e L7 % 290
o & “ S‘:’ o °
a H o
’ T ’ T ' I ' T ’ T
6 4 2 0 2 4

Component 1 (32,5 %)
Figure 4. Distribution of pecan cultivars according to morphometric traits.
Resim 4. Pikan cegitlerinin morfometrik ézelliklerine gore dagilimi.

The cultivars were clustered into four main groups
and the first group consisted of two subgroups with
six cultivars. The first subgroup consisted of five
cultivars ‘Big 7Z’, ‘Ideal’, ‘Pawnee’, ‘Cape Fear’, and
‘Schley’ while the second subgroup consisted of one
cultivar, ‘MahanxStuard’. The first cluster was
characterized by low HD values. The second main
group 1is comprised of eight cultivars
subgroups. The first subgroup was
'Choctaw', 'Hasting', 'Kiowa', Comanche',
and 'Royal' cultivars.

in two
containing
Shoshoni',
The second subgroup was
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formed by 'Harris Super' and 'Mohawk' cultivars. The
second cluster was mostly characterized by, SC, NW,
NH, KWT, NWT, and KR. Cluster three included
‘Burket’, Texhan’, Western’, ‘Wichita’, and ‘Mahan’
cultivars characterized by NL. The ‘Cherokee’ cultivar
formed the fourth group by itself demonstrating low
values of KC and HD traits. The HC and the PCA
showed a similarity in terms of grouping cultivars
according to morphometric traits. correlation
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Figure 5. Hierarchical clustering and heatmap analysis based on the morphological characters studied for the
twenty-one pecan cultivars. The highest and lowest morphological traits measurements belong to red

and blue colors, respectively.

Sekil 6. Yirmi bir pikan ¢esidi i¢cin incelenen morfolojik karakterlere dayali hiyerarsik kiimeleme ve 1s1 haritasi
analizi. En yiliksek ve en diistik morfolojik o6zellik dlgiimleri sirasiyla kirmizi ve mavi renkle

gosterilmigtir.

CONCLUSION

This study, which was carried out on 21 pecan
cultivars in Sanliurfa province in southeastern
Anatolia, revealed great variability in morphometric
traits. In the study, only morphometric traits that
could be reasonably observed were monitored. Traits
that are valuable for marketing and future breeding
programs such as nut appearance, skin color, nut
weight, kernel color, kernel weight, kernel ratio, and
harvest date were examined by Multivariate analysis.
In this study, ‘Choctaw’, ‘Hasting’, ‘Kiowa’,
‘Comanche’, ‘Harris Super’, ‘Mohawk’, ‘Shoshoni’,
‘Western’, and ‘“Texhan’ cultivars showed ideal values
of nut size and kernel quality that are desirable in
marketing. Considering these quality criteria, these
cultivars are suggestable for cultivation in this
region.

The results will contribute to the cultivation of pecan
both in Sanhurfa and other provinces of the
Southeastern Anatolia Region. Moreover, the results
will encourage growers to establish new orchards in
the region. In addition, variations among cultivars
and relationships of morphometric traits that were
revealed by multivariate analysis can be used in
future breeding programs.
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ABSTRACT Horticulture

This study was conducted to determine the effects of different

vermicompost doses on plant growth, quality properties and element Research Article

contents in curly lettuce (Lactuca sativa L. var. crispa). The research

was carried out in pots under plastic greenhouse conditions in Article History

Karabiik province. In the study, 6 applications as 4 different doses of Received 126.12.2021
vermicompost (V), chemical fertilizer (CF) and control were Accepted : 24.05.2022
examined. The applications were as follows: 1) Control (100% soil), 2)

V1 (97.5% soil + 2.5% vermicompost, w/w), 3) V2 (95% soil + 5% Keywords

vermicompost, w/w), 4) V3 (90% soil + 10% vermicompost, w/w), 5)
V4 (80% soil + 20% vermicompost, w/w) and 6) CF (100% soil +
chemical fertilizer). The experiment was established in completely
randomized design with 3 replications. According to the research
findings, vermicompost applications significantly increased plant
height, plant fresh weight, plant dry weight, number of marketable
leaves, chlorophyll, nitrogen, phosphorus, potassium, magnesium,
calcium, sodium, iron, copper, and zinc contents of the plant
compared with the control. When compared to the control, V1
application increased plant fresh weight by 13.25% and phosphorus
content by 44.07%; V2 application increased potassium content by
24.29%; V3 application increased plant height by 13.77%, chlorophyll
content by 22.30% and nitrogen content by 53.23%; V4 application
increased magnesium content by 48.46%, calcium content by 14.36%
and zinc content by 16.19%. It was detected that vermicompost had
positive effects on plant growth, quality properties and element
contents in curly lettuce. As a result, vermicompost can be used
successfully as an alternative organic fertilizer for sustainable
agriculture in curly lettuce cultivation.

Lactuca sativa
Organic fertilizer
Plant growth
Quality properties
Elements

Farkli Vermikompost Dozlarinin Kivircuk Marulda (Lactuca sativa L. var. crispa) Biiyiime, Kalite ve

Element Icerikleri Uzerine Etkisi

OZET Bahge Bitkileri

Bu calisma, farkli vermikompost dozlarinin kivircick marulda

(Lactuca sativa L. var. crispa) bitki gelisimi, kalite 6zellikleri ve Aragtirma Makalesi
element icgerikleri izerine etkilerini belirlemek amaciyla yapilmigtir. . .
Aragtirma, Karabiik ilinde plastik sera kosullarinda saksilarda Mal.{ale T.ar.lh(;e‘s1
yiiriitiilmiistiir. Calismada, vermikompostun (V) 4 farklh dozu, Gelis Tarll'n. :26'12'2021
kimyasal giibre (CF) ve kontrol olmak iizere 6 uygulama Kabul Tarihi  ©24.05.2022
incelenmistir. Uygulamalar asagidaki gibidir: 1) Kontrol (%100 Anahtar Kelimeler
toprak), 2) V1 (%97.5 toprak + %2.5 vermikompost, w/w), 3) V2 (%95 Lactuca sativa

toprak + %5 vermikompost, w/w), 4) V3 (%90 toprak + %10 Otk wilome

vermikompost, w/w), 5) V4 (%80 toprak + %20 vermikompost, w/w)
ve 6) CF (%100 toprak + kimyasal giibre). Calisma tesadiif parselleri
deneme desenine gore 3 tekerriirli olarak kurulmustur. Arastirma
bulgularina goére, vermikompost uygulamalari kontrole goére bitki
boyu, bitki yas agirhigi, bitki kuru agirhigi, pazarlanabilir yaprak
sayisi, klorofil, azot, fosfor, potasyum, magnezyum, kalsiyum,
sodyum, demir, bakir ve ¢inko igerigini 6nemli 6l¢ltide artirmistir.

Bitki geligimi
Kalite 6zellikleri
Elementler
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Kontrol ile karsilagtirildiginda, V1 uygulamasi bitki yas agirligini
%13.25 ve fosfor igerigini %44.07 oraninda; V2 uygulamasi potasyum
icerigini %24.29 oraninda; V3 uygulamasi bitki boyunu %13.77,
klorofil igerigini %22.30 ve azot igerigini %53.23 oraninda; V4
uygulamasi magnezyum igerigini %48.46, kalsiyum igerigini %14.36
ve c¢inko igerigini %16.19 oraninda artirmigtir. Vermikompostun
kivircik marulda bitki geligimi, kalite 6zellikleri ve element icerikleri
Sonuc¢ olarak,
vermikompost kivircitk marul yetistiriciliginde strdiiriilebilir tarim
igin alternatif bir organik gubre olarak bagsarilh bir sekilde

tuzerine olumlu etkilerinin oldugu saptanmistir.

kullanilabilir.
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INTRODUCTION produced through a non-thermophilic process

Fertilization is one of the most important factors
determining yield and quality in agricultural
production. Nowadays, it is known that human health
and sustainability of soils are adversely affected
because of excessive and unconscious chemical
fertilization to obtain high yield from vegetables. On
the other hand, it is reported that continuous use of
chemical (inorganic) fertilizers causes pollution of soil
and water, soil salinity, decline in organic matter
content of soil, heavy metal accumulation, decrease in
microbial activities of soil, nitrate accumulation,
decrease in soil fertility, poor product quality and
serious health problems (Savci, 2012). For this
reason, recently, organic fertilizers have gained great
importance as an alternative to chemical fertilizers
used in agricultural production all over the world
with the new understanding focused on ensuring
sustainability in agriculture due to the adverse effects
of chemical fertilizers.

Vermicompost is the most popular among organic
fertilizers in recent years due to its positive effects on
plant growth, yield and soil properties. Additionally,
vermicompost 1s intensely applied as a reliable,
economical, and sustainable method in the processing
and evaluation of solid organic wastes, which has
become a major environmental problem (Shetinina et
al., 2019). Vermicompost, which is obtained by
composting organic wastes during digestion by
earthworms, is an organic product with high economic
value (Karmakar et al., 2012). It is also referred to as
biohumus (Shetinina et al., 2019). The production and
use of vermicompost have been increasing in recent
years. Vermicompost is a type of fertilizer that
contributes to the use of organic wastes and their
recycling. Many organic wastes (plant wastes, animal
manure, food wastes, urban solid waste, waste paper,
sawdust, etc.) can be used in vermicompost
production (Karmakar et al., 2012). Vermicompost is
a well stabilized, finely divided peat-like material
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involving the biodegradation and stabilization of
organic  materials by interactions between
earthworms and microorganisms. Vermicompost can
be directly applied to the soil without any other
treatment. Vermicompost has very high porosity,
aeration, drainage, water holding capacity and
microbial activity, and a low C:N ratio (Kumar and
Topal, 2015). Vermicompost is very rich in macro and
micronutrients, beneficial soil microorganisms,
various enzymes, vitamins, humic acid, organic
matter, and growth hormones (Ozkan et al., 2016).
Vermicompost is a highly nutritive organic fertilizer
rich in nitrogen (N), phosphorus (P) and potassium
(K). In addition, 97% of the plant nutrients (especially
N, P and K) in the vermicompost are in forms that are
readily taken up by the plants. Vermicompost has a
vast surface area, providing strong absorbability and
retention of nutrients. Vermicompost may influence
plant growth directly via the supply of plant growth
regulating substances (PGRs). Vermicompost has a
wide range of uses as organic fertilizer and soil
conditioner in both organic and conventional
agriculture because of its advantageous properties
like promoting plant growth, increasing the physical,
chemical, and biological properties of soil, restoring
and improving natural fertility of soil without
polluting the environment (Shetinina et al., 2019).
Vermicompost is a good and ideal organic fertilizer
that reduces environmental pollution and restricts
the use of chemical fertilizers for sustainable
agriculture. Therefore, vermicompost is considered as
a promising alternative to inorganic fertilizers used in
agriculture and growing media used in the
greenhouse (Mahmoud and Gad, 2020). Vermicompost
plays a major role in improving growth and yield of
different field crops, vegetables, fruits, and flowers. It
was determined that growth, yield and quality of
many vegetables increased with the application of
vermicompost (Kashem et al., 2015; Degwale, 2016;
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Durak et al., 2017; Adiloglu et al., 2018; Kenea and
Gedamu, 2018; Rekha et al., 2018). Vermicompost has
a significant positive influence on seed germination,
seedling vigor, plant growth, flowering, fruiting, root
development, leaf length, number of leaves, colour,
shelf-life and quality of vegetables (Peyvast et al.,
2008). Vermicompost can also suppress plant
diseases, pests, and plant parasitic nematodes. In
addition, it was reported that vermicompost improved
the physical, chemical, and biological properties of the
soil and increased the nutrient content of the soil
(Ozkan et al., 2016).

As in the whole world, chemical fertilizers are mostly
used in fertilization to increase the yield in vegetable
growing 1in Turkey. To provide a sustainable
agriculture system that protects human health,
environment, and natural resources in the long term
in vegetable growing where the use of chemical
fertilizers is excessive, it is necessary to expand the
use of organic fertilizers such as vermicompost
instead of chemical fertilizers. The wuse of
vermicompost fertilizer in vegetable growing is an
agricultural activity that has become widespread in
Turkey with the increase in environmental awareness
and the adoption of high-quality product consumption
In recent years, though it is widely used in many
countries for many years. In addition, many
agricultural wastes in Turkey are either incinerated
or thrown away. The use of vermicompost is one of
the best ways to evaluate agricultural wastes in the
country. For this reason, it is of great importance to
produce vermicompost, to promote the use, to conduct
studies on its benefits and to share the obtained
results with the producers in Turkey.

Lettuce (Lactuca sativa L.) belongs to the Compositae
family and is an annual winter vegetable. Lettuce,
which has been cultivated and consumed fondly for
many years in the world, can be found in markets
throughout the year. Lettuce, whose fresh leaves are
used as vegetable, is among the species of high
commercial importance. It is one of the most produced
and consumed winter vegetables in Turkey and it has
high economic value. It can be grown in the open field
or greenhouse conditions using different cultivars all
year round almost all over the country. The
vegetation period of lettuce is short, and it can be
grown in 2-3 months. In Turkey, lettuce was grown in
an area of 21821 ha with a production of 520151 tons
in 2020 (TUIK, 2021). Lettuce develops rapidly in
soils rich in organic matter and comes to harvest
maturity in a short time. As with other vegetables,
lettuce is usually grown using inorganic fertilizers.
On the other hand, fertilization in lettuce must be
performed carefully because it is a leafy vegetable and
consumed uncooked. Lettuce is quite sensitive to N
fertilization. However, excessive and unconsciously
used chemical N fertilizers increase the nitrate
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accumulation in the plant, which is harmful to human
health. Lettuce is one of the vegetables with the
highest nitrate accumulation. Therefore, the use of
organic fertilizers in lettuce cultivation should be
expanded.

It is very important to examine the effects of
vermicompost on soil and plant productivity to
increase yield and quality, improve the physical and
chemical structure of the soil and prevent
environmental pollution in lettuce cultivation.
Although there are many studies showing the effects
of vermicompost on plant growth and yield, it has
been found that these effects are not general or
constant and show great variability. The variability in
the effects of vermicompost may depend on the
cultivation conditions, plant species and variety,
physical, chemical, and biological properties of
vermicompost, earthworm species used and age of
vermicompost (Warman and Anglopez, 2010).
Generally, it is known that vermicompost positively
affects the soil properties, plant growth and health.
However, there are not enough academic studies
about how much the most suitable dose should be for
which vegetable. Accordingly, knowledge and
experience of producers on this issue is lacking. In
this context, determining of optimum vermicompost
doses for plant growth, quality and nutrient content
of lettuce is necessary, and it will provide important
contributions to further studies.

The objective of this study was to investigate the
effects of different vermicompost doses on growth
parameters, quality properties and element contents
of curly lettuce. In addition, a comparison of
vermicompost with chemical fertilizer was made.

MATERIAL and METHOD

The research was carried out in pots under plastic
greenhouse conditions in Karabiik province of Turkey
(lat. 41°07" N, long. 32°41' E, alt. 311 m) during the
autumn growing season of 2017. Curly lettuce
(Lactuca sativa L. var. crispa cv. Maritima) was used
as plant material in the study.

The soil used in the experiment was clay-loam, pH
value of 7.4, organic matter content of 2.73%, lime
ratio of 13.16% and EC value of 0.67 dS m't. The N, P
and K contents of the soil were 0.16%, 7.70 mg kg'!
and 385.00 mg kg, respectively. The vermicompost
used in the experiment was pH value of 6.9, organic
matter content of 20%, EC value of 3.7 dS m1, N
content of 1.20%, P content of 1.09% and K content of
3.51%.

In the study, 6 applications as 4 different doses of
vermicompost (V), chemical fertilizer (CF) and control
were examined. The applications were as follows: 1)
Control (100% soil), 2) V1 (97.5% soil + 2.5%
vermicompost, w/w), 3) V2 (95% soil + 5%
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vermicompost, w/w), 4) V3 (90% soil + 10%
vermicompost, w/w) 5) V4 (80% soil + 20%
vermicompost, w/w) and 6) CF (100% soil + chemical
fertilizer). The experiment was performed in
completely randomized design with 3 replications.
There were 5 pots in each replication and 15 pots in
each application. In total, 90 pots (6 x 3 x 5) were
used, and 90 plants were grown in the greenhouse. In
CF application, ammonium sulphate, triple
superphosphate and potassium sulphate fertilizers as
commercial fertilizer were applied at 15 kg N dal, 10
kg P20s5 da! and 15 kg KeO dal. All of P and K
fertilizers and half of the N fertilizer were given at
the time of planting, while the other half of the N
fertilizer was given two weeks after planting. No
fertilizer was added to the control application.

The curly lettuce seedlings were grown in plastic
greenhouse according to standard procedures. The

mixture of peat and perlite (3:1, v/v) on 17 August,
2017. To grow plants, each plastic pot (26 x 24 x 17
cm) was filled with 5 kg of growing medium prepared
with different doses of soil, vermicompost or chemical
fertilizer. Twenty seven days after sowing, seedlings
were transplanted into pots at the 4-5 true leaf stage
on 13 September, 2017. Life water was given
immediately after planting the seedling. All necessary
cultural practices were carried out regularly until
harvest. No plant protection product was used during
the experiment. The plants were harvested 53 days
after planting on 5 November, 2017. During the
experiment, the temperature and relative humidity
values in the greenhouse were recorded using a
temperature and humidity recorder (Onset HOBO
UX100-003 Data Logger, USA) (Figure 1). Necessary
measurements and analyzes of the harvested plants
were made in the laboratory of Bolu Abant Izzet

curly lettuce seeds were sown in multi-pot plastic Baysal Unlvers1ty, Faculty — of  Agriculture,
trays consist of 45 pots (4 X 4 X 4 cm), containing a Department of Horticulture.
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Figure 1. Temperature and relative humidity values measured in the greenhouse during the experiment
Sekil 1. Deneme stiresince sera i¢erisinde dlgtilen sicaklik ve nispi nem degerleri

In this study, 23 properties related to plant growth
and quality and 24 elements were determined. Plant
height (cm), plant diameter (cm), root length (cm),
leaf length (cm) and leaf width (cm) were determined
by measuring with a ruler. Plant fresh weight (g),
root fresh weight (g) and discard leaf weight (g) were
detected by weighing with a precision balance. Plant
dry weight (g) and root dry weight (g) were
determined by weighing with a precision balance the
samples after drying in an oven at 65 °C until they
reach a constant weight. The number of marketable
leaves (number plant?) was determined by counting
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the marketable leaves and the number of discard
leaves was detected by counting the discard leaves.
The root collar diameter (mm) was measured with a
digital caliper. The dry matter content (%) was
determined by using the procedures of AOAC (1990).
The pH values of the samples were measured using a
digital pH meter (Thermo Scientific, Orion Star
A111). Total soluble solid content (%) was measured
with a hand-held refractometer (ATC-1, Atago,
Japan). The colour properties of the leaves (L*, a*, b*,
C* and h°) were measured using a colorimeter (3NH
NR60CP). The chlorophyll content of the leaves (spad)



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 430-440, 2022
KSU J. Agric Nat 25 (Suppl 2): 430-440, 2022

Aragtirma Makalesi
Research Article

was determined with a chlorophyll meter (Apogee
Chlorophyll Concentration Meter, MC-100). The
nitrate and P contents of the samples (mg kg'!) were
determined using UV-visible spectrophotometer (UV-
1800, Shimadzu, Japan). The N and sulphur (S)
contents of the samples (%) were detected using
Elemental Analyzer CHNS-O (Thermo Scientific,
Flash 2000). To determine element (aluminum-Al,
arsenic-As, barium-Ba, boron-B, cadmium-Cd,
calcium-Ca, chrome-Cr, cobalt-Co, copper-Cu, iron-Fe,
lead-Pb, magnesium-Mg, manganese-Mn, mercury-
Hg, nickel-Ni, potassium-K, selenium-Se, sodium-Na,
thallium-Tl, tinnen-Sn and zinc-Zn) contents of the
samples (mg kg1), dried samples were firstly ground
by using a grinder (MC23200, Siemens, Germany)
and then prepared for analysis according to the
microwave digestion method. Element contents of the
samples were detected using inductively coupled
plasma-mass spectrometry ICP-MS X Series (Thermo
Scientific, UK).

All chemical analyses were performed with three
replications. Measurements for morphological
properties carried out with ten replications. Mean
values and standard errors were calculated, and the
data were expressed as mean + standard error. Data
obtained in the study were subjected to analysis of
variance (ANOVA) using SPSS statistical software
(Version 23.0). Differences among means were
evaluated by Duncan’s multiple range test and the
significance was accepted at P < 0.05 level.

RESULTS and DISCUSSION

Effects of the applications evaluated in the study on
plant height, plant diameter, plant fresh weight and

plant dry weight in curly lettuce are given in Table 1.
The difference among the applications in terms of
plant height, plant diameter and plant fresh weight
was significant at the P < 0.05 level, while the
difference among the applications in terms of plant
dry weight was significant at the P < 0.01 level. Plant
height, plant diameter, plant fresh weight and plant
dry weight depending on the applications ranged from
19.02 to 21.64 cm, 27.14 to 30.64 cm, 187.46 to 235.11
g and 12.67 to 17.97 g, respectively. Among the
applications, the highest plant height was determined
in V3 application, and it was followed by CF, V4, V2
and V1 applications. The highest plant diameter was
found in CF application closely followed by V4
application. Plant fresh weight is the most important
yield parameter in curly lettuce. CF and V1
applications which there was no statistically
significant difference between them possessed the
highest plant fresh weight. In parallel with plant
fresh weight, the highest plant dry weight was also
observed in CF application followed by V3 and V1
applications. However, the lowest values in terms of
plant properties mentioned above were observed in
the control. In the present study, the higher values in
terms of plant height, plant fresh weight and plant
dry weight were obtained from all vermicompost
applications (V1, V2, V3 and V4) in comparison with
the control application. When compared to the
control, V3 application increased plant height by
13.77% and plant dry weight by 32.68%. In addition,
it was determined that V1 application increased plant
fresh weight by 13.25% compared with the control
(Table 1).

Table 1. Effect of different applications on plant height, plant diameter, plant fresh weight and plant dry weight

in curly lettuce

Cizelge 1. Kicircik marulda farklh uygulamalarin bitki boyu, bitki ¢api, bitki yas agirlig1 ve bitki kuru agirligi

lizerine etkisi

Application Plant height (cm) Plant diameter(cm) Plant fresh weight(g)  Plant dry weight(g)
Control 19.02+0.46b* 27.14+0.46b* 187.46+10.66b* 12.67+1.36d**

V1 19.41+0.59ab 27.44+0.90b 212.30+11.88ab 16.05+0.74abc

V2 19.47+1.54ab 26.73+0.68b 194.47+13.14b 14.64+0.81bced

V3 21.64+0.96a 28.08+1.14b 199.84+9.60b 16.81+0.74ab

V4 20.05+0.69ab 28.64+0.93ab 194.46+7.54b 13.45+0.76cd

CF 21.46+0.35ab 30.64+0.44a 235.11+14.49a 17.97+0.89a

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range

test. *: significant at P < 0.05, **: Significant at P <0.01.

Similar to the results in this study, Hernandez et al.
(2010) investigated effect of vermicompost and
compost on lettuce production and the highest plant
fresh weight was determined in inorganic fertilizer.
In another study, Durak et al. (2017) stated that yield
and growth parameters in lettuce were improved by
vermicompost application when compared to control
and conventional fertilization. Likewise, Ozkan and
Miiftiioglu (2016) investigated the effects of different
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doses of vermicompost on lettuce and reported that
vermicompost increased plant growth and yield. In
the study conducted by Adiloglu et al. (2018) on
lettuce, significant increases 1in vermicompost
applications were found in terms of plant height,
plant diameter and plant fresh weight as compared
with the control, which was agreed with the findings
in this study.

According to Table 2, there were significant
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differences (P < 0.05) in terms of root length and root
collar diameter among the applications. On the other
hand, no statistically significant difference was found
among the applications in terms of root fresh weight
and root dry weight. In the control application, the
root length was found to be the highest with 12.41 cm,
and it was followed by V4 and V1 applications which
were not statistically different. However, the lowest
values for root length was detected in CF, V3 and V2
applications. Root collar diameter varied from 12.74
(V4 application) to 16.79 mm (V3 application)
depending on the applications (Table 2).

In a study conducted in lettuce, there was no
significant difference in terms of root length among
control and vermicompost applications (Adiloglu et
al., 2018). Getnet and Raja (2013) reported that

vermicompost applications increased root length
compared to control in cabbage, which was not
compatible with the results of this study. In the study
carried out by Ozkan et al. (2016) in spinach, the root
fresh weight in vermicompost applications was found
to be significantly higher than the control, and the
root fresh weight increased as the amount of
vermicompost increased. Likewise, Kashem et al.
(2015) reported that vermicompost applications
significantly increased root dry weight as compared
with the control in tomato. In another study, it was
determined that vermicompost applications
significantly increased root length, root fresh and dry
weight compared to the control in eggplant (Kumari
et al., 2017).

Table 2. Effect of different applications on root length, root collar diameter, root fresh weight and root dry weight

in curly lettuce

Cizelge 2. Kicircik marulda farkl uygulamalarin kék uzunlugu, kok bogazi ¢api, kok yas agirligr ve kok kuru

agirligi tizerine etkisi

Application Root length (cm) Root collar diameter (mm) Root fresh weight (g) Root dry weight (g)
Control 12.41+0.52a* 15.31+£1.21ab* 17.04+1.63vs 4.65+0.79ns

V1 11.70+0.30ab 16.12+1.53a 20.36+1.17 3.97+0.68

V2 11.29+0.43b 15.44+1.53ab 16.83+1.15 3.31+0.43

V3 11.24+0.32b 16.79+1.52a 16.28+0.99 3.567+0.14

V4 11.84+0.34ab 12.74+1.50b 17.44+0.89 3.10+0.28

CF 10.80+0.23b 14.30+1.38ab 17.50+£2.07 4.25+0.71

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range

test. *: significant at P < 0.05, ns: non-significant.

The analysis of variance showed that there were
significant differences (P < 0.05) among the
applications in terms of all leaf properties examined
except for leaf width and number of discard leaves.
Among the applications, the highest leaf length was
determined in CF application with 18.08 ¢m, and it
was closely followed by V1, V3, control and V2
applications which were statistically in the same
group with CF. However, the lowest leaf length was
observed in V4 application with 16.62 cm. As in leaf
length, the highest number of marketable leaves was
found in CF application (25.58) followed by V1, V4, V3
and V2 applications, while the lowest number of
marketable leaves was recorded in control application
(21.67). Discard leaf weight ranged from 9.84 (V1
application) to 19.47 g (CF application). The lower
values in terms of discard leaf weight were obtained
from the vermicompost applications in comparison
with control and CF. The lower number and weight of
discard leaves is very important in terms of market
value and quality in lettuce. With respect to number
of marketable leaves, the higher values were obtained
from vermicompost applications than the control
application. It was determined that V1 application
increased number of marketable leaves by 12.28%
compared to the control (Table 3).

It was found that vermicompost applications
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increased leaf length, leaf width and number of leaves
as compared with the control in lettuce and leaf width
also increased as the dose of vermicompost increased
(Ozkan and Miftiioglu, 2016). Similarly, it was
reported that vermicompost applications significantly
increased leaf length, leaf width and number of leaves
compared to the control in cabbage (Getnet and Raja,
2013), spinach (Ozkan et al., 2016) and lettuce
(Adiloglu et al., 2018). Kenea and Gedamu (2018)
found that vermicompost applications increased leaf
length in comparison with control in garlic. Rekha et
al. (2018) reported that vermicompost application
increased number of leaves compared to the control in
pepper. In addition to, it was reported that the
number of leaves increased as the dose of
vermicompost increased in tomato (Kashem et al.,
2015) and garlic (Degwale, 2016).

Significant differences (P < 0.01) were found among
the applications with regards to chlorophyll content,
dry matter content, total soluble solid content and
nitrate content. However, no statistically significant
difference was found among the applications in terms
of pH value. The chlorophyll content in curly lettuce
plants belonging to different applications varied from
19.69 to 24.08 spad. The highest values with regard to
chlorophyll content were found in V3, V2, V4 and V1
applications, while the lowest value were observed in
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the control application. The maximum and minimum
dry matter contents were obtained from V3 (8.45%)
and V1 (6.51%) applications, respectively. When the
total soluble solid content is examined, the highest
values were found in control, V3 and V2 applications
(3.10, 3.08 and 2.98%, respectively). Whereas, the
lowest total soluble solid content was detected in V1
application (2.39%). There was a wide range variation
in nitrate content of the plants. The nitrate content
varied between 516.78 and 2694.33 mg kg! depending
on the applications. In the current study, V3, V2, V4

and CF applications had the highest nitrate contents,
and they were statistically in the same group.
Conversely, the lowest nitrate contents were observed
in control and V1 applications. The nitrate content in
the control were considerably lower than those of
other applications. It was determined that
vermicompost applications generally provide an
increase in chlorophyll content when compared to
control and CF. In the present study, V3 application
increased chlorophyll content by 22.30% compared
with the control (Table 4).

Table 3. Effect of different applications on leaf length, leaf width, number of marketable leaves, number of
discard leaves and discard leaf weight in curly lettuce
Cizelge 3. Kicircik marulda farkl uygulamalarin yaprak uzunlugu, yaprak genisligi, pazarlanabilir yaprak
sayisl, 1skarta yaprak sayisi ve 1skarta yaprak agirlig lizerine etkisi

Application Leaf length Leaf width Number of Number of Discard leaf

(cm) (cm) marketable leaves  discard leaves weight
(number plant) (number plant?) (g

Control 17.04+0.38ab*  17.72+0.42ns 21.67+0.53b* 2.83+0.51ns 16.78+3.33ab*

V1 17.294+0.43ab 18.35+0.32 24.33+1.30ab 2.58+0.38 9.84+1.59c¢

V2 16.98+0.53ab 18.09+0.63 22.75+0.87ab 2.67+0.26 14.07+1.57abc

V3 17.16+£0.41ab 17.98+0.40 23.58+0.82ab 3.42+0.43 16.16+1.71abc

V4 16.62+0.45b 17.81+0.34 24.17+1.30ab 2.42+0.38 10.70+£2.10bc

CF 18.08+0.41a 18.41+0.46 25.58+1.03a 3.00+0.28 19.47+1.96a

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range

test. *: significant at P < 0.05, ns: non-significant.

Table 4. Effect of different applications on chlorophyll content, dry matter content, pH, total soluble solid content

and nitrate content in curly lettuce

Cizelge 4. Kicirctk marulda farkll uygulamalarin klorofil i¢erigi, kuru madde igerigi, pH, suda ¢oziinebilir kuru

madde miktari ve nitrat igerigi tizerine etkisi

Application Chlorophyll Dry matter pH Total soluble Nitrate content
content (spad) content (%) solid content (%)  (mg kg

Control 19.69+0.87c** 7.77+0.37ab** 5.99+0.02ns 3.10+0.17a** 516.78+60.96b**
V1 21.68+0.61abc 6.51+0.30c 6.00+0.02 2.39+0.07c 1189.89+266.35b
V2 23.10+0.64ab 7.39+0.15b 6.01+0.02 2.98+0.04ab 2210.44+129.55a
V3 24.08+0.58a 8.45+0.48a 6.05+0.02 3.08+0.21a 2694.33+239.43a
V4 22.61+1.17ab 6.93+0.12bc 6.00+0.02 2.66+0.12bc 2130.89+178.86a
CF 20.67+0.85bc 7.37+£0.27b 6.06+0.03 2.70+0.06bc 2054.56+437.44a

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range

test. **: Significant at P < 0.01, ns: non-significant.

In the study carried out by Baliah and Muthulakshmi
(2017) in okra, the chlorophyll content in
vermicompost applications was found to be higher
than control, which was consistent with the findings
in this study. Degwale (2016) determined that
vermicompost increased dry matter content as
compared with the control in garlic. Tavali et al.
(2014) reported that there was no significant
difference in terms of pH value among control,
chemical fertilization and vermicompost applications
in cauliflower and cabbage, respectively, which was
agreed with the findings in this study. Aminifard and
Bayat (2016) observed that no significant difference
was found for total soluble solids between control and
vermicompost treatments in pepper. In the present
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study, the higher nitrate content detected in
vermicompost applications compared to the control
may be due to the high N content of vermicompost. In
the study conducted by Vigardt (2012) on spinach,
higher nitrate content in vermicompost application
was found as compared with the control, and it was
noted that the nitrate content also increased as the
dose of vermicompost increased, which was consistent
with the findings in this study. It was determined
that the nitrate content determined in this study does
not exceed the limit value reported for lettuce by the
Tiirk Gida Kodeksi (2008).

As seen in Table 5, effects of different applications on
b* and C* (Chroma) colour values of curly lettuce
were statistically significant (P < 0.05). On the other
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hand, there was no statistically significant difference
among the applications with respect to L*, a* and h°
(Hue angle) colour values. The b* and C* colour
values of the curly lettuce samples varied from 26.02
to 29.99 and 28.56 to 31.93, respectively. The higher
values in terms of b* and C* colour properties were
obtained from the control compared to other
applications. On the contrary, the lowest b* and C*
values were recorded in V1 application. An apparent

effect of vermicompost applications on the colour
properties of curly lettuce was not observed (Table 5).

Colour is one of the most important factors in terms of
quality in lettuce. Similar to the results in this study,
in the study carried out by Ozen (2018) in lettuce, the
effect of different organic materials (waste mushroom
compost, leonardite and vermicompost) and their
different doses on colour was found to be
insignificant.

Table 5. Effect of different applications on colour properties of the leaves (L*, a*, b*, C* and h°) in curly lettuce
Cizelge 5. Kicircik marulda Marulda farklh uygulamalarin yapraklarin renk ézellikleri (L* a* b* C* ve h°

lizerine etkisi

Application L* a* b* C* h°

Control 52.97+1.00ns -12.30+0.52ns 29.99+0.91a* 31.93+0.94a* 112.29+0.42ns
V1 53.36+1.27 -11.34+0.54 26.02+0.94b 28.56+1.02b 113.14+0.55
V2 52.70+1.53 -12.70+0.53 28.52+0.97ab 31.23+1.09ab 113.79+0.35
V3 51.64+1.24 -12.29+0.51 28.28+0.63ab 30.92+0.68ab 113.35+0.54
V4 53.03+1.70 -12.17+0.64 27.63+0.88ab 30.22+1.04ab 110.77+2.87
CF 53.83+1.23 -12.10+0.66 27.70+1.17ab 30.29+1.33ab 110.63+£2.79

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range

test. *: significant at P < 0.05, ns: non-significant.

Effects of different applications on element contents
of curly lettuce are shown in Table 6. The difference
among the applications in terms of Al, Cd, Co, Cr, Cu,
K, Mg, N, Na, Ni, P, S and Sn contents was
significant at the P < 0.01 level, while the difference
among the applications in terms of As, Ca, Fe, Mn, Pb
and Zn contents was significant at the P < 0.05 level.
On the other hand, no statistically significant
difference was found among the applications in terms
of B, Ba and Se contents. In addition to, it was
determined that Hg and TI contents in curly lettuce
plants were not detected because of below the
detection limits (Table 6).

In the present study, a considerable variation in
terms of element contents was observed among the
applications. K, Mg, Ca, P, Na, N and S contents
depending on the applications varied from 18163.67
to 22574.78 mg kg1, 7846.83 to 11649.49 mg kg1,
4033.78 to 4880.33 mg kg1, 2253.33 to 3681.22 mg kg
1.1110.00 to 2910.00 mg kg, 4.49 to 6.88% and 3.32
to 7.04%, respectively. Among the applications, the
lowest values in terms of K, Mg, P, Na and N were
observed in the control. The highest K content was
obtained from all vermicompost applications (V1, V2,
V3 and V4) and CF which were statistically in the
same group. The plants in V4 application possessed
the highest Mg content. Likewise, the highest Ca
content was also found in V4 application, and it was
closely followed by V3 application. The highest values
regarding P and S contents were recorded in CF
application. The highest N content was observed in
V3 application followed by V1 application. Regarding
Na content, the highest values were determined in
V4, V3 and V2 applications which were not
statistically different. The lowest values for Ca
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content were observed in V1, control, V2 and CF
applications. V1 and V2 applications had the lowest S
content. It was determined that vermicompost
applications generally increased essential mineral
contents such as K, Mg, Ca, P, Na and N in the plant
compared with the control. When compared to the
control, V4 application increased Mg content by
48.46%, Ca content by 14.36% and Na content by
162.16%. It was determined that V1 application
increased P content by 44.07% compared to the
control. V2 application increased K content by 24.29%
as compared with the control. In addition to, it was
found that V3 application increased N content by
53.23% compared to the control. On the contrary, the
lower values in terms of S content were obtained from
vermicompost applications in comparison with control
and CF. In applications containing vermicompost (V1,
V2, V3 and V4), Ca and Na contents increased as the
dose of vermicompost increased (Table 6).

Fe, Zn, Mn, Cu and Se contents depending on the
applications varied from 703.89 to 848.45 mg kg,
49.11 to 79.79 mg kg1, 60.30 to 70.66 mg kg1, 14.53 to
21.88 mg kgl and 0.20 to 0.27 mg kg1, respectively.
When the Fe content was examined, it was
determined that there was no statistically significant
difference among V4, CF, V3, V2 and control
applications and they had the highest Fe content.
However, the lowest Fe content was observed in V1
application. The highest Zn content was obtained in
V4, V3, control, V1 and V2 applications which were
not statistically different. Conversely, Zn content in
CF application was found to be considerably lower
than those of other applications examined in the
study. Mn content was the highest in V3 application
followed by CF, V4 and control applications, while it
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was the lowest in V1 and V2 applications. The highest
values in terms of Cu content were determined in
vermicompost applications (V1, V2, V3 and V4) which
were statistically in the same group, whereas the
lowest Cu content was observed in the control. In
applications containing vermicompost (V1, V2, V3 and
V4), Fe content increased as the dose of vermicompost
increased. Cu content in vermicompost applications

was found to be higher than control and chemical
fertilizer (CF). When compared to the control, V4
application increased Zn content by 16.19% and Fe
content by 8.72%. V3 application increased Mn
content by 8.77% as compared with the control.
Additionally, V1 application increased Cu content by
50.58% compared to the control (Table 6).

Table 6. Effect of different applications on element contents in curly lettuce
Cizelge 6. Kicircik marulda farkli uygulamalarin element icerikleri tizerine etkisi

Application  Al(mg kg1) As(mg kg) B(mg kg Ba(mg kg'!) Ca(mg kg1
Control 355.08+26.07bc** 0.41+0.02b* 59.35+2.32ns 27.95+1.84ns 4267.56+215.17b*
V1 311.89+15.74cd 0.39+0.03b 59.88+4.65 25.21+2.13 4033.78+£89.90b
V2 365.69+49.54bc 0.40+0.03b 60.29+4.19 28.12+2.27 4303.89+286.71b
V3 268.14+45.36d 0.47+0.02ab 58.45+2.37 27.84+2.36 4514.78+151.20ab
V4 381.46+16.46b 0.49+0.02a 59.36+1.93 27.32+1.24 4880.33+£125.59a
CF 454.22+19.51a 0.44+0.04ab 63.96+2.50 25.03+1.71 4322.33+£127.79b
Application Cd (mg kg') Co (mg kg1 Cr (mg kg') Cu (mg kg'?) Fe (mg kg)
Control 0.63+£0.02a** 0.34+0.01a** 1.90+0.16b** 14.53+0.32c** 780.41+51.50ab*
V1 0.47+0.03b 0.23+0.01d 1.87+0.04b 21.88+1.53a 703.89+11.92b
V2 0.51+0.05b 0.26+0.02cd 1.91+0.22b 19.01+0.99ab 788.06+61.35ab
V3 0.56+0.02ab 0.30+0.02abc 2.12+0.08b 19.05+0.84ab 798.69+46.87a
V4 0.55+0.03ab 0.29+0.01bc 2.25+0.12b 19.88+0.81ab 848.45+23.98a
CF 0.62+0.04a 0.31+0.01ab 3.02+0.48a 17.68+0.89b 844.06+10.89a
Application Hg (mg kg'?) K (mg kg Mg (mg kg'?) Mn (mg kg1 N (%)

Control nd 18163.67+503.14b**  7846.83+441.82d**  64.96+2.44ab* 4.49+0.04e**

V1 nd 21379.11+478.36a 9233.55+£266.72bc 60.30+1.72b 6.86:+0.03ab

V2 nd 22574.78+474.96a 8670.50+217.08cd 61.83+£3.41b 6.77+0.05b

V3 nd 22023.56+902.81a 10116.68+234.49b 70.66+4.09a 6.88+0.03a

V4 nd 22073.67+556.00a 11649.49+655.51a 66.91+2.39ab 5.15+0.03d

CF nd 21078.11+760.67a 8730.34+227.44cd 68.05+1.24ab 5.79+0.03c
Application Na (mg kg) Ni (mg kg P (mg kg Pb (mg kg!) S (%)

Control 1110.00+155.44d**  4.95+0.85a** 2253.33£9.37e** 2.39+0.09a* 5.39£0.12b**

V1 1839.56+140.20bc 2.94+0.51b 3246.33+9.90b 1.82+0.22b 3.33+£0.03e

V2 2229.44+183.17ab 3.07+0.60b 2525.11+£52.93¢ 2.19+0.23ab 3.32+0.02e

V3 2414.33+£276.03ab 2.81+0.27b 2400.78+13.58d 2.43£0.10a 4.33+0.02¢

V4 2910.00+£388.83a 3.25+0.22b 2545.78+9.30c 2.09+0.05ab 3.53+0.04d

CF 1386.33+137.75¢cd 4.95+0.32a 3681.22+7.60a 2.09+0.14ab 7.04+0.06a
Application  Se (mg kg Sn (mg kg!) T1 (mg kg'?) Zn (mg kg'!)

Control 0.26+0.03ns 0.94+0.14b** nd 68.67+10.48ab*

V1 0.22+0.01 1.27+0.27b nd 68.46+5.26ab

V2 0.20£0.01 0.65+0.02b nd 59.67+5.44ab

V3 0.21+0.02 0.86+0.10b nd 76.04+12.78a

V4 0.25+0.03 2.05+0.69b nd 79.79+5.11a

CF 0.27+0.02 5.57+1.86a nd 49.11+2.60b

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple
range test. *: Significant at P < 0.05, **: Significant at P < 0.01, ns: non-significant, nd: not detected.

The Al contents of plants showed a wide range of
variation from 268.14 to 454.22 mg kg-1. The
minimum and maximum values for Al were
determined in V3 and CF applications, respectively.
The highest As content was found in V4, V3 and CF
applications which were not statistically different,
whereas the lowest As content was determined in V1,
V2 and control applications. Cd content was found to
between 0.47 (V1 application) and 0.63 mg kg’
(control). Co content was in the range from 0.23 (V1

application) to 0.34 mg kg! (control). In the current
study, Sn and Cr contents in the CF application (5.57
and 3.02 mg kg, respectively) were considerably
higher than those of other applications examined in
the study. On the other hand, Sn and Cr contents
were determined at the lowest level in control, V1,
V2, V3 and V4 applications. The highest Ni content
was found in control and chemical fertilizer (CF)
applications with 4.95 mg kgl. On the contrary, Ni
content was the lowest in vermicompost applications
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(V1, V2, V3 and V4). The lowest value in terms of Pb
content was obtained in V1 application, though the
highest values were observed in V3, control, V2, V4
and CF applications which were not statistically
different. In applications containing vermicompost
(V1, V2, V3 and V4), As and Cr contents also
increased as the dose of vermicompost increased. The
Cd, Co, and Ni contents in vermicompost applications
were found to be lower than control and CF.
Additionally, Al, Cr and Sn contents in vermicompost
applications were lower than that of chemical
fertilizer (Table 6). This is very important considering
that Cd, Co, Ni, Al, As, Pb, Cr and Sn are heavy
metals.

It is thought that the K (3.51%), N (1.20%) and P
(1.09%) contents of vermicompost used in the
experiment is effective in the increase K, N and P
contents of plant in vermicompost applications
compared to the control in this study. Similar to the
results in this study, Hernandez et al. (2010) reported
that the highest Ca, Mg, Fe, Cu, and Mn contents in
lettuce were determined in vermicompost among
vermicompost, compost and inorganic fertilizer
applications. In addition to, highest P content in the
plant was found in inorganic fertilizer, which was also
compatible with the results of this study. Durak et al.
(2017) determined that Mg, P, Fe, Mn, Zn and Cu
contents in vermicompost applications were higher
than the control in lettuce. Researchers also reported
that K, Ca, Fe and Mn contents in vermicompost
applications were higher than the conventional
fertilization. In another study carried out in lettuce,
there was no significant difference in terms of K, Mg,
P, Ca and N contents among control and
vermicompost applications (Adiloglu et al., 2018). In
the study conducted by Ozen (2018) on lettuce, it was
determined that Na and Fe contents increased as the

dose of vermicompost increased, which was
compatible with the results of this study. In the
previous studies, it was determined that

vermicompost applications increased K, Ca, Mg, N, P,
Fe, Mn, Zn, and Cu contents in the plant compared to
the control in different vegetables (Peyvast et al.,
2008; Tavali et al., 2014). Tavali et al. (2014) found
that there was no significant difference in terms of
Fe, Zn and Cu contents among control, chemical
fertilizer and vermicompost applications in cabbage.

CONCLUSIONS

Nowadays, in parallel with the importance given to
environment, the use of organic fertilizers such as
vermicompost is becoming increasingly important. As
in the whole world, the use of vermicompost in
vegetable growing has been increasing in recent years
in Turkey. According to findings obtained from the
present study, the applications evaluated in the study
significantly affected the plant growth, quality

439

properties and element contents in curly lettuce. The
results indicated that vermicompost applications
generally increased plant height, plant fresh weight,
plant dry weight, number of marketable leaves,
chlorophyll, N, P, K, Mg, Ca, Na, Fe, Cu, and Zn
contents of the plant compared to control application.
In addition, as the dose of vermicompost increased in
vermicompost applications, Ca, Na and Fe contents
increased. In terms of heavy metals such as Cd, Co
and Ni, vermicompost applications showed lower
values than control and chemical fertilizer. Likewise,
heavy metal contents such as Al, Cr and Sn in
vermicompost applications were lower than that of
chemical fertilizer. Consequently, all vermicompost
applications (V1, V2, V3 and V4) in terms of plant
height, number of marketable leaves, chlorophyll, K
and Zn contents; V1 application in terms of plant
fresh weight and P content; V1 and V3 applications in
terms of plant dry weight and N content; V3 and V4
applications in terms of Ca and Mn contents; V4
application in terms of Mg content; V2, V3 and V4
applications in terms of Fe content were found to be
the most successful vermicompost applications. It was
concluded that vermicompost can be used successfully
as an alternative organic fertilizer for curly lettuce
cultivation. The results of this study will be beneficial
in terms of raising the awareness of producers,
reducing the use of chemical fertilizers in agricultural
production, contributing to the widespread use of
vermicompost, obtaining healthier and higher quality
agricultural products in Turkey. Nevertheless,
conducting of this study, which was carried out as a
pot experiment in the greenhouse, under field
conditions will reveal clearer results.

ACKNOWLEDGMENTS

The authors would like to thank Assoc. Prof. Dr. Ferit
Sonmez for her support in the chemical analyses and
Unit of Scientific Research Projects (2017.10.05.1194)
of Bolu Abant Izzet Baysal University for the
financial support. This article was produced from
Serap Karademir’s M.Sc thesis “Determination of the
Effects of Vermicompost Applications at Different
Rates on Plant Growth, Quality Properties and
Nutrient Content in Lettuce”.

Rate Summary of

Contribution Declaration

Researchers

The authors declare that they have contributed
equally to the article.

Conflict of Interest Statement

The authors of the article declare that there is no
conflict of interest between them.

REFERENCES
Adiloglu S, Eryilmaz Agikgoz F, Solmaz Y, Cakti E,



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 430-440, 2022
KSU J. Agric Nat 25 (Suppl 2): 430-440, 2022

Aragtirma Makalesi
Research Article

Adiloglu A 2018. Effect of Vermicompost on the
Growth and Yield of Lettuce Plant (Lactuca sativa
L. var. crispa). International Journal of Plant &
Soil Science 21(1): 1-5.

Aminifard MH, Bayat H 2016. Effect of Vermicompost
on Fruit Yield and Quality of Bell
Pepper. International Journal of Horticultural
Science and Technology 3(2): 221-229.

AOAC 1990. Official methods of analysis. In:
Association of Official Analytical Chemists (15th
ed.), Washington, DC, USA.

Baliah TN, Muthulakshmi P 2017. Effect of
Microbially Enriched Vermicompost on the Growth
and Biochemical Characteristics of Okra
(Abelmoschus esculentus (L.) Moench). Advances
in Plants & Agriculture Research 6(5): 1-6.

Degwale A 2016. Effect of Vermicompost on Growth,
Yield And Quality of Garlic (Allium sativum L.) in
Enebse Sar Midir District, Northwestern Ethiopia.
Journal of Natural Sciences Research 6(3): 51-63.

Durak A, Altuntas O, Kutsal IK, Isik R, Karaat FE
2017. The Effects of Vermicompost on Yield and
Some Growth Parameters of Lettuce. Turkish
Journal of Agriculture-Food Science and
Technology 5(12): 1566-1570.

Getnet M, Raja N 2013. Impact of Vermicompost on
Growth and Development of Cabbage, Brassica
oleracea Linn. and Their Sucking Pest,
Brevicoryne brassicae  Linn. (Homoptera:
Aphididae). Research Journal of Environmental
and Earth Sciences 5(3): 104-112.

Hernandez A, Castillo H, Ojeda D, Arras A, Lopez J,
Sanchez E 2010. Effect of Vermicompost and
Compost on Lettuce Production. Chilean Journal
of Agricultural Research 70(4): 583-589.

Karmakar S, Brahmachari K, Gangopadhyay A,
Choudhury, SR 2012. Recycling of Different
Available Organic Wastes Through
Vermicomposting. Journal of Chemistry 9(2): 801-
806.

Kashem MA, Sarker A, Hossain I, Islam MS 2015.
Comparison of the Effect of Vermicompost and
Inorganic Fertilizers on Vegetative Growth and
Fruit Production of tomato (Solanum lycopersicum
L.). Open Journal of Soil Science 5: 53-58.

Kenea FT, Gedamu F 2018. Response of Garlic
(Allium sativum L.) to Vermicompost and Mineral
N Fertilizer Application at Haramaya, Eastern
Ethiopia. African Journal of Agricultural Research
13(2): 27-35.

Kumar B, Topal D 2015. Comparative Study of
Normal Soil and Vermicompost. International
Journal of Novel Research in Life Science 2(2): 4-8.

Kumari N, Yadav BS, Peter JK 2017. Synergistic
Effect of Vermicompost, Vermiwash,
Bioaugmontation and Carrier Based Biofertilizer
on Growth of Solanum melongena L. var. Silligudi
111 (Brinjal).  International  Journal  of

440

Multidisciplinary Research and Development 4(3):
6-70.

Mahmoud SO, Gad DAM 2020. Effect of
Vermicompost as Fertilizer on Growth, Yield and
Quality of Bean Plants (Phaseolus vulgaris
L). Middle East Journal of Agriculture
Research 9(1): 220-226.

Ozen N 2018. Marul Bitkisinin Verim ve Kalitesi
Uzerine Farkli Mineralizasyon Oranlarina Sahip
Organik  Uygulamalarin  Etkileri.  Akdeniz
Universitesi Fen Bilimleri Enstitisii Toprak
Bilimi ve Bitki Besleme Anabilim Dali, Yuksek
Lisans Tezi, 142 sy.

Ozkan N, Daglioglu M, Unser E, Miiftioglu NM 2016.
Vermikompostun Ispanak (Spinacia oleracea L.)
Verimi ve Baz1 Toprak Ozellikleri Uzerine Etkisi.
COMU Ziraat Fakiiltesi Dergisi 4(1): 1-5.

Ozkan N, Miiftiioglu NM 2016. Farkl Dozlardaki
Vermikompostun Marul Verimi ve Bazi Toprak
Ozellikleri Uzerine Etkisi. Bahce Dergisi 45: 121-
124.

Peyvast G, Olfati JA, Madeni S, Forghani A 2008.
Effect of Vermicompost on the Growth and Yield of
Spinach (Spinacia oleracea L.). Journal of Food,
Agriculture and Environment 6(1): 110-113.

Rekha GS, Kaleena PK, Elumalai D, Srikumaran MP,
Maheswari, VN 2018. Effects of Vermicompost and
Plant Growth Enhancers on the Exo-morphological
Features of Capsicum annum (Linn.) Hepper.
International Journal of Recycling of Organic
Waste in Agriculture 7: 83-88.

Saver S 2012. An Agricultural Pollutant: Chemaical
Fertilizer. International Journal of Environmental
Science and Development 3(1): 77-80.

Shetinina E, Shetinina A, Potashova I 2019.
Efficiency of Vermicompost Production and Use in
Agriculture. E3S Web of Conferences 91: 06006.

Tavali IE, Maltas AS, Uz I, Kaplan M 2014.
Vermikompostun Beyaz Bas Lahananin (Brassica
oleracea var. alba) Verim, Kalite ve Mineral
Beslenme Durumu Uzerine Etkisi. Akdeniz
Universitesi Ziraat Fakiiltesi Dergisi 27(1): 61-67.

TUIK 2021. Tiirkive Istatistik Kurumu. Bitkisel
Uretim Istatistikleri. http://www.tuik.gov.tr.
(Alinma Tarihi: 17.07.2021).

Tiirk Gida Kodeksi (2008). Tirk Gida Kodeksi
Yonetmeligi. Gida Maddelerindeki Bulaganlarin
Maksimum Limitleri Hakkinda Teblig, (Teblig No:
2008 / 26).

Vigardt A 2012. Influence of Coffee Vermicompost on
Growth and Nutrient Quality of Greenhouse
Spinach and Field Grown Green Bell Peppers. MSc
Thesis, Southern Illinois University, Carbondale,
USA, 52 p.

Warman PR, Anglopez MdJ 2010. Vermicompost
Derived from Different Feedstocks as a Plant
Growth Medium. Bioresource Technology 101(12):
4479-4483.



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 441-451, 2022 8 O
KSU J. Agric Nat 25 (Suppl 2): 441-451, 2022 s, o
https://doi.org/10.18016/ksutarimdoga.vi.1039422 ;DoGh

Sanhurfa Kogullarinda Yetigen Kiltir ve Yabani Hiinnap (Ziziphus jujuba Mill.)
Genotiplerinin Meyve, Yaprak ve Stoma Ozelliklerinin Belirlenmesi

Al IKINCI? /, Bekir Erol AK?, Birgiil DIKMETAS3, Ibrahim Halil HATIPOGLU*

12Harran Universitesi, Ziraat Fakiiltesi, Bahce Bitkileri Béliimii, Sanlurfa, Tiirkiye, 3 4Harran Universitesi, Fen Bilimleri Enstitiisii, Bahge
Bitkileri Anabilim Dali, Sanhurfa, Turkiye

thttps://orcid.org/0000-0001-8149-7095, 2https:// orcid.org/0000-0001-6938-942X, 3https://orcid.org/0000-0003-3618-3307,
4httpsi//orcid.org/0000-0002-7236-4976

4: alitkinci@harran.edu.tr

OZET

Bu arastirma, Gineydogu Anadolu Bélgesinin kurak ve yari-kurak
ekolojik kogullarina sahip Sanliurfa ilinde iki ayr1 bahgede yetistirilen
hiinnap (Ziziphus jujuba Mill.) genotiplerinin meyve, yaprak ve stoma
ozelliklerinin belirlenmesi amaciyla 2021 yilinda yurutilmustir.
Aragtirmada incelenen hiinnap genotiplerinde meyve agirligr 2.78-
20.28 g, meyve boyu 21.77-39.47 mm ve meyve eni 18.62-37.23 mm,
yaprak alani 3.11-7.01 cm2, yaprak eni 1.31-2.65 cm ve yaprak boyu
ise 3.29-5.09 cm arasinda belirlenmistir. Hinnap genotiplerinde
stoma sayilar1 323.30 adet mm2 (kiiltiir hiinnap)-333.31 adet mm2
(yabani hiinnap), ortalama stoma boyu ve eni degerleri ise sirasiyla
27.22 (yabani hiinnap)-28.00 pm (kiiltiir hiinnap) ve 18.21 (yabani
hiinnap)-20.05 um (kiiltiir hiinnap) arasinda tespit edilmistir. Elde
edilen bu sonucglara gére daha kugik yaprak alanina sahip olan
yabani hiunnap genotipinin stoma sayisi, stoma eni ve boyu
degerlerinin istatistiksel olarak kiiltir hiinnap genotipinden farklilik
gostermedigi belirlenmigtir. Bu bakimdan, birim alandaki stoma
yogunlugunun diger tiirlere gére daha fazla olmasi nedeniyle, hiinnap
bitkisinin kurak ve yari-kurak ekolojilerde agaclandirma
calismalarinda basarili olarak kullanilabilecegi diistintilmektedir.

ABSTRACT

This research was carried out in 2021 to determine the fruit, leaf and
stomata characteristics of jujube (Ziziphus jujuba Mill.) genotypes
grown in two separate orchards in Sanliurfa province, which has arid
and semi-arid ecological conditions in the Southeastern Anatolia
Region. In the jujube genotypes examined in the study; fruit weight
was 2.78-20.28 g, fruit length was 21.77-39.47 mm, fruit width was
18.62-37.23 mm, leaf area was 3.11-7.01 cm?, leaf width was 1.31-2.65
cm and leaf length was 3.29-5.09 cm. In the jujube genotypes, the
number of stomata is 323.30 units mm2 (culture jujube)-333.31 units
mm? (wild jujube), mean stomatal length and width are 27.22 (wild
jujube)-28.00 um (culture jujube) and 18.21 (wild jujube)-20.05 pm
(culture jujube). According to these results, it was determined that the
number of stomata, stomatal width and length values of the wild
jujube genotype, which has a smaller leaf area, did not differ
statistically from the culture jujube genotype. In this respect, it is
thought that the jujube plant can be used successfully in afforestation
studies in arid and semi-arid ecologies, due to the fact that the
stomatal density per unit area is higher than other species.
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GIRIS meyvesidir. Diinyadaki hiinnap tretiminin yaklasik
Hinnap (Ziziphus jujuba Mill); Rhamnaceae %901 Cin karsilamaktadir (Li ve ark., 2005; Wang ve

(Cehrigiller) familyasina ait 135ten fazla tiiri
bulunan sert ¢ekirdekli meyvelere sahip bir bitkidir
(Pandey ve ark., 2010). Hiinnap, ilk olarak 7700 yil
once Cin'de kiiltiire alinmis ve Ipek Yolu aracihigiyla
Hindistan, Iran, Afganistan ve Orta Asya gibi
diinyanin diger bélgelerine yayilmigtir. Baz1 hiinnap
tirleri diinyada iliman ile alt-tropikal iklim orijinli
olup, dogal olarak kiglar1 soguk, yazlar1 sicak ve kuru
iklimleri olan bélgelere uyum saglamistir (Tatari ve
ark., 2016).

Z. Jjujuba; dunyanin c¢esitli bolgelerinde dJujuba,
Jujubier, Jujube, Juiba, Chinese date, Chinese jujube;
Tirkiyede ise Hiinnap, Unnap, Annep, HinnAbi,
Innéabi, Igde, Cigde ve Honaz igdesi gibi yerel isimlerle
adlandirilmaktadir. Yao (2012), Cin'de taze olarak
tuketim, kurutma, sekerleme ve sus bitkisi dahil
olmak tizere 700 ile 800 hiinnap cesidi bulundugunu,
kurutmaya uygun cesitlerin, Cin'in hiinnap tiretiminin
%90'11 olusturdugunu belirtmistir.

Hiinnap bir 1liman iklim bitkisidir. Deniz seviyesinden
1700 m yiikseklikte yetismekte ve -20 °C’ye kadar
dayanmaktadir. Stizek ve verimli topraklarda asir
yagislara karsi dayamklidir (Ecevit ve ark., 2008;
Kavas ve Dalkilic, 2015). Rakimi 0-1500 m, yillik
ortalama sicaklik kigin 7-13 °C ve yazin 37-48 °C, yillik
ortalama yagis miktar: 120-2200 mm olan bélgelerde,
kumlu-tinli, nétr veya hafif alkali topraklarda iyi
yetisebilir (Anonim, 2017). Hiinnap, su kithg ve
tuzluluk gibi baz1 ¢evresel streslerin yani sira bazi
zararhlara ve hastaliklara kars: oldukc¢a toleranshidir
(Tatari ve ark., 2016).

Turkiyede Ege Bolgesinde Canakkale ve Denizli;
Akdeniz Bolgesinde Burdur, Isparta, Hatay ve
Antalya; I¢ Anadolu Boélgesinde Kayseri; Marmara
Bolgesi'nde ise Bursa illeri hiinnap bitkisinin dogal
yayilis alanlarini olusturmaktadir (Karincali, 2003).
Turkiyede, 2015 yilinda 298 ton olan hiinnap tiretimi,
2020 yilinda 1 229 tona ¢ikmistir. Amasya (297 ton),
Antalya (190 ton), Manisa (125 ton) ve Denizli (123
ton) illeri en ¢ok hiinnap {iretimi yapilan illerdir
(TUIK, 2021).

Hiinnap, morfolojik olarak dik ve tirmanici bir bitki
olup, bitkiler aga¢ ve c¢ali formunda, boylar1 7-10
metreyl bulmaktadir. Bu tiirler igerisinde Z. jujuba ve
Z. mauritiananin meyveleri tiketim ig¢in yaygin
olarak yetistirilmektedir. Uretilen meyveler
¢ogunlukla kurutulmus ve taze olarak tiiketilmektedir
(Gao ve ark., 2003; Wang ve ark., 2016). Alternatif tip
uzerine eski bir Cin kitab1 olan “Huangdi Neijing” adl1
kitapta da belirtildigi gibi Cin’de seftali, kayisi, erik ve
armut gibi en degerli 5 meyveden biri de hiinnap
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ark., 2016).

Hiinnap meyvesinin Cin’de 4000 yili askin siiredir
yetistigl pek c¢ok arastirici tarafindan bildirilmigtir
(Liu ve ark., 2003; Xue ve ark., 2009; Choi ve ark.,
2011). Nitekim Liu ve ark. (2003), yapmis oldugu
calismasinda, Cin’in kuzey tarafinda bulunan Situ
bélgesinde hala 500-1300 yillik hiinnap agaglarinin
var oldugunu tespit etmigtir.

Hiinnap bitkisi bircok avantaja sahiptir. Nitekim Liu
ve Zhao (2009), hiinnap bitkisinin dikim yilinda iiriin
vermesi, 6zellikle C vitamini gibi zengin besin icerigi,
bircok tiiketim sekli, alternatif tipta kullanimi, uzun
¢igeklenme periyodu ve kurakliga ve tuzluluga yiuksek
toleransi gibi tstiin avantajlara sahip oldugunu ifade
etmiglerdir. Ayrica; hiinnap taze tiiketiminin yani sira
ozellikle Uzak Dogu tlkelerinde daha ¢ok kurutularak
tuketilmektedir. Bunun yaninda, yiiksek besin icerigi
ve biyo-fonksiyonel bilesimlerinden dolay:1 geleneksel
tipta ve gida katki maddesi olarak kullanilmaktadir
(Pareek ve ark., 2002; Xue ve ark., 2009; Choi ve ark.,
2011). Ayn1 zamanda hiinnap meyveleri ekmek, kek,
seker, hogaf ve regel yapiminda da kullanilmaktadir
(Krska ve Mrshra, 2009). Bu 6zelliklerinden dolay1
giderek popitlerligi artmakta olan bir meyve tiradur
(Liu ve Zhao, 2009). Bununla birlikte, hiinnap
meyveleri saghg1 gelistirici 6zelliklere sahiptir ve
geleneksel Cin tibbinda detoksifikasyon, aneminin
onlenmesi, analeptik, palyatif ve bagisiklik sistemini
iyilestirmek i¢in yaygin olarak kullanilmaktadir.
Hiinnap meyvesinin kabugu ve meyve eti halk

hekimliginde  oksturik ve soguk alginliginin
giderilmesi ve balgam soktlrici olarak
kullanilmaktadir. Hunnap agacimin dal kabugu

sigkinlik 6nleyici, ishal onleyici ve kusma o6nleyici
ozellikler i¢in kullanilirken, yapraklari c¢ay olarak
tuketilmekte ve antidiyabet de dahil olmak tzere
soguk alginhigr ve tikamiklhign gidermek i¢in
kullanilmaktadir. Hinnap tohumlarimin yatigtirici ve
hipnotik etkileri bulunmaktadir (Siriamornpun ve
ark., 2015).

Hiinnap meyveleri, mineral maddeler bakimindan
olduk¢a zengindir. Yapilan bir calismada; hiinnap
meyvelerinin kalsiyum, potasyum, brom, rubidyum ve
lantan elementleri bakimindan zengin oldugu
bulunmustur (Zhumatov, 1996). Limondan yirmi kat
daha fazla C vitaminine sahip olan hinnap
meyvelerinin, vitamin Bl (tiamin) ve vitamin B2
(riboflavin) yéniinden de oldukca zengin oldugu WHO
tarafindan onaylanmistir (Kundi ve ark., 1989).

Diinyada tropik ve subtropik iklim kosulllarinda
yaygin olarak yayilig gésteren hiinnap agaglari, genel
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olarak kurak kogullara uyum saglamakta ve hatta
siddetli kuraklik kogullarinda bile yeterli verim
saglamaktadir. Kuraklik stresine dayanikh bir agag
tiri olmasi nedeniyle, diinyanin bir¢cok kurak
yoresinde yetismektedir. Ozellikle giiclii kok sistemleri

vasitasiyla toprak erozyonunu onleyebilme
kabiliyetindedir. Diger taraftan, sicak ve kurak
kogullar altinda tuzlu topraklarda basariyla

yetigebilen, kurak bélgelerin dayaniklhi bir agaci olan
hiinnap, 1s1k istegi yliksek olan, daha ¢ok kiregce
zengin killi, kumlu, hafif alkali, asidik, drenaj1 iyi ve
derin topraklari tercih eder (Meena ve ark., 2003;
Anonim, 2017).

Tirkiyede hiitnnap meyve tirinin kiltire alinmasi
veya yetistirilmesi, hiinnap c¢esit ve genotipleri ile bu
genotiplerinin meyve, yaprak ve diger Dbitkisel
ozellikleri konusunda fazla sayida bilimsel c¢alisma
bulunmamaktadir. Bu ¢alismada, Glineydogu Anadolu
Bolgesi'nin kurak ve yari-kurak ekolojik kogullarinda
iki ayri bahgede yetistirilen hinnap genotiplerinin
baz1 meyve, yaprak ve stoma o6zellikleri belirlenerek,
bunlarin kargilagtirilmas1 amaglanmistir.

MATERYAL ve METOD

Materyal

Aragtirma kapsaminda materyal olarak, Sanliurfa
ilinde bulunan iki ayr1 bahgede yetistirilen 15-20 yash

hiinnap (Ziziphus jujuba Mill) agaclarindan 2021
yilinda alinan ve yaprak oOrnekleri

meyve
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kullanilmigtir. Alinan meyve ve yaprak érneklerinin
analiz ve incelemeleri Harran Universitesi, Ziraat
Fakiltesi, Bahge Bitkileri Bolumi’ne ait
laboratuvarlarda yapilmigtir.

Sanliurfa Buyliksehir Belediyesi Park ve Bahgeler
Mudirlugi'ne ait meyve bahcesinde kapama bahce
olarak yetistirilen hinnap agaclarinin fidanlar1 Ege
Bolgesi'nden temin edilerek dikilmigtir. Yiiksek boylu
agaclara sahip, bliyiikk yaprakli, daha az dikenli ve
daha iri meyveli olan hinnap bitkileri, arastirmada
“kiiltiir hilnnap” (Sekil 1.) olarak adlandirilmigtir. Ote
yandan, Harran Universitesi Osmanbey Yerlegkesi Ar-
Ge Meyve Bahcesinde, Denizli ilinden temin edilen
kiicik meyveli hiinnap cekirdeklerinden yetistirilen
gogiirlerin dikilmesiyle olugsturulmug bahgede yer alan
hiinnap agaclari; daha kisa boylu, siki ve daha fazla
dikenli dallara, kii¢iik yaprak ve meyvelere sahip olup,
“yabani hiinnap” (Sekil 1) olarak adlandirilmistir.

Yontem

Calismada, 2021 yili Temmuz ay1 ortasinda hiinnap
genotiplerine ait agaglarin 4 ayr1 yoninden ve boy
hizasindaki surgiinlerin orta kisimlarindan olmak
uzere, toplam 30 adet yaprak 6rnegi alinmistir. Alinan
yapraklarin arazide su kaybi nedeniyle kurumamasi
icin geffaf ornek torbalarina konulmustur. Alinan
ornekler, arac¢ ici buzdolaplarina konularak, hizlica
analizlerin yapilacagi laboratuvara ulagtirilmigtir.

Yabani hiinnap
Sekil 1. Arastirmada incelenen hilinnap genotiplerinin agag¢ ve meyve goériintiileri
Figure 1. Tree and fruit images of jujube genotypes examined in the study
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Alman her yapraktan 3 bélge (iist, orta, alt dilim)
tirnak cilasiyla cilalanip, kurumaya birakilmigtir
(Sekil 2.). Tirnak cilalar: kuruduktan sonra, seffaf koli
band1 yardimiyla kuruyan cila yapraktan alinarak,
elde edilen kalip lam {izerine aktarimistir (Bekisli,
2014; Durmaz, 2014; Bekisli ve Giirséz, 2016).
Hazirlanan  preparatlar Leica 1000 marka
mikroskopta incelenmistir. Ayn1 marka mikroskoba
takili Leica EC3 marka dijital kamera ile fotograflar
cekilmig, cekilen fotograflarin ol¢imi Las v4.3
programinda yapilmistir.

Her bir hiinnap genotipine ait agaclardan 20 Eylil
2021 tarihinde plastik posetlere toplanan 50 adet
meyve Ornegi, yine ara¢ i¢i buzdolabi yardimiyla,
O6lcim ve analizlerin yapilacagi laboratuvara
ulagtirilmistir.

é(é

Sekil 2. Hiunnap yapraklarinda stoma 6l¢iim ve sayimi
yapilan alanlar

Figure 2. Stoma measurement and counting areas on
Jujube leaves

Meyvelerin baz fiziksel 6zellikleri

Calismada, hiinnap genotiplerinin meyve kalite
ozelliklerinden meyve agirhigi (g), meyve eni (mm),
meyve boyu (mm) ve meyve en/boy orani
belirlenmigtir. Her bir genotipe ait agaclardan
toplanan meyve 6rneklerinde meyve kalite analizleri,
3 tekerriirli ve her tekerriirde 10 meyve olacak
sekilde, toplam 30 meyvede gerceklestirilmistir.

Yaprak veya stoma 6zellikleri

Agaglarin dort ayr1 yoninden alinan ve laboratuvara
getirilen yaprak érneklerinden rastgele secilen 9 adet
yapragin cetvel yardimiyla 6lgiilmesiyle; yaprak boyu
(cm), yaprak eni (mm) ve yaprak sap1 uzunlugu (cm)
belirlenmigtir. Yaprak yizey alani ise Image-J
programi ile saptanmisgtar.

Birim alandaki stoma sayis1 (adet mm2): Her bir
kalipta cekilen fotografta 10X biiylitmede sayilan
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stomalarin, 1 mm?2 alana gore hesaplanmasiyla, birim
alandaki stoma sayisi belirlenmistir (Bekigli, 2014).
Gergeklestirilen bu arastirmada, Sekil 2.’de géruldigu
gibi yapraklar tzerinde A, B ve C ile isaretlenmis
bolgelerde stoma ile 1ilgili O6lgim ve sayimlar
yapilmistir.

Stoma boyu ve eni (um): Her bir stoma kalibinda, 3
farkli goris alaninin fotograflar1 ¢ekilmigtir. Her bir
bélgeden (A, B, C) cekilen kalip fotograflarindaki 5er
adet stomanin boyu ve eni Las v4.3 paket programinda
6lctilerek belirlenmistir.

Stoma por boyu ve por eni (um): Her bir bolgeden (A,
B, C) cekilen kalip fotograflarindaki 3 farkli gériis
alaninda 5’er adet stomanin acikliklarinin boyu ve eni
Las v4.3 paket programinda él¢tlerek belirlenmistir.

Istatistik Analizler

Calismada, hiinnap genotiplerinde incelenen meyve,
yaprak ve stoma o6zelliklerine ait elde edilen veriler
MINITAB 13.0 paket programi ile varyans analizine
tabi tutulmus ve farkliliklarin p<0.05 Onem
seviyesinde tespit edildigi durumlarda, LSD testi ile
farkhiliklar ortaya konmustur.

BULGULAR ve TARTISMA
Meyve kalite 6zellikleri

Calismada incelenen hiinnap genotiplerinin ortalama
meyve agirlhig (g), meyve boyu (mm), meyve eni (mm)
ve meyve en/boy degerleri Cizelge 1.de verilmigtir.
Meyve kalite oOzelliklerinden meyve agirligl, meyve
boyu, meyve eni ve meyve en/boy orani bakimindan
incelenen genotipler arasinda istatistiki olarak
farklilhiklar oldugu belirlenmigstir. Incelenen hunnap
genotiplerinde en ylksek ortalama meyve agirhig,
meyve boyu, meyve eni ve meyve en/boy orani degerleri
sirasiyla; 20.28 g, 39.47 mm, 37.23 mm ve 0.94 ile
kiiltiir hilnnap genotipinde belirlenmistir (Cizelge 1.).
Turkiye'nin degisik yorelerinde hunnap cesit ve
genotiplerinde pomolojik o6zelliklerin belirlenmesi
amaciyla yuritilen baz1 arastirmalarda 2.73-28.85 g
ortalama meyve agirhgi, 16.86-39.58 mm ortalama
meyve boyu ve 17.27-37.35 mm ortalama meyve eni
degerleri tespit edilmistir (Ecevit ve ark., 2008; Kavas
ve Dalkilic, 2015; Bektas, 2019; Acarsoy Bilgin, 2020).

Romanya’da seleksiyonla elde edilmis olan ‘Jurilovca
1, ‘Jurilovca 2’.ve ‘Ostrov’ genotiplerinde ortalama
1.30 (Jurilovea 1)-6.29 g (Ostrov) arasinda meyve
agirhgn degerleri elde edilmistir (Stanica, 2009).
Grygorieva ve ark. (2014), Slovakya’da 28 hiinnap (Z.
jujuba Mill.) genotipi tizerinde yiiriitmiis olduklar:
calismada, ortalama meyve agirligini 2.90-28.99 g (ZJ-
22), meyve boyunu 20.73 mm-44.84 mm, meyve enini
16.64-38.87 mm ve meyve en/boy oranim (sekil
indeksi) 0.80-0.86 arasinda saptamiglardir. Ghazaeian
(2015), Iran'mn Golestan eyaletinde bulunan 10 farkh
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hiinnap genotipinde 0.79-4.80 g arasinda meyve
agirhgi, 15.3-21.6 mm arasinda meyve boyu ve 14.6-
21.3 mm arasinda ise meyve eni degerleri tespit
etmistir. Tatari ve ark. (2016), Isfahan (Iran)
eyaletindeki hiinnap (Z jujuba Mill.) germplazmi
igindeki cesitliligi belirlemeyi amagladiklar:
calismalarinda, 18.4-42.0 g arasinda meyve agirhig,
10-22 mm arasinda meyve boyu ve 6-17 mm arasinda
ise meyve eni degerleri saptamiglardir. Ivanisova ve
ark. (2017), Ukrayna'dan temin edilen 15 hiinnap (Z.
Jujuba Mill.) genotipinde ortalama meyve agirhginin

2.52-19.37 g, meyve boyunun 18.11-40.69 mm ve
meyve eninin ise 16.66-35.60 mm arasinda degistigini
bildirmislerdir. Iran’da dogal olarak yetigsen hiinnap
(Z. jujuba Mill.) genotiplerinde 0.36-3.83 g arasinda
meyve agirligl, 9.43-49.47 mm arasinda meyve boyu ve
8.38-30.17 mm arasinda meyve eni degerleri
belirlenmistir (Khadivi ve ark., 2021). Pakistanin
Cholistan ¢6liinde sulanan ve sulanmayan kogullarda
yetistirilen hiinnap (Z jujuba Mill) genotipinde
ortalama 39 mm meyve boyu ve 38 mm meyve eni
degerleri elde edilmistir (Riaz ve ark., 2021).

Cizelge 1. Sanlurfa ilinde yetistirilen hiinnap genotiplerinin ortalama meyve agirligl, meyve boyu, meyve eni ve

meyve en/boy orani degerleri

Table 1. The mean fruit weight, fruit height, fruit width and fruit index values of jujube genotypes grown in

Sanliurfa province
Genotipler Meyve agirligi Meyve boyu Meyve eni Meyve en/boy orani
Genotypes Fruit weight (g) Fruit length (mm)  Fruit width (mm)  Fruit index
Kiltir hiinnap 20.28+ 1.97 a 39.47+£0.95 a 37.23+0.14 a 0.94+0 01 a
Yabani hiinnap 2.78+0.29 b 21.77+0.54 b 18.62+0.16 b 0.86+0.02 b
LSD 5) 0.80 3.51 3.04 0.06

Ayni sttunda farkli harflerle ifade edilen gruplar birbirlerinden istatistiki olarak farklilik gostermektedir.
Groups expressed with different letters in the same column differ statistically from each other.

Aragstirmalardan elde edilen sonucglar arasindaki
farklhiliklar, cevresel ve genetik faktorlere bagl olarak
degiskenlikler gosterebilmektedir (Riaz ve ark., 2021).
Benzer cografi boélgelerden gelen meyvelerin
agirhiklarindaki farkliliklar, genotipik etkilerin bir
sonucu olabilmektedir. Ancak, farkli agroekolojik
bolgelerdeki Z.  jujuba  genotiplerinin  meyve
agirhgindaki varyasyonlarin, yukarida aciklandig:
gibi ¢evresel ve genetiksel faktorlere bagh olarak
degisebilecegi soylenebilir. Ote yandan, yiiksek meyve
agirhigina sahip olan hiinnap genotiplerinin, daha iri
boyutlu tohumlardan elde edilebilecegi belirtilmigtir
(Markovski ve ark., 2015). Hiinnap bitkisi, kurakliga
kars1 yuksek toleransa sahiptir ve farkli iklimlerde
yetigebilir. Dogal kogullarda yetistigi alanlarda, dogal
ureme sonucu meydana gelen hunnap bireyleri, o
yoredeki insanlar tarafindan segilmistir. Béylece, uzun
evrim tarihi boyunca hiinnap gesitliligi artmig ve farkl
genotipler ortaya ¢ikmistir. Ziziphus cinsinde ortak bir
ozellik olan tozlanmada kendi kendine ve karsilikli
uyusmazlik durumu da bir popllasyonda artan
genetik ve fenotipik varyasyona neden olabilmektedir
(Khadivi ve ark., 2021).

Ecevit ve ark. (2008), daha biiyiikk hacimli hiinnap
gesitlerinin  muhtemelen  triploid olabilecegini
belirtmiglerdir. Ote yandan, kiicitk meyveli hiinnap
¢esitlerinin, biiylik meyveli gesitlere gore daha yliksek
askorbik asit, toplam geker ve toplam suda ¢oziinir
madde miktarina sahip oldugu rapor edilmistir (Gao
ve ark., 2003; Ecevit ve ark., 2008). Gao ve ark. (2003),
kiiciik meyveli gesitlerin kurutmaya ve kuruyemis
olarak degerlendirmeye daha wuygun oldugunu
belirtmiglerdir.
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Yaprak ozellikleri

Aragtirmada incelenen hiinnap genotiplerinden
alinan yaprak orneklerinde (Sekil 3.) belirlenen
yaprak alani, yaprak eni, yaprak boyu, pedisel boyu ve
yaprak en/boy orani degerleriyle ilgili bulgular Cizelge
2.’de verilmistir. Hiinnap genotipleri arasinda yaprak
alani, yaprak eni, yaprak boyu ve yaprak en/boy orani
degerleri bakimindan farkliliklar istatistiki olarak %5
diizeyinde 6nemli bulunmustur.

Hiinnap genotipleri arasinda en biiyiik yaprak alani
kiiltiir hiinnap (7.01 cm?) genotipinde belirlenirken, en
kigik yaprak alanmi ise 3.11 cm? ile yabani hinnap
genotipinde tespit edilmistir (Cizelge 2.). Sanliurfa
ilinde yetistirilen hiinnap genotiplerinde 1.31 (yabani
hiinnap)-2.65 mm (kiiltiir hiinnap) arasinda ortalama
yaprak eni, 3.29 (yabani hiinnap)-5.09 mm (kiiltir
hiinnap) arasinda ortalama yaprak boyu, 0.37 (yabani
hiinnap)-0.39 mm (kiltiir hiinnap) arasinda ortalama
pedisel boyu ve 0.38 (yabani hiinnap)-0.52 (kiiltiir
hiinnap) arasinda yaprak en/boy orani degerleri elde
edilmistir (Cizelge 2.).

Aydin ilinde yetigtirilen i¢ farkli hinnap tipinde
yaprak boyu 32.79-47.20 mm ve yaprak eni 17.46-
27.05 mm arasinda saptanmistir (Kavas ve Dalkilic,
2015). Romanya’da seleksiyonla elde edilmis olan
‘Jurilovca 1, ‘Jurilovca 2’.ve ‘Ostrov’ hiinnap (Z. jujuba
Mill.) genotiplerinde ortalama 25-51 mm yaprak boyu,
14-22 mm yaprak eni ve 2.4-4.5 mm yaprak sapi
uzunlugu belirlenmigtir (Stanicd, 2009). Iranin
Golestan eyaletinde bulunan 10 farkli hiinnap
genotipinde ortalama yaprak boyu 25-56 mm, yaprak
eni 13.6-24.3 mm ve yaprak sapi uzunlugu 13.6-24.6
mm arasinda belirlenmistir (Ghazaeian, 2015). Iran’in
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Sekil 3. Hiunnap genotiplerine ait yapraklarin gérinimu
Figure 3. The appearance of the leaves of the jujube genotypes
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Cizelge 2. Sanliurfa ilinde yetigtirilen hiinnap genotiplerinde yaprak 6zellikleriyle ilgili elde edilen degerler
Table 2. The values obtained about the leaf characteristics of jujube genotypes grown in Sanliurfa province

Yaprak alan1  Yaprak eni Yaprak boyu Pedisel boyu Yaprak en/boy orani
Genotipler Leaf area Leaf width Leaf length Pedicel length Leaf  width/length
Genotypes (cm?) (cm) (cm) (cm) ratio
Kiltir hiinnap  7.01+1.09 a 2.65+0.19 a 5.09+0.43 a 0.39+0.08 0.52+0.04 a
Yabani hiinnap 3.11+0.76 b 1.31+0.03 b 3.29+0.06 b 0.37+0.15 0.38+0.05 b
LSD @5 6.432 0.275 0.814 0.D. 0.065

Ayni stitunda farkli harflerle ifade edilen gruplar birbirlerinden istatistiki olarak farklilik gostermektedir.
Groups expressed with different letters in the same column differ statistically from each other.

Isfahan vilayetindeki hiinnap genotipleri arasinda 44-
51 mm yaprak boyu ve 18-28 mm arasinda ise yaprak
eni tespit edilmistir (Tatari ve ark., 2016). ‘Maya’
hiinnap gesidinden elde edilmig olan diploid ve triploit
bitkilerde yaprak alaninin 3.84-6.73 cm?2, yaprak
uzunlugunun 3.41-4.36 cm ve yaprak eninin 1.29-2.26
cm arasinda degistigi belirlenmigtir (Li ve ark., 2021).
Iran’da dogal olarak yetigen hiinnap (Z. jujuba Mill.)
genotiplerinin morfolojik 6zelliklerini  belirlemek
amaciyla yuritiulen arastirmada, genotiplerin yaprak
boyu 26.33 ile 84.05 mm, yaprak eni 11.02 ile 32.87 mm
ve yaprak sap1 uzunlugu 1.55 ile 10.60 mm arasinda
tespit edilmistir (Khadivi ve ark., 2021). Pakistan’in
Cholistan ¢6liinde sulanan ve sulanmayan kogullarda
yetistirilen hiinnap (Z jujuba Mill) genotipinde
ortalama 74 mm yaprak boyu, 42 mm yaprak eni ve 13
mm yaprak sapr uzunlugu degerleri elde edilmistir
(Riaz ve ark., 2021).

Hiinnap genotipleri arasinda yaprak o6zelliklerindeki
varyasyonlar (yaprak boyutu ve yaprak sekli), 1sik
miktar: ve kalitesi yaninda, yillik ortalama yagis ile de

gigli bir sekilde iligkilidir. Yiksek sicaklik ve disiik
yvagis miktari, Z jujuba genotiplerinin morfolojik,
fizyolojik ve biyokimyasal 6zelliklerini énemli olgiide
etkilemektedir (Riaz ve ark., 2021).

Stoma 6zellikleri

Aragtirmada  incelenen  hiinnap  genotiplerinin
yapraklarinda belirlenen stoma ozelikleri ile ilgili
bulgular  Cizelge 3.’te  verilmistir. Hinnap

genotiplerinde belirlenen ortalama stoma boyu ve eni
ile por boyu ve eni degerleri arasindaki farkliligin
istatistiki olarak o6nemli olmadig1 belirlenmigtir
(Cizelge 3.).

Hiinnap genotiplerinde ortalama stoma boyu 27.22
(yabani hiinnap)-28.00 um (kiiltiir hiinnap) arasinda,
ortalama stoma eni 8.21 (yabani hiinnap)-20.05 pm
(kiiltiir hiinnap) arasinda, ortalama stoma por boyu
17.34 (yabani hiinnap)-19.22 pum (kiiltiir hiinnap)
arasinda ve ortalama stoma por eni 8.10 (yabani
hiinnap)-8.90 pum (kiiltiir hiinnap) arasinda oldugu
tespit edilmistir (Cizelge 3.).

Cizelge 3. Sanliurfa ilinde yetigtirilen hiinnap genotiplerinde saptanan ortalama stoma boyu ve eni ile por boyu ve

eni degerleri

Table 3. The mean stomatal length and width and pore length and width values found in jujube genotypes grown

in Sanliurfa province

Genotipler Stoma boyu Stoma eni Por boyu Por eni
Genotypes Stoma length (um)  Stoma width (um)  Pore length (um) Pore width (um)
Kiltir hiinnap 28.01+1.11 20.056+1.24 19.22+1.77 8.90+1.21
Yabani hiinnap 27.22+1.24 18.21+1.54 17.34+1.74 8.10+1.04

LSD @5) 0.D. 0.D. 0.D 0.D.

Ayni sttunda farkl harflerle ifade edilen gruplar birbirlerinden istatistiki olarak farklilik géstermektedir.
Groups expressed with different letters in the same column differ statistically from each other.

Caglar ve ark. (2004), incelemis olduklar
Kahramanmaras koékenli ceviz tiplerinin stoma
boyunun 14-18 pm ve Hatay kékenli ceviz tiplerinde
ise 21-28 pm arasinda, incelenen ceviz tiplerinin stoma
caplarinin ise 10-12 pm arasinda degistigini tespit
etmislerdir. Ilgin ve Caglar (2009), Kahramanmaras ili
kogullarinda kayisi gesitlerinde stoma uzunlugunun
64.1 um ile 100.8 pm arasinda degistigini, Orange Red
kayis1 cesidinin en yiiksek stoma yogunluguna (349
adet mm2) ve daha kiiciik stomalara (71.6 pm); Cnef
cesidinin ise en diisiik stoma yogunluguna (182.2 adet
mm?2) ve daha biiyilk stomalara (100.8 pm) sahip
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oldugunu bildirmigleridir. Muradoglu ve Giundogdu
(2011), 11 farklr kiiltiir ceviz cesidinde 10.65 -30.10
um arasinda stoma boyu belirlemiglerdir. 18 Tirk
findig1 c¢esidinde 22.00-27.45 pm arasinda stoma
uzunlugu ve 17.00-22.61 pm arasinda stoma eni
saptanmistir (Avaar ve Aygiin, 2014). Kara ve ark.
(2018), 41B asma anacinda 26.33-29.47 pm arasinda
stoma uzunlugu ve 17.00-20.02 um arasinda ise stoma
genigligi tespit etmislerdir. Alpaslan (2019) ise Diizce
yoresinden selekte edilen kestane genotiplerinin
yapraklarindaki stoma boyunu 16.22-23.89 um, stoma
enini 13.99-19.82 pm, stoma por boyunu 7.00 -11.49
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um ve por enini ise 2.62-7.37 pm olarak saptamigtir.
‘Maya’ hiinnap ¢esidinden elde edilmig olan diploid ve
triploit bitkilerde stoma uzunlugunun 17.29-22.34 pm
ve stoma eninin 15.83-17.61 pm arasinda degistigi
belirlenmistir (Li ve ark., 2021).

Yapilan arastirmalarda, yapraklardaki stoma
yogunlugu yuksek cesitlerin, stoma genigliklerinin
daha dar oldugu bildirilmistir (Caglar ve ark., 2004;
Ilgin ve Caglar, 2009; Mert ve ark., 2009; Avc ve
Aygiin, 2014). Yiiriitillen bu arastirmada elde edilmis
olan sonuglar, bu ifadeyi destekler niteliktedir.

Stoma yogunlugu (adet mm2)

Aragstirmada kullanilan hunnap genotiplerine ait
agaclardan alinan yaprak orneklerinde saptanan
stoma yogunlugu ile ilgili bulgular Sekil 4.te
verilmistir. Yapraklardaki stoma yogunlugu (Sekil 5.)
bakimindan calismada incelenen genotipler
arasindaki farkliligin istatistiki olarak o6nemli
olmadigi saptanmistir. Stoma yogunlugu en fazla
olan yapraklar 323.297 adet mm2 ile kultir
hiinnap’inda ve en disiik stoma yogunluguna sahip
yapraklar ise 333.310 adet mm™ ile yabani hiinnap
genotipinde belirlenmistir (Sekil 5).
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Sekil 4. Hiinnap genotiplerinin ortalama stoma
yogunlugu
Figure 4. Average stomatal density of jujube genotypes

Li ve ark. (2021). ‘Maya’ hiinnap cesidinden elde
edilmis olan diploid ve triploit bitkilerde yaprak stoma
yogunlugunu 356.25-474.23 adet mm™? arasinda
belirlemiglerdir. Ttrkiyenin degisik yorelerinde farklh
tir ve gegsitler Gizerinde yurutiilen baz arastirmalarda;
antepfist1ig1 yapraklarinin alt yiziinde 171-221 adet
mm2 (Caglar ve Tekin, 1999), baz1 zeytin cesitlerinde
388.242 (Gemlik)-464.023 adet mm?2 (Nizip Yaglk)
(Demirkaya, 1999), Kahramanmaras ve Hatay
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yorelerinden selekte edilen ceviz genotiplerinde 120-
217 adet mm2 (Caglar ve ark., 2004), baz1 kestane
genotiplerinde 321.1-457.3 adet mm2 (Kurt, 2008),
Kahramanmarasg ili kogullarinda yetigtirilen 20 kayisi
cesidinde 182.2-349 adet mm2 (Ilgin ve Caglar, 2009),
18 Tiirk findig1 ¢esidinde 83.08 (Kalinkara)-117.73
adet mm2 (Sivri) arasinda (Avci ve Aygiin, 2014), 41
B asma anacinda 410.57-550.45 (Kara ve ark., 2018),
Diizce yoresinden selekte edilen tmitvar kestane
genotiplerinde 243.81-729.61 adet mm®2 (Alpaslan,
2019), Sanlhurfa kosullarinda SL 64 anac {izerine asili
Stella kiraz cesidinde 235.91-251.03 adet mm2 (Polat,
2019) arasinda degisen stoma yogunlugu saptanmistar.

Bitki yapraklarindaki stomalarin, degisen cevresel
kogullara uyum saglamada o6nemli bir rolii oldugu
bilinmektedir. Stomalarin yogunlugunun bitki tir ve
cesitlerine, yapraklarin gen¢ veya yasl oluslarina,
ekolojiye, uygulanan bakim kogullar1 ile slrgin
uzerindeki pozisyonlarina gore degisiklik gosterdigi
belirlenmistir (Diizenli ve Agaoglu, 1992). Stoma
siklign turden tiire, cesitten c¢eside ve yetistirme
kosullarina gére biiyiik degiskenlikler gosterir (Ryugo,
1988; Avci ve Aygiin, 2014). Farkh bélgelerde, yillik
yagis miktarina gore de stoma siklig1
degisebilmektedir (Misirli ve Aksoy, 1994). Caglar ve
ark. (2004), 6zellikle rakimin stoma sayisi {izerine ¢ok
onemli bir etkisinin bulundugunu, deniz seviyesinden
yukarilara cikildik¢a, yani rakim arttikga, stoma
sayisinin da arttiginmi bildirmiglerdir. Benzer sekilde,
topraktaki su eksikligi ve agir 1s1k kosullar:1 da stoma
sayisinda artisa neden olabilmektedir (Avel ve Aygiin,
2014).

Yirutilmiis olan bu ¢alismada elde edilen 323.30-

333.31 adet mm<?2 arasindaki stoma yogunlugu
degerlerinin  (Sekil 4., yurdumuzun degisik
yorelerinde farkli tir ve c¢esitler tizerinde
gergeklestirilen ve sonuglar1i yukarida verilen
arastirma  bulgulariyla  benzerlik gosterdigi
belirlenmigtir.

SONUC ve ONERILER

Aragtirmada incelenen meyve agirligi, meyve boyu,
meyve eni ve meyve en/boy orani degerleri bakimindan
kiultir hiinnap  genotipinin, yabani  hunnap
genotipinden daha yiiksek degerlere sahip oldugu
tespit edilmistir. Kiltir hinnap meyvelerinin, yabani
hiinnap meyvelerinden 7 kat daha agir oldugu, ayni
sekilde; kultir hiinnap meyvelerinin meyve eninin,
yabani hiinnap meyvelerinin meyve eninin iki kati
oldugu saptanmigtir. Kiltir hiinnapin yaprak
alaninin, yabani hiinnapin yaprak alaninin iki
katindan daha biyik oldugu, incelenen bazi yaprak
ozellikleriyle ilgili saptanan degerler bakimindan da
(yaprak eni, yaprak boyu, yaprak en/boy orani) kiiltiir
hiinnap yapraklarinin, yabani hiinnap yapraklarinin
iki kati1 daha yuksek degerlere sahip oldugu
saptanmigtir. Stoma boyu, stoma eni, por boyu ve por
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eni degerleri bakimindan hiinnap genotipleri
arasindaki farkhlifin istatistiksel olarak onemli
olmadig1 saptanmigtir. Incelenen stoma ve por en-boy
degerlerinin her iki hiinnap genotipinde de birbirine
olduk¢ca benzer oldugu tespit edilmigtir. Birim

Kiiltiir hiinnap (Culture jujube)

Ust
(A bolgesi)

Top
(Zone A)

Orta
(B bolgesi)

Middle
(Zone B)

Alt
(C bolgesi)

Bottom
(Zone C)

alandaki stoma yogunlugu bakimindan incelenen her
iki hinnap genotipi arasinda o6nemli bir fark
belirlenememistir. Genotiplerinin birbirine yakin
sayida stoma yogunluguna sahip oldugu tespit
edilmigtir.

Yabani hiinnap (Wild jujube)

Sekil 5. Incelenen hiinnap genotiplerinin stoma goriiniisleri
Figure 5. Stomata views of the examined jujube genotypes

Sicak iklimlerde ve kurak kosullarda yetigebilen,
tuzluluk stresine yiiksek toleransi olan, 6te yandan
baz1 zararhlara ve hastaliklara karsi da oldukca
toleransli bir bitki olan hiinnabin (Meena ve ark.,
2003; Liu ve Zhao, 2009; Tatari ve ark., 2016)

Guneydogu Anadolu Bolgesi'ndeki bazi illerde
agaclandirma calismalarinda ve erozyonla micadele
alanlarinda basariyla kullanilabilecegi

diisinulmektedir. Ayrica, Harran Ovasi’nin giineyinde
yer alan tuzlanma nedeniyle ¢oraklagmig topraklarin
degerlendirilmesinde de hiinnap cesit ve
genotiplerinin gelecekte denenmesi yararh olacaktir.
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Calismay1 destekleyen Harran Universitesi Bilimsel
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Aragtirmacilari Katk: Orani1 Beyan Ozeti

Yazarlar; makaleye esit oranda katk:

olduklarini beyan eder.

saglamisg

Cikar Catigmasi Beyani

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

Crambe is an annual or perennial plant belonging to the Brassicaceae

family. The interest in Crambe is mainly due to its unique fatty acid Research Article

profile, low input management, and broad adaptability to the

environment. Thus, Crambe seed and fruit fatty acids were Article History
investigated by GC / MSS in order to examine the chemical variability Received 103.10.2021
which correlates with the environmental variability. In the study, Accepted 105.04.2022
Crambe orientalisvar. orientalisand Crambe tatariavar. tataria were

used and they were collected from the different areas of three Keywords

provinces of Tirkiye. Fifteen compounds were found, representing Crambe

84.6-100% of the total seed and fruit oils. The major components in
both species were erucic acid (24.7-44.7%), gondoic acid (19.0-28.3%),
oleic acid (14.9-28.5%), and linoleic acid (8.1-17.6%). As a consequence,
it is needed to increase the production of erucic acid (C22:1) and
gondoic acid (C20:1) in Crambe by using wild populations via plant
breeding. These two promising fatty acids may be an alternative to
meet industrial fatty acid market demand in a more environmentally
friendly way compared to using fatty acids from fossil oil.

Wild species
Fatty acids
Erucic acid
Gondoic acid

Tiirkiye'de Ug Farkl Ilden Toplanan Crambe orientalisve Crambe tataria Tohum ve Meyvelerinin Yag

Asidi Kompozisyonu

OZET

Crambe, Brassicaceae familyasina ait tek yillik veya g¢ok yillik bir
bitkidir. Crambe'ye olan ilgi, temel olarak benzersiz yag asidi profili,
disuk girdi yonetimi ve cevreye genis olgiide uyum saglama
yeteneginden kaynaklanmaktadir. Bu nedenle, ¢evresel degiskenlik
ile iligkili olan kimyasal degiskenligi incelemek igin Crambe
tohumlarinin ve meyvelerinin yag asidi bilesenleri GC/MS ile
aragtirlmistir. Calismada Crambe orientalis var. orientalis ve
Crambe tataria var. tataria kullanilmig ve Turkiye'nin tg ilinin farkh
bolgelerinden toplanmigtir. Toplam tohum ve meyve yaglarinin
%84.6-100"int temsil eden on bes bilesen saptanmistir. Her iki
tiirdeki lokasyona gore ana bilesenler erusik asit (%24.7-44.7),
gondoik asit (%19.0-28.3), oleik asit (%14.9-28.5) ve linoleik asit (%8.1-
17.6) olarak belirlenmistir. Sonu¢ olarak Crambe'de yabani
populasyonlar kullanilarak erusik asit (C22:1) ve gondoik asit (C20:1)
iretiminin bitki islahi yoluyla artirilmasina ihtiya¢ duyulmaktadir ve
bu iki Umitvar yag asidi, fosil yaglardan elde edilen yag asitlerinin
kullanilmasina kiyasla daha gevre dostu bir sekilde piyasanin talebi
olan endiistriyel yaglar1 karsilamak igin bir alternatif olabilir.
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INTRODUCTION

Crambe 1s an oilseed plant from the Brassicaceae
family and it is native to the Mediterranean region
(Comlekcioglu et al., 2008). Although widespread in
the flora of Turkiye, it is a little-known species as it
has not yet been grown commercially and has no
traditional use among the people. (Tans: et al., 2003).
Davis (1965) reported 4 taxa, 2 species (C. orientalis
and C. tataria) registered in the flora of Tiirkiye, and 2
varieties belonging to the species. However, with
subsequent flora studies, 4 more species were added to
the flora of Tiirkiye (C. maritima L., C. hispanicalL., C.
grandifloraDC., and C. alutacea Hand.-Mazz.) and the
number of taxa was determined as 10 with a total of 6
species and subspecies (Arslan et al., 2015). It was
initially grown as a crop in 1933 at the Boronez
Botanical Station in the Soviet Union, and it was
included in a Swedish breeding program in 1949
(Oplinger et al., 1991). Crambe came to the forefront
with its high erucic acid content among 8000 plant
species with the examination of new potential species
as a result of 16 years of systematic studies of USDA
in 1957 (Glaser, 1996).

Cultivation experiments of Crambe in Tirkiye were
started for the first time in Cukurova, and seed yields
and oil rates were determined (Tans1 et al.,, 2003;
Ko6ybag1 and Tansi, 2008). It is still in its early stages
of development as an agricultural crop and is not
commonly cultivated in Turkiye, but due to potential
uses of the seed oil for the production of many valuable
products, many developed countries have shown a
scientific interest in it. Presently, C. abyssinica
Hochst. 1s the only species of the Crambe genus
utilized in the industry.

Crambe is a cool-climate plant and can withstand
temperatures as low as 5 °C. (Oplinger et al., 1991;
Adamsen et al., 2005). It is cultivated as both a spring
and a winter crop. It can be cultivated in regions with
annual precipitation ranging from 350 to 1200 mm, an
annual average temperature ranging from 5.7 °C to
16.2 °C, and soils with a pH ranging from 5.0 to 7.8
(Falasca et al., 2010). Its oil-bearing seeds, high yield
capacity, and adaptability to regional conditions make
it an appealing alternative oil crop for Eurasian
regions (Rudloff and Wang, 2011). It requires modest
agricultural inputs compared to many other oilseed
crops that may be grown all over the world and
provides the opportunity to minimize the consumption
of inputs such as fertilizers and water (Rogério et al.,
2013). Therefore, C. abyssinica cultivation has less
environmental impacts than other crops such as canola
or maize (Costa et al., 2019).

Erucic acid and gondoic acid have been in fighting with
petroleum alternatives for many years. Priorly, the
cost has been a major problem for the development of
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new plant-derived oils. But now people are concerned
about finite supply. Because of these reasons, there is
a need to develop renewable products from plant oils.
Erucic acid (C22:1) and gondoic acid (C20:1) is
monounsaturated, non-edible, long-chain fatty acid
and it is found only in seed oil from plants belonging to
Brassicaceae and Tropaeolaceae families (Qi et al.,
2018). In higher plants, gondoic acid is a precursor of
erucic acid (Kikukawa et al., 2015). Gondoic acid has
several advantages, for example, it improves the skin
permeation of indomethacin which is an anti-
inflammatory drug, and is used as raw material for
medical material and moisturizing ingredient in
cosmetic creams (Morimoto et al., 1996; Kikukawa et
al., 2015).

The ability to withstand high temperatures and
remain liquid at low temperatures makes Crambe oil a
good lubricant in plastics manufacturing (Nelson et al.,
1993). Moreover, it is a chemical compound that is used
in the manufacturing of inks, pharmaceuticals, and
other products. Also, Crambe fruit oil has the potential
to be used as an acaricide against the Cattle Tick
(Rhipicephalus microplus) in the pesticide industry
(Mattos et al.,, 2021). Additionally, the oxidative
stability of Crambe oil-derived biodiesel is higher than
soybean oil-derived biodiesel, which opens another
potential usage for Crambe (Wazilewski et al., 2013).
Crambe oil 1s not used as cooking oil due to the
presence of erucic acid, which has been found to cause
health problems in humans. For instance, food
contaminated with erucic acid can increase
cardiovascular disease in humans (Hebard, 2016).
Alternative erucic acid sources, such as Crambe, can
help to solve the current risks of growing high erucic
acid rapeseed. To avoid the entry of erucic acid into the
food chain, the USA, Canada, and EU cultivate as an
identity-preserved crop under contract. These strict
limitations can result in time-consuming and
expensive cultivation, transportation, processing and
storage, and traceability. Hence, there is a need to find
alternative and possibly cheaper sources of erucic acid.

Germplasm collection and ex situ conservation in gene
banks are two of the most important tools for
conservation biological diversity. As wild relatives of
crops, several Crambe species are of additional interest
with a view to using them to improve crops by plant
breeding. All across the world, 1.117 Crambe
accessions are present and C. hispanica shares 44%
and C. abyssinica 22% of these accessions, respectively
(Genesys, 2021). North Central Regional Plant
Introduction Station (NCRPIS), USDA-ARS, United
States, conserves the world's largest and most diverse
collection of Crambe. NCRPIS contains 524 Crambe
accessions and it shares 47 % of the conserved Crambe
germplasm. When checked on the basis of countries,
the USA (605), Spain (100), Germany (79), Australia
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(72), and the UK (42) are the top five countries that
conserve Crambe accessions.

Given the increasing pollution and global warming
from the petroleum industry, it is important today to

bring environmentally friendly plants as raw
materials to the industry where environmental
awareness 1s Increasing. Biodegradability and

naturality of the oil have increased the number of
studies on Crambe in recent years. Because of the
climatic unpredictability, the plant resources have to
be diversified to a greater variety of crops to achieve a
higher resistance. However, there is not enough
information about the high erucic and gondoic acid
Crambe species demanded by the industry, which
originates from wild populations. Therefore, the study
aimed to select the accessions with high oil quality
potentials from Crambe species, which are naturally
distributed in the Central Anatolian and
Mediterranean regions.

MATERIAL and METHOD

The areas where some Crambe species naturally
spread were determined in the flora of Nigde,
Karaman, and Kahramanmaras provinces (Table 1,
Figure 1). Crambe plants were identified according to
the identification keys of Davis (1965) by the
taxonomist Prof. Dr. Ahmet Ilgim. C. orientalis L. var.
orientalis and C. tataria Sebeok var. tataria were
collected in June-July 2020. C. tataria Sebedk var.
tatariais distributed in Central Anatolia, stony slopes,
and fallow areas. Its distribution altitude is 900-1400
m (Davis, 1965). C. orientalis L. var. orientalis is an
Iran Turan element and is distributed in arid, hilly
areas, cultivated field edges, and fallow areas in
Central Anatolia, Eastern, and Southeastern Anatolia.
The distribution altitude for C. orientalisis 500-2800
m according to Davis (1965).

Figure 1. Collection centers of the investigated Crambe species (1: Nigde 2: Karaman 3: Kahramanmaras) (Google

Earth, 2021)

Sekil 1. Incelenen Crambe tiirlerinin toplama merkezleri (1: Nigde 2 Karaman 3° Kahramanmaras) (Google Earth,

2021)

Sample Preparation

For the determination of the fatty acid composition of
the oils, fatty acid methyl esters were prepared from
Crambe oil, using a methylation method (Stefanoudaki
et al., 1999). The fatty acids were converted to fatty
acid methyl esters before analysis by shaking a
solution of 0.5 ml oil and 5 mL of hexane for 5 mins and
added 0.5 mL of 2 N methanolic potassium hydroxide
and shaken for 5 mins more and centrifuged 5 mins. 1
ul of the samples given to the GC-MS device.
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Gas Chromatography+Mass Spectrometry (GC/MS)
Analysis

GC-MS analyses were conducted in the Plant
Physiology  Laboratory in Biology Dept. of
Kahramanmaras Sutcu Imam University,

Kahramanmaras, Tirkiye. Qualification of the oil was
analyzed on an Agilent 5975C Mass Spectrometer
coupled with an Agilent GC-6890II series. The GC was
equipped with an HP-88 capillary column (100 m x 250
pm m x 0.20 pm film thickness) and He was used as



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 452-461, 2022
KSU J. Agric Nat 25 (Suppl 2): 452-461, 2022

Arastirma Makalesi
Research Article

carrier gas with a flow rate of 0.8 mL/min. The GC oven
temperature was programmed as follows: 170 °C (1
min), 230 °C at 15 °C/min and then kept at 230 °C at
20 min. The injector temperature was 250 °C. The
mass spectrometer was operating in EI mode at 70 eV.
The split ratio was 20:1. Mass range 35-400m/z; scan
speed (amu/s): 1000. Wiley7n.1, Famdbwax.L,
Famedb23.L libraries were used for identifying the

compounds. The chemical analyses were performed in
triplicate.

Statistical analysis

Principal components analysis on correlations was
performed using statistical software JMP® (version
14.0, SAS Institute Inc., Cary, NC, 1989-2019). The
heat map was constructed using Flourish studio.

Table 1. List of investigated Crambe germplasm and localities
Cizelge 1. Incelenen Crambe gen kaynaklari ve lokasyon listesi
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S1 K-1 C. tataria fruit Karaman Ayranci Hiyikburun 1124 37°21'17.0"N 33°40'06.2"E
S2 K-2 C. orientalis fruit Karaman Merkez Bolikyazi 1022 37°11'59.4"N 33°07'00.9"E
S3 K-3 C. orientalis fruit Karaman Merkez Agilont 1030 37°14'29.5"N 33°21'38.2"E
S4 K-4 C. tataria fruit Karaman Kazimkarabekir Yollarbasi 1033 37°12'40.4"N 33°01'27.5"E
S5 K-5 C. tataria fruit Karaman Ayranci Hiyikburun 1125 37°21'15.7"N 33°40'02.3"E
S6 K-6 C. orientalis fruit Karaman Merkez Cakirbag 1023 37°11'46.2"N 33°08'03.3"E
S7 K-7 C. tataria fruit Karaman Kazimkarabekir Pazar 1077 37°12'55.4"N 32°59'04.5"E
S8 K-8 C. tataria fruit Karaman Merkez Merkez 1036 37°10'51.3"N 33°14'56.4"E
S9 K-9 C. orientalis fruit Karaman Merkez Merkez 1040 37°10'49.1"N 33°15'35.1"E
S10 K-10 C. tataria fruit Karaman Merkez Agilona 1029 37°15'01.7"N 33°23'04.8"E
S11 N-1 C. orientalis fruit Nigde Merkez Ovacik 1340 38°04'29.5"N 34°47'45.8"E
S12 N-1 C. orientalis seed Nigde Merkez Ovacik 1340 38°04'29.5"N 34°47'45.8"E
S13 N-2 C. orientalis fruit Nigde Merkez Ovacik 1346 38°04'40.6"N 34°48'04.9"E
S14 N-2 C. orientalis seed Nigde Merkez Ovacik 1346 38°04'40.6"N 34°48'04.9"E
S15 N-3 C. orientalis fruit Nigde Merkez Carikh 1340 38°05'02.8"N 34°48'51.8"E
S16 N-3 C. orientalis seed Nigde Merkez Carikh 1340 38°05'02.8"N 34°48'51.8"E
S17 N-4 C. orientalis fruit Nigde Merkez Carikh 1368 38°10'52.5"N 34°57'29.5"E
S18 N-4 C. orientalis seed Nigde Merkez Carikli 1368 38°10'52.5"N 34°57'29.5"E
S19 N-5 C. tataria fruit Nigde Merkez Karaatlh 1368 38°10'44.3"N 34°57'10.5"E
S20 N-6 C. orientalis fruit Nigde Merkez Karaath 1362 38°09'11.9"N 34°54'38.3"E
S21 N-7 C. orientalis fruit Nigde Merkez Yesilgolciik 1340 38°10'24.3"N 34°47'26.5"E
S22 N-7 C. orientalis seed Nigde Merkez Yesilgolciik 1340 38°10'24.3"N 34°47'26.5"E
S23 N-8 C. orientalis fruit Nigde Merkez Yaylayolu 1360 38°03'56.4"N 34°43'17.6"E
S24 N-8 C. orientalis seed Nigde Merkez Yaylayolu 1360 38°03'56.4"N 34°43'17.6"E
S25 N-9 C. orientalis fruit Nigde Merkez Aktag 1312 38°02'39.8"N 34°44'07.1"E
S26 N-9 C. orientalis seed Nigde Merkez Aktasg 1312 38°02'39.8"N 34°44'07.1"E
S27 N-10 C. orientalis seed Nigde Merkez Edikli 1356 38°13'22.9"N 34°57'51.2"E
528 N-10 C. orientalis fruit Nigde Merkez Edikli 1356 38°13'22.9"N 34°57'51.2"E
S29 M-1 C. orientalis fruit Kahramanmaras Dulkadiroglu Ulutas 1588 37°37'25.2"N 37°00'54.0"E
S30 M-1 C. orientalis seed Kahramanmaras Dulkadiroglu Ulutag 1588 37°37'25.2"N 37°00'54.0"E
RESULTS and DISCUSSION observed, although it was not statistically significant.

The chemical composition of fatty acids was analyzed
by GC/MS, and obtained results were summarized
(Table 2). The chemical composition of Crambe oil
varied according to location and species. Fifteen
compounds were found, representing 84.6-100% of the
total seed oils. The major components based on the
location and the species were erucic acid (24.7-44.7%),
gondoic acid (19.0-28.3%), oleic acid (14.9-28.5%), and
linoleic acid (8.1-17.6%). In the study, seed and fruit of
Crambe accessions collected from three provinces were
examined separately and no statistical difference was
found in terms of fatty acid compounds. Similarly,
Mridula et al. (2015) revealed that a minor change in
whole and dehulled flaxseed o1l samples were
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This result will provide convenience by reducing the
need for additional labor during oil extraction.

The erucic acid content of C. tataria ranged from 25.6
to 29.7% based on the location and the species with a
mean of 27.5%. When we compared the erucic acid
content of C. tataria with the earlier studies, diverse
results were found; 27.0% (Miller et al., 1965), 29.9%
(Comlekcioglu et al., 2008), 20.7% (Dolya et al., 1977),
30.8% (Subasi, 2020). The erucic acid content of C.
orientalis ranged from 30.9 to 44.7% with a mean of
35.1%. Diverse results based on the erucic acid content
of C. orientalis were also reported by the researchers;
36.0% (Miller et al., 1965), 39.4% (Comlekcioglu et al.,
2008), 34.7% (Dolya et al., 1977), 37.8% (Subasi, 2020).
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These diverse results are thought to be due to
differences between plant material and climatic
conditions. The erucic acid content was reported for C.
abyysinica seeds; 50-58.6% (Warwick et al., 2003),
50.0-60.0% (Yaniv et al., 1998), 57.2% (Oliveira et al.,
2013), and for C. hispanica seeds; 48.5-57.9% (Warwick
et al., 2003) and 45.05-56.25% (Arslan et al., 2015).
Although the differences in the findings vary according
to the plant species, it has been stated that it may vary
according to the plant organs, development periods,
time of collection, ecological factors, and genetic
structure (Yaniv et al., 1991; Mastebroek et al., 1994).
However, some researchers have pointed out that the
erucic acid content is quite stable and is not affected by
the environment (Bondioli et al., 1998; Fontana et al.,
1998). Compared to other oil plants of the Brassicaceae
family, which are rich in erucic acid, it was reported in
Brassica oleraceae, 45.7%; in Brassica napus, 46.4%; in
Sinapis alba, 37.6% and in hybrids of both species with
44.5% (Ayaz et al., 2006). In the findings, it can be
observed that the erucic acid content of C. orientalis
and C. tataria does not reach the erucic acid content of
C. hispanica and C. abyysinica. In addition, as in
annual species, the main component was determined
as erucic acid in this study which was perennial
species.

The gondoic acid content of C. tatariaranged from 20.4
to 28.0% with a mean of 24.6%. Differences in the
gondoic acid content were also reported by the
researchers; 16.5% (Dolya et al., 1977), 7.7%
(Comlekcioglu et al., 2008), 21.0% (Miller et al., 1965),
19.4% (Subasi, 2020). Gondoic acid content of C.
orientalis ranged from 19.0 to 28.3% with a mean of
25.3%. When we compared the gondoic acid content of
C. orientalis with the earlier studies, diverse results
were found; 19.4% (Dolya et al., 1977), 11.3%
(Comlekecioglu et al., 2008), 20.0% (Miller et al., 1965),
16.0% (Subasi, 2020). The gondoic acid content was
reported for C. abyysinica seeds; 2.8% (Dolya et al.,
1977), 3.7-5.6% (Warwick et al., 2003), and for C.
hispanica seeds; 2.6-6.6% (Warwick et al., 2003). The
gondoic acid findings are higher when compared to the
annual Crambe species. Compared to other oil plants
of the Brassicaceae family, which are rich in erucic
acid, it was reported in Brassica oleraceae, 45.7%; in
Brassica napus, 46.4%; in Sinapis alba, 37.6% and in
hybrids of both species with 44.5% (Ayaz et al., 2006).

The oleic acid content of C. tataria ranged from 15.3 to
28.5% with a mean of 19.4%. Previous studies have
reported that the oleic acid content of C. tataria varied;
28.7% (Dolya et al., 1977), 21.0% (Miller et al., 1965),
1.4% (Comlekcioglu et al., 2008), 34.7% (Dolya et al.,
1977), 23.8% (Subasi, 2020). The oleic acid content of
C. orientalis ranged from 14.9 to 24.9% with a mean of
20.4%. Variations in the oleic acid content have also
been reported by other researchers; 1.6%
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(Comlekcioglu et al., 2008) 18.0% (Miller et al., 1965)
18.1% (Dolya et al., 1977) 21.7% (Subasi 2020). The
difference in the oleic acid rate observed across these
studies may simply reflect the environmental
influences. The oleic acid content was reported for C.
abyysinica seeds; 16.0-22.8% (Warwick et al., 2003),
15% (Yaniv et al., 1998), 17.2% (Oliveira et al., 2013),
and for C. hispanica seeds; 17.0-20.6% (Warwick et al.,
2003). The findings are higher when compared to the
annual Crambe species.

The linoleic acid content of C. tatariaranged from 12.5
to 17.6% with a mean of 13.6%. The linoleic acid
content results are close or higher than the other
results; 22.1% (Dolya et al., 1977), 9.0% (Comlekcioglu
et al., 2008), 15.0% (Miller et al., 1965), 12.4% (Subasi,
2020). The linoleic acid content of C. orientalis ranged
from 8.1 to 13.6% with a mean of 10.5%. Similar results
based on the linoleic acid content of C. orientalis were
also reported by the researchers; 13.0% (Dolya et al.,
1977), 12.4% (Comlekcioglu et al., 2008), 11.0% (Miller
et al., 1965), 9.38% (Subasi, 2020). The linoleic acid
content was reported for C. abyysinica seeds; 6.9-8.5%
(Warwick et al., 2003), 9% (Yaniv et al., 1998), 8.2%
(Oliveira et al., 2013), and for C hispanica seeds; 5.4
8.4% (Warwick et al., 2003). The available studies
show that the fatty acid composition of Crambe varies
greatly depending on the origin, genotype, and climatic
conditions of the growing areas. Moreover, the oil
composition of C. tataria and C. orientalis is found to
be less than 3% palmitic acid, palmitoleic acid,
heptadecanoic acid, cis-10- heptadecenoic acid, stearic
acid, arachidic acid, 8,11-eicosadienoic acid, behenic
acid, 13z 16z-docosadienoic acid, lignoceric acid and
nervonic acid.

Principal Component Analysis Biplot of the Samples
According to Fatty Acid Compounds

The biplot (PCAbiplot) format is used to represent a
data source with a few components that best reflect the
data's variance. It allows to zoom out on the data and
see the relationships among the variables that make
up the data. There is a positive correlation among the
lines that are in the same direction and close to each
other, while there is a negative correlation among the
opposite and distant lines. PCAbiplot on correlations
was performed to visualize the effect of locations and
the species (Fig. 2). The experimental groups were
separately discriminated with principal component
analysis on correlations. In terms of the seed oil
components, clear discrimination was revealed on the
plotted scores, where component 1 and component 2
accounted for 52.1% of the total variance. The first axis
and second axis explained 37.5% and 14.6% of the total
variance, respectively. As seen in the figure, PCAbiplot
indicates that erucic acid was negatively correlated
with gondoic acid and oleic acid.
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Figure 2. Principal component analysis on correlations of the samples according to fatty acid compounds (C 16:0
(Palmitic acid), C 16:1 (Palmitoleic acid), C 17:0 (Heptadecanoic acid), C 17:1 (cis-10-Heptadecenoic acid),
C 18:0 (Stearic acid), C 18:1 (Oleic acid), C 18:2 (Linoleic acid), C 20:0 (Arachidic acid), C 20:1 (Gondoic
acid), C 20:2 (8,11-Eicosadienoic), C 22:0 (Behenic acid), C 22:1 (Erucic acid), C 22:2 (13z 16z-docosadienoic
acid), C 24:0 (Lignoceric acid), C 24:1 (Nervonic acid)).

Sekil 2. Aksesyonlardaki yag asitlerinin korelasyona bagh temel bilesen analizi, (C 16:0 (Palmitik asit), C 161
(Palmitoleik asit), C 17:0 (Heptadecanoic asit), C 17:1 (cis-10-Heptadecenoic asit), C 18:0 (Stearik asit), C
181 (Oleik asit) C 18:2 (Linoleik asit), C 20:0 (Arasidik asit), C 201 (Gondoik asit), C 202 (8,11-
Eikosadienoik), C 22:0 (Behenik asit), C 22 1 (Erusik asit), C 22:2 (13z 16z-dokosadienoik asit), C 24:0

(Lignoserik asit), C 24:1 (Nervonik asit)).

Heat Map for the Samples According to Main Fatty
Acid Compounds

The changes in fatty acid components were structured
using a heat map. According to the heat map (Fig. 3),
the fatty acids were visualized under the samples. The
differences among treatments can be observed easily
with the help of the heat map. For instance; the highest
erucic acid content was noted on S30, the highest
gondoic acid content was noted on S-17 and the highest
oleic acid content was noted on S-19. The differences
can be observed clearly among the samples.
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CONCLUSIONS

Crambe is an alternative plant for the production of
biofuels, especially biodiesel, among the renewable
energy sources instead of fossil fuels in our world
threatened by global warming and climate change.
Increasing genetic variability and discovering
genotypes that are better suited to different
environmental conditions can be beneficial, as future
agriculture will have to adapt to climate change.
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Table 2. Fatty acid compounds of Crambe accessions collected from different collection sites
Cizelge 2. Farkli bolgelerden toplanan Crambe aksesyonlarinin yag asidi bilesenleri
Fatty Acid Compounds C C C C C C C C C C C C C C

(Yag Asidi Bilesenleri) 16:0 16:1 17:0 171 18:0 181 18:2 20:0 20:1 20:2 22:0 22:1 22:2 24:0 €241
Retention Time (min) (Cikis Zamani (dakika)) 13.12 13.76 14.55 14.73 15.07 15.86 16.96 17.43 1858 19.52 20.92 21.92 2345 24.16 25.59
Sample No  Accessions Taxon Organ Area %

(Ornek No)  (Aksesyonlar)  (Takson) (Organ) (Alan %)

S1 K-1 C. tataria fruit 2.22 0.37 0.03 0.07 0.52 17.16 12.53 0.03 24.82 1.12 5.88 29.06 0.75 0.17 1.14
S2 K-2 C. orientalis fruit 2.32 0.37 0.02 0.03 0.81 17.77 12.75 1.15 2247 0.95 0.46 31.34 0.66 0.02 1.05
S3 K-3 C. orientalis fruit 2.43 0.41 0.03 0.07 0.55 1492 12.25 1.22  21.89 0.94 0.45 32.97 0.80 0.27 1.25
S4 K-4 C. tataria fruit 2.31 0.44 0.05 0.08 1.47 16.49 12.89 1.13 23.85 1.25 0.42 27.51 0.67 0.20 1.40
S5 K-5 C. tataria fruit 2.60 0.43 0.05 0.08 0.78 1991 13.39 1.07 25.69 1.13 0.40 27.12 0.72 0.22 1.30
S6 K-6 C. orientalis fruit 2.32 0.36 0.04 0.06 0.53 17.57 12.30 0.95 27.66 1.07 0.41 31.22 0.54 0.28 1.37
S7 K-7 C. tataria fruit 2.12 0.40 0.02 0.08 0.50 15.25 17.56 - 20.35 0.98 0.29 25.60 0.39 0.13 0.88
S8 K-8 C. tataria fruit 2.33 0.37 0.03 0.07 0.62 20.59 13.20 0.86 27.02 1.10 0.31 29.16 0.39 0.11 1.06
S9 K-9 C. orientalis fruit 2.65 0.43 0.02 0.02 0.63 19.05 13.63 0.99 22.88 0.97 0.35 30.87 0.43 0.11 1.18
S10 K-10 C. tataria fruit 2.45 0.41 0.03 0.05 0.62 18.16 12.86 1.17  22.62 1.29 0.43 29.72 1.03 0.29 1.43
S11 N-1 C. orientalis fruit 2.43 0.30 0.05 - 0.60 22.68 10.55 0.88 25.62 0.64 0.31 34.55 0.36 0.11 0.19
S12 N-1 C. orientalis seed 2.58 0.27 0.04 - 0.67 24.90 9.54 0.87 26.30 0.56 0.32 32.80 0.28 0.10 0.74
S13 N-2 C. orientalis fruit 2.42 0.31 - - 0.55 20.15 10.61 0.92 25.60 - 0.37 37.47 0.29 - 0.69
S14 N-2 C. orientalis seed 2.37 0.31 0.04 - 0.57 19.44 10.57 1.14 25.13 0.81 0.45 37.20 0.45 0.14 0.89
S15 N-3 C. orientalis fruit 2.65 0.36 0.03 - 0.48 20.71 9.78 0.88 25.57 0.63 0.32 36.82 0.43 0.16 1.02
S16 N-3 C. orientalis seed 2.64 0.37 0.04 - 0.49 19.90 9.31 0.78 25.97 0.61 0.31 38.07 0.38 0.13 1.00
S17 N-4 C. orientalis fruit 2.06 0.17 0.03 - 0.43 21.60 8.32 0.66 28.33 0.62 0.21 36.51 0.23 - 0.70
S18 N-4 C. orientalis seed 1.90 0.09 - - 0.86 21.76 8.13 0.52 27.77 0.39 0.22 36.42 0.16 - 0.44
S19 N-5 C. tataria fruit 3.04 0.28 - - 0.59 28.46 12.88 0.84 28.02 0.59 0.08 24.67 0.17 - 0.38
S20 N-6 C. orientalis seed 2.06 0.20 - - 0.54 20.38 9.67 0.82 24.75 0.86 - 34.67 0.56 0.17 1.59
S21 N-7 C. orientalis fruit 2.77 0.37 0.04 - 0.46 17.30 11.17 0.78 25.39 0.69 0.53 35.39 0.75 0.14 1.25
S22 N-7 C. orientalis seed 2.94 0.37 0.45 - 0.46 18.04 11.39 0.76  26.87 0.74 0.21 36.31 0.44 0.09 0.90
S23 N-8 C. orientalis fruit 2.76 0.28 - - 0.46 22.66 10.21 0.63 27.32 0.57 0.23 34.10 0.24 - 0.52
S24 N-8 C. orientalis seed 2.66 0.16 - - 0.41 22.82 9.92 - 26.16 - 0.20 34.49 0.15 - 0.47
S25 N-9 C. orientalis fruit 2.48 0.31 - - - 22.70 10.96 0.93 25.02 0.61 0.37 34.87 0.34 0.10 0.62
S26 N-9 C. orientalis seed 2.53 0.32 0.04 - 0.68 22,58 11.15 1.04 24.02 0.66 0.46 34.87 0.40 0.15 0.73
S27 N-10 C. orientalis fruit 2.59 0.23 - 0.60 0.52 21.95 9.71 0.79 26.86 0.70 0.23 34.63 0.29 - 0.70
528 N-10 C. orientalis seed 2.42 0.30 - - 0.46 24.37 10.35 0.71 26.89 0.59 0.20 32.67 0.28 - 0.50
S29 M-1 C. orientalis fruit 2.48 0.67 19.48 9.48 0.48 23.83 0.63 0.43 33.40 0.26 0.24 1.17
S30 M-1 C. orientalis seed 2.87 0.29 0.53 15.85 9.89 0.45 18.97 0.51 0.42 44.68 0.41 0.23 2.11

C 16:0 (Palmitic acid), C 16:1 (Palmitoleic acid), C 17:0 (Heptadecanoic acid), C 17:1 (cis-10-Heptadecenoic acid), C 18:0 (Stearic acid), C 18:1 (Oleic acid),
C 18:2 (Linoleic acid), C 20:0 (Arachidic acid), C 20:1 (Gondoic acid), C 20:2 (8,11-Eicosadienoic), C 22:0 (Behenic acid), C 22:1 (Erucic acid), C 22:2 (13z
16z-docosadienoic acid), C 24:0 (Lignoceric acid), C 24:1 (Nervonic acid)
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Figure 3. Heatmap for the fatty acids of Crambe samples (Value=%)
Sekil 3. Crambe érneklerinin yag asitleri bakimindan 1s1 haritas: (Deger=2%)

Crambe is one of the important genera for industrial
uses of its oil. It is a cost-effective oil plant compared
to many others. In the study, different Crambe plants
were collected at various locations in the Central
Anatolian and Mediterranean regions, the species
were 1dentified and the seed and fruit oil composition
were evaluated. As a result of the identification, two
different species, C. orientalis and C. tataria, were
determined. However, the amount of erucic acid of both
species was lower than the annual C. abyssinica, which
is cultivated in different parts of the world. This is due
to the varieties improved for the higher amount of
erucic acid demanded by the industry, in addition to
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the genetic species characteristic of C. abyssinica.
Crambe, which has a high production potential due to
its natural presence in Turkiye, is not well-known
commercially. In recent years, increasing awareness
around the world about agriculture and the
environment has led to an intensification of studies on
this plant. Since it is a crop that can be grown taking
advantage of winter and spring rainfall, it has good
potential as an alternative oil crop for industrial
purposes in those regions that oppose the increase in
drought. Different species of Crambe, stand out with
their biodegradable feature, and the determination of
morphological and quality characteristics of these
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species have gained importance in this respect.
Further studies are recommended to focus on studies
aimed at achieving the higher levels of erucic and
gondoic acid required by the industry and examining
the yield and quality of Crambe species in different
regions.
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ABSTRACT Field Crops

This study was carried out during the 2016-17 and 2017-18 growing

seasons in KEdirne. This study was conducted in a randomized Research Article

complete block design with four replications. The five varieties : :

(Kirklar, Kahraman, Kucukyayla, Yeniceri and Sebat) and 10 lines  “rticle History

were used as material in the study. It was aimed to determine the Received Lo QL 20EE
genotypes suitable for animal nutrition. The traits such as green Accepted -+ 27.06.2022
forage (GFY) and hay yield (HY), plant height (PH), acid detergent Gk

fiber (ADF), neutral detergent fiber (NDF) and crude protein content
(CP) as well as dry matter digestibility (DMD), dry matter
consumption (DM) and relative feed value (RFV) quality parameter

Crude protein content
Forage quality

: Hay yield
performances of the genotypes were investigated. There were Rel};éve foed value
statistically significant differences among genotypes for green forage, Vet

hay yield and plant height. The effects of genotype x year interaction
on green forage, hay yield and plant height were found statistically
significant. According to the results of two years of research,
correlations between hay yield with green forage (0.8865**) and
plant height (0.6141**) were determined as significant and positive.
In terms of two years average, GFY, HY, PH, ADF, NDF, CP and
RFV of oat lines ranged between 39.90-56.69 (50.84 t ha'l), 10.52-
15.09 (12.93 t ha'l), 84.4-105.4 (95.8 cm), 36.0-44.0 (39.7%), 50.6-59.0
(55.1%), 8.9-17.2 (12.6% ) and 86.1-108.3 (98.2%). The oat G6 had
the highest hay yield with 15.18 t ha'! and G8 had highest RFV with
107.8%. G2 (Kahraman), the oat G9 and G8 were suitable for hay
yield and RFV in Trakya-Marmara region.

Trakya-Marmara Bolgesinde Yulaf ( Avene sativa L.) Genotiplerinin Yesgil Ot, Kuru Ot ve Baz1 Kalite

Ozellikleri Yéniinden Degerlendirilmesi

OZET Tarla Bitkileri

Bu calisma, 2016-17 ve 2017-18 tretim sezonlarinda Tesaduf

Bloklari Deneme Deseninde dort tekerriirli olarak Edirne'de Aragtirma Makalesi
yurutilmustur. 15 yulaf genotipin kullanildigi denemede, 5 standart

cesit (Kirklar, Kahraman, Kiiciikyayla, Yeniceri ve Sebat) yer Makale Tarihgesi

almigtir. Arastirmada, yulaf genotiplerin yesil ot ve kuru ot verimi Gelig Tarihi  :15.01.2022
ile baz1 kalite ozellikleri incelenerek hayvan beslemesi i¢in bolgeye Kabul Tarihi :27.06.2022
uygun genotiplerin belirlenmesi amaclanmigtir. Bu kapsamda

genotiplerin yesil ve kuru ot verimi, bitki boyu ile kalite Anahtar Kelimeler

ozelliklerinden ADF(Asit Deterjan Lif), NDF (Nétral Deterjan Lif),
HP (Ham Protein), KMS (Kuru Madde Sindirebilirligi), KMT (Kuru
Madde Tiiketimi) ve NYD (Nispi Yem Degeri) incelenmistir. Yapilan
arastirma sonucunda iki yi1lda da yesil ot verimi, kuru ot verimi ve
bitki boylar1 arasinda genotipler arasindaki fark istatistiki olarak
6nemli bulunmustur. Ayrica ADF, NDF, HP, KMS, KMT ve NYD
yontunden genotipler arasinda farkliliklar belirlenmigtir. Genotip x
yil interaksiyonunun genotiplerin yesil ot, kuru ot ve bitki boyu
tizerine etkilerinin istatistiki olarak énemli bulunmustur. Iki yilhk
calisma sonucuna goére genotiplerin kuru ot verimi ile yesil ot verimi
(r=0.8865%*) ve bitki boyu (r=0.6141**) arasinda pozitif ve 6nemli bir

Ham Protein
Yem Kalitesi
Kuru ot verimi
Nisbi Yem degeri

Cesit
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iligki belirlenmistir. Iki yil ortalamasina gore genotiplerin yesil ot
verimi; 39.90-56.69 (50.84) t ha'l, kuru ot verimi; 10.52-15.09 (12.93)
t hal, bitki boyu; 84.4-105.4 (95.8) cm, ADF; %36.0-44.0 (39.7),
NDF; %50.6-59.0 (55.1), HP; %8.9-17.2 (12.6), KMS; %2.0-2.4 (2.2),
KMT; %54.6-60.8 ( 58.0) ve NYD; %86.1-108.3 (98.2) arasinda
degisim gostermigtir. Iki yillik ¢alisma sonucunda 15. 18 t ha'! kuru
ot verimi ile 6 nolu genotip, %107.8 NYD ile 8 nolu genotip en
kaliteli olarak one c¢ikmigtir. Kuru ot verimi ve nispi yem degeri
yoniinden Kahraman, 9 ve 8 nolu genotipler bélge i¢in en uygun

olarak 6ne ¢ikmagtir.
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INTRODUCTION

Oat (Avena sativa L.) is an important cereal for
human nutrition and animal feed across the world
(Buerstmayr, 2007). Oat stems are softer and leaves
are more abundant, so they are rich in organic and
mineral substances from wheat and barley straw.
Besides, oat is used to support the mixture of legumes
such as grain, green forage, silage, straw and vetch-
feed peas. Among the cereals, oat has the highest
protein content and quality in the feeding of domestic
animals. The oat also shows the highest oil content.
Oat green were grown on an area of 82.551 ha in 2012
and 214.257 ha in 2018 in Turkey. At the same time,
green forage production was recorded 934.157 t in
2012 and as 2.843.686 t in 2018. The yield per area
should be increased to fill the gap of higher quality
forage in Turkey (Avcioglu et al.,, 2000). 17 oat
varieties (Faikbey, Seydisehir, Sebat, Yeniceri, Sari,
Fetih, Kirklar, Kahraman, Haskara, Albatros, Bc
Marta, Dirilis, Arslanbey, Kucukyayla, Kehlibar,
Kayi and Kupa) have been registered in Turkey
(Anonim, 2019). All of these varieties are cultivated
for grain. Oat is important in the feeding of farm
animals due to the high protein content (Wood, 2001).
Cheap and easily available feed sources are required
in order to increase animal production, and oat is an
important alternative plant. Oat is a priority product
in the world as animal food, and it is inevitable to
increase its production if the importance of oats in
animal nutrition is taken into account in our country
(Serin and Tan, 2009). Koger and Albayrak (2012),
investigated feed peas mixtures with oat and barley.
They reported hay yield as 13.52 t ha'l, ADF value as
34.6%, NDF value as 59.1% and CP as 10.87%. and
RFV as 97.45% for monoculture oat and RFV as
167.27% for monoculture feed peas. As the feed pea
ratio increased, the relative feed value of the feed
increased. Avci (2017), used 13 oat genotypes and
reported green forage yield 55.65 t ha'l oat sowing
during winter and 37.39 t ha'! in summer. While they
obtained hay yield as 12.64 t ha! in winter, they
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obtained hay yield as 6.88 t ha! in the summer. Mut
et al. (2015), tested 100 oat genotypes and reported
CP ranged from 5.88-13.64%, ADF values ranged
from 33.32-42.48% and NDF values ranged from
52.25-65.24%. Ceri and Acar (2019), used 12 oat
genotypes and they obtained green forage yield
between 23.42-31.09 t ha’l, hay yield between 6.14-
9.94 t ha'l, ADF value varied between 37.82-41.75%,
NDF between 52.79-57.80% and CP between 9.64-
11.53%. This study tested the 15 oat genotypes (10
oat lines and 5 varieties) developed by Trakya
Agricultural Research Institute for green forage and
hay yield, as well as some quality characteristics to
determine the accessions suitable for the Trakya-
Marmara region.

MATERIALS and METHODS

This research was conducted in Edirne Trakya
Agricultural Research Institute during the 2016-17
and 2017-18 growing seasons. Five standard varieties
(Kirklar, Kahraman, Kucukyayla, Yeniceri and Sebat)
and ten oat lines were used. According to the results
of some physical and chemical analysis of the soil in
which the research was conducted, the texture class
was silty-clay loam, organic matter content 1.07%,
lime content 0.00%, salt 0.05%, pH 6.20, available
phosphorus amount 279.2 kg ha'l, potassium content
was 968.0 kg ha'l. The climatic values of the research
site for trial years were given in Table 1. While the
total rainfall was 417.2 mm in 2016-2017, 833.8 mm
in 2017-2018. The mean temperature of the trial was
12.0 °C in 2016-17, 10.2 9C in 2017-18. Due to the
high temperature in the first year, the flowering date
of plants were 10-15 days earlier than in the second
year. However, in the second year of the trial,
especially April rainfall was insufficient (3 mm). The
lack of rainfall in this period negatively affected the
plant height, green forage and hay yield. Although
the flowering date was delayed in the first year of the
experiment, as a result of sufficient rainfall in April
(65.6 mm) and May (85 mm), the plant height, green
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forage and hay yields were the same as in the second
year. The experiment was carried out with four
replications according to the Randomized Complete
Block Design. Each plot consisted of six rows of 7 m

length and 1 m width and line spacing 17 cm. Seeding
rate and field management were determined
according to the results of regional research, with
about 600 seeds per m2.

Table 1. Rainfall (mm), mean temperature (°C) and relative humidity (%) of the research site*
Cizelge 1. Arastirma yerinin yagis miktar: (mm), ortalama sicaklik ( 8) ve nispi nem (%) degerleri

Total Rainfall (mm) Mean Temperature (°C) Relative Humidity (%)
2016-17 2017-18 2016-17 2017-18 2016-17 2017-18

September 9.2 34.2 20.8 21.3 57.5 57.8
October 44 .4 135.2 14.3 13.6 69.5 77.1
November 3.2 71.6 0.7 9.5 72.9 75.7
December 3.2 119.6 0.7 7.4 72.9 85.1
January 67.8 55.6 -1.9 4.3 83.7 88.1
February 43.4 101.8 5.3 5.7 80.0 89.5
March 51.0 145.6 10.2 8.9 73.0 88.8
April 65.6 3.0 12.5 16.6 63.1 61.3
May 85 18.8 17.9 20.3 65.4 76.3
June 44.4 148.4 21.2 22.6 74.4 66.4
Total 417.2 833.8

Mean 10.2 12.0 71.2 76.6

* Values were taken from Edirne Meteorology Directorate
* Veriler Edirne Metereoloji Miidiirliigiinden alinmigtir

The experiment was carried out with four replications
according to the Randomized Complete Block Design.
Each plot consisted of six rows of 7 m length and 1 m
width and line spacing 17 cm. Seeding rate and field
management were determined according to the
results of regional research, with about 600 seeds per
m2. The trials were planted on 19 October 2016 in the
first year and on 18 October 2017 in the second year.
Sowing was done with a specific seeder for plots.
Before planting, 20-20-0 composite fertilizer (about 40
kg ha'! of P205, 4 kg ha'! of N) was broad-casted and
incorporated. An additional of N was top-dressed 70
kg ha?l at tillering stage and 40 kg hal stem
elongation stage. Weeds were controlled by Glean
herbicide (about 10 cc hal) before germination and
Lancelot super herbicide (about 30 cc ha!) at the end
of tillering stage. The plants were cut with a special
rice machine at 50% flowering in each plot (6 m?2
area). The trials were cut between 1 May and17 May
2017 in the first year and between 22 April and 4 May
2018 in the second year. In the harvest, plots were
evaluated as 6mx1m = 6 m2 area.

Green forage yield (t hal): The plants are cut and
weighed when there is 50% flowering in each plot.

Hay yield (t ha!): After weighing the green forage
harvested from each plot, samples of 0.5-1 kg green
forage were dried in a drying cabinet at 70 °C for 48 h
(Unal, 2011), dried plants are kept at room
temperature for 24 hours, and then weighted with
precision balance (0.05 g).

Crude Protein Content (%): Crude protein content
was determined by AOAC method (nitrogen
multiplied by 6.25 was determined by device LECO

464

FP 528) (Anonymous, 2009).

Insoluble Fiber in Neutral Detergent Solution (NDF)
(%): It forms the insoluble part of neutral detergent in
oat forage samples. It contains hemicellulose,
cellulose, lignin and silica. Oat samples were
determined by Spectrastar 2400D, Unity Scientific,
USA NIR brand method (Van Soest et al., 1991).

Insoluble Fiber in Acid Detergent Solution (ADF) (%):
It is composed of insoluble parts of oat grass samples
under acid detergent conditions. It contains cellulose,
lignin and silica. Oat samples were determined using
the Spectrastar 2400D, Unity Scientific, USA NIR
device according to the method (Van Soest et al.,
1991).

Relative Feed Value (RFV) (%): It was calculated by
using the formula (120)/NDF) x ((88.9- (0.779 x ADF))
x (0.775)).

Total Digestible Food (TDN) (%): It was calculated by
using the ((-1.291 x ADF) +101.35) formula. DMD
and DM of feeds were determined using below the
equations (Van Dyke and Anderson, 2000). DMD

value were determined using ADF values (Kaya,
2008).

DMD = 88.9 - (0.779 x ADF), DM = 120 / NDF, NYD =
DMD x DM x 0.775

The data were analyzed with JMP (5.0) statistical
software. According to the variance analysis results,
statistically  significant factor averages were

compared using the Least Significant Difference
(LSD) (Kalayci, 2005).

RESULTS and DISCUSSION
Green forage yields of genotypes were 37.88-63.50 t
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ha? in the first year and 41.92-55.54 t ha! in the
second year, while the average green forage yield was
51.28 t ha! in the first year and 50.40 t hal in the
second year (Table 2-3). Based on the two-year
averages of results, green forage yields of genotypes
ranged from 39.90- 56.69 t ha'l. While the highest
green forage yield were obtained from G4 (Sebat)

(56.69 t hal) and G6 (56.60 t ha?) the lowest green
forage yield were obtained from G5 (Yeniceri) (39.90 t
ha'!) and G7 (41.83 t ha'l). Acar (1995), obtained oat
yield as 11.49 t hal, Gil et al. (1999) reported oat
forage yield 16.82-28.48 t ha'l. Uzun and Asik (2012),
reported the highest of green forage yield 47.34 t ha'l.

Table 2. Mean square (MS) from the cosikined analysis of variance for green forage yield, hay yield and plant height of oat

genotypes
Cizelge 2. Yulaf genotiplerinin yesil ot verimi, kuru ot verimi ve bitki boylarinin birlestirilmis varyans analizlerinin ortalama
kareleri
Source of Variation DF GFY HY PH
Years (Y) 1 8.39523 0.13213 385.208
Replication [Yrs] 6 114.214 7.7099 441.608
Genotypes (G) 14 79.7125%* 5.01841** 336.619%*
YxG 14 34.9702%* 6.06818%* 97.119**
Error 84 7.8713 0.52366 15.388
Total 119 24.87754 2.06379 87.39321

Significant at *p<0.05. and **p<0.01 levels. Respectively, GFY: Green forage yield, HY: Hay yield, PH: Plant height
Onemlilik *p<0.05 ve **p<0.01 seviyeleri. Yesil ot verimi, Kuru ot verimi, Bitki boyu

Table 3. Yields of green forage and hay of the 15 oat genotypes during the 2016-17 and 2017-18 growing seasons
Cizelge 3. Yulaf genotiplerinin 2016-17 ve 2017-18 yetistirme sezonlarindaki yesil ot ve kuru ot verimi ortalama degerleri ve

gruplar

Genotypes Green forage yield (t ha'1) Hay yield (t ha'1)
G.No Genotype or Pedigree 2016-2017 2017-2018 2016-2018 2016-2017 2017-2018 2016-2018
G6 IL 3555-0BD-0T-5T-0T 61.9243.70a  51.29+3.50a  56.60+6.58a  17.28+1.03a  13.08:0.89b-e 15.18+2.41a
G4 Sebat (st) 57.8345.36 a-c  55.54+7.79a  56.69+6.31a  14.92+1.38b  14.33x2.01 a-c  14.63+1.63 ab
G13  MNO06130-0BD-0T-1T-0T  63.50+3.48 a  49.00+£9.30a-c  56.25+10.1a  16.89+0.93a  11.42+2.17ef  14.15+3.31 a<c
G2 Kahraman (st) 44.13+3.55 gh  52.00+11.3a  48.06+8.80de  12.93+1.04cd  14.72+3.19ab  13.82+2.39 b-d
G10  FL0507-0BD-0T-0T-9T-0T  53.0.045.54 c-e 53.71+8.47a  53.35+6.64 a-c  13.94+1.46bc  13.64+2.15a-d 13.79+1.71 b-d
G9 FL0507-0BD-0T-0T-1T-0T  49.96+4.03 d-f 54.67+3.56 a  52.31+4.33a-d 11.49+0.93e-g 15.09+0.98a  13.29+2.12 c-e
G12  MNO06203-0BD-0T-2T-0T  57.92+0.88 a-c  55.13+6.95a  56.52+4.82a  12.86+0.19c-e 13.34+1.68a-e 13.10+1.14 c-f
G8 FL0522-0BDOT-0T-10T-0T 58.92+3.49 ab  48.67+11.9 ac 53.79+9.82 ab  13.49+0.80 b-d 12.70+3.12ce  13.10+2.15 c-f
G1 Kirklar (st) 48.85+3.47 e-g 48.67+8.10 a-c  48.76£5.77c-e 12.95+0.92cd  13.09+2.18 b-e  13.02+1.55 c-f
G11  MNO05131-0BD-0T-5T-0T  55.67+3.14 b-d 49.54+6.01 ab  52.60+5.52 a-d  14.14+0.80 bc  11.40+1.38 ef  12.77+1.80 d-f
G3 Kucukyayla (st) 44.58+6.05 f-h  50.54+8.44 ab  47.56+7.51 e 10.39+1.41 gh  13.85+2.31 a-d 12.12+2.56 e-g
G15  FL0534-0BD-OT-OT-1T-0T 43.04+3.00h1  51.08£7.15a  47.06+6.65 e 9.94+0.69h  13.95+1.95a-d 11.94+2.53 fg
G14  FL06020-0BD-0T-0T-3T-0T  51.88+9.00 de  50.83+5.68 ab  51.35+6.99 b-e  12.29+2.13d-f 10.52+1.18 f 11.41+1.86 gh
G7 FL04167-0BD-0T-0T-9T-0T  40.21+4.77h1  43.46+8.28 bc  41.83+6.49 f 11.14£1.32 fh  11.39+2.17ef  11.26+1.67 gh
G5 Yeniceri (st) 37.88+2.921 41.92+7.30 ¢ 39.90+5.58 f 8.48+0.65 1 12.28+2.14 d-f  10.38+2.50 h
Average 51.28+8.77 50.40+7.88 50.84+8.31 12.88+2.56 12.99+2.24 12.93+2.39
CV (%) 7.86 10.4 9.20 7.79 10.6 9.33
LSD (% 5) 5.75 7.48 4.65 1.43 1.96 1.20

Year: 7.96 not significant Y1l : Onemsiz

Genotype x Year: Significant, Genotip x Yil:

Onemli

Year: 2.07 not significant, Yil: Onemsiz

Genotype x Year: Significant, Genotip x Y1l

Onemli

*Means marked with the same letter are no different from each other.
* Ayni1 harfli olaniar birbirinden farkl degildir
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Aver (2017), used 13 oat genotypes and reported as
55.65 t ha'! oat sowing during winter and 37.39 t ha'!
in summer. On the other hand, Ceri and Acar (2019),
used 12 oat genotypes and they obtained green forage
yield as 23.42-31.09 t hal. As it is seen, summer
yields have declined of Ceri and Acar (2019) because
oat plant likes cool and rainy weathers.Our results
are similar to results of Avel (2017), Uzun and Asik
(2012). However, our results were not similar to the
other studies of Acar (1995), Giil et al. (1999), because
the material used was different and the studies were
conducted in different locations.

Hay yields of genotypes varied between 8.48-17.28 t
ha? in the first year and 10.52-15.09 t ha! in the
second year. In the first year, genotype G6 reached
the highest hay yield (17.28 t ha'l), followed by G4
and number G13 as 16.89 t ha! and 14.92 t hal,
respectively. According to the average of two years,
the highest hay yield was reached in G6 with 15.18 t
hal. It is followed by G4 variety with 14.63 t ha'l and
G13 with 14.15 t hal.

There was statistically significant difference in green

forage and hay yields of genotype and genotype x year
interaction, while there was no statistically
significant difference in green forage and hay yields of
genotypes between years. According to the results of
two years of research, correlations between hay yield
with green forage (0.8865**) were determined as
significant and positive. Giil et al. (1999), stated hay
yield as 7.05-8.27 t ha'l, Koger and Albayrak (2012)
stated as 13.52 t ha'l in their study. Avec1 (2017) used
13 oat genotypes for winter sowing. While they
obtained hay yield as 12.64 t ha! in winter, they
obtained hay yield as 6.88 t ha! in the summer. Ceri
and Acar (2019) used 12 oat genotypes and they
ranged from hay yield between 6.14-9.94 t hal in
their study. Our results were similar to those of Avc
(2017), Kocer and Albayrak (2012), but were different
from those of Giil et al. (1999) and Ceri and Acar
(2019). The reason why the results were not similar
was that the materials and experiments used were
conducted in different regions. The data on plant

height and flowering dates of genotypes are given
(Table 4).

Table 4. Values of plant height and flowering date of the 15 oat genotypes during the 2016-17 and 2017-18 growing seasons.
Cizelge 4. Yulaf genotiplerinin 2016-17 ve 2017-18 yetistirme sezonlarindaki bitki boyu ortalama degerleri, gruplari ve

basaklanma tarihleri

Plant Height (cm) Flowering Date (day/month)
G. No Genotype or Pedigree 2016-2017 2017-2018 2016-2018 2016-2017 2017-2018

G1 Kirklar (st) 91.8+4.92d  101.3+10.30 b-d 96.5+9.04 be 3/5 24/4
G2 Kahraman (st) 87.8+2.22 e 96.5+7.94 c-f 92.1+£7.14 d 4/5 25/4
G3 Kucukyayla (st) 80.8+2.98 f 88.0+8.52 g 84.4+7.07 e 1/5 24/4
G4 Sebat (st) 88.8+2.22 de 87.3+5.31 g 88.0£3.85 e 15/5 04/5
G5 Yeniceri (st) 83.3+£2.75 f 89.8+8.77 fg 86.5+6.94 e 6/5 30/4
G6 1L 3555-0BD-0T-5T-0T 105.0+1.41 b 101.5+4.43 b-d 103.3+£3.57 a 9/5 27/4
G7 FL04167-0BD-0T-0T-9T-0T 89.5+2.64 de 96.3+7.41 d-f 92.9+6.29 cd 4/5 27/4
G8 FL0522-0BDOT-0T-10T-0T 97.8+3.30 ¢ 92.0+1.87 e-g 94.9+9.37b-d 17/5 03/5
G9 FL0507-0BD-0T-0T-1T-0T 102.5+5.74 b 107.8+3.30 ab 105.1+5.16 a 5/5 26/4
G10  FL0507-0BD-0T-0T-9T-0T 96.3+0.95 ¢ 109.3+10.04 a 102.8+9.58 a 3/5 22/4
G11 MNO05131-0BD-0T-5T-0T 97.310.48 ¢ 93.3+6.55 e-g 95.3+4.94b-d 14/5 03/5
G12 MNO06203-0BD-0T-2T-0T 97.3+£1.89 ¢ 98.8+£16.58 c-e 98.0£10.95b 15/5 02/5
G13 MNO06130-0BD-0T-1T-0T 109.0+2.58 a 101.8+8.18 b-d 105.4+6.82 a 12/5 28/4
Gl14 FL06020-0BD-0T-0T-3T-0T 95.5+1.29 ¢ 97.0+£8.04 c-e 96.3+5.39 be 4/5 24/4
G15 FL0534-0BD-0T-0T-1T-0T 87.8+0.25 e 103.5+£6.24 a-c 95.6+9.34b-d 5/5 28/4
Average (Year) 94.0+8.12 97.6+10.2 95.8+9.34

CV (%) 2.66 5.08 4.10

LSD (% 5) 3.56 7.07 3.90

Year: No significant, Genotype x Year: Significant

Yil: Onemsiz, Genotipx Yil: Onemli
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There was statistically significant difference on plant genotypes varied from 84.4-105.4 cm. The tallest
height of genotype and genotype x year interaction, plant length were recorded G13 (105.4 cm), G9 (105.1
while there was no statistically significant difference cm) and G6 (103.3 cm) while the shortest plant height
on plant height of genotypes between years. were recorded G3 (Kucukyayla) (84.4 cm) and G5
According to the results of two years of research, (86.5cm) according to the average of two years. The
correlations between hay yield with plant height genotypes flowered between May 1 and May 17 in the
(0.6141**) were determined as significant and first year and between April 22 and May 3 in the

positive. Taller oat plants are preferred for green second year. G3, G10, G1 (Kirklar) and G2

forage production. The taller the plant height, the (Kahraman) varieties were determined as the earliest
higher the yield of green forage and hay yield. Like  flowering while G8, G11, G12 and G4 were
plant height, stem thickness and amount of leaves are deterrplned as th? latest flowering. Early ﬂowermg 1s
very important in green forage and hay yield. very important in oat green forage and hay yield

However, too tall plants can lodge and this leads to especially for second crop farming. The ADF’ NDF
loss of yield. Moderate tall plants should be preferred and CP values of the genotypes are shown n Table 5.
for resisting to lodging. In addition, yield losses occur ~ ADF refers to the amount of cellulose, lignin and

due to lodging during seed production of tall varieties. insol}lble prote.in ip 'Fhe plant cell wall structure. It
Plant height of the genotypes varied from 83.3-109.0 provides the digestibility of the feed and the energy

cm in the first year and 87.3-109.3 ¢cm in the second intake of the animal.
year. According to the year averages plant height of

Table 5. Values of ADF, NDF and CP of the 15 oat genotypes during the 2016-17 and 2017-18 growing seasons
Cizelge 5. Yulaf genotiplerinin 2016-17 ve 2017-18 yetistirme sezonlarindaki ADF (Asit Deterjan Lif) , NDF
(Nétral Deterjan Lif) ve HP (Ham Protein) degerleri

ADF (%) NDF (%) CP (%)
G. No Genotype or Pedigree 2016-17 2017-18 2016-17 2017-18 2016-17 2017-18
G1 Kirklar (st) 41.4 40.8 57.4 57.3 14.6 13.4
G2 Kahraman (st) 39.2 39.2 53.9 55.8 17.2 10.9
G3 Kucukyayla (st) 39.6 37.3 53.9 54.4 17.2 8.9
G4 Sebat (st) 40.4 41.7 58.0 56.5 11.8 10.0
G5 Yeniceri (st) 36.0 38.1 52.6 53.3 14.2 10.1
G6 IL 3555-0BD-0T-5T-0T 44.0 39.4 59.0 54.5 12.2 10.3
G7 FL04167-0BD-0T-0T-9T-0T 40.5 39.2 55.3 55.8 16.3 13.1
G8 FL0522-0BDOT-0T-10T-0T 38.5 37.3 50.6 51.8 14.4 13.0
G9 FL0507-0BD-0T-0T-1T-0T 37.5 40.2 54.5 57.2 15.2 11.1
G10  FL0507-0BD-0T-0T-9T-0T 41.3 43.3 57.9 57.5 11.8 12.7
G11  MNO05131-0BD-0T-5T-0T 38.0 41.0 52.1 53.0 11.9 10.3
G12  MNO06203-0BD-0T-2T-0T 40.6 40.5 55.4 52.7 12.6 11.5
G13  MNO06130-0BD-0T-1T-0T 39.9 39.9 57.3 53.5 11.9 11.9
G14  FL06020-0BD-0T-0T-3T-0T 40.6 39.3 54.6 55.0 12.7 12.4
G15  FL0534-0BD-0T-0T-1T-0T 37.9 38.2 56.5 54.0 11.2 13.2
Minimum 36.0 37.3 50.6 51.8 11.2 8.9
Maximum 44.0 43.3 59.0 57.5 17.2 13.4
Average 39.7 39.7 55.3 54.8 13.7 11.5

High content feeds have low digestibility and energy 36.0-44.0% and 37.3-43.3% in the first and the second
(Kaya, 2008). ADF values of genotypes ranged from year, respectively. G5 showed the lowest ADF value
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(36.0%), while G6 showed the highest ADF value
(44.0%) in the first year. G3 had the lowest (37.3%)
and G10 had the highest (43.3%) ADF value in the
second year. Feed quality of forage is better if ADF is
low. Therefore, G8, G15 and G3 are considered good
in terms of forage quality. Kocer and Albayrak (2012),
stated that ADF value is 34.6%, Mut et al. (2015),
used 100 oat genotypes in their study and they
founded that ADF values ranged from 33.32-42.48%.
Ceri and Acar (2019), used 12 oat genotypes and they
determined that ADF value varied between 37.82-
41.75%. Our results were similar to Ceri and Acar
(2019), Koger and Albayrak (2012), Mut et al. (2015).
NDF value is considerably important because the
amount of metabolizing energy in cereal depends on
its concentration. The soluble substances in NDF
consist mostly of starch, sugar, crude protein and fat.
These substances are 98% digestible. However, as the

amount of NDF increases, soluble substances
contained in NDF decrease. G8 had the lowest NDF
(50.6%) and G6 had the highest NDF (59.0%) in the
first year. G8 had the lowest NDF (51.8%) and G10
had the highest (57.5%) in the second year. Similar to
ADF value, if NDF value is low, forage quality is
better. Thus, G8, G11, G5 and G3 varieties were
considered to be good. Koger and Albayrak (2012)
reported 59.1% NDF. Mut et al. (2015) found 52.25-
65.24% NDF value. Ceri and Acar (2019) investigated
12 oat genotypes and reported NDF as 52.79-57.80%.
Our results were similar to Ceri and Acar (2019),
Koger and Albayrak (2012), while Mut et al. (2015)
results were slightly different. These differences could
be due to the genetic structure of the genotypes,
growing  conditions and nitrogen  fertilizer
applications. Oats used as human nutrition and
animal feed should have a high protein content.

Table 6. Values of DMD, DM and RFV the 15 genotypes during the 2016-17 and 2017-18 growing seasons.
Cizelge 6. Yulaf genotiplerinin 2016-17 ve 2017-18 yetistirme sezonlarindaki KMS (Kuru Madde Sindirebilirligi),
KMT (Kuru Madde Tiiketimi) ve NYD (Nispi Yem Degeri) degerleri

DMD (%) DM (%) RFV (%)
G.No Genotype or Pedigree 2016-17 2017-18 2016-17 2017-18 2016-17 2017-18
G1 Kirklar (st) 2.1 2.1 56.7 57.1 91.9 92.7
G2 Kahraman (st) 2.2 2.1 58.4 58.3 100.9 97.2
G3 Kugukyayla (st) 2.2 2.2 58.1 59.9 100.2 102.4
G4 Sebat (st) 2.1 2.1 57.5 56.4 92.2 93.0
G5 Yeniceri (st) 2.3 2.2 60.8 59.2 107.7 103.2
G6 IL 3555-0BD-0T-5T-0T 2.0 2.2 54.6 58.2 86.1 99.4
G7 FL04167-0BD-0T-0T-9T-0T 2.2 2.2 57.4 58.3 96.5 97.3
G8 FL0522-0BDOT-0T-10T-0T 2.4 2.3 58.9 59.8 108.3 107.4
G9 FL0507-0BD-0T-0T-1T-0T 2.2 2.1 59.7 57.6 102.0 93.7
G10  FL0507-0BD-0T-0T-9T-0T 2.1 2.1 56.7 55.1 91.2 89.2
G11  MNO05131-0BD-0T-5T-0T 2.3 2.3 59.3 57.0 105.9 99.9
G12  MNO06203-0BD-0T-2T-0T 2.2 2.3 57.3 57.3 96.2 101.3
G13  MNO06130-0BD-0T-1T-0T 2.1 2.2 57.8 57.8 93.9 100.6
Gl14  FL06020-0BD-0T-0T-3T-0T 2.2 2.2 57.3 58.3 97.5 98.7
G15  FL0534-0BD-0T-0T-1T-0T 2.1 2.2 59.4 59.2 97.8 101.8
Minimum 2.0 2.1 54.6 55.1 86.1 89.2
Maximum 2.4 2.3 60.8 59.9 108.3 107.4
Average 2.2 2.2 58.0 58.0 97.9 98.5

While the crude protein values of genotypes ranged
between 11.2-17.2% in the first year and 8.9-13.4% in
the second year, the mean crude protein content was
13.7% in the first year and 11.5 5 in the second year.
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In the first year, G2 and G3 varieties reached the
highest value with 17.2% protein content, while G15
reached the lowest value with 11.2% protein. In the
second year, G2 was the highest with 13.4% crude
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protein content. There have been high differences in
the amount of crude protein in the genotypes. Koger
and Albayrak (2012), stated 10.87% crude protein
content. Mut et al. (2015), tested 100 oat genotypes
and reported 5.88-13.64% crude protein content. Ceri
and Acar (2019), used 12 oats genotypes and defined
crude protein content between 9.64-11.53%. Our
results were similar to Ceri and Acar (2019), Kocer
and Albayrak (2012) and Mut et al. (2015) studies.

Data related to DMD, DM and RFV values of
genotypes are given (Table 6). While the DMD values
of genotypes were 2.0-2.4% in the first year, and 2.1-
2.3% in the second year, there was no difference
between the genotypes considering the years. DM
values of genotypes varied between 54.6-60.8% in the
first year and 55.1-59.9% in the second year. While
there were differences between genotypes in terms of
DM, there was no difference between years. Koger
and Albayrak (2012) reported similar results in their
study.

The relative feed value (RFV), which is included in
different quality indices for the determination of
forage quality, is based on the ADF and NDF
contents. RFV in feed i1s of great importance in
determining the quality and marketing of feeds. High
RFV value indicates that the quality of forage is good.
RFV values of genotypes ranged from 86.1-108.3% in
the first year and 89.2-107.4% in the second year. G8
showed the highest quality in the first year because
had 108.3% RFV followed by G5 with 107.7%, G11
with 105.9%, G9 with 102.0% and G2 variety with
100.9% RFV. In the second year, G8 with 107.4% RFV
reached the highest quality feed value, followed by G5
with 103.2 %, G3 with 102.4% and G15 with 101.8%
RFV. According to the two-year RFV average value
G8, G5, G11 and G3 had the highest forage quality,
while G10, G1, G4 and G6 genotypes had the lowest.

Kocer and Albayrak (2012), investigated feed peas
mixtures with oat and barley, and reported 97.45%
RFV for monoculture oat and 167.27% RFV for
monoculture feed peas. As the feed pea ratio
increased, the relative feed value of the feed
increased. Kocer and Albayrak's (2012) results were
similar to our results. Conslusion to the two-year
results of our study, G6 (15.18 t ha'l), G4 (14.63 t hal
), G13 (14.15 t ha')) and G2 (13.82 t ha'l) genotypes
had the highest hay yield. The G8 (107.8%), G5
(105.5%), G11 (102.9%) and G3 (101.3%) showed
highest RFV and forage quality. G2, G9 and G8 were
suitable in terms of hay yield and RFV for Trakya-
Marmara region. Besides, G2 and G9 with high forage
quality and hay yield and early flowering
characteristics are recommended for the second crop
planting places.

Author’s Contributions
The contribution of the authors is equal

469

Statement of Conflict of Interest
Authors have declared no conflict of interest

REFERENCES

Acar R 1995. Sulu Sartlarda, Ikinci Uriin Olarak Baz
Baklagil Yem Bitkileri Ve Tahil Karisimlarinin
Yetistirilme Imkanlari. Selguk Universitesi Fen
Bilimleri Enstitisii, Yiksek Lisans Tezi, 68 sy.

Anonymous 2009. Approved methodologies.
www.leco.com/resources/approved _methods.

Anonim 2018. TUIK-Bitkisel Uretim Istatistikleri,
http://www.tuik.gov.tr (Alint1 Tarihi: 24.03.2018)

Anonim 2019. Milli Cesitler Listesi, Tescilli Cesitler
Listesi, http:/www.ttsm.gov.tr (Alint1 Tarihi:
10.05.2019)

Aver 1 2017. Yazlik Ve Kighik Ekilen Yulaf (Avena
Spp.) Genotiplerinin Yesil Ot Verimi Ve Silaj
Kalite Ozellikleri Bakimindan Degerlendirilmesi.
K.S.U. Fen Bilimleri Enstitiisii, Tarla Bitkileri
Anabilim Dali, Yiiksek Lisans Tezi, 69 sy.

Avcioglu R, Soya H, Ac¢ikgéz E, Tan A 2000. Yem
Bitkileri Uretimi. Tiirkiye Ziraat Mihendisligi V.
Teknik Kongresi, 1.Cilt, 17-21 Ocak 2000, Milli
Kitiphane-Ankara, s:567-585.

Buerstmayr H, Krenn N, Stephan U, Grausgruber H,
Zechner E 2007. Agronomic performance and
quality of oat (Avena sativa L. genotypes of
worldwide origin produced under central european
growing conditions. Field Crops Res, (101): 341-
351.

Ceri S, Acar R 2019. Konya’da Sulu Sartlarda
Yetigtirilen Yulaf Hat ve Cesitlerinin Ot Verimi
ve Bazi Yem Kalite Ozelliklerinin Aragtirilmasi.
Bahri Dagdas Bitkisel Arastirma Dergisi (Journal
of Bahri Dagdas Crop Research). 8 (1): 26-33,
ISSN: 2148-3205

Gul 1, Akinca C, Colkesen M 1999. Diyarbakir
Kogullarinda Uygun Tane Ve Ot Amach
Yetigtirilebilecek Yulaf Cesitlerinin Belirlenmesi.
Orta Anadolu’da Hububat Tariminin Sorunlar1 ve
Coziim Yollar1 Sempozyumu, 8-11 Haziran 1999,
Konya, s: 117-125.

Kalayci, M., 2005. Orneklerle Jump Kullamimi ve
Tarimsal Arastirma Igin  Varyans Analiz
Modelleri. Anadolu Tarimsal Arastirma Enstitisi
Midirlaga Yaymnlar:. Yayin No:21, Eskigehir.

Kaya S 2008. Kaba Yemlerin Degerlendirilmesinde
Goreceli Yem Degeri Ve Goreceli Kaba Yem Kalite
Indeksi. Tirk Bilimsel Derlemeler Dergisi, 1(1):
59-64.

Kocer A, Albayrak S 2012. Determination of Forage
Yield and Quality of Pea (Pisum sativum L.)
Mixtures With Oat and Barley. Turkish Journal of
Field Crops, 17 (1):96-99

Mut Z, Akay H, Erbas OD 2015. Hay yield and
quality of oat (Avena sativa L.) genotypes of
worldwide Origin. International Journal of Plant



http://www.ttsm.gov.tr/

KSU Tarim ve Doga Derg 25 (Ek Say1 2): 462-470, 2022
KSU J. Agric Nat 25 (Suppl 2): 462-470, 2022

Aragtirma Makalesi
Research Article

Production 9 (4): 507-522.

Serin Y, Tan M 2009. “Tiurkiye’de Yem Bitkileri
Tariminin Buginkii Durumu”. Yem Bitkileri.
Genel Bolum, Cilt I. Tarim ve Koy. B., Tarimsal
Uretim ve Gelistirme Genel Mudiirliigi, Izmir, 29-
33.

Uzun A, Asik FF 2012. The Effect of Mixtures and
Cutting Stages on Some Yield and Quality
Characters of pea (Pisum sativum L.) + Oat (
Avena sativa L.) Mixture. Turkish Journal of
Field Crops 17 (1):62-66

Unal S, Mutlu Z, Firincioglu HK 2011. Performances
of some winter hungarian vetch accessions (Vicia

470

pannonica Crantz.) on the highlands of Turkey.
Turkish Journal of Field Crops 16(1): 1-8.

Van Dyke NdJ, Anderson PM 2000. Interpreting a
forage analysis. Alabama cooperative extension.
Circular ANR-890.

Van Soest PJ, Robertson JB, Lewis BA 1991. Method
for dietary fiber, neutral detergent fiber, and
nostarch polysaccharides in relation to animal
nutrition. J. Dairy Sci.74:3583-3597.

Wood M 2001. New oats and barleys, ready for
breakfast, brewery, or bran. Agricultural
Research, 49(8): 18-19.



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 471-482, 2022 L §
KSU J. Agric Nat 25 (Suppl 2): 471-482, 2022 g
httpsi//doi.org/10.18016/ksutarimdoga.vi. 1081099 L DoGh

4>‘;/s;

The Investigation of the Effect of the Salicylic Acid on the Antioxidant Potential, Vitamin C
Content and DNA Protection Activity of Wheatgrass (Triticum aestivum L.)

Abdulhamit BATTAL" , Serap DEMIR2

1Department of Pharmaceutical Biotechnology, Faculty of Pharmacy, Van Yuzincu Yil University, Van, Tirkiye, 2Department of Molecular
Biology and Genetics, Institute of Natural and Applied Sciences, Van Yuzinci Yil University, Van, Tirkiye
thttps://orcid.org/0000-0001-6098-3908, 2https://orcid.org/0000-0002-1286-4936

Mt abdulhamitbattal@yyu.edu.tr

ABSTRACT Plant Physiology
Wheatgrass is considered as a superfood because of its high
antioxidant potential and beneficial ingredients. Especially in recent Research Article
years, wheatgrass juice and its powder have been tested in vivo
animal models and clinical studies against some diseases. Salicylic Article History
acid (SA) one of the important phytohormones controlling plant Received - 01.03.2022
growth is used as an exogenous elicitor to increase plant bioactive Accepted - 06.05.2022
compounds. The aim of this study was to investigate antioxidant
potential, vitamin C content and DNA protection of wheatgrass Keywords
grown from SA pre-treated seeds. For this purpose, total antioxidant the atfgras?
statue, total oxidant statue, oxidative stress index and vitamin C SE.thyl.lc acid
level were determined. Additionally, pUC19 plasmid was incubated Vl?:a.mln c
with Fenton’s solution to determine DNA protection activity of Elicitor )
DNA protection

lyophilized wheatgrass extract. Bread wheat caryopses were imbibed
in different concentrations of SA for 2 hours. Wheatgrass grown from
seeds pre-treated with 108 M SA had significantly higher total
antioxidant statue, vitamin C and soluble protein content than
control. It was observed that wheatgrass extracts had a DNA
protective role against hydroxyl radicals. It was concluded that SA
pretreatment of seeds could be a good approach to increase their
antioxidant potential, soluble protein content and vitamin C level of
plants used as antioxidant sources by people.

Salisilik Asitin Bugday Ciminin (Triticum aestivum L.) Antioksidan Potansiyeline, C Vitamini
Igerigine ve DNA Koruyucu Aktivitesine Etkisinin Aragtirilmasi

OZET Bitki Fizyolojisi

Bugday ¢imi yuksek antioksidan potansiyeli ve yararl igeriginden

dolay1 bir siiper besin olarak gérilmektedir. Ozellikle son yillarda, Aragtirma Makalesi
bugday ¢im suyu ve tozu bazi hastaliklara karsi in vivo hayvan

modellerinde ve klinik ¢alismalarda test edilmigtir. Bitki bliylimesini Makale Tarihgesi

kontrol eden énemli bitki hormonlarindan biri olan salisilik asit (SA) Gelig Tarihi :01.03.2022
bitki biyoaktif maddelerini artirmak i¢in dis kaynakli bir elisitor Kabul Tarihi : 06.05.2022
olarak kullanilir. Bu ¢alismanin amaci, SA ile 6n uygulama yapilmig

tohumlardan bluylyen bugday ¢iminin antioksidan potansiyelini, C Anahtar Kelimeler
vitamini icerigini ve DNA koruyucu aktivitesini arastirmaktir. Bu Bugday ¢imi

amag¢ i¢in, toplam antioksidan seviye, toplam oksidan seviye, Salisilik asit

oksidatif stres indeksi ve C vitamini seviyesi belirlendi. Bunlara ek C vitamini

olarak, liyofilize bugday ¢imi ekstrelerinin DNA koruyucu Elisitor

aktivitesini belirlemek i¢in pUC19 plazmiti Fenton solisyonu ile DNA koruma

muamele edildi. Ekmeklik bugday karyopsis meyveleri farkh
konsantrasyonlarda ki SA iginde 2 saat sisirildiler. 108 M SA ile
sigirilen tohumlardan biliyiiyen bugday ¢imi kontrole gére anlamh
olarak daha yiiksek toplam antioksidan seviyeye, C vitamini ve
¢Ozlinen protein igerigine sahiptir. Bugday ¢imi ekstresinin hidroksil
radikallerine karst DNA koruyucu roliine sahip oldugu gozlendi.
Insanlar tarafindan antioksidan kaynag olarak tiiketilen bitkilerin
antioksidan potansiyelini, ¢bzlinen protein igerigini ve C vitamini
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seviyesini artirmak

icin tohumlarina SA 6n uygulamasinin

yapilmasinin iyi bir yaklagim olabilecegi sonucuna varildi.
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INTRODUCTION

Wheat is one of the most important crop plants
consumed by human. Bread wheat (Zriticum
aestivum L.) and durum wheat (7riticum turgidum
durum L.) are mostly cultivated species for food
source in the world. In recent years, wheatgrass juice
and powder have been popular as a functional food
which is used for human health (Bar-Sela et al.,
2015). Wheatgrass is harvested 10-15 days after
germination. It has been used for some disease
treatments for several years because of its rich source
of chlorophyll, vitamins, amino acids and mineral
content and antioxidant potential (Rana et al., 2011;
Thakur et al., 2019). Wheatgrass juice has 70 % of
chlorophyll also called as green blood because of its
similar chemical structure to hemoglobin, only central
magnesium is present at porphyrin ring of chlorophyll
instead of iron in hemoglobin (Padalia et al., 2010).
Similarly, the treatment with wheatgrass is called as
green blood therapy. Wheatgrass has chlorophyll,
tannins, flavonoids, phytic acid, saponins, protein,
crude fat, ascorbic acid, beta carotene, magnesium,
calcium, iron, magnesium, selenium, zinc, copper,
chromium and cobalt (Singh et al., 2012; Devi et al.,
2019; Thakur et al., 2019). Harvesting of wheatgrass
between seven and thirteen days after planting was
suggested for high free radical scavenging activity
(Devi et al., 2020).

There are several studies reporting wheatgrass use in
some diseases such as cancer, oxidative stress,
immunologic disorders, bone diseases, metabolic and
cardiovascular diseases (Rana et al., 2011; Bar-Sela et
al., 2015). Nephroprotective effect of wheatgrass juice
was reported ethanol-induced oxidative damage in
rats (Hebbani et al., 2020). It was reported that cereal
grass juice had the wound healing potential (Karbarz
et al, 2019). Oh et al., (2019) investigated that
ethanolic bread wheat extract contributed to
protection of liver damage in mice fed a choline
deficient or high fat diet. Two novel compounds
isolated from wheatgrass had the cytotoxic activities
against some cancer cell lines (pancreatic, breast,
colon, prostate and lung) (Save et al., 2019). It was
suggested that wheatgrass might have had an
important role in kids with thalassemia receiving
chronic blood transfusion (Mutha et al., 2018). The
healing effects of wheatgrass juice were presented in
a study conducted with type 2 diabetic patients
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(Shakib et al., 2017). The protective role of
wheatgrass on liver damage was investigated alcohol
administered rats and heated polyunsaturated fatty
acids (Durairaj et al., 2014).

Plant bioactive compounds also known as secondary
metabolites are specific products of primary biological
pathways and intermediates (Bourgaud et al., 2001).
Plants and mushrooms have some bioactive
compounds playing important role against biotic or
abiotic environmental stresses (Dogan et al., 2018).
Plants or plant cells adapt to physiological and
morphological changes by producing bioactive
compounds against biotic or abiotic stress factors
(Isah, 2019). Additionally, plant bioactive substances
can be used in pharmaceutical fields, food additives
and other industries (Balandrin et al., 1985). Elicitors
are used to manipulate to production of bioactive
compounds presence in plants (Guerriero et al., 2018).
Some chemicals such as calcium, silver nitrate, iron,
magnesium, or some macromolecules such as
proteins, carbohydrates and fatty acids or allelopathic
relationships may have an elicitor effect (Bhatia and
Bera, 2015). Chemical elicitors can be applied in vitro
by creating callus in plant tissue culture or applied
directly to plants (Dias et al., 2016). Salicylic acid,
methyl salicylate, benzoic acid and chitosan are
widely studied chemicals their effects on the
production of phenolic acids and activity of defence
enzymes (Patel and Krishnamurthy, 2013). Salicylic
acid is a colourless and crystalline organic acid. Foliar
spraying of common purslane (Portulaca oleracea L.)
with different concentration with SA improved
photosynthetic pigments, respiration and its bioactive
content (Saheri et al., 2020). Exogenous SA treatment
of wheat seeds or seedlings had protective role
against different stresses (Fardus et al., 2018; Azeem
et al., 2019; Loutfy et al., 2020).

In recent years, the popularity of wheatgrass is
increasing as a functional food for human health.
Studies about enrichment of food ingredients are also
being hot topic in plant research. The aim of this
study was to explore how pretreatment of wheat
caryopses with different concentrations of SA affected
germination rate, its antioxidant capacity (TAS and
(TOS) and its vitamin C content. Additionally,
another aim was to observe in vitro DNA protection
role of Ilyophilized wheatgrass extracts against
hydroxyl radicals generated by Fenton reaction.
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Furthermore, we wondered how different
concentrations of the salicylic acid imbibition of bread
wheat caryopses affected to physiological parameters
(length and fresh weight of shoot and root),
biochemical parameters (proline, malondialdehyde,
hydrogen peroxide, chlorophyll and soluble protein
content) and antioxidant enzyme activities (catalase,
ascorbate peroxidase and superoxide dismutase) of
wheatgrass.

MATERIALS and METHOD
Plant Material

Bread wheat caryopses (7riticum aestivum L.
‘Bezostaja-1’) were used as a plant material. It was
kindly provided from Transitional Zone Agricultural
Research Institute, Eskisehir, Turkey.

Sterilization

Seeds were surface sterilized by 3 % of sodium
hypochlorite for 5-10 minutes shaking at 200 rpm.
After washing with sterile distilled water for several
times, seeds were treated with 70% of ethanol for 1
minute. Washing with sterile distilled water was
repeated.

Preparation of Salicylic Acid Concentrations

Different concentrations of salicylic acid (SA) were
tested in this study. 102 M (SA-2), 104 M (SA-4), 106
M (SA-6), 108 M (SA-8), 1010 M (SA-10) and 102 M
(SA-12) salicylic acid were prepared from 1 M stock
solution.

Seed Pretreatment with Salicylic Acid and Growth of
Seedlings

Surface sterilized seeds were imbibed with different
concentrations of SA for 2 hours. Control seeds were
imbibed with sterile distilled water for 2 hours.
Imbibed bread wheat caryopses were cultivated on
hydroponic culture under controlled growth room
(25+1 °C and 16/8 light and dark photoperiod).
Hoagland’s medium was used to grow wheat seedlings
(Hoagland and Arnon, 1950). This study was
conducted under semi-sterile conditions. Hoagland’s
medium was prepared from stock solutions and pH
was adjusted between 5.7-5.8. After autoclaving, Fe-
EDTA solution was added. Ten days old seedlings
were harvested and stored wultra-freezer until
analysis.

Wheatgrass Homogenization

Ten days old wheatgrass samples were homogenized
with liquid nitrogen using mortar and pestle. Samples
were stored at  ultra-freezer. Homogenized
wheatgrasses were used to determine
malondialdehyde (MDA) content, proline content,
hydrogen peroxide (H202) content, total antioxidant
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statue (TAS), total oxidant statue (TOS) oxidative
stress index (OSI), vitamin C content and some
antioxidant enzyme activities including ascorbate
peroxidase (APX), catalase (CAT) and superoxide
dismutase (SOD).

Germination Rate

Seeds were sown in petri dishes with wet two-layer
filter paper for 3 days. Germination rate was
calculated for SA treated and control wheat seeds
according to formula given below.

Germination Rate (%)
Cultivated Seeds) X 100

seeds /

(Germinated

Determination of Antioxidant Capacity of Wheatgrass

The effects of salicylic acid pre-treatment of wheat
seeds were evaluated for antioxidant potential of
wheatgrass. Total antioxidant statue (TAS) and total
oxidative statue (TOS) were measured and oxidative
stress index (OSI) were calculated for this aim.
Commercially available TAS and TOS kits (Rel Assay
Diagnostics, Gaziantep, Turkey) were used to
determine TAS and TOS levels according to Erel
(2004; 2005). TAS kit is based on reduction of dark-
blue color of ABTS radical (2,2-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium
salt) to colorless form of ABTS. Extracted wheatgrass
was homogenized with 140 mM potassium chloride
buffer (1:10, w/v) to determine total antioxidant
statue (TAS) and total oxidative statue (TOS). After
vortex, samples were filtrated and centrifuged to
collect supernatants. 18 pL of sample or standard (1
mmol/L Trolox) or water put into spectrophotometer
cuvette. After that, 300 pL of reagent 1 (buffer
solution, acetate buffer 0.4 mol/L, pH:5.8) was added
into cuvette and mixed well. Absorbance 1 (Abs1) was
spectrophotometrically measured at 660 nm. 45 pL of
reagent 2 (pro chromogenic solution, ABTS 30
mmol/L) was put into cuvette and mixed well. Cuvette
was incubated at room temperature for 10 minutes
and absorbance 2 (Abs2) at 600 nm was measured.
Results were presented as umol Trolox equivalent g!
FW. TAS level was calculated according to
commercial kit guideline.

TOS test is based on oxidizing the ferrous ion chelator
complex to ferric ion by oxidants in the sample. 45 pL
of sample or standard (10 pL/L hydrogen peroxide)
and 300 pL of reagent 1 (buffer solution, sulphuric
acid 25mM pH:1.25) were mixed in a cuvette and
measured at 530 nm for absorbance 1 (Abs1). 15 pL of
reagent 2 (substrate solution, sulphuric acid 25 mM
pH:1.75, ferrous ion 5mM, o-dianisidine 10nM) was
added into cuvette and mixed well before incubation
at room temperature for 10 minutes. After incubation,
intensity of color change was spectrophotometrically
measured as absorbance 2 (Abs 2) at 530 nm to
determine total oxidant level in the sample or



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 471-482, 2022
KSU J. Agric Nat 25 (Suppl 2): 471-482, 2022

Aragtirma Makalesi
Research Article

standard. Results were presented as pmol hydrogen
peroxide g’ FW. TOS level and oxidative stress index
(OSI) were calculated according to commercial kit
guideline.

Determination of Vitamin C Content of Wheatgrass

Vitamin C content of shoot tissue was determined
with colorimetric method using commercial kit
protocol (E-BC-K034, Elabscience Biotechnology,
USA). Samples were read at 536 nm and vitamin C
content was calculated as pg g! FW.

DNA Protection Activity
Lyophilized extract preparation

3 g of shoot tissue ground by liquid nitrogen was
extracted with 80 % of ethanol at a ratio 1:20.
Samples were incubated in a shaker at 200 rpm for 2
hours. After that, samples were centrifuged at 3500
rpm for 10 minutes. Supernatant was collected and
ethanol was evaporated. Water was evaporated by a
freeze dryer. Extract yield was about 3.8 %.
Lyophilized extract was used as 10 mg/mL final
concentration after filter sterilization.

Bacterial growth

FEscherichia coli having pUC19 plasmid was
inoculated in Luria Broth (LB) medium. After
overnight incubation at 37 °C, 100 pL of cultivation
was spread onto nutrient agar medium. Ampicillin
was added to bacterial growth media to select colonies
with pUC19 plasmid having an ampicillin resistance
gene. Plasmid isolation was performed using
commercial plasmid isolation kit (K0502, Thermo
Fisher Scientific). Plasmid was run in an agarose gel
(1 %) to observe plasmid. Plasmid was digested with
restriction enzymes for correction. Additionally,
plasmid concentration and purity were determined by
spectrophotometrically.

In vitro DNA damage protection assay

This assay is based on the principle that plasmid
DNA is damaged by hydroxyl radicals formed by
incubation of Fenton’s solution at 37 °C and this
damage is visualized on agarose gel (Lee et al., 2002;
Locatelli et al., 2018). 10 mg/mL of lyophilized
wheatgrass extracts obtained from bread wheat
leaves grown from seeds imbibed with different
concentrations of SA were tested for DNA damage
protection. Fenton’s solution (30 mM hydrogen
peroxide, 50 mM ascorbic acid, 80 mM iron chloride)
was used for in witro hydroxyl radical source
(Locatelli et al, 2018). Quercetin known as an
antioxidant was used as a positive control as 50
pg/mL (Lee et al., 2002). 8 uL of pUC19 plasmid, 3 pL
of lyophilized wheatgrass extract or quercetin and 9
uL of Fenton’s solution were added into an eppendorf
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tube in order. 8 uLi of pUC19 plasmid and 12 uL of
nuclease free water were used as control. 8 ul of
pUC19 plasmid, 9 uL of Fenton’s solution and 3 pL of
nuclease free water were used as negative control.
Samples were run agarose gel (1 %) after incubation
at 37 °C for 30 minutes and visualized with a
transilluminator.

Physiological Parameters

The length of shoots and roots were measured with
ruler. Also, fresh weight, dry weight and turgor
weight were noted for shoot and root tissues. While
shoots directly were weighted with analytical balance
for fresh weight (FW), roots were rinsed with running
water and were dried with tissue paper.

Biochemical Parameters

Malondialdehyde (MDA) content of shoots were
determined. Shoot tissue was weighted and recorded.
Tissue was extracted with 1 mL of 5 % trichloroacetic
acid (TCA) in eppendorf tubes. Supernatants were
collected after 12000 rpm centrifugation for 15 min.
at room temperature. Equal amounts of supernatant
and 0.5 % thiobarbituric acid (TBA) in 20 % TCA were
added in a new tube. Tubes were incubated at 96°C
for 25 min. in a hot block after brief vortex. After
that, tubes were cooled into ice until they reached to
room temperature. At the last step, tubes were
centrifuged at 10000 rpm for 5 min. The absorbance
of supernatant was read at 5632 nm and 600 nm. 0.5 %
TBA in 20 % TCA was used as blank (Ohkawa et al.,
1979). The MDA content was calculated as nmol MDA
g1 FW.

The effect of SA imbibition of seed was evaluated for
proline content. Shoot tissue was extracted wit 1 mL
of 3 % sulphosalicylic acid. Extracts were transferred
into eppendorf tubes and centrifuged at 14000 rpm for
5 min at 4°C. Acid ninhydrin (0.2 mL), acetic acid (0.2
mL), 0.1 mL sulphosalicylic acid and 0.1 mL of
supernatant were added into a new tube in order.
After briefly vortex, tubes were incubated at 96°C for
1 hour in a hot block. Toluene (1 mL) was added tubes
to stop reaction at the end of the incubation. Vortexed
tubes were centrifuged at 14000 rpm for 5 min at 4°C.
Upper red phase was read at 520 nm absorbance
against toluene (Bates et al., 1977). The proline
content was calculated as pmol proline gt FW.

Shoot tissue (0.5 g) was homogenized with 100 mM K-
PO. buffer (pH:6.8). After filtration, samples were
centrifuged 18000 g at 4°C for 20 minutes to
determine H20: content. Supernatant (0.25 mL) was
put into a new tube and peroxidase solution (1.25 mL)
including o-dianisidine (0.005 % (w/v)) and peroxidase
(40 pg/mL) was added into tube. Tubes were
incubated in a water bath at 30°C for 10 min. Lastly,
1N perchloric acid (0.25 mL) was added into to tubes
to stop reaction. After centrifugation at 5000 g for 5
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min., samples were read at 436 nm against blank
which was peroxidase solution. The H202 content was
calculated as nmol H:0: g! FW (Bernt and
Bergmeyer, 1974).

Total protein extraction was performed from ground
shoot tissue. Shoot samples were extracted in 1 mL of
extraction buffer (50 mM K-PO. including 1 mM
EDTA and 2 % of PVP). Supernatants were collected
after centrifugation at 13000 g for 20 min. at 4°C.
Bradford method was used to determine protein
concentration (Bradford 1976). Protein content of
samples was calculated as mg protein g FW. Total
chlorophyll (Chl) content of wheatgrass was measured
according to Lichtenthaler (1987).

Determination of Antioxidant Enzymes

Catalase activity was measured with
spectrophotometer at 240 nm according to Aebi
(1974). 900nL of assay solution (50 mM KHsPO., pH
7.00), 100pg of crude protein and 100uL of 100 mM
H202 were added into a quartz cuvette in order.
Cuvette was read at 240 nm for 120 second with 10
second intervals. CAT activity of samples was
calculated as U mg! protein.

Ascorbate peroxidase activity was measured
according to Nakano and Asada method (1981).
Quartz cuvette including (800nL of 50 mM K-PO4, pH
6.60, 100pL of 2.5 mM ascorbate, 100pg of crude
protein and 100uL of 10 mM H202) was read at 290
nm for 120 second with 10 second intervals. APX
activity of samples was calculated as U mg! protein.

Superoxide dismutase activity was measured with
nitro blue tetrazolium (NBT) method (Govinda et al.,
2017). Reaction mix was prepared with 2.9 mL of 50
mM K-POs (pH: 7.80) buffer having 10 mM
methionine, 168 uM NBT, 0.025 % Triton X-100 (w/v)
and 1.17 uM riboflavin) and 0.1 mL of crude protein
in tubes. Tubes were incubated with 15 watts
fluorescent light for 15 minutes. Samples were read
at 560 nm with a spectrophotometer. SOD activity of
samples was calculated as U gt FW.

Statistical Analysis

Each experiment was performed at least three times.
Results were presented as mean + SEM and analyzed
by one-way analysis of variance (ANOVA) using
MINITAB package program. Statistically significance
difference was accepted as p < 0.05.

RESULTS and DISCUSSION

Wheatgrass is one of the important superfoods which
have protective role in human health because of its
high antioxidant potential, chlorophyll content, amino
acid content, vitamin and mineral content. Young
wheat seedlings are used to produce wheatgrass juice
or powder (Singh et al., 2012). The protective role of
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wheatgrass against some diseases such as cancer,
diabetes, oxidative stress and thalassemia was
investigated in vitro and in vivo studies (Bar-Sela et
al., 2015). There are a lot of reports that SA causing
increase of the secondary metabolites and antioxidant
enzymes of wheatgrass had protective role in wheat
plants under environmental stresses (Fardus et al,
2018; Azeem et al., 2019; Loutfy et al., 2020).

Germination Rate

While imbibition of bread seeds with SA-2 application
prevented germination, germination rates of other SA
concentrations were more than control (Fig. 1).
However, only SA-12 application caused significantly
increase (8.3 %) in germination rate compared to the
control. The increase in germination rate was
between 2.8 — 5.6 % for other concentrations (Fig. 1).
Germination is the most important process for plants.
SA priming of wheat seeds with different
concentrations of SA for 12h promoted seed
germination under salt stress (Azeem et al., 2019).
Similarly, the positive effects of SA to germination of
wheat seeds were reported under salinity stress
(Fardus et al., 2018). Yanik et al., (2018) found that
high concentrations of SA prevented seed germination
of rye plant, while the lowest SA application
promoting seed germination. We also found similar
results to Yanik et al, (2018), the highest
concentration of SA (SA-2) inhibited seed
germination. On the other hand, the lowest SA
concentration (SA-12) promoted seed germination
(Fig. 1).

Antioxidant Potential

SA-8 application caused significantly increase (30.2
%) in TAS compared to the control (Fig. 2a).
Additionally, we found that SA-8 application caused
significantly increase in TAS compared to SA-4, SA-6
and SA-10 treatments. SA application did not cause
increase in TOS (Fig. 2b). According to OSI results,
SA-8 shoot tissue had the lowest OSI value and
significantly lower (31.1 %) than control (Fig. 2c).
Additionally, OSI of SA-8 treated wheatgrass was the
importantly lower than SA-4 and SA-10 applications.
Wheatgrass has high antioxidant potential because of
its high content of antioxidants, vitamins (Vitamin E,
C and A) and minerals (iron, magnesium and calcium)
(Aydos et al, 2011). Kamat et al, (2000)
demonstrated that chlorophyllin a derivative of
chlorophyll had a protective effect on mitochondria
against oxidative damage. Antioxidant activity of
wheatgrass was not affected from different drying
methods (Devi et al., 2019). Indoor growth of wheat
young leaves for seven or ten days resulted with
higher free radical scavenging activity than outdoor
growth ones (Devi et al.,2020). Virdi et al., (2021)
demonstrated that antioxidant potential  of
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wheatgrass was affected from different photoperiod
regime and incubation media. Additionally, using
spring water in cultivation of wheat seedlings
resulted with increase in radical scavenging activity
and phenolic content (Fortuna et al., 2018). We found
that SA-8 application caused significantly increase in

TAS compared to the control, SA-4, SA-6 and SA-10
treatments. Additionally, SA did not cause increase in
TOS. Moreover, OSI of SA-8 treated wheatgrass was
the importantly lower than control, SA-4 and SA-10
(Figure 2c¢).
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Figure 1. The effect of salicylic acid pre-treatment on germination rate. Different letters in the each column indicate

significant difference (P<0.05).

Sekil 1. Salisilik asit uygulamasinin ¢imlenme oranina etkisi. Her kolondaki farkli harfler anlamli fark: temsil eder (P<0.05).
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Figure 2. The effect of SA on TAS, TOS, OSI and vitamin C content. Different letters in the each column indicate significant

difference (P<0.05).

Sekil 2. SAnin TAS, TOS, OSI ve C vitamini igerigine etkisi. Her kolondaki farkli harfler anlamli fark: temsil eder (P<0.05).
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The Effect of SA on Wheatgrass Vitamin C Content

We evaluated vitamin C content of shoot tissue of SA
treated wheat seeds. According to results, the highest
vitamin C content was measured at SA-6 treatment.
SA-6 treated wheat shoot had significantly more (46.7
%) vitamin C content than control (Fig. 2d).
Additionally, SA-8 treatment caused significantly
increase (24.7 %) in vitamin C content compared to
the control (Fig. 2d). While both of SA-6 and SA-8
applications had significantly more vitamin C content
than SA-12, the vitamin C content of SA-6 treatment
was higher than SA-4. Vitamin C (ascorbic acid) is
one of the vitamins present in wheatgrass juice
powder (Thakur et al, 2019). Drying methods
affected ascorbic acid content of wheatgrass,
especially oven drying method (Devi et al., 2019).
Harvesting of wheatgrass in different days after
sowing indoor and outdoor affected vitamin C content
in wheatgrass, especially thirteenth day harvesting of
indoor planted wheat seedlings was significantly
higher than outdoor ones (Devi et al., 2020). Thakur
et al.,, (2019) found high amount of vitamin C (9.3
mg/100 g) in wheatgrass juice powder. Spraying of SA
caused increase in ascorbic acid content of wheat
plants and protected plants from negative effects of
fenoxaprop-p-ethyl herbicide (Yaman and
Nalbantoglu 2020). We found that SA caused increase
in vitamin C content of the wheatgrass. Additionally,
vitamin C content of SA-6 and SA-8 pretreated plants
was significantly higher than control (Fig. 2d). The
high level of vitamin C in SA-8 treated plants could
be a reason for the highest TAS level in this
application.

DNA Protective Role of Lyophilized Wheatgrass
Extracts

Lyophilized ethanol extracts were prepared from the
homogenized wheatgrass powder. The prepared
extracts were dissolved at 10 mg/mL for DNA
protection. The pUCI9 plasmid was used to
investigate the DNA protective effect of lyophilized
wheatgrass extract. After growing the bacteria with
the plasmid overnight, plasmid isolation was made
and its purity and concentration were determined
(Fig. 3a-b). The purity of the isolated plasmid was
measured as OD260/280 ratio between 1.8-2.1. The
plasmid concentration was diluted to 62.5 ng/uL.

Plasmids are mostly in supercoil form and to a lesser
extent in linear form. However, when exposed to
stress conditions for a long time, the phosphodiester
bonds in both chains are broken and converted to the
nicked form. It was observed that DNA was in two
different forms, namely supercoiled and linear form,
in the well loaded only with plasmid. In order to
determine the DNA protective effect, three different
plasmid forms were observed in the wells containing
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plasmid DNA in which oxidative damage was induced
in vitro by generating hydroxyl radical by Fenton
reaction. In addition to the natural forms of the
plasmid, it was observed that nicked plasmid forms
were formed by the effect of hydroxyl radicals.

When the intensity of the bands was observed, it was
observed that while the brightness of the linear form
decreased in the well containing only the plasmid,
especially in the wells containing only Fenton
reaction (Well 2) and quercetin for control (Well 3),
the nicked form was formed. In addition, although the
nicked plasmid DNA form was formed in the
wheatgrass extracts, it was observed that the nicked
form band density was less than the well 2 and well 3
samples (Fig. 3c). However, no difference was
observed in the band density of the wheatgrass
extracts. Based on these observations, it appears that
wheatgrass extracts have a DNA protective effect by
reducing the nicked form formation of plasmid
pUC19.

DNA protective effects of methanolic extracts of ten
medicinal plants belonging to six families were
investigated and it was reported that they had
protective activity related with their phenolic and
flavonoids content (Kumar et al., 2010). In a study
investigating the antioxidant properties ethanolic
extract of the stem of the Opuntiaficus indica var.
Saboten, it was reported that the extract protected
plasmid DNA from the harmful effects of hydroxyl
radicals (Lee et al., 2002). It was investigated that the
Polyalthia longifolia leaf extract strongly inhibited
hydrogen peroxide induced DNA damage (Jothy et al.,
2013). It was found that water-methanol extract of
shade dried tuber of Fulophia nuda Lindl. had the
highest protective role against DNA damage caused
by free radicals (Kumar et al., 2013). It was found
that lyophilized ethanol extracts (10 mg/mL) of the
wheatgrass prevented damage on the pUC19 plasmid
from the hydroxyl radicals formed by Fenton reaction
because of its high content of antioxidants and
vitamins.

Physiological Parameters

The effects of SA imbibition of bread seeds on shoot
and root length and FW were evaluated. The highest
shoot length was measured at SA-6 application
(23.040 cm), however not significant than control
(22.413 cm) (Table 1). SA-6 application caused
significant increase in shoot length compared to SA-
12 application (21.100 cm). SA application affected
significantly root length of bread wheat. SA-10
application had significantly longer root length
according to other applications. The lowest root
length was measured at control. SA-4, SA-6 and SA-8
applications caused significantly longer roots than
control (Table 1). There was no significant increase in
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shoot FW. The highest root FW was weighted at SA-8
application. Additionally, SA-8 application caused
significantly weightier at root tissue compared to
control, SA-4, SA-6 and SA-10 applications (Table 1).
Moreover, SA-10 and SA-12 root tissues had
importantly root weight than control, SA-4 and SA-6
roots. Saheri et al., (2020) found that foliar spraying
of SA of common purslane plants under drought
stress resulted with increase in length, fresh weight
and dry weight. Foliar spraying of SA caused increase
in shoot and root length and shoot fresh and dry

weight of wheat seedlings in greenhouse (Behnam et
al., 2018). It was reported that shoot and root fresh
mass of 15 days old wheat plants growth from seeds
soaked with SA was weightier than control (Loutfy et
al., 2020). According to our results, while SA
application caused significant increase in root length
compared to control, it did not affect significantly in
shoot length according to control plants. SA-8, SA-10
and SA-12 treatments caused importantly increase in
root fresh weight according to control (Tablel).

Figure 3. DNA protective activity of wheatgrass extracts. Well-1: Control (Plasmid), Well-2: Fenton solution
(FS)+Plasmid, Well-3: FS+Plasmid+Quercetin (50 pg/mL), Well-4: FS+Plasmid+Control wheat grass

extract (WGE), Well-5:

FS+Plasmid+SA-4 WGE, Well-6: FS+Plasmid+SA-6 WGE, Well-7:

FS+Plasmid+SA-8 WGE, Well-8: FS+Plasmid+SA-10 WGE, Well-9: FS+Plasmid+SA-12 WGE.
Sekil 3. Bugday ¢imi ekstrelerinin DNA koruyucu etkisi. Kuyucuk-1' Kontrol (Plazmit), Kuyucuk-2' Fenton

soliisyonu  (FS)+Plazmit,  Kuyucuk-3-

FS+Plazmit+Kersetin

(50  ug/mL),  Kuyucuk-4-

FS+Plazmit+Kontrol bugday ¢imi ekstresi (BCE), Kuyucuk-5: FS+Plazmit+SA-4 BCE, Kuyucuk-6:
FS+Plazmit+SA-6 BCE, Kuyucuk-7' FS+Plazmit+SA-8 BCE, Kuyucuk-8 FS+Plazmit+SA-10 BCE,

Kuyucuk-9: FS+Plazmit+SA-12 BCE.

Table 1. The effects of SA pretreatment of bread wheat caryopses on some physiological parameters.
Tablo 1. Ekmeklik bugday karyopsis meyvelerinin SA dn uygulamasinin bazi fizyolojik parametrelere etkilerri.

Shoot Root

Treatment Length (cm) FW (g) Length (cm) FW (g)
Control 22.413+0.3362P 0.268+0.0082 15.707+£0.1944 0.162+0.006¢
SA-4 21.827+0.531ab 0.285+0.0092 16.840+0.178P 0.16440.007¢
SA-6 23.040+0.5462 0.280+0.0062 16.387+0.165P¢  0.169+0.006¢
SA-8 22.040+0.5453b 0.2844+0.0062 16.633+0.153V 0.223+0.0092
SA-10 21.767+0.836an 0.262+0.011a 17.607+0.2102 0.192+0.006P
SA-12 21.100+0.750P 0.2644+0.011a 15.993+0.225¢d  0.223+0.0112ab

Different letters in the each column indicate significant difference (P<0.05).
Her kolondaki farkh harfler anlaml farki temsil eder (P<0.05).

Biochemical Parameters

The highest MDA content was determined at control.
While we calculated decrease in MDA level of SA
applications compared to control, there was no
significant decrease. The highest proline content was
at SA-8 treatment, however not significant (Table 2).
The highest proline content of wheat shoot tissue was
at SA-8 treatment however not significantly different
from other treatments and control (Table 2). The
highest hydrogen peroxide contents were at SA-12
and SA-8 applications and significantly higher than
SA-4, SA-6 and SA-10. However, they were not
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significantly different compared to control and SA-12
(Table 2). According to results of Saheri et al., (2020),
foliar spraying of SA caused increase in proline
content and decrease in MDA level and hydrogen
peroxide content of common purslane under drought
stress. While pretreatment of Artemisia aucheri
BOISS with SA did not affect proline content of plants
under normal conditions, proline content of plants
under osmotic stress was higher than control
(Abbaspour and Ehsanpour, 2020). Loutfy et al.,
(2020) demonstrated that SA pretreatment of wheat
seeds caused decrease in proline content of
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wheatgrass. It was reported that different
concentration of SA caused decrease in MDA level
and fluctuations of hydrogen peroxide content in
foliar sprayed wheat seedlings (Alsahli et al., 2019).
In the same study, proline content was not affected
from spraying of SA. In our study, SA pretreatment
did not significantly affect the MDA, proline and H202
content compared to control. However, pretreatment
of SA-8 and SA-12 caused increase in H20:2 content
compared to other SA treatments (Table2). Results
found in this study for MDA, proline and H:0:
content are similar to previous studies.

SA applications did not cause significantly change in
total Chl content. Plants are affected environmental
changes and media composition. It was reported that
different photoperiod and media caused change in
wheatgrass height (Virdi et al., 2021). In the same
study, it was reported that indoor and outdoor growth
of wheatgrass caused significantly change in
chlorophyll content and outdoor growth wheat
seedlings had significantly more chlorophyll than
indoor ones. Additionally, different cultivation
conditions affected Chl content of wheatgrass
(Fortuna et al., 2018).

Table 2. Some biochemical parameters and antioxidant enzyme activities of wheatgrass growth from bread
wheat caryopses pretreated with different concentrations of SA.

Tablo 2. Farkli SA konsantrasyonlar: ile 6n uygulama yapilmis ekmeklik bugday karyopsis meyvelerinden
biiytimiis bugday ¢iminin bazi biyokimyasal parametreleri ve antioksidan enzim aktiviteleri.

Control SA-4 SA-6 SA-8 SA-10 SA-12
Biochemical Parameters
MDA 25.76+4.362 19.40+1.412 19.81+1.372 17.13+2.862 22.56+1.962 17.69+2.412
Pro 6.69+0.402 7.04+0.202 7.40+0.402 7.28+0.102 6.93+0.242 6.86+0.382
H:0: 157.20+5.89ab 149.74+2.36P 149.13+2.51P 167.86+5.132 149.67+1.58P 169.39+1.062
SPC 9.15+0.34¢ 14.33+1.062> 13.03+0.47" 13.88+0.57ab 13.86+0.33P 15.16+0.182
Chl 358.68+19.622 363.55+29.24a 353.44+37.00 364.88+41.542 346.35+30.002 356.16+27.662

Antioxidant Enzyme Activities

CAT 226.90+10.90° 252.79+13.192b 271.07+11.742
APX 552.50+45.53 642.86+37.64 583.21+36.822b
SOD 100.01+9.532 96.15+4.892 99.94+8.162

254.32+12.972
648.57+8.982
90.17+8.652

257.61+15.012b
573.21+27.04>
90.24+5.91=

263.20+28.77
638.21+11.02ab
95.56+7.212

Different letters in the each row indicate significant difference (P<0.05).
Her kolondaki farklh harfler anlaml farki: temsil eder (P<0.05).

Seed imbibition with SA caused significantly increase
in soluble protein content (SPC) of bread wheat shoot
tissue. The highest soluble protein content was at SA-
12 treatment (Table 2). Wheatgrass has high amount
of some amino acids such as histidine, glutamic acid,
threonine, arginine and leucine (Ghumman et al.,
2017). Different growth conditions affected protein
content of wheatgrass (Devi et al, 2020).
Additionally, photoperiod, media composition and
genotype affected protein content in wheatgrass shoot
powder, especially photoperiod (Virdi et al., 2021).

We investigated that the effect of SA on some
antioxidant enzymes (CAT, APX and SOD). While SA
application did not affect SOD enzyme activity, SA
caused significantly changes on APX and CAT
enzyme activities (Table 2). According to Table 2,
there was increase in CAT activities of SA treatments
compared to control. However, SA-6 and SA-10
treatments had significantly more CAT activity than
control. The highest APX activity was at SA-10
treatment however only importantly higher than SA-
12 treatment. Additionally, APX activities of other SA
treatments were higher than control but not
significant (Table 2). Plant antioxidant defense
enzymes CAT, APX and SOD are important enzymes
to adapt environmental changes. In this study, we
investigated that how SA pretreatment affected CAT,
APX and SOD enzyme activities. SOD enzyme
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presence in wheatgrass reduces negative effects of
radiations and toxins (Cao et al., 1996; Bar-Sela et al.,
2007). According to Alsahli et al., (2019), foliar
spraying of wheat seedling with different
concentration of SA resulted with increase in CAT
and APX enzyme activities while it did not affect SOD
activity. We found similar results in our study. Seed
imbibition with SA resulted with fluctuations in APX
and CAT enzyme activities (Table2). However, we did
not find increase in SOD activity.

CONCLUSION

We concluded that the highest concentration of SA
prevented bread wheat germination. Imbibition of
wheat seeds with SA resulted with increase in TAS
level and vitamin C content of wheatgrass.
Additionally, lyophilized wheatgrass extract had a
protective role against DNA damage induced by
hydroxyl radicals. Additionally, SA caused increase in
root length and FW compared to control. Moreover,
we determined increase in APX and CAT antioxidant
enzyme activities according to control. SA
pretreatment seeds before planting could be used to
enrich antioxidant potential and vitamin C content of
plants.
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ABSTRACT Plant Protection

Sunn Pest, Eurygaster spp. (Hemiptera: Scutelleridae), is the most

important pest being able to cause significant losses on wheat yield Research Article

and quality in Turkiye. To monitor the overwintered adult

population, this study was carried out in 41 sites in 19 locations Article History

during two consecutive years. The samplings were performed in Received :14.03.2022
April and May in both years. During the study, the economic Accepted :24.04.2022
threshold, which is 0.8 overwintered adults per square meter, was

obtained only in Yesildere location, and the number of adults in Keywords

other locations remained quite low. Moreover, it was determined that Cereal

the parasitization rates varied between 48.2% and 70.1% in the Elevation

locations where egg masses were collected. As a result of this study, Economic threshold

it was found that the number of adults was higher in locations with Population density

high altitudes and close to overwintering areas. Therefore, more Trissolcus

attention should be paid to survey studies in similar locations.

Usak Ilinde Kislamis Siine [(Eurygaster spp.) (Hemiptera: Scutelleridae)]l Ergin Populasyonu ve
Yumurta Parazitlenmesi Uzerine Siirvey

OZET Bitki Koruma
Turkiye’de bugdayin verim ve kalitesi Uzerine o6nemli kayiplara )
neden olan en 6énemli zararli Siine, Eurygaster spp. (Hemiptera: Aragtirma Makalesi

Scutelleridae) dir. Bu calisma kiglamis ergin popiilasyonunun takibi
amaciyla, iki yil slresince 19 lokasyona ait 41 {nitede ; s
gerceklestirilmistir. Orneklemeler her iki yilda da nisan ve mayis Gelis Tarl}'u. ) 14.03.2022
aylarinda yapilmistir. Calisma boyunca ekonomik zarar esigi olan Kabul Tarihi 24.04.2022
0.8 kiglamis ergin/m?2 sadece Yesildere bolgesinde tespit edilmis diger Anahtar Kelimeler

Makale Tarihgesi

alanlardaki ergin sayilari oldukc¢a diisik olmustur. Parazitlenme Tahil

oraninin tespiti i¢in yumurta paketi toplanan lokasyonlardaki Yiikseklik
parazitlenme oranlari %48.2 - %70.1 arasinda degistigl tespit Ekonomik egik
edilmigtir. Ayica bu calisma sonucunda ergin sayilarinin rakimi Populasyon yogunlugu
yiksek ve kiglaklara yakin olan alanlarda daha yuksek oldugu Trissoleus

belirlenmigtir. Dolayisiyla bu ve buna benzer bolgelerdeki survey
¢alismalarina 6zen gosterilmelidir.

Ataf Sekli: Zengin E, Baler S 2022. Usak ilinde kislamis siine [(Eurygaster spp.) (Hemiptera: Scutelleridae)l ergin
populasyonu ve yumurta parazitlenmesi {izerine stirvey. KSU Tarim ve Doga Derg 25 (Ek Say: 2): 483-489.
https://doi.org/10.18016/ksutarimdoga.vi. 1087491

To Cite : Zengin E, Balc1 S 2022. A Survey on Egg Parasitism and Overwintered Adult Population of Sunn Pest
[(Eurygaster spp.) (Hemiptera: Scutelleridae)l in Usak Province, Tiirkiye. KSU J. Agric Nat 25 (Suppl 2):
483-489. httpsi//doi.org/10.18016/ksutarimdoga.vi.1087491

INTRODUCTION the cereals, the most grown crop has been wheat due
Cereals, which include products such as barley, to its high adaptability both in the world and in
wheat, corn and rice, are a rich source of Turkiye. Besides utilizing in human nutritional flour,
carbohydrates and play an important role in dietary bulgur (cracking and precooking of wheat grains),
habits all over the world. Grain is produced in 50.6%  Pasta and starch obtained from wheat, its stem is
(724.2 million hectares) of the world's agricultural ~ used in the paper-cardboard industry and animal
land (1.43 billion hectares). This rate was 59.1% (10.7 ~ nutrition (Kan, 2000; Flowers, 2012).

million ha) in Tiirkiye, which has 18.1 million Sunn pest (Furygaster spp.)

hectares of agricultural land (Faostat, 2021). Among (Hemiptera:Scutelleridae) is one of the most
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important pests affecting the yield and quality of
wheat, which is an indispensable resource in our daily
diet and also has a strategic position economically.
While there are 15 species of Eurygaster genus in the
world, only seven species of them have been identified
in Tirkiye. Among them, E. integriceps (Put.), E.
maura (L.) and E austriaca (Schr.) have been
economically damaging and are the most common
species (Simsek et al., 1996). It feeds on wheat,
barley, rye and oats belonging to the Poaceae family
and their wild forms. Commercially, the most
important damage is found on the wheat plant, which
it prefers more than other grain types. Although
Sunn pest is univoltine and active for only 3 months a
year, it is a pest that can cause up to 100% product
loss if control measures are not taken (Davari and
Parker, 2018).

For the management of this pest, the use of synthetic
insecticides is very common owing to their short-term
effect and easy application. In Turkiye, the pest
management method, which started with physical
control in 1928, has turned into chemical control as of
1955. The chemical application, which was made with
aircraft and ground tools until 2005, was carried out
only with ground tools in the following years (Kocak,
2007). The negative effects of these chemicals on the
environment, natural enemies and human health
have been increasing as a result of unconscious and
unnecessary use. Hence determining the population
density of the pest plays a key role in deciding on the
use of chemicals against pests.

Egg parasitoids are one of the most important actors

suppressing population growth of Sunn Pest (Kivan,
1998). As such, 7Trissolcus spp. belonging to
Scelionidae (Hymenoptera) family have come into
prominence. In some locations of Tiurkiye, due to the
effectiveness of Sunn Pest egg parasitoids, either no
insecticide is applied or partially done (Cetin et al.,
2012).

In this study, which was conducted in 2020 and 2021,
the overwintered adult population and egg parasitism
of Sunn pests was observed and their density were
compared to the studied locations.

MATERIAL and METHODS
Survey area and Sampling method

The studies were carried out in 19 locations of Usak
province, where barley and wheat are cultivated
intensively, with altitudes varying between 851-1043
m. Each location was divided into sites ranging in size
from 100 to 500 ha, and overwintered adults (OA)
were sampled in 41 sites (7000 ha) in total. Controls
were made in the wheat and barley fields from the
beginning of April, when the daily temperatures
reached 15°C in both years, and the counting of the
overwintered adults was started 10-15 days after the
first adults were detected. The samplings were
carried out between 10-26 April in 2020, while in
2021 it was launched on 20 April due to rainy
weather and were completed on 7 May (Table 1). OA
were counted with the help of 0.25 square meter
frames.

Table 1. The areas and dates on which the overwintered adult were counted in 2020-2021
Cizelge 1. 2020-2021 yillarinda kislamigs ergin sayimi yapilan bolge ve tarihler

. Sampling date . No.of thrown
Location 2020 2021 Altitude (m) frame
Bozkus 10-13 Apr 21 Apr 881 240
Bolme 24 Apr 27 Apr 884 160
Carikkoy 13 Apr 03 May 953 160
Gucer 10 Apr 20 Apr 911 160
Demiroren 22 Apr 26 Apr 951 160
Elmacik 22 Apr 28 Apr 878 160
Hocalar 17 Apr 29 Apr 863 160
Ikisaray 14 Apr 21 Apr 869 160
Kalfa 15 Apr 22 Apr 868 160
Karahasan 22 Apr 28 Apr 853 160
Karlik 14 Apr 04 May 1043 240
Kayagil 24 Apr 27 Apr 914 80
Muharremsah 15 Apr 22 Apr 879 240
Ovademirler 20 Apr 29 Apr 884 160
Ortakoy 13-14 Apr 07 May 991 240
Selikler 20 Apr 30 Apr 861 160
Susuzoren 17 Apr 06 May 913 240
Yavi 26 Apr 05 May 851 160
Yesildere 25 Apr 26 Apr 968 80
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Forty frames were randomly tossed to each site and
the number of adults found within the frame was
recorded. Also, parasitization rates in egg masses of
the pest were determined in the locations where the
mean number of OA per square meter was above
economic threshold (0.8 OA/m?), and in four locations
close to overwintering areas (Carikkoy, Gucer, Karlik
and Kayagil) (Adiguzel, 1981). For this purpose, at
least 20 egg masses were collected from each location,
when 20-30% of the eggs were in the anchor-sign
stage. The collected egg masses were placed in glass
tubes and kept at room temperature for 5 days. The
eggs that turned black in color were considered as
parasitized and the parasitization rates of the
locations were determined (Simsek et al., 1985).

Data analaysis

The number of OA collected from the sites belonging
to the locations was divided by the number of frame
thrown, and the mean number of OA of that location
was calculated. As the values of each location based
on the years were not normally distributed, Mann—
Whitney test was performed to evaluate whether the
difference between the mean number of OA obtained

14 m 2020

m 2021

12

10

B [&)] o)

No.of adult Sunn Pest

N

from each location in the two survey years was
significant. In addition, one-way analysis of variance
was applied to the mean numbers of OA of the
studied locations, which providing homogeneity of
variance and normality, and the different groups were
detected by the Tukey multiple comparison test. All
statistical analyzes were performed in SPSS 24.0
software package.

The number of adult Sunn pest collected from the
locations based on their altitude were mapped using
the Surfer 22.2 software program. On the wireframe
map, the z value represented the altitude of the
locations, while the z value on the Contour map
expressed the number of OA. Also the inverse
distance method was used for interpolation in contour
map.

RESULTS and DISCUSSION

Throughout the study, OA were counted in a total of
3280 frames and 223 adult insects were obtained.
Except for Yesildere, no significant difference was
found between the number of OA of the locations in
2020 and 2021 (Fig.1).

(P=0.04) *
—

Figure 1. Number of adult Sunn Pest collected from studied locations in 2020 and 2021. The bars labeled with an
asterisk (*) means that the data between the two survey years differ at the signifcance level of 0.05.

Sekil 1. 2020 ve 2021 yillarinda toplanan ergin siine sayilari.Yildiz ile isaretlenmis ¢ubuklar iki stirvey yili
arasinda 0.05 6nem seviyesinde farklilik oldugunu gostermektedir.

In 2020, mean number of adult sunn pests per frame
were the lowest in Demiroren, Muharremsah,
Selikler, Susuzoren and Yavi (0.04+0.02), while it was
the highest in Kayagil with a mean of 0.13+0.05 (F1s,
1621 = 75.85; P < 0.001). As for 2021, the locations with
the lowest and highest means were Kalfa (0.03+0.02)
and Yesildere (0.2+0.07), respectively (Fis, 1621 =
210.35; P < 0.001) (Fig. 2). Additionally, it was
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determined that the difference between the mean
number of OA in 2020 (0.065+0.01) and 2021
(0.07+0.01) was not statistically significant (P = 0.57).
In 2020, the mean number of OA per square meter
(four frames) obtained from the locations did not
exceed 0.8. In 2021, it was determined a mean of 0.8
(0.2 per frame) in only Yesildere, while the means in
other locations were low.
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Figure 2. Mean numbers of adult sunn pest per frame during the survey. The difference between the averages
with the same latter is not statistically significant (Tukey p > 0.05)

Sekil 2. Stirvey boyunca her ¢ergevedeki ergin siine ortalamasi. Ayni harf ile gosterilen ortalamalar arasindaki
fark istatiksel olarak énemli degildir (Tukey p > 0.05)

In May, 33 egg masses containing a total of 462 eggs
were collected from the location in question. While
224 of these eggs were found to be parasitized, no
parasitization was observed in 238 of them. The
parasitization rate of the location was calculated as
48.5%, and since this rate was over 40%, spraying
was not recommended (Kutuk et al., 2009).
Furthermore, parasitization rates in Carikkoy (21 egg
masses), Gucer (29 egg masses), Karlik (21 egg
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masses) and Kayagil (27 egg masses), where egg
masses were collected, were 55%, 56.1%, 70.1% and
48.2% respectively. As the number of overwintered
adults per square meter in the locations, where the
egg masses were collected, increased, the
parasitization rate decreased. However this rate was
not below 48%. Therefore, while the efficiency of egg
parasitoids is sufficient in this study, the
parasitization rates should be meticulously controlled



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 483-489, 2022
KSU J. Agric Nat_25 (Suppl 2): 483-489, 2022

Aragtirma Makalesi
Research Article

in cases where the number of overwintered adults per
square meter is one or more. The number of OA per
square meter determined in studies conducted in
different locations of Tirkiye and in other countries
was higher than that of the present study (Simsek et
al., 1985; Popov et al., 2003; Canhilal et al., 2005;
Kutuk et al., 2009; Salis et al., 2013; Kapustkinaa
and Khilevskiy, 2019). Despite the presence of
suitable overwintering areas for Sunn pests and not
applying insecticide in the studied areas, the low
number of overwintered adults found shows the
effectiveness of natural enemies. Especially the egg
parasitoid 7rissolcus spp. (Hymenoptera: Scelionidae)
is one of the most important species among these
natural enemies. So far, 17 7Trissolcus species have
been identified as egg parasitoid of Sunn pest in
Tiirkiye (Kocak, 2007) whereas 3 of them were
reported in the studied locations dominanted by
T semistriatus Nees (Kocak and Kilincer, 2001). E.
Integriceps, which is one of the two common species in
Turkiye, was the dominant species in southeastern
Anatolia and Thrace, while £. maura was the main
species in Central and Western Anatolia (Kocak and
Babaroglu, 2005; Kocak et al., 2014). Therefore, 7.
semistriatus, which mostly preferred eggs of FE.
maura, was more efficient in the study area (Brown,
1962a). It was reported that this parasitoid species
spends two to three generations on the eggs of the
Sunn pest during their oviposition period, while it
prefers the eggs of other scutellerid and pentatomid
species for the remaining six generations (Kivan,
1998; Kocak, 2007; Kodan and Gurkan, 2016). In the
survey areas, uncultivated areas in the field
boundaries, alfalfa and vetch fields as well as
orchards have created natural habitats and shelters
for alternative species that host 7rissolcus species. As
such, Zatyamina et al. (1976) and Zomorrodi (1979)
found that 7rissolcus species moved on to sunflower,
corn and paddy fields following grain harvest.
Moreover, Oak, juniper, almond and pear trees, which
are abundant in the location, provide a suitable
environment for overwintering of these parasitoids
thanks to their thick bark, as well as being an
important food source with the nectar they produce.
Similarly, Gozuacik (2011) pointed out that
alternative host eggs for Trissolcus spp. appeared for
6 months from April to September in areas with
natural woodland and annual plants. In addition,
Simsek and Ozer (2001) ascertained that
parasitization rates were higher in fields near such
areas.

It was reported that FE. integriceps was dominant
species in the Southeastern part of Turkiye and some
areas of Thrace location, where the Sunn pest
population density was above the economic threshold
with lower parasitization (Kocak et al., 2014).
Therefore, population density of 7.vassilievi Mayr,
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which mostly prefers F.inetgriceps eggs in such
locations, should be increased (Kocak and Kilincer,
2001; Iranipour et al., 2010). In addition, monoculture
and scarce woodland in these locations are issues that
need to be corrected in terms of the continuity of the
parasitoid population.

The number of OA was lower Bolme, Demiroren,
Hocalar, Karahasan, Seliks, Susuzoren and Yavi,
where are farther from the overwintering areas when
compared to Karlik, Carikkoy, Kayagil and Ortakoy
locations, where are closer to the overwintering areas
and with higher altitudes. In this context,
Karimzadeh et al. (2011) emphasized that the
migration of Sunn pest from overwintering areas to
fields was not randomly occurred while wind direction
and speed had a significant effect on migration
behavior, thus the edge effect was an important
parameter in the distribution of the pest.

It was found that there was a moderate, positive,
linear relationship between the number of OA
obtained from the locations and the location altitudes
(R = 0.52; P < 0.05). The number of OA was higher in
the locations with high altitudes (Fig.3). It was
reported that in locations where do not have high
summer temperatures like survey locations, some
groups of Sunn pest do not migrate to higher altitude
from overwintering areas and spend their aestivation
and overwintering periods under suitable vegetation
at the edge of the harvested fields (Brown, 1962b;
Parker, 2011). It has been considered that this
situation is one of the reasons for the correlation
between altitude and the number of OA.

CONCLUSION

Sunn pest populations remained below the economic
threshold in the studied years in Usak province of
Turkiye. It has been concluded that if woodland and
green belts present in the survey areas and providing
shelter for parasitoids are preserved, there will be no
need for chemical control against Sunn pest in the
following years. Moreover, in terms of follow up of the
sunn pest population, surveys should be continued
primarily starting from locations with high OA
populations in this study. The observations should be
made for the E. integriceps species, which is not
found in the study area and is a problem for other
locations, and if detected, its density and
parasitization rates should be examined. The
essential points such as host selection of parasitoids
and host susceptibility should be well evaluated, and
wrong practices should not be made in the study area
where the natural enemy-host balance has been
established.

Author’s Contributions
The contribution of the authors is equal.



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 483-489, 2022
KSU J. Agric Nat_25 (Suppl 2): 483-489, 2022

Aragtirma Makalesi
Research Article

No. of Sunn Pest

Figure 3. 3D-wireframe plots of the location elevation and Contour map of number of adult Sunn Pest obtained
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ABSTRACT

In this study, Zobacco mild green mosaic virus (TMGMYV) infection
was investigated in pepper crops from two regions having high
economical importance in Turkey. A total of 397 leaf and fruit
samples showing mosaic, yellowing, mottling, and pitting symptoms
were collected to test by double antibody sandwich ELISA (DAS-
ELISA) using polyclonal antiserum. DAS-ELISA results indicated
that 97 out of all tested samples (24.4%) were found to be infected
with TMGMV. Samples resulting positive for TMGMYV infection were
used to amplify the virus coat protein (CP) gene sequences with
specific primers by RT-PCR for further molecular characterization of
the virus isolates. A comparison of the CP sequences of the virus
isolates revealed that the identity of nucleotides ranged between 97.2
and 100%, and the amino acid similarity ranged between 96.8 and
100% among themselves. To the best of our knowledge, this is the
first report of TMGMYV infection in Capsicum annuum in Turkey.

Tiirkiye'de Biberde Enfeksiyon Olusturan Tobacco mild green mosaic virus Izolatlarinin Belirlenmesi

ve Molekiiler Karakterizasyonu

OZET

Bu c¢alismada, Turkiye’de biber yetistiriciliginin ekonomik olarak
onemli oldugu iki bolgede ZTobacco mild green mosaic virus
(TMGMYV) enfeksiyonu incelenmistir. Mozaik, sararma, beneklenme
ve cukurlagsma simptomu gosteren toplam 397 yaprak ve meyve
drnegi toplanmis ve double antibody sandwich ELISA (DAS-ELISA)
ile poliklonal antiserum kullanilarak testlenmistir.
testinde testlenen ornekler icerisinde 97 6rnegin (%24.4) TMGMV
enfeksiyonuna sahip oldugu belirlenmistir. TMGMV 1ile enfekteli
pozitif oOrnekler, gen spesifik primerler kullanilarak RT-PCR
yontemiyle viriis kilif protein (KP) geninin ¢ogaltilmasi ve izolatlarin
molekiiler karakterizasyonu i¢in kullanilmigtir.
dizilerinin karsilastirmasi sonucunda, izolatlarin kendi aralarinda
niikleotid benzerliginin %97.2-100, amino asit benzerliginin ise
%96.8-100 arasinda degistigi belirlenmigtir. Bildigimiz kadariyla, bu
Tirkiye'de TMGMV’nin enfeksiyonunun Capsicum annuum'daki ilk
raporudur.
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INTRODUCTION

Pepper (Capsicum annuum L.) is the second most
cultivated vegetable crop (2.636.905 tonnes) in
Turkey (Faostat, 2020) where pepper is cultivated
both in open field and greenhouse. Turkey is the

world’s third-largest producer of green pepper, so
pepper plays important role in global trade. Viral
diseases are significant constraint in pepper
cultivation affecting the yield and quality of pepper
fruits (Green and Kim, 1994). In the last 30 years, the
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number and prevalence of infecting virus species in
pepper growing areas in tropical and subtropical
regions have increased remarkably. To date, more
than 70 virus species have been reported infecting
pepper throughout the world (Pernezny et al., 2003;
Kenyon et al., 2014). Among these, about 20 virus
species belonging to 15 different taxonomic groups
cause economic damage to pepper cultivation in the
Mediterranean basin (Moury and Verdin, 2012). The
most important of these viruses are seed-borne
tobamoviruses, Insect-transmitted potyviruses,
cucumoviruses, and tospoviruses (Moury and Verdin,
2012). Tobamoviruses are highly contagious and
stable group of viruses causing significant yield losses
in commercial pepper crops (Alonso et al., 1989;
Smith and Dombrovsky, 2020). They are found all
over the world and can be spread through infected
seeds, infected soil, and mechanical contact between
plants, but not transmitted by vectors (Broadbent,
1965; Lanter et al., 1982; Pares et al., 1996). There
are 37 members within the Zobamovirus genus, and
out of 8 are known to infect peppers (Kenyon et al.,
2014; Fidan et al.,, 2021). Among them, 7obacco
mosaic virus (TMV), Tomato mosaic virus (ToMV),
and Pepper mild mottle virus (PMMoV) are the most
prevalent viruses in pepper production in Turkey
(Ozaslan et al.,, 2006; Sevik, 2011; Simsek et al.,
2015).

Tobacco mild green mosaic virus (TMGMYV) belongs to
the genus Tobamovirus, and its genome consists of a
positive-sense single-stranded RNA. Its genomic
organization is similar to that of TMV and ToMV. The
genomic RNA of TMGMYV is 6355 nt long that encodes
four proteins, namely; the 126K and 183K replicases,
28.5K protein homologous to TMV and ToMV the
movement proteins (MP), and 17.5K coat protein (CP)
(Solis and Garcia-Arenal, 1990). TMGMV has been
recently isolated from tobacco plants in Turkey
(Karanfil et al., 2020). In the current study, the
occurrence of TMGMV was investigated in pepper
plants in Turkey, and molecular experiments were
carried out to have a preliminary result for the
characterization of its isolates based on the coat
protein gene. To our knowledge, this is the first report
of natural infection by TMGMYV in pepper crops.

MATERIALS and METHOD
Survey and sample collection

Surveys were conducted in commercial greenhouses
and open fields in the Eastern Mediterranean
(Mersin, Adana, Kahramanmaras, Hatay), and
Southeastern (Gaziantep, Kilis) regions of Turkey,
where pepper production is economically important,
during 2017-2020 growing seasons. A total of 397 leaf
and fruit samples showing vein clearing, mosaic and
discoloration of young leaves, and fruit distortion
symptoms (Figure 1) were collected during surveys.
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DAS-ELISA

All samples were ground in four volumes of 0.03 M
phosphate buffer (pH 7.0) (wt/vol) supplemented with
0.2% diethyldithiocarbamate in extraction bags. The
extracts were tested in DAS-ELISA (Clark and
Adams, 1977) for the presence TMV, ToMV, Paprika
mild mottle virus (PaMMV), PMMoV, and TMGMV
using polyclonal antiserum (Loewe Biochemica
GmbH, Germany). Absorbance at 405 nm was
determined using a plate reader (Seac Sirio S). The
samples were considered as positive if their average
absorbance value were equal to or higher than twice
that of the negative control.

Mechanical transmission of TMGMV

The sap from pepper source carrying TMGMV
infection only was mechanically inoculated onto
Nicotiana tabacum cv. Samsun plants at 2-4 leaf
stage by rubbing infected leaf extract prepared in four
volumes of 0.03 M phosphate buffer (pH 7.0)
containing 0.2% (wt/vol) diethyldithiocarbamate,
active charcoal at 20 mg/ml, and carborundum at 20
mg/ml (Moury et al., 2004). Negative control plants
were prepared with mock inoculation and
carborundum. Each plant species had three
replicates. Inoculated plants were kept in a growth
chamber with 16 h photoperiod and constant
temperature of 25°C, and the symptom expression
was monitored for 3 week-post inoculation.

Total RNA extraction and reverse transcription-
polymerase reaction (RT-PCR)

Total RNA was isolated from TMGMV-infected
Nicotiana tabacum cv. Samsun plants according to
Chomeczynski and Sacchi (1987). RNAs were reverse-
transcribed with the specific reverse primer using M-
MLV reverse transcriptase (Promega) for the
synthesis of the first-strand cDNA. PCR amplification
was carried out with the primer combination
(TMGMVspec/Tob-Unil) (Letschert et al., 2002)
specific to the complete coat protein (CP) region. PCR
amplicons were directly sequenced by the Sanger
method with both primers in two directions
(Medsantek, Turkey).

Nucleotide sequences and phylogenetic analysis

Among the TMGMYV isolates, 19 were sequenced, and
have been deposited in the GenBank database with
the accession numbers OK182752- OK182770 (Table
1). Multiple nucleotide alignments were conducted
using CLUSTALX 1.8 (Thompson et al., 1994).
Phylogenetic tree was constructed with Maximum
likelihood method using MEGA 7 software (Kumar et
al., 2016) with 1000 bootstrap replicates to assess the
robustness of the nodes.



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 490-496, 2022
KSU J. Agric Nat 25 (Suppl 2): 490-496, 2022

Aragtirma Makalesi
Research Article

Table 1. The accesion numbers of Tobacco mild green mosaic virus (TMGMYV) isolates obtained in this study
Cizelge 1. Calismada elde edilen Tobacco mild green mosaic virus (TMGMYV) izolatlarinin erisim numaralari

Accession no Isolate Location Year
0K182752 TMGMV-Adn26 Adana 2017
0K182753 TMGMV-Adn32 Adana 2017
OK182754 TMGMV-Adn16 Adana 2017
0K182755 TMGMV-Adn40 Adana 2018
0K182756 TMGMV-Adn45 Adana 2018
0K182757 TMGMV-Adn21 Adana 2017
0K182758 TMGMV-Adn53 Adana 2018
0K182759 TMGMV-Mrs61 Mersin 2018
0K182760 TMGMV-Mrs80 Mersin 2018
0K182761 TMGMV-Mrs84 Mersin 2018
0K182762 TMGMV-Mrs86 Mersin 2018
0K182763 TMGMV-Mrs116 Mersin 2018
0K182764 TMGMV-Mrs49 Mersin 2018
0K182765 TMGMV-Mrs62 Mersin 2018
0K182766 TMGMV-Gzal25 Gaziantep 2020
0K182767 TMGMV-Kl1s280 Kilis 2020
OK182768 TMGMV-Khr180 Kahramanmaras 2018
OK182769 TMGMV-Khr3 Kahramanmarag 2020
OK182770 TMGMV-Khr261 Kahramanmaras 2020
RESULTS and DISCUSSION symptoms were recognized at an early stage of plant

Symptom observation and TMGMYV incidence

Infected plants showing severe symptoms consisting
of chlorosis, curling, necrotic lesions, and mottling
were occasionally found in the field (Figure 1). The
plants were small and stunted, compared with
healthy plants. Under open-field conditions,

development; however, under greenhouse conditions,
symptoms were observed at the advanced growth
stage. Tobacco plants mechanically inoculated with
each isolate showed mild green and chlorotic mosaic
symptoms by 3—5 days post-inoculation (Figure 2).

Figure 1. Field symptoms of TMGMV-infected pepper leaves and fruits. (a-d: mosaic and yellowing on pepper
leaves, e: mosaic, f: pitting, g: mottle, and h: necrosis on pepper fruits)

Sekil 1. TMGMYV ile enfekteli biber yapraklarinin ve meyvelerinin simptomlari. ( a-d: yapraklarda mozaik ve
sararma, meyvelerde e: mozaik, f: cukurlasma, g: beneklenme, h: nekroz
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Figure 2. Symptoms consisted of mild green and mosaic on . tabacum cv. Samsun leaves
Sekil 2. N. tabacum cv. Samsun yapraklarinda olugan agik yegil ve mozaik simptomliari

DAS-ELISA results revealed that 97 samples out of
397 tested (24.4%) were infected with TMGMYV.
TMGMYV was found in 8 samples from 49 collected in
Adana, 14 samples from 81 collected in Gaziantep, 24

samples from 62 collected in Hatay, 15 samples from
112 collected in Kahramanmaras, 26 samples from 77
collected in Kilis, and 10 samples from 16 collected in
Mersin (Table 2).

Table 2. The presence of viruses in pepper samples collected during surveys according to DAS-ELISA results
Cizelge 2. DAS-ELISA sonucuna gore surveylerde toplanan biber érneklerinde virtislerin bulunma durumu

Location Number of Number of TMGMV Number of mixed infected plants
tested infected plants (infection TMGMV+ TMGMV+ TMGMV+P TMGMV+P
plants rate %) TMV ToMV aMMV MMoV
Adana 49 8 (16.3%) 5 1 - 6
Mersin 16 10 (62.5 %) 4 3 8
Hatay 62 24 (38.7 %) 5 7 - 10
Kahramanmarasg 112 15 (13.4 %) 3 2 2 7
Gaziantep 81 14 (17.3 %) 9 4 - 11
Kilis 77 26 (33.8 %) 5 8 5 16
Total 397 97 (24.4 %)

Multiple sequence comparisons and phylogenetic
relationships

The nucleotide sequences of the CP gene derived from
the 19 TMGMYV isolates were subjected to sequence
alignment and phylogenetic analysis. The DNA
fragment (480 bp) containing the full length of CP
was used to determine sequence identity at both the
nucleotide and amino acid levels. The Turkish
TMGMYV isolates shared nucleotide identity of 97.2 to
100% with each other, and 96.6 to 100% with the
sequences registered in GenBank (Figure 3a) while
the amino acid similarities were between 96.8-100%
and 95.5-100% (Figure 3b), respectively. The
phylogenetic analysis showed that TMGMV-Adn26,
TMGMV-Khr3, TMGMV-Adn16, TMGMV-Mrs49, and
TMGMV-Adn45 isolates were closely related to the
pepper isolates from Spain (FN594860.1). The isolates
(TMGMV-Mrs80, TMGMV-Mrs84, TMGMV-Gza125)
had the highest nucleotide identity (100%) with the
pepper  isolates from China (MF139550.1,
JX534224.2) and Vietnam (MWO012408.1). It should
be noted that TMGMV-Adn40 isolate clustered with
Turkish tobacco isolate (MK944273.1) was distantly
related to the other pepper isolates (Figure 3c).

In recent years, increasing epidemics of
tobamoviruses have started to be reported in
commercial pepper fields in Turkey (Caglar et al.,
2013; Buzkan and Arpaci, 2017). The mixed infections
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of TMGMYV with TMV, ToMV, (PaMMV), and PMMoV
were detected during this survey (Table 2). Due to
their high stability, tobamoviruses remain infectious
in contaminated plant debris, compost, soil, and
irrigation water. As mentioned by Salamon and
Kaszta (2000), pollen grains also play an imported
role in the distribution of tobamoviruses throughout
the world. In terms of the importance of pepper
growing in Turkey, there is a high risk of devastating
consequences both in greenhouses and in open fields.
However, the infected seeds and plantlets could
provide an inoculum source for the initiation of
disease epidemics in the crops. Especially, the use of
population seeds (taking seeds from the fruits of the
previous year) in open pepper cultivation in Turkey
plays a very effective role in the spread of these seed-
borne viruses. To prevent introductions of
tobamoviruses, seeds can be disinfected by using 2%
NaOH (Salamon and Kaszta, 2000) or with 10%
trisodium phosphate (NasPOus) for 2.5 hours at room
temperature (Rast and Stijger, 1987; Jarret et al.,
2008). Virus-contaminated disposable materials
should be destroyed by burning out or deep burial.
Because of the potential for this virus to cause
significant losses in other susceptible plants, the
hosts and distribution of the agent should be carefully
monitored. Host resistance, phytosanitary and
cultural control measures should be combined for the
management of virus diseases.
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Figure 3. Nucleotide (a) and amino acid (b) sequence identity matrix generated using Sequence
Demarcation Tool (SDT). Phylogenetic analysis of TMGMYV isolates (c). The KU175645.1
(TMV), AB089381.1 (PaMMYV), FN594883.1 (PMMoV), JF810427.1 (ToMV) pepper isolates
were used as an outgroup. TMGMYV isolates obtained in this study are labeled with symbol (
®).

Sekil 3. Sequence Demarcation Tool (SDT) kullanilarak olusturulan niikleotid (a) ve amino asit (b)
dizin benzerligi matriksi. TMGMYV izolatlarinin filogenetik analizi (c). KU175645.1 (TMV),
AB089581.1 (PaMMYV), FN594885.1 (PMMoV), JF810427.1 (ToMV) biber izolatlar: dis grup
olarak kullanilmistir. Bu ¢calismada elde edilen TMGMYV izolatlar: (%) sembolii ile
1saretlenmigtir.
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CONCLUSION

In this study, the DAS ELISA test results showed
that the TMGMV had a remarkable prevalence in
open-field and greenhouse pepper-growing areas in
the Eastern Mediterranean region (Mersin, Adana,
Kahramanmaras, Hatay) and the Southeastern
region of Turkey (Gaziantep, Kilis). It has been
determined that nucleotide sequences of TMGMV
isolates showed high sequence identity with each
other and pepper isolates from different countries,
except for TMGMV-Adn40 isolate.
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ABSTRACT Food Science

This study was conducted to research the aflatoxin Mi (AFM) level

in food due to the economic losses and public health concerns Research Article

resulting from its presence. A total of 82 raw cow milk samples were

randomly obtained from dairy farms in Burdur and they were Article History

examined in terms of AFM: using Enzyme-Linked Immunosorbent Received ©03.12.2021
Assay (ELISA) method. It was found that the AFM: level was Accepted ©09.05.2022
between 5.06 and 50.63 ng kgl in 48 (58.5%) of 82 raw cow milk

samples analyzed and the average contamination rate was 15.53 Keywords

£1.49 ng kg''. In 1 (1.2%) of the milk samples, AFM; level was found Aflatoxin Mi
to be over the legal limits specified by Turkish Food Codex and ELISA
European Union’s Regulation. As a result, the AFM: level determined Raw cow milk
in the raw milk samples was below the maximum residue limits and

was suitable for human consumption. In addition, the estimated daily

intake (EDI) of AFM: was determined for the adult consumer in

Tiirkiye. The average EDI (0.19 ng kg body weight day) of the

adult consumer was found to be close to the proposed value of

tolerable daily intake (0.2 ng kg! body weight day?! ) for AFM;.

However, it is recommended to repeat the studies on this subject

within a regular program and inform both the producers and the

consumers about the issue.

Burdur Ili Cig Inek Siitii Orneklerinde Aflatoksin M1 Kalintisinin Incelenmesi
OZET Gida Bilimi

Bu c¢alisma, gidalarda aflatoksin bulunmasindan kaynaklanan

ekonomik kayiplar ve halk saghg: endigeleri nedeniyle aflatoksin M1 Aragtirma Makalesi
(AFM1) diizeyini belirlemek amaciyla yapilmistir. Burdur ilindeki . .
ciftliklerden toplam 82 c¢ig inek suti Ornegi rastgele alindi ve Makale T.ar'lhge.s1
Enzyme-Linked  Immunosorbent Assay (ELISA)  yéntemi Gelis Tarl}'u. ) 03.12.2021
kullanmlarak AFM: agisindan analiz edildi. Incelenen 82 ¢ig inek Kabul Tarihi  ©09.05.2022
siitii 6rneginin 48'inde (%58,5) AFM1 seviyesinin 5,06 ila 50,63 ng kg" Anahtar Kelimeler
1 arasinda ve ortalama kontaminasyon oranimin 15,53 +£1,49 ng kg1 Aflatoksin My
oldugu tespit edildi. Siit érneklerinin 1'inde (%1,2) AFM: diizeyi ELISA

Turk Gada Kodeksi ve AB Yonetmeligi'nde belirtilen yasal sinirlarin
uzerinde oldugu belirlendi. Sonu¢ olarak ¢ig silit orneklerinde
belirlenen AFM: seviyesi maksimum kalint1 limitlerinin altinda ve
insan tiiketimine uygun bulunmustur. Ayrica Tirkiye'deki yetigkin
tiiketici icin AFMi'in tahmini giinlik alim miktarn (EDI)
belirlenmistir. Yetigkin tiiketicinin ortalama EDI'si (0,19 ng kg
viicut agirhig giin'l), énerilen giinliik 0,2 ng kg1 viicut agirhg giin’!
AFM; alimina yakin bulunmustur. Ancak bu konudaki ¢aligmalarin
diizenli bir program dahilinde tekrarlanmasi ve hem ireticilerin
hem de tiiketicilerin konu hakkinda bilgilendirilmesi 6nerilmektedir.
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INTRODUCTION

Aflatoxins (AF) are a group of mycotoxins produced by
the fungi species of Aspergillus genus, especially A.
flavus, A. parasiticus and A. nominus, as secondary
metabolites. The optimum growth temperature of
Aspergillus spp. is 25°C and the minimum water
activity is 0.75. The fungi start to produce secondary
metabolites at 10-12°C. However, the most toxic ones
are produced at 25°C with water activity of 0.95
(Lizarraga-Paulin et al., 2011; Kagera et al., 2018).
The well-known aflatoxin species are aflatoxin B:
(AFBy), aflatoxin Bz (AFB»), aflatoxin G1 (AFG1) and
aflatoxin Gz (AFG2) (Kagera et al., 2018). Aflatoxin
M; (AFM:) and aflatoxin Mz (AFMs) are the
hydroxylated metabolites of aflatoxin B: and B2 and
they are found in milk of the animals fed with mouldy
forage (Creppy, 2002; Yitbarek and Tamir, 2013).
AFM: amount in milk depends on the AFB:
concentration in the contaminated forage. Animals
fed with feed containing AFBi, these toxins are
metabolized in the liver and secreted to milk as
AFM;i. This is the only way to convert AFB: into
AFM;: (Creppy, 2002; Hassan and Kassaify, 2014).
Roughly 0.3-6.2% of AFB1 in animal feed is converted
to AFM: in milk (Creppy, 2002; Karakaya and
Atasever, 2010).

Milk and its products are a food with high nutritional
value for all people, especially babies and children
(Tekinsen and Ucar, 2008; Shundo et al., 2009;
Yitbarek and Tamir, 2013; Kamkar et al., 2014). In
addition to being consumed in liquid form, milk is
used in the production of baby foods, dairy products
and milk desserts and is widely consumed by people
of all age groups (Tekinsen and Ucar, 2008; Kamkar
et al., 2014).

Aflatoxins pass through the human placenta and they
cause growth disorders in the young children exposed
to aflatoxin (IARC, 2002). Especially infants are at a
higher risk compared to adults due to their low body
weight, high metabolic  rates, insufficient
detoxification, and underdevelopment of their organs
and tissues (Kamkar et al., 2014). It has been
reported that aflatoxins cause renal damage,
cirrhosis, hepatitis, hepatocellular carcinoma, chronic
gastritis, and Reye’s syndrome (Henry et al., 2001;
Liz4drraga-Paulin et al., 2011; Li et al., 2018). AFB.
and AFM: have genotoxic activity due to its potential
accumulation and as it is linked to DNA (Shibahara
et al., 1995). Aflatoxins also cause a decrease in milk
production. The fact that AFM: exists in milk and
dairy products is a serious food hygiene problem
(Yitbarek and Tamir, 2013). AFB: and AFM;: are
described as carcinogenic to humans (Group 1) (IARC,
2002). Due to high toxicity and health concerns, many
countries have determined maximum residue limits
for AFM: to prevent or reduce aflatoxin risks.
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According to Turkish Food Codex (TFC, 2011) and
European Union’s Regulation (EC, 2010), the
maximum AFM: level in milk to be used in the
production of raw milk, heat-treated milk and milk-
based products must be 50 ng kg! or less. According
to FDA standards, the AFM: level in milk in the
United States must be 500 ng kg or below (FDA,
2005). For this reason, it is necessary to define the
AFM, levels in milk and its products for the purpose
of protection the health of consumers in various age
groups from the possible risks (Tekinsen and Ucar,
2008; Yitbarek and Tamir, 2013; Kamkar et al.,
2014).

It has been statemented that AFMi: in milk and its
products has resistance against the pasteurization,
boiling, sterilization, processing at ultra-high
temperature, cooling, and freezing conditions
(Galvano et al., 1996; Henry et al., 2001; Awasthi et
al., 2012; Tha et al., 2013; Hassan and Kassaify,
2014). A study on AFM: concentration changes in
white cheese, it was determined that there was no
important alteration in AFM: concentration even
after a 3-month storage (Deveci, 2016). It has been
reported that the AFM: content of milk and dairy
products is not affected during cool and frozen
storage. If aflatoxin-contaminated milk is utilized in
the making of dairy products, the chances of AFM;
reaching consumers significantly increase (Wiseman
and Marth, 1983; Igbal et al., 2015).

ELISA i1s a laboratory screening method that is
preferred in food analysis as it has advanced
qualifications such as high sensitivity, ease of use,
rapid, low cost, and on-site monitoring (Var and
Kabak, 2008; Hassan and Kassaify, 2014; Matabaro
et al., 2017). Food mycotoxin detoxification processes
are still ineffective in terms of food safety and cost.
Monitoring programs are by far the most important
strategy for reducing the risk of aflatoxins exposure
in both animals and humans (Hassan and Kassaify,
2014).

The annual cow milk production throughout Burdur
city is 378935 tone (TSI, 2018). It is an important
centre for the country in terms of its raw milk
production and most of milk is transferred to industry
and processed and offered for consumption. Because
of the public health concerns and the economic losses
caused by the presence of aflatoxin in food, this study
was conducted to detect the AFM: level in the milk
samples gathered from dairy farms in Burdur
province, assess the exposure of consumers, and
estimate the risk.

MATERIAL and METHOD
Sample collection

In this study, 82 raw cow milk samples were
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randomly collected from farms in Burdur province of
Turkiye, between September and December 2019. The
samples were taken to the laboratory for analysis in
covered sterile containers, under aseptic conditions
and cold chain and kept at -18°C further analysis.

Sample preparation

The presence of AFM: in the milk samples was
detected by ELISA method, using Bio-Shield M1 ES
B2048/B2096 ELISA test kit according to the
manufactures' instructions (Prognosis Biotech S.A.,
Larissa, Greece, 2019). The samples were centrifuged
at 10°C, 3000xg for 10 minutes. After centrifuging,
the upper cream layer was separated by a Pasteur
pipet. The fat-free supernatant was used in the
analysis. The dilution factor was calculated to be 1 for
the milk samples prepared in this way.

Analysis procedure

The AFM;: standards ranged in concentration from 0
to 250 ng kg, and the milk samples were added at a
rate of 100 pL per well in the microplate using an
automated pipet. Then, the wells were covered with a
transparent film and shaken for 30 seconds and were
kept at room temperature for 45 minutes. Later, the
liquid in the wells was discharged and the wells were
irrigated 4 times with an irrigation buffer solution
(Wash Buffer 1X). After each irrigation, the micro-
plates were turned upside down, an absorbing paper
was tapped on it in order to remove the liquid
completely from the wells. After these steps, 100 pL
AFM: Detection solution (AFM;-HRP) was added to
all of the wells. Then, the wells were covered with a
transparent film and shaken for 30 seconds and were
kept for 15 minutes at room temperature. The wells
were emptied again and they were irrigated 4 times
with irrigation solution (Wash Buffer 1X) and after
each irrigation, the microplates were turned upside
down and tapped. Subsequently, 100 pL of TMB
Substrate was added to all of the wells. The wells
were covered with transparent film and they were
manually shaken for a few seconds incubated in the
the dark at room temperature for 15 minutes. At the
end of this process, 100 pL stop solution (15% H3PO4)
was added to all of the wells. The plate was shaken by
hand again and mixed slightly. The blue colour
became yellow by adding a stopping solution to the
wells. Then, it was measured in absorbance ELISA
reader at 450 nm and in 60 minutes.

Assessment

The results obtained were assessed according to the
computer program (Prognosis-Data-Reader) designed
by Bio-Shield. The levels of the aflatoxin standards
ranged from 0 to 250 ng kgl. According to the
analysis preparation document, LOD value was 2 ng
kg! and LOQ value was 5 ng kgt for milk. For milk,
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the recovery rate was 99.4% and the satisfactory
range was 79-119% (Prognosis Biotech S.A., Larissa,
Greece, 2019). The statistical analyses were
conducted using Minitab for Windows Version
Release 16.1. (Minitab Inc., 2011). Occurrence the
AFM: in raw cow milk 1is reported as the
meantstandard error, range (minimum-maximum),
frequency distribution of samples and percentage of
samples exceeding maximum limits of Regulations.

The assessment of the estimated exposure levels of
consumers to AFM1

While assessing the exposure levels of population to
AFM;: in Turkiye, the calculations were made by
considering the report published by World Health
Organization (WHO, 2005). Estimated of daily intake
(EDI) of population by milk consumption was
calculated using the formula: EDI (ng kg* b.w. day!)
= toxin (ng kg'!) x milk consumption (kg person? day
)/body weight (kg).

The milk consumption quantity used to calculate the
EDI was obtained according to the National Milk
Council (NMC, 2018). Despite a lack of statistics on
milk consumption by age group in Turkiye, a per
capita milk consumption of roughly 270 kg person!
year! is estimated (NMC, 2018). The daily
consumption amount was estimated by dividing the
total annual amount by 365. In this study, the mean
body weight (b.w.) of 60 kg for adults population in
Turkiye was used for calculating the EDI.

RESULTS and DISCUSSION

In this study, a total of 82 milk samples were
analysed to determine AFM: concentration and the
results obtained are shown in Table 1. It was
determined that the AFM; level was over 5 ng kg-! in
48 (58.5%) and the AFM; level was below 5 ng kg'! in
34 (41.5%) among 82 milk samples gathered from
several dairy farms in Burdur. The AFM: level was
between 5.06 and 50.63 ng kgl in 48 (58.5%) of 82
raw cow milk samples analysed and the average
contamination rate was 15.53+1.49 ng kg'l. The AFM;
contamination was 50.63 ng kg! in 1 (1.2%) of the
milk samples.

Various studies have been conducted in different
countries using different techniques in order to
determined the presence and level of AFM;: in milk.
Different AFM: levels in raw milk samples found in
the previous studies conducted in Tirkiye and
different countries were summarized in Table 2 and
Table 3.

In this study, AFM:1 was detected in 58.5% of the raw
milk samples. When compared to the previous studies
conducted in Tirkiye, this result was determined to
be higher than the values determined by Keskin et al.
(2009), and Aksoy and Sezer (2019), and lower than
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the values determined by Oruc et al., (2011), Ertas et (2015), Yildirim et al., (2018), Eker et al., (2019),
al., (2011), Buldu et al, (2011), Sahindokuyucu Turkoglu and Keyvan (2019), and Guven et al.,
Kocasari et al., (2012), Bakirdere et al., (2014), (2020).

Temamogullari and Kanici (2014), Isleyici et al.,

Table 1. Occurrence and distribution of AFM1 in raw cow milk samples collected from Burdur.
Cizelge 1. Burdur'dan toplanan ¢ig inek stitii 6rneklerinde AFM1'in varligi ve dagilimi.

Positi Distribution of samples E dleeal AFM: concentration
Tested osiuve Orneklerin dagilimi xceec ega AFM; konsantrasyonu
Pozitif o limit .
Test ng kg1 (%) (ng kg?)
il Yasal siniri
edilen 359&17“ Mean
! n (%) <5 5-25 26-50 >50 n (%) Ortalama —\p. -~ Max.
+SE )
cow
milk 48 34 41 6 1 1 15.53
inek 8 ss  (1m) GO (1) 1 (1.2) £149 06 5063

Sttt

n: number of samples, *Distribution of negative samples, **TFC and EU Regulation legal limits (50 ng kg'!) for AFM; in milk,
SE: Standard Error

Table 2. AFM:1 levels in raw cow milk analyzed in Tirkiye.
Cizelge 2. Tiirkiye'de analiz edilen ¢ig inek stitlerindeki AFM; diizeyleri

Location Positive Range Exceed legal limit Reference
Yer n Pozitif Aralik Yasal sinir1 asan Kaynak
n (%) (Mean) n (%)*
(Ortalama)
Istanbul 60 20 (33.3) 5.40-300.20 5(8.3) Keskin et al. (2009)
(166.80) ng L
Bursa 30 30 (100) 2.48-18.93 0 (0.00) Oruc et al. (2011)
(7.23) ng kg1
Kayseri 50 43 (86) 1-30.0 0 (0.00) Ertas et al. (2011)
(8.73) ng kg'!
Kayseri 90 90 (100) 54.4-65.5 63 (70) Buldu et al. (2011)
(59.93) ng L'
Burdur 45 41 (91.1) 15.3-80 16 (35.5) Sahindokuyucu
(45.3) ng L Kocasari et al. (2012)
Kocaeli, 77 61 (79.22) 0.005-0.410 4 (n.r.) Bakirdere et al. (2014)
Sakarya, (0.031) ng L1
Diizce
Sanliurfa 38 n.r. (94.7) 0.82-125.70 21 (55.3) Temamogullari and
(56.74) ng kg'! Kanici (2014)
Van 100 85 (85) <5->80 12 (12) Isleyici et al. (2015)
(n.r) ng I
Kirikkale 154 154 (100) 0.08-10.11 0 (0.00) Yildirim et al. (2018)
(1.73) ng !
Kars 50 28 (56) 0-21.57 0 (0.00) Aksoy and Sezer, (2019)
(10.02) ng L
Canakkale 120 107 (89.2) 5.14-78.69 4(3.3) Eker et al. (2019)
(16.70) ng kg'!
Burdur 35 35(100) n.r. (25.45) ng L1 5(14.28) Turkoglu and Keyvan
(2019)
Kars 80 80 (100) 0.00-17.86 (9.28) 0 (0.00) Guven et al. (2020)
ng kg’

n: No. of raw cow milk samples, *TFC and EU Regulation legal limits (50 ng kg'!) for AFM; in milk, n.r.: results
not reported by author.
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Table 3. AFM: contamination in raw cow milk analysed by ELISA in different countries.
Cizelge 3. Farkli tilkelerde ELISA ile analiz edilen ¢ig inek siitiindeki AFM; kontaminasyonu.

Country n Positive Range (Aralik) Exceed legal limit Reference
Ulke Pozitif (mean) (Ortalama) Yasal sinir1 asan Kaynak
n (%) n (%)*
Serbian 40 38 (95) 0.005-0.90 5(12.5) Kos et al. (2014)
(0.19) pg kgt
Iranian 45 22 (48.88) 6.3-23.3 0 (0.00) Zanjani et al. (2015)
(11.61) ng L
Iranian 288 163 (56.59) 0.01-0.25 113 (69.32) Mahmoudia and
(0.95) Norian (2015)
ppb
Macedonia 3635 1538 (42.4) <6.6-408 105 (2.9) Dimitrieska-
(14.3) ng kg1 Stojkovi et al.
(2016)
Egypt 15 5(33.3) 6.40-70 2(13.3) Tahoun et al. (2017)
(35.68) ng Lt
Italy 416 51 (12.3) n.r. 1 (n.r) De Roma et al
(0.037 pg kg-1) (2017)
Pakistan 156 143 (91.7) 20-3090 125 (80.1) Asghar et al. (2018)
(317.4) ng L1
China 133 100 (75.2) 5.3 -36.2 0 (0) Xiong et al. (2020)
(15.9) ng L’
Lebanon 701 412 (58.8) 0.011-0.440 196 (28) Daou et al. (2020)

(0.085) ng Lt

n: No. of raw cow milk samples,*EU Regulation legal limits (50 ng kg'1) for AFM: in milk, n.r.: results not reported by author.

When comparing the AFM; level determined in the
current study with the studies conducted in the other
countries, the AFM level determined in the current
study was found to be lower than the wvalues
determined by Kos et al., (2014), Asghar et al., (2018),
Xiong et al., (2020), and Daou et al. (2020) and higher
than the values determined by Zanjani et al., (2015),
Mahmoudia and Norian (2015), Dimitrieska-Stojkovi
et al., (2016), Tahoun et al., (2017), and De Roma et
al., (2017).

In this study, the average contamination level of
AFM: in the milk samples was determined to be
15.53+1.49 ng kgl. The result obtained in this study
was similar to the average contamination levels
determined by Xiong et al., (2020). It was determined
to be contaminated with high level of AFM: in
comparison with the results obtained by Oruc et al.,
(2011), Ertas et al., (2011), Zanjani et al., (2015),
Dimitrieska-Stojkovi et al., (2016), Yildirim et al.,
(2018), Aksoy and Sezer (2019), and Guven et al.,
(2020) and with low level of AFM: in comparison with
the results obtained by Keskin et al., (2009), Buldu et
al., (2011), Sahindokuyucu Kocasari et al., (2012),
Bakirdere et al, (2014), Kos et al, (2014),
Temamogullari and Kanici (2014), Mahmoudia and
Norian (2015), Tahoun et al., (2017), De Roma et al.,
(2017), Asghar et al., (2018), Eker et al., (2019),
Turkoglu and Keyvan (2019), and Daou et al., (2020).
In comparison with the previous studies, it was
determined that the AFM;i levels in raw milk were
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variable. The AFM: residue levels in milk vary
significantly based on the species of animal from
which milk is obtained, milking type and time,
lactation period, type, growing and keeping method of
forage, geographical conditions (local weather,
humidity and temperature), seasonal changes and the
development levels of the countries (Galvano et al.,
1996; Tajkarimi et al.,, 2008; Kamkar et al., 2014;
Miliéevié et al., 2017; Akbar et al., 2019).

The presence of AFMi in milk and its products
consumed in developing countries is a serious
problem (Prandini et al., 2009). Due to high toxicity
and health concerns, many countries have determined
maximum residue limits for AFM: to prevent or
reduce aflatoxin risks. According to Turkish Food
Codex (TFC, 2011) and European Union’s Regulation
(EC, 2010), the maximum AFM; level in milk to be
used in the production of raw milk, heat-treated milk
and milk-based products must be 50 ng kg or less. In
the USA, according to FDA regulations, the AFM:
level in milk must be 500 ng kg! or lower (FDA,
2005). In this study, it was determined that the AFM;
amount of 1 (1.2%) of the milk samples exceeded the
level of 50 ng kg specified by Turkish Food Codex
and European Union’s Regulation, although 58.53% of
the milk samples gathered from dairy farms were
contaminated with AFMi. In contradistinction to this
study, it has been reported that the AFM;: levels in
the milk samples tested by Oruc et al., (2011), Ertas
et al., (2011), Zanjani et al., (2015), Yildirim et al.,
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(2018), Aksoy and Sezer (2019), Guven et al., (2020),
and Xiong et al., (2020) have not exceeded the
acceptable limits determined by European Union’s
Regulation. Some other researchers have declared
that the AFM; levels (2.9-80.1%) determined in milk
samples are higher than the level specified by the
regulation (Keskin et al., 2009; Buldu et al., 2011;
Sahindokuyucu Kocasari et al., 2012; Temamogullari
and Kanici 2014; Bakirdere et al., 2014; Kos et al.,
2014; Mahmoudia and Norian 2015; Isleyici et al.,
2015; Dimitrieska-Stojkovi et al., 2016; Tahoun et al.,
2017; Asghar et al., 2018; Eker et al., 2019; Turkoglu
and Keyvan 2019; Daou et al., 2020). The fact that 48
milk samples (58.5%) determined to be contaminated
with AFM: in this study were lower than the
maximum residue limits did not mean that they were
safe.

According to the current survey, the average level of
AFM: is 15.53 ng kg-1. Although the lack of data
regarding the consumption of milk according to
different age groups in Turkiye, drinking milk

consumption is estimated to be approximately 270 kg
person’! year!, which equates to 0.74 kg of milk per
day (NMC, 2018). In the light of these, based on the
results obtained in the present study, the EDI of
AFM: for Turkish adults was calculated 0.19 ng kgl
b.w. dayl, assuming an adult body weight of 60 kg.

There are no sufficient data available about the EDI
values and exposure risks to AFM: by adult
consumers in Turkiye. In the this study, the EDI of
AFM: for adults was calculated 0.19 ng kg! b.w. day™.
JECFA (2001) stated that the mean EDI of AFM; in
milk was 0.11 ng kg'! b.w. day! in European, 0.058 ng
kgl b.w. day! in Latin America, 0.20 ng kgl b.w. day
1 in Far East, 0.10 ng kg'! b.w. day! in Middle East,
and 0.0020 ng kg! b.w. day! in Africa. This value in
present study is 1.73, 3.28, 0.95, 1.90, and 9.5 times
higher than the EDI determined for European, Latin
America, Far East, Middle East, and Africa,
respectively. The most of the previously EDI of AFM;
through milk consumption in some countries were
summarized in Table 4.

Tablo 4. Consumption of milk in different countries, average contamination, and exposure level to AFM;.
Cizelge 4. Farkl tilkelerde siit tiiketimi, ortalama kontaminasyon ve AFM;'e maruz kalma diizeyi.

Country Consumption of milk Body weight Mean AFM: Mean EDI of Reference
Ulke Stit tiiketimi Viicut agirlig: concentration AFM: Kaynak
(kg) Ortalama AFM; AFM1'in
konsantrasyonu Ortalama
(ng kg EDI'si
(ng kg'!
b.w. day'))
Brazil 350 mL day! 60 31 0.188 Shundo et al.
(2009)
Spain adult male: adult male: 80.83 9.69 adult male: Cano-Sancho et
0.305 kgday'! adult female: 66.42 0.036 al. (2010)
adult female: adult female:
0.305 kg day’! 0.043
Portuguese 87 kg year! 69 23.4 0.08 Duarte et al.
(2013)
Tirkiye 71 g day’! 60 46 0.054 Golge (2014)
Serbia adult male: adult male: 90 210 adult male: Kos et al.
0.21 L day! adult female: 69 0.49 (2014)
adult female: 0.18 L, adult female:
day’! 0.56
Brazil 350 mL day? 60 21 0.120 Santili et al.
(2015)
Pakistan adult male: adult male: 79.3 summer:94.9 adult male: Igbal et al.
0.39 L day! adult female: 52.6 winter: 0.63 (2017)
adult female: 129.6 adult female:
0.40 L day™! 1

In comparison with previous studies, this result is
higher than those detected by Shundo et al. (2009),
Cano-Sancho et al., (2010), Duarte et al. (2013), Golge
(2014), and Santili et al. (2015). However, this result
is lower than reported by Kos et al. (2014), Skrbic et
al. (2014), and Igbal et al. (2017). Skrbic et al. (2014)
reported that the mean AFM: exposure level for
Serbian population through milk consumption,
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estimated at 1.420, 0.769 and 0.503 ng kg! b.w. day!
in February, April and May, respectively. Kuiper-
Goodman (1990) stated that the tolerable daily intake
of AFM: was 0.2 ng kg?! b.w. day!. However, the
mean EDI of AFM;: by adult consumer (0.19 ng kg'!
b.w. dayl) was close to the calculated tolerable daily
intake of 0.2 ng kg! b.w. day! of AFMi. The
international expert committees (JECFA, 2001) have
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concluded that the daily exposure causes the risk of
liver cancer even in the concentration lower than 1 ng
kg although they have not determined a tolerable
daily intake for aflatoxins. Considering this
information, it is seen that the AFM: taken through
milk causes a high risk in all age groups. Therefore, it
is recommended to take the AFM: at the lowest levels
"As Low As Reasonably Achievable" principle by
experts on the subject (EFSA, 2004). Milk is not only
source of AFMi. Additionally, it can be found in
commonly consumed dairy products, such as yogurt,
cheese, and milk-based desserts. Therefore, additional
studies are required about commonly consumed dairy
products to accurately predict consumers’ exposure to
AFM:. New strategies are needed to reduce exposure
to aflatoxins, especially AFM:.

CONCLUSION

Consequently, it was satisfactory that the AFM; level
determined in the milk samples analyzed in this
study was lower than the maximum tolerance level
determined in TFC and EU Regulation. However, the
presence of AFM;: in 58.5% of the milk samples poses
a risk to public health. For this reason, continuous
monitoring of AFM: at every stage should be
performed for animal health, public health and the
economy of the country. In order to prevent the
formation of aflatoxin, the forage and foodstuff must
be produced and kept under appropriate conditions.
Also, it is essential to train the producers and
consumers about the dangers of aflatoxins and the
measures to be taken to minimize the contamination.
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OZET Tarim Ekonomisi
Atmosferde sera gazi yogunlugunun artmasiyla birlikte kiiresel

1Ismnma ve buna baglhh olarak iklimde degisiklikler gozlenmeye Aragtirma Makalesi
baglamigtir. Kiiresel 1s1nma, insan faaliyetleri ile birlikte sera etkisi

yapan gazlarin atmosferdeki oranlarinin artmasindan Makale Tarihgesi

kaynaklanmaktadir. Artan dinya niifusu, sanayinin gelismesi, sicak Gelig Tarihi  :19.10.2021
hava dalgasi, asir1 hava olaylari ve bunlara bagh olarak gergeklesen Kabul Tarihi :03.2022
sel ve kuraklik gibi dogal afetlerdeki artiglar tarimsal iretim arzinda

istikrarsizliga neden olmaktadir. Tarimsal teknolojilerin gelismesine Anahtar Kelimeler
ragmen tarim sektérunin en oOnemli girdi bilegenlerinin dogal Kiresel Isinma
kogullara bagh olmasi, sektoriin istikrarini olumsuz etkilemektedir. Tahil

Bu calismada, 1990-2020 zaman periyodunda, Ardahan ilinde kiiresel Yem Bitkisi

iklim degisiminin tarim sektori tizerine etkilerinin ortaya konulmasi Sinir testi
amaclanmistir. Bu amacla Ardahan ilinde hayvancilik sektori i¢in Nedensellik

uretilen tahil ve yem bitkilerinin verimlilikleri, ortalama sicaklik ve
toplam yagis miktar: arasindaki uzun ve kisa donemli iligki Sinir testi
ve Toda ve Yamamoto nedensellik testi ile arastirilmistir. Elde edilen
bulgular verimlilik ile iklim verilerinin uzun donemde birlikte
hareket etmedigini gostermigtir. Kisa donemde ise ot ve yem bitkileri
tzerinde yagiglarin etkili oldugu, sicakligin ise etkili olmadig:
gozlenirken, tahil verimliligi tizerinde s6z konusu iklimsel
degisimlerin etkisinin olmadig1 gézlenmisgtir.

Analyzing the Effects of Global Climate Change on Grain and Forage Crops Productivity in Ardahan
Province with ARDL Model

ABSTRACT Agricultural Economics
Global warming and changes in the climate have been observed as a )
result of increased greenhouse gas density in the atmosphere. Global Research Article

warming is due to the increased greenhouse gas proportion in the

atmosphere along with human activities. Increased world population, Article History

industrial development, heat waves, extreme weather events and Received 319'10'2021
increased natural disasters such as floods and droughts resulting from Accepted - 03.03.2022
these factors cause instability in agricultural production supply. Keywords

Despite the development in the agricultural technologies, the most Cllobed i

important input components of the agricultural sector are dependent Grain

on natural conditions and affects the stability of the agricultural Forage Plant

sector negatively. In this study, it was aimed to reveal the effects of Limit test

global climate change on the agricultural sector in the province of Causality

Ardahan in the 1990-2020 time period. Boundary test and the Toda
and Yamamoto causality test were used to investigate the long and
short term relationships between the grain yield and forage crops,
produced in Ardahan province for the Ilivestock sector and
productivity, average temperature and total precipitation. Results
showed that productivity and climate data did not move together in
the long time period. In the short term, it was observed that
precipitation was effective on grass and forage crops, while
temperature was not effective. On the other hand, the climatic
changes had no effect on grain productivity.
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GIRIS sicakliktaki genel artigin tarimsal Uretimi olumsuz

Iklim degisiklizi, gliniimizde o6nemli cevresel
felaketlerden biri olarak kabul edilmekte ve icinde
bulundugumuz siiregte etkileri giderek daha belirgin
hale gelmektedir. Ozellikle, insan faaliyetlerine bagh
olarak sera gazi emisyonlarinin yogunlagsarak artmasi
kiiresel 1sinmayr  hizlandirmaktadir. Isinmayla
birlikte yagis rejimindeki degisiklikler, nemlilik
oranlarinin degisimi, ani hava olaylari, kuraklik vb.
gibi yasanan iklimsel hareketler ile kiresel iklim
degisimi meydana gelmektedir (Dogan, 2005). Sera
gaz1 miktarinin atmosferde artmasi sonucu meydana
gelen 1s1nma, canli yagamim tehdit ederken yol agtig1
ekonomik, sosyal ve c¢evresel problemler kiiresel
Olcekte piyasa basarisizligli yasanmasina neden
olmaktadir.

Yapilan c¢alismalar goésteriyor ki sicaklik artiginin
2°C’nin Uzerine ¢itkmasi bir¢ok alanda olumsuzluklar:
artiracaktir. Bu tehditlerin yaganmasinin muhtemel
oldugu sektorlerin basinda tarim sektori gelmektedir.
Mevcut sicaklik artiglari, ani hava olaylarina bagh
kuraklik, sel veya yetersiz yagislar tarimsal liretimi
olumsuz etkilemektedir. Apata (2011) calismasinda
Nijerya’da tahil tretiminin, olumsuz iklim kosgullar:
altinda nifus artisina uyum saglayamadig: takdirde
gida  yetersizligi ve acliga baghh  délimlerin
artabilecegini belirtmigtir. Dasgupta (2013)
tarafindan yapilan c¢alismada, 1971-2002 yillan
araliginda 66 tulkede iklim degisikliginin misir ve
piring¢ Uretimini olumsuz etkiledigi vurgulanmisgtar.

Iklim degisimindeki olaylar, biyik 6lcekte dogal
kogullara bagli olan tarim sektérint ve o6zellikle
ekonomisi tarim sektorine dayali tlkeleri ¢ok daha
kirilgan hale getirmektedir. Iklim olaylari tarimsal
uretim tUzerinde verimlilik kayiplarina yol acarak
ekonomiler tzerinde bir tehdit olarak gorilmektedir.
Ancak ilkeler, iklim degisiminden farkl diizeylerde
etkilenmektedirler. Sicaklik artigi tarimsal tretimi
olumsuz etkilerken yagiglardaki degisimler, bazi
bélgelerde tarimsal tretimi olumlu etkilemigtir.
Nepal’de iklimde meydana gelen degisikligin tarimsal
katma deger lizerindeki etkisi 1975-2010 yillar1 baz
alinarak degerlendirilmis ve calismada, yagislarin
tarimsal GSYH tizerinde olumlu etkisinin oldugu
goriilmiistiir (Acharya & Bhatta, 2013). Sekiz Asya
ilkesinde yapilan bir bagka c¢alismada, yagistaki
degisimlerin, tarim sektérinin GSYIH icindeki pay1
artirdigi, buna karsilik sicaklik degisimlerinin negatif
olarak etkiledigi sonucuna ulagilmistir (Akram, 2013).
Giney Afrika’da 1961-2011 yillar1  arasinda
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etkiledigi, yagislarin ise olumlu etkiledigi gozlenmistir
(Belloumi, 2014).

Sicaklik ve yagista meydana gelen mevsimsel
farkliliklar da tarimsal tiretimi farklh boyutlarda
etkilemektedir. Kis sicakliklarindaki artis tarimsal
uretimi olumlu etkilerken yaz sicaklik artigi olumsuz
etkilemektedir. Deressa ve ark. (2005) tarafindan
Guney Afrika'min 11 bolgesinde 1977-1998 yillar
araliginda yapilan c¢alismada, sicakliklarin seker
kamag1 tiretimi tizerindeki etkisi incelenmis ve sicaklik
degisimlerinin kis aylarinda seker kamigi liretimini
negatif, yaz aylarinda ise pozitif etkiledigi sonucuna
ulagilmistir. Van Passel ve ark. (2017), 15 Avrupa
Birligi tlkesinde yaptiklari ¢alismada 2007 yili i¢in
sicaklik degisimlerinin tarimsal gelir diizeyini yaz ve
kis mevsimlerinde negatif, ilkbahar ve sonbahar
mevsimlerinde ise pozitif etkiledigi gorilmiistir.
Yagistaki degisikliklerin yaz ve kis mevsiminde
tarimsal geliri pozitif, ilkbahar ve sonbahar aylarinda
ise negatif yonde etkiledigi gézlenmistir. 1981-2012

yillarinda Pakistanin Pencap sehrinde iklim
degisikliginin bugday, pamuk ve piring tlizerindeki
etkisinin  arastirilldign = calismada ise sicaklik

degisimlerinin ekim ve hasat doneminde bugday
verimini olumlu diizeyde, ¢iceklenme déneminde ise
olumsuz dizeyde etkiledigi ortaya konulmustur.
Bunun yaninda yagis, minimum sicaklik diizeyi ve
nem miktarinin ekim doéneminde piring uretimini
olumlu, hasat doéneminde ise olumsuz etkiledigi
goriilmiistiir (Afzal ve ark., 2016).

Iklim degisikligine iliskin yapilan tahmin calismalar
gosteriyor ki bugline kiyasla gelecekte toprak, su,
dogal kaynaklar ve tarim sektorii olumsuz
etkilenebilir. Iklim degisikligine bagh olarak kuraklik
yasanan boélgelerin daha kuraklasacagi, yagish
bélgelerde ise ani yagis miktarimin artacagi, tiim
bélgelerde yagis rejimlerinin degisecegi ve mevsimsel
temelli ani hava olaylarinin miktarinin ve siddetinin
artacagi yonunde gesitli tahminler yapilmaktadir. Son
10 yilda iklim degisikligi kiiresel olgekte tarimsal
iiretimi %1-5 araliginda azaltmistir (Thornton ve ark.,
2015). Bu azalisin devam edecegi yoniinde cesitli
varsayimlar yapilmaktadir. Cline (2007)in yaptig
calismada, bu verim azalisinin devam edecegi ve
dinyada 2080 yilinda tarimsal tretimin, karbon
giibreleme yapilirsa %3.2 oraninda, karbon giibresi
olmaksizin ise %15.9 oraninda azalacag
beklenmektedir.

Turkiye

ise 1iklim degisikliginin olusturabilecegi
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olumsuzluklardan en fazla etkilenecek iilkeler
arasinda yer almaktadir. Turkiye’de yagiglarin
azalacag, sicaklik diizeylerinin artacagi bunlara baglh
olarak gerceklesecek dogal afetlerin (sel, kuraklik gibi)
sikliginin ve giddetinin artacagi tahmin edilmektedir
(Tirkes, 2012). Kurakhk artisna bagli olarak
verimlilik kayiplarinin yaganacagi, su problemi
olmayan boélgelerde sicakliga baglh bitkilerin strese

girecegi, yeterli sulama olsa da verim kaybinin
yasanabilecegi oOngorulmektedir. Bu baglamda,
Turkiye’de iklim degisikliginin tarim  sektori

tuzerindeki etkisini goérmek i¢in 1972-2011 yillan
arasinda yapilan ¢alismada, yagis rejiminde meydana
gelen degisikliklerin tarimin GSYIH icindeki payim
pozitif olarak etkilerken, sicaklikta meydana gelen
degisimlerin tarimm GSYIH icindeki payini negatif
olarak etkiledigi goriilmiistiir (Basoglu & Telatar,
2013). Yapilan bir baska calismada ise 1980-2013
yillar1 araliginda kisa dénem ic¢in yagis ve tarimsal
verimlilik artisginin tarimin GSYIH icindeki payimm
pozitif etkilerken, CO:z ve sicakliktaki artiglarin
tarimin  GSYIH icindeki paymni negatif olarak
etkiledigi  gozlenmistir. Uzun doéneme iligkin
bulgularda ise CO: seviyesinin tarimsal verimlilik
diizeyinden daha yuksek oranda arttigi ve tarimsal
verimliligi olumsuz etkiledigi sonucuna ulasilmigtir
(Bayrac & Dogan, 2016).

Iklim gostergelerine iliskin tahminlere gore, gelecek
yuzyil i¢in yillik ortalama sicakliklarin 1.5 °C artmasi
beklenirken yagislarin ise 1.5 mm gin?! azalmas:
ongoriilmektedir (Pachauri ve ark., 2014). Ongoriilen
1sitnma oranlar: 20.ylzyilin 1sinma oranlarindan daha
fazla  olacagidir. Kuzey Amerika'min  kuzey
bolgelerinde ve Orta Asya’min kuzeyinde kuresel
ortalamadan %40 daha fazla 1sinma beklenmektedir.
Yaz aylarinda Giiney ve Glneydogu Asya, Kkig
aylarinda ise Glney Amerika igin kiiresel ortalama
sicakhik  artiglarindan  daha  diasik  olacag:
éngoriilmektedir (Tiirkes, 2008). Diinyanin farkh
bélgelerinin  kiiresel 1sinmadan farkli dizeylerde
etkilenecegi tahmin edilmektedir.

Diger taraftan kurak ve yar1 kurak alanlarda daha
fazla kuraklagsma beklenirken, yagislarda mevsimlik
ve enlemsel kaymalarin olabilecegi diger taraftan
yiksek enlemlerde stirekli, orta enlemlerde ise kig
aylarinda artiglarin olacag beklenmektedir.
Avustralya, Orta Amerika ve Giliney Afrika
bolgelerinde kis yagislarinda bir azalma olacag,
ozellikle Dogu Akdeniz havzasi ve Orta Dogu igin
yagiglarda ve su kaynaklarinda o6nemli diizeyde
azalmalarin olacag tahmin edilmektedir (Tirkes,
2008). Tiirkiyenin, Dogu Akdeniz havzas: igerisinde
yer almasi iklim degisimine ve kurakliga karg: hassas
bir bélge oldugunu gostermektedir.

Yapilan bir bagka ¢alismada, Tirkiye'nin 2030 yilinda
kuru ve sicak iklimin etkisine girecegi tahmin
edilmektedir (Ozcatalbas (2014). Bu degisimlerin,
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kurakligi, sel ve heyelan riskini artiracagi 6zellikle su
stresi olusturabilecegi éngériilmektedir (Sen, 2013).
Gelecekte Turkiyenin tarimsal Gretimde %15 ile %25
arasinda verimlilik kayb1 yasayacag: beklenmektedir
(Cline, 2007). 2050 yilina kadar ise bugday, arpa,
misir, aygicegi ve pamuk gibi tarimsal triinlerin
turetiminde %3.8 ile %10.1 arasinda diiglis yasanacagi
ve her yil yaklagik olarak 0.1 milyon dolar diizeyinde
refah kaybinin gerceklesebilecegi tahmin edilmektedir
(Dellal ve ark., 2011). Diger taraftan su kaynaklarinin
azalmasi ve dogal kaynaklarin dengesinin bozulacag:
yoniinde ¢esitli calismalar yapilmaktadir. Kurakliga
uyum saglayamayan bir¢ok bitki turt ve canlinin yok
olmasi da s6z konusu olabilecektir.

Iklimde meydana gelecek dalgalanmalar sonucu,
tarim  sektoriinde verim ve kalite kayiplan
yasanirken, insan yasami da sosyal ve ekonomik
yonden etkilenmektedir. Iklime bagh degisimler tarim
ekonomisini dogrudan etkilerken diger yandan gelir
kaybi, gida enflasyonu, tarim sanayine iligkin
kayiplar, ekonomik kalkinmanin duraklamasi, arazi
fiyat artiglari, igsizlik, ¢ift¢ilerin sektérden kopmasi,
tarima dayal ihracatin azalmasi gibi olumsuzluklara
yol acabilmektedir (Ko¢ ve ark., 2016; Ozcatalbas,
2014; TAGEM, 2001). Tim bu nedenler, iklim
degigsikliginin tarimsal Uretim tuzerindeki etkisinin
incelenmesi gerekliligini ortaya koymaktadir.

Bitkisel tretimlerin genel olarak, dinyada ve
Turkiye'de acik tarim alanlarinda yapilmasi nedeniyle
bitkisel tretimde temel degisken iklim olmaktadir.
Diger taraftan bitkisel tretimde verimlilik diizeyi,
ekim alami, sulama potansiyeli gibi faktorlerde
dogrudan iklim degisikliginden etkilenen alanlardir
(Soylu & Sade, 2012). Dolayisiyla iklim degisikligi
tarim sektorini ¢cok boyutlu etkilemektedir.

Bitkisel tiretim i¢inde 6nemli bir alan olarak yer alan
yem bitkileri, hayvancilik sektoriinin en Onemli
girdisidir. Hayvancilik sektorii acgisindan stratejik
diizeyde urin olan yem bitkileri, diigiik maliyetli girdi
olmasi nedeniyle talebi yliksektir. Hayvan beslemesi
icin bircok alternatif varken (endiistri atiklar:, kiispe,
posa ve bazi tahil taneleri gibi) genel olarak besleme
yontemlerinde bunlarin miktari, yem bitkilerine gore
daha dusuk dizeyde kalmaktadir. Yem bitkileri
uUretimi, yliksek verimlilik ve diiglik maliyet avantaji
sagladigindan hayvanciligin geligtigi ilkelerde, yem
bitkileri, cayir ve mera tarimi oénemsenmektedir
(Acikgéz ve ark., 2005).

Kuzeydogu Anadolu Bolgesi'nde o6zellikle Ardahan
ilinde hayvansal tretim i¢in ihtiya¢ duyulan yem g
kaynaktan elde edilmektedir. Bunlar dogal ¢ayir ve
meralar, yem bitkileri ve tahillardir. Ancak yemin elde
edildigi kaynaklara bakildiginda, agirligin meralar ve
maliyeti  yiksek  kesif yemlerden  olustugu
anlasilmaktadir (Sayar ve ark., 2010). Kaba yemler ise
hayvansal ¢ayir mera alanlar1 ve yem bitkilerinden
kargilanmaktadir. Bitkisel tretim igerisinde 6nemli
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bir paya sahip olan yem bitkileri bitkisel ve hayvansal
uretimin sigortasi1 konumundadir ve surdirilebilir
giivenli yem uretiminin o6nemli bir kaynagidir
(Acikgoz, 2001).

Ardahan ilinde halkin 6nemli bir kisminin, ge¢imini
hayvanciliktan saglamasi nedeniyle biiyikbas hayvan
beslenmesi hayvanciligin gelismesi agisindan 6nem
tagsimaktadir. Ardahan 4 milyon 934 bin dekar arazi
varligina sahip ve bu alanin 2 milyon 458 bin 230
dekar1 mera alanidir. Cayir ve mera alanlar1 yaklagik
%59 ile Tiirkiye ortalamasinin (%18) {i¢c kat1 kadardir.
Bu durum mera hayvanciliginin yapilmasini olanakl
kilmaktadir. Ancak son yillarda sicaklik artiglar1 ve
bélgede yagiglarin azalmasi kaynakli mevcut
meralarda otlatma igin elverigli donemin ¢ok kisa
olmasi, beslenme kaynagi agirlikli olarak kaba yem
ihtiyacin1 dogurmaktadir. Kaba yemin temininde, yem
bitkileri ve tahil o6nemli yer tutmaktadir.
Hayvanciligin gelecegi agisindan mevcut meralardan
en ylksek fayday:1 saglayacak sekilde kullanmak ve
yem bitkilerinin verimliligini strdiirilebilir kilmak
buytikbas hayvancilik a¢isindan 6nem tasimaktadar.

Bu kapsamda calismada, bélgede biiyiikkbas hayvan
yetistiriciliginin strdurilebilirliginin saglanmasinda
onemli yer tutan yem bitkileri Uretimi ve tahil
Uretiminin iklim degisikliginden etkilenip
etkilenmediginin arastirilmasi amacglanmistar.

Calismanin ilerleyen kismi, arastirmaya konu
serilerin ve yontemin tanitildigr materyal ve metod,

analiz sonuglarinin  yorumlandigr bulgular ve
tartisma, son olarak ve sonu¢ ve Onerilerden
olusmaktadar.

MATERYAL ve METOD

Calismada Ardahan ili genelinde iklim degisikliginin
tahil {ritnleri ile ot ve yem verimlilikleri tizerindeki
etkisi 1995-2020 doénemi itibariyle arastirilmigtir.
Calismanin konusuna iligkin yapilacak ekonometrik

analizlerde kullanilan veri setine ait bilgiler
Cizelgel’de verilmisgtir.
Cizelge 1. Degigkenlerin tanimi
Table 1. Definition of variables
Degisken Tanim Kaynak
Variable Definition Source
LTV Tahil Verimliligi TUIK
LOYV Ot ve Yem Verimliligi ~ TUIK
LOS Ortalama Sicaklik MGM
LTY Toplam Yagis MGM
L, serilere logaritmik doéntsim  uygulandigim
gostermektedir.

Bagimli degisken olarak tahil (LTV), ot ve yem
verimliligi (LOYV) verilerinden, iklim degisikligine

yonelik acgiklayici degisken olarak ise ortalama
sicaklik (LOS) ve toplam yagis (LTY) verilerinden
yararlanilmigtir.

Calismada yer alan serilerin duragan olup olmadiklar:
geleneksel birim kok testlerinden Genigletilmis
Dickey-Fuller (ADF) ve Phillips-Perron (PP)
testlerinin yaninda yapisal kirilmay: dikkate alan
Zivot ve Andrews (ZA) birim kok testi ile
arastirlmistir. Dickey & Fuller (1979), hata
terimlerinin istatistiksel olarak bagimsiz ve homojen
olduklarini;  Phillips-Perron  (1988) ise hata
terimlerinin zayif bagimli ve heterojen olduklarin
varsaymaktadir. ADF modellerinde seride yiliksek
korelasyonun o6niine gecmek amaciyla AR(p)
strecinden yararlanmakta ve modele p gecikmeli fark
terimlerini ilave etmektedir. PP testinde test
istatistigi modifiye edilerek asimptotik dagiliminin
serisel korelasyondan etkilenmemesi saglanmaktadir.

Calismada geleneksel birim kdk testlerine ek olarak
yapisal kirilmalar1 dikkate alan Zivot ve Andrews’in
(ZA)  tek  kirilmali  birim  kék  testinden
yararlanilmigtir. ADF tipi test stratejisine dayanan ZA
testinde kirilma zamamni igsel olarak kabul edilmekte
ve oOnceden bilinmemekle birlikte, en dusiuk t-
istatistigine denk gelen gozlem kirilma dénemi olarak
alinmaktadir.

Degigskenler arasinda uzun donemli olarak
gerceklesecek iligkiyi test etmek amaciyla Pesaran ve
ark. (2001)in smir testi yaklasimi kullanilmistir.
Diger egbltiunlesme  testlerine kiyasla baz
istiinliikleri olan simr testi, serilerin I (1) veya I (0)
olup olmadiklarimi yani biitinlesme derecelerine
bakilmadan seriler arasinda uzun dénemli iligkilerin
test edilmesi amaciyla kullanilan olduk¢a esnek bir
yontemdir.

Iki agamadan olusan sinir testinin ilk asamasmda
degigskenler arasinda uzun donem iligkinin olup
olmadigr smanmakta; degiskenlerin egbutinlesik
olmalar: durumunda ikinci asamada ise kisa donem ve
uzun donem katsayilar1 elde edilmektedir. Seriler
arasinda uzun donemli iligkiyi tespit etmek amaciyla
(1) numaral denklemler tahmin edilmistir.

(1) numarali modellerde B, §, 1 ve y regresyon
katsayilarim1  gostermektedir. Modellerin optimal
gecikme uzunluklar1 belirlenerek tahmin edilen ve
sonra degiskenler arasindaki uzun doénemli iligki
asimptotik dagilimi standart t ve F dagilimlarina uyan
test istatistikleri araciligiyla arastirilir. Fr istatistigi
sabitli model i¢in diizey degiskenlerin gecikmeli
degerlerinin bir butin olarak sifira esit olup olmadig:
(Hy: By = B, = B3 = 0) test edilirken, tmr istatistigi ise
(1) numarali modellerdeki bagimli degisken gecikme
katsayisinin  (LOYV,_; ve LTV,_;) sifira esit olup
olmadig1 (Hy: B; = 0) test edilmektedir.

Modell: ALOYV, = By + BLOYV,_y + BoLTY:_y + B3LOS,_y + X, §;ALOYV,_; + X1 LALTY, ; + X2, v ALOS, _; + &,
Model2: ALTV, = By + 1 LTV,_y + BoLTY,y + B3LOS,_y + Xb_, SALTV,; + T2 AALTY, ; + X2 v ALOS, _; + &, (1)
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Karar asamasinda hesaplanan test istatistikleri
Pesaran ve ark. (2001) tarafindan belirlenmis alt ve
tst smir degerleri karsilagtirilir. Ancak hesaplanan
Fmr ve tm istatistikleri tablo alt sinir degeri altinda
kaldiginda seriler arasinda es butiinlesme iligkisinin
olmadigini ileri sliren sifir hipotezi
reddedilememektedir. Eger hesaplanan test
istatistikleri Ust siir degerlerini asiyorsa seriler
arasinda uzun doénemli iligkinin oldugu sonucuna
varilmaktadir. Test istatistiklerinin alt ve tst kritik
sinirlar arasinda olmasi durumunda ise uzun dénem
iligkinin varligi hakkinda bir karar verilememektedir.

Bagimli ve bagimsiz  degiskenlerin  gecikme
uzunluklarinin bilgi kriterleri araciligr ile tespit
edilmesinin ardinda en uygun ARDL modeli belirlenir
ve daha sonra tahmin sonucunda uzun dénem
katsayillar1 elde edilir. ARDL(p,q,r) modeli (2)
numarali modellerde gosterilmistir.

p q T
LOYVt = ﬁo + Z 6iLOYVt_i + Z AiLTYt_i + Z yiLOSt—i + Ue
i=1 i=0 i=0

LTV, = Bo + X0_y §;LTV, i + X g LLTY,_; + X1 ¥iLOS,—; + u, (2)

(2) numarali denklemlerde 8, §, y ve 1 regresyon
katsayilarini; p, q ve r bagimh degisken ve aciklayici
degiskenlere ait en uygun gecikme uzunluklarini ifade
etmektedir. Sinir testi sonuglarina goére seriler
arasinda bir uzun donem iligskinin tespit edilmesi
durumunda ARDL(p,q,r) modelinden yararlanilarak
uzun ve kisa donem katsayilar: tahmin edilir.

Calismada  degiskenler arasindaki nedensellik
iligkisinin tespitinde Toda-Yamamoto nedensellik
analizinden yararlanilmigtir. Toda & Yamamoto
(1995), bir ekonometrik model kurulurken ilgili

Cizelge 2. Birim kok analizi
Table 2 Unit root analysis

degiskenlerin birim kok igermeleri durumunda da bu
degigkenlerin seviye degerleri kullanilarak VAR
analizine tabi tutulabilecegini ifade etmiglerdir. VAR
sisteminde c¢alismaya konu degiskenlere iligkin
asagidaki denklemler kurularak Toda-Yamamoto testi
uygulanmigtir.

LOYV; = a + XX tmex 0,L0YV,_; + Xitdmex o, LTY,; + e, (4)

LOYV, = a + XX 8mex o LOYV,_; + Tt e, L0S,_; + ey, (5)

i=1
LTV, = a + Zi0mexy, LTV, + Yt dme mLTY, ; + es, (6)

LTV, = a + 3imax p TV, + Titdmer 108, +eye  (7)

(4)-(7) numarali denklemlerde e; hata terimlerinin
beyaz glrilti stireci sergiledigi ve otokorelasyonun
olmadig1 varsayilmaktadir. Toda-Yamamoto testinde
ilk asama olarak serilerin maksimum biitiinlesme
dereceleri birim kok testleri ile tespit edilerek dmax
diizeyleri belirlenir. Daha sonra VAR sisteminde tim
istikrar kosullarinin saglandigi uygun gecikme
uzunlugu k belirlenir. (k+dmax) gecikme digsal
degisken gecikmesi olarak modele eklenerek VAR
modeli elde edilir. Son asamada ise elde edilen VAR

modelinden Granger nedensellik sonuglari
yorumlanir.
BULGULAR ve TARTISMA

Iklim degisikligi ile tahil triinleri ve ot ve yem
verimlilikleri arasinda uzun dénemli iliskinin var olup
olmadigina bakilmadan énce ¢alismaya konu serilerin
birim kok 6zellikleri ADF, PP ve tek kirilmali ZA birim
kok testleri araciligiyla incelenmistir. Cizelge 2’de
sunulan ADF ve PP birim kok testi sonuc¢larina gore
tahil verimliligi ile ot ve yem verimliligi degiskenleri
birinci farkinda (I(1)), yillik ortalama sicaklik ve yi1llik
yagis degiskenleri ise seviyede (I(0)) duragan olarak
tespit edilmigtir.

ADF PP
Degiskenler Sabitli Sabitli ve Trendli Sabitli Sabitli ve Trendli
Variables Constant Constant and Trend Constant Constant and Trend
LTV -2.3490 -2.6903 -2.1907 -2.6615
DLTV -5.0221*%%* -4.9408%** -6.0684*** -6.6434%**
LOYV -1.3974 -1.7019 -1.6681 -1.5382
DLOYV -4,5143%%* -3.6796%** -4,4796%** -5.7897***
LOS -1.6560 -4,1778%* -3.2538** -4,1575%*
DLOS -4, 7727%%* -5.4024%%* -15.4835%** 20.1577%**
LTY -4,0899%** -3.9738** -4,0745%%* -3.9512%*
DLTY -8.7894%** -4,8617%%* -11.6849*** -27.3968***

Yildizli degerler Akaike Bilgi Kriteri'ne gore belirlenmis olup optimal gecikme uzunluklaridir. *** ve ** sirasiyla serinin %1 ve
%5 anlamhilik seviyesinde duragan oldugunu gostermektedir. D ise serilerin birinci farklarinin alindigini ifade etmektedir.

Cizelge 3’te ZA birim kok testinin sabitli ve sabitli-
trendli modellerine iligkin bulgular raporlanmigtir.
Yapisal kirilmali birim kok testi sonuclarina gére de
tahil verimliligi ile ot ve yem verimliligi degiskenleri

birinci farkinda (I(1)), yillik ortalama sicakhik ve yillik
yagis degiskenleri ise seviyede (I(0)) duragan olarak
tespit edilmigtir.

Kullanilan degigkenlerin duraganlik dizeylerinin
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farkl olmasi (I(0 ve I(1)) calismada uzun dénemli iligki
tespitinde Pesaran ve ark. (2001)in smir testi

Cizelge 3. ZA birim kok analizi
Table 3. ZA unit root analysis

yaklagiminin kullanilmasini gerekli kilmigtir.

Model A Model C

t TB t TB
LTV -3.9683 2010 -3.6120 2010
DLTV -6.2478%** 2009 -6.4702%** 2010
LOYV -3.1066 2003 -3.9609 2012
DLOYV -4.9667** 2003 -4.9809* 2003
LOS -5.8614%** 2010 -6.8255%** 2010
DLOS -7.1094%** 2013 -5.3789%* 2012
LTY -6.3248%** 2002 -6.2885%** 2002
DLTY -5.0849%* 2006 -5.2226** 2009

Yildizli degerler optimal gecikme uzunluklaridir. ***, **

ve * girasiyla serinin %1, %5 ve %10 anlamlilik seviyesinde duragan

oldugunu goéstermektedir. D serilerin birinci farklarinin alindiginm ifade etmektedir.

Cizelge 4. Sinir testi F ve t istatistigi
Table 4. Bounds test F and t statistic

Istatistik Kritik Deger (0.05) Kritik Deger (0.01)
Statistic Critical Value Critical Value
1(0) I(1 I1(1)
Model1 F-Istatistigi 3.801 5.55 6.747 7.977 9.413
t-istatistigi -2.6936 -3.41 -3.95 -3.96 -4.53
Model2 F-Istatistigi 4.2083 5.55 6.747 7.977 9.413
t-istatistigi -3.0617 -3.41 -3.95 -3.96 -4.53

Gecikme uzunluklarinin tespitinde AIC bilgi kriterinden yararlanilmigtir.

Cizelge 4’de Model 1 ve Model 2'ye ait sinir testi
sonuclarina iliskin F ve t istatistik tahminleri
raporlanmigtir. Buna gére her iki modele ait F ve t
istatistikleri tablo kritik alt sinir degerinin altinda yer
almas1 dolayisi ile serilerin es biitinlesik olmadig:
tespit edilmigtir. Yani verimlilik ve iklim serileri uzun
donemde birlikte hareket etmemektedir.

Cizelge 5te Toda-Yamamoto Nedensellik analizi
sonugclar: raporlanmigtir. Toda-Yamamoto nedensellik

Cizelge 5. Toda-Yamamoto nedensellik testi
Table 6. Toda-Yamamoto causality test

testinin ilk agsamasi olarak serilerin diizey degerleri
standart VAR modeli sistemine

ve Hannan-Quinn (HQ)  Dbilgi kriterlerinden
faydalanilarak optimum gecikme uzunlugu
belirlenmeye caligilmigtir. Tum istikrar kosullarim
saglayan gecikme wuzunluklarinin belirlenmesinin
ardindan tiim modeller i¢in digsal degisken
gecikmeleri k+dmax=2 olarak belirlenip VAR(1)
modelleri tahmin edilmigtir.

Nedensellik k dmax  LM(1) White Jarque-Bera y "2 Karar

Casuality Decision

LTY—LOYV 1 1 1.2794 66.9235 1.2883 7.1963***  Nedensellik var.
(0.8649) (0.3440) (0.8634) (0.0073)

LOS—LOYV 1 1 0.6176 71.4922 4.8985 0.3916 Nedensellik yok.
(0.9611) (0.2166) (0.2979) (0.5315)

LTY—-LTV 1 1 2.5459 70.1046 1.2518 0.5169 Nedensellik yok.
(0.6364) (0.1748) (0.8695) (0.4722)

LOS—LTV 1 1 4.4427 58.7499 5.3965 0.4725 Nedensellik yok
(0.3494) (0.5215) (0.2490) (0.4918)

Parantez i¢cindeki degerler olasilik (p-value) degerlerini géstermektedir. ***, %1 hata payi ile anlamhilig1 ifade etmektedir.

Cizelge 5teki Toda-Yamamoto nedensellik test
sonuglarina gore, yillik toplam yagiglardan ot ve yem
verimliligine dogru bir nedensellik iligkisi oldugu
gorulmektedir. Buna goére Ardahan ili genelinde
toplam yagislar kisa donemde ot ve yem verimliligini

511

etkilemektedir. Ancak yillik ortalama sicakliklardan
ot ve yem verimliligine dogru kisa dénemde bir
nedensellik iligkisinin olmadig tespit edilmistir. Diger
yandan yillik toplam yagis miktar1 ve yillik ortalama
sicaklik degiskenlerinden tahil verimliligine dogru bir
nedensellik 1iligkisinin olmadig1 da gorilmektedir.
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Yani, kisa doénemde c¢alismaya konu iklimsel
degiskenlerin tahil verimliligi tizerinde etkisi olmadigi
soylenebilir.

SONUC ve ONERILER

Iklim degisikligi kiiresel bir sorundur. Bu nedenle
iklim degisikligine bagh yasanacak tum olaylar tium
dinyayr  etkilemektedir. Literatiirde  yapilan
calismalar incelendiginde, iklim degisikligi nedeniyle
meydana gelen iklimsel olaylar tarim sektorini
olumsuz etkilemekte ve ekonomik kayiplara yol
acmaktadir.

Turkiye, 1icinde bulundugu cografyada iklim
degisikliginden en fazla etkilenecek tilkeler arasinda
yer almaktadir. Calismaya konu Ardahan ilinde
kiiresel 1sitnmaya bagh olarak sicaklik artiglar: ve ani
hava olaylar1 gozlenmeye baslanmigtir. Ilin ekonomisi
icinde 6nemli yer tutan hayvanciligin gelismesinde,
yem bitkileri ve tahil tiretimine iliskin mevcut durum
ve gelecege iligkin tahminler 6nem tagimaktadir. Ilde,
son yillarda yaz yagislarinin azalmasi ve sicaklik
artiglari ile kuraklik gozlenmekte ve meralarda
otlatma donemi kisa stirmektedir. Bu durum kaba yem
ihtiyacim1 dogurmakla birlikte, yem bitkileri ve tahil
tretimine olan talebi artirmaktadir.

Calismada, 1klim degisiminde meydana gelen sicaklik
artiglar1 ve yagis degisimlerinin, yem bitkileri ve tahil
verimliligi tUzerindeki etkileri incelenmigstir. Elde
edilen bulgulara gore, Ardahan ilinde toplam yillik
yagislar, kisa donem igin ot ve yem verimliligi tizerinde
etkili iken, ortalama sicaklik degisimlerinin bir
etkisinin olmadig1 gozlenmistir. Diger taraftan tahil
verimliligi tizerinde kisa donemde yillik toplam
yagislarin ve sicaklik degisimlerinin bir etkisinin
olmadig1 sonucuna ulagilmistir. Iklim degisiminin
olumsuz etkileri kisa dénemde yem verimliligini
etkilerken tahil tiretiminde hentiz hissedilmemisgtir.

Literatiirde, sicaklik ve yagis degisimlerinden her
ulkenin veya tulkelerin farkli boélgelerinin tarimsal
uretiminin farklh dizeylerde etkilendigi gériillmustir.

Hatta sicaklilk ve yagis degisimleri mevsimler
arasinda tarimsal Uretimi farklh  dizeylerde
etkilemektedir. Yagiglardaki degisimler tarimsal

uretimi genel olarak olumlu yonde etkilerken sicaklik
degisimleri kimi ulkelerde tarimsal tiretimi olumsuz
etkilemis ancak bu durum mevsimlere gore farklilik
olusturmustur. Kig sicakliklarinin artmasi, baz
ulkelerde bitkisel tiretime olumlu yansimigtir.

Ardahan, yilhik ortalama sicaklhiklar bakimindan
Turkiye'nin en soguk ili olmas1 ve kig aylarimin uzun
ge¢mesinden dolay1 bitkisel tiretim ¢esitliligi diistik bir
ildir. Hava sicakliklarindaki artiglarin devam etmesi
ile birlikte (yapilan tahmin calismalar1 artislarin
devam edecegini gostermektedir) Ardahan ilinde bu
durum tarim sektériinde yeni firsatlar olusturabilir.
Sicaklik artiglar1 ile bitkilerin bliylime déneminin

1
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uzamasi, Urln cesitliligini artirabilir. Bu kapsamda
iklim degisikliginin olusturacagr olumsuz etkileri
minimum diizeye indirecek ya da olumluya
dontsturecek, iklim degisikligine adaptasyonu
saglayacak c¢alismalara ihtiya¢ duyulmaktadir.
Dolayisiyla, iklim  degisikliginin  olugturacagi
olumsuzluklarin minimum dizeye indirilmesi ig¢in
yerelde ve ulusal diizeyde alinabilecek 6nlemler ve
uygulanabilecek politikalarla 1ilgili bazi1 oOneriler
geligtirilmistir.

e Iklim degisikliginin kisa ve uzun dénemde
olumsuz etkileri kacinilmaz dolayisiyla, iklim
degisikligine uyum konusunda tilke genelinde
seferberlige gidilmeli,

Iklim degisikligine adaptasyonu yiiksek tir ve
wklar yetistirilmeli,

Universiteler biinyesinde iklim  degisikligi
arastirma merkezleri kurulmal,

Ciftcilere iklim degisikligine uyum ve farkindalik
konusunda destekler saglanmali,

Kurakliga dayanikli 1slah ¢alismalar: yapilmali,

Sicaklik artisi veya yagisa dayanikli, iklim
degisikligine duyarli tohum, gibre veya uretim
yontemleri gelistirilmeli,

Tarim sigortalar: daha yaygin olarak kullanilmali
ve kurakliga, dogal afetlere, hastaliklara kars:
devlet glivencesi saglanmali,

Kuraklhiga karsi etkin su yonetim sistemleri
kurulmals,

Kurakliga, ani iklim olaylarina ve dogal afetlere
kars1 eylem planlar: hazirlanmal,

Ureticilerin 6rgiitsel ve kurumsal kapasiteleri
artirilmal,

Iklim degisikliginin olas1 etkilerine yénelik

ciftciler ve aileleri egitim programlar: ile
desteklenmeli.
Sonu¢ olarak; Ardahan ilinin ekonomisi ve

strdurulebilir gida arzi i¢in iklim degisimine uyum
cabalar: artirilmali ve bu konuda kamu, 6zel sektor ve
universite igbirligi icinde iklim degisimiyle micadele
yaklagimi kapsaml olarak uygulanmahdir. Iklim
degigikligine uyum cabalari, tulke gelecegi ve
stirdurulebilir gida arz1 agisindan stratejik dizeyde
onemlidir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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ABSTRACT

Fisheries

In this study, it has been aimed to determine the fish consumption
habits of the students studying at high schools in the field of Maritime.
This research is cross-sectional in nature. It has been found that the
participants give importance to fish consumption, they prefer to eat
fish because it is healthy, and it is the recommendation of family and
friends that make them willing to consume a new fish species. In the
consumption of fish, they prefer to consume fresh, fried fish, which are
hunted and purchased from the fishermen’s stall. It is thought that
the necessity of health education for the development of fish
consumption habits and increasing the fish consumption rate and the
carrying out of these training with family and peer support can
increase fish consumption.

OZET

Bu calismada, Denizcilik alanindaki liseler bilinyesinde 6grenim
gormekte olan o6grencilerin  balik tuketim aligkanhiklariin
belirlenmesi amac¢lanmigtir. Bu arastirma kesitsel niteliktedir.
Katilimecilarin balik tiiketimine 6nem verdikleri, balik yemeyi saglikli
oldugu icin tercih ettikleri, yeni bir balhk tturinu tuketmeye istekli
hale getiren durumun aile ve arkadas tavsiyesinin oldugu
bulunmustur. Balik tiikketiminde avlanmig, balik¢1 tezgahindan satin
alinan, taze, kizartilmis balik tuketmeyi tercih etmektedirler. Balik
tiketim aligkanliklarinin gelistirilmesi ve balik tiiketim oraninin
artirilmasina yonelik saghk egitiminin gerekliligini ve bu egitimlerin
aile ve akran destegi ile yapilmasinin balik tiiketimini arttirabilecegi
disunulmektedir.
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INTRODUCTION

In many countries of the world, the leading cause of
death in humans as a result of disease are,
cardiovascular diseases, high blood pressure, sugar,
and cholesterol. In addition to hereditary factors,
nutrition regimen also has a very important place in
the basis of these diseases. The therapeutic role of fish
meat in these diseases has been studied for a long time
and positive results have been obtained in this regard.
In addition, seafood is the only source of
polyunsaturated long-chain fatty acids in the n-3

series, which has proven beneficial to health (Erci,
2020).

The fact that some members of the profession require
continuity of health status in order to be able to work
in the profession is also important for shipmen
(captain, officers, crew members, and other people
working on the ship) to work at sea. Candidates for
shipmen and shipmen who are currently working can
obtain work permits by evaluating their health status,
subject to the Shipmen Health Directive, which covers
the requirements for health status and health
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examinations. According to this directive, shipmen are
not allowed to work at sea in case of diseases such as
endocrine and metabolic diseases, cardiovascular
system diseases, which are closely related to
nutritional status (Anonymous, 2021). In order to
prevent these diseases, changes in lifestyle and eating
habits are needed. Considering that healthy lifestyle
behaviors that are effective in improving health are
acquired during the adolescence period, which 1is
accepted as the 10-19 age group according to the World
Health Organization (Erci, 2020) and considering that
this period determines what kind of adult the
individual will be in the future, it is also important to
acquire these behaviors in secondary and high school
ages (Erci, 2020). Therefore, determining the habit of
consumption of fish will be a guide for the studies to be
carried out.

When the studies conducted around the world on fish
consumption are examined, various studies have been
found examining; the effects of demographic and
socioeconomic characteristics of consumers on seafood
consumption at home (Bashimov, 2017; Sen and Sahin,
2017; Islam et al., 2018; Terin, 2019; Cantillo et al.,
2021; Dasgupta et al., 2021), the most preferred
cooking methods (Gundogdu and Buyruk, 2021),
awareness of quality and safety of fish products,
purchasing behaviors and willingness to pay (Terin et
al., 2016; Bao et al., 2018; Terin, 2019), fresh and
frozen (Yigit et al., 2020; Ferfolja et al., 2022; Selvi et
al., 2022) convenience and weight control (Thong and
Solgaard, 2017), being delicious and having high
nutritional value (Kirici et al., 2018; Sari et al., 2019).
It is seen that studies conducted both in the world and
in Turkiye are generally conducted on adults. It is a
study in which fish consumption habits and
preferences of high school students (Yigit et al., 2020).
However, we could not find any study that questioned
the fish consumption habits of shipmen and shipmen
candidates.

Evaluating the nutritional habits of our young people,
who are the guarantee of our future, is an important
indicator in terms of determining health risks. The
importance of fish consumption for chronic diseases
that are considered to be related to nutrition is
emphasized and the consumption among young people
should be determined. According to TURKSTAT 2020
data, annual fish consumption per capita in our
country is 6.7 kg was lower than the global
consumption value of 20.5 kg (Anonymous, 2020).

It is necessary to increase the effectiveness of the
studies to be done and the programs to be developed in
secondary education institutions, considering that this
value can be raised higher and while doing this, health
behaviors that can be sustained in adulthood can be
gained in adolescence. In this study, it was aimed to
determine the fish consumption habits of the students
studying at high schools in the field of Maritime

516

throughout Turkiye.

MATERIAL AND METHOD
Study Design

This cross-sectional study was carried out in secondary
education institutions providing education in the field
of Maritime under the Ministry of National Education
between 15 march-15 June 2018 in Tirkiye. It is
divided into seven regions that show similar
characteristics in terms of climate and cultural
characteristics in Tirkiye. Only five of these regions
have high schools providing maritime education. The
schools to be included in the study were determined by
lottery method to take one school from each region
using cluster sampling method from schools in five
regions throughout Tiirkiye (Group 1: Black Sea,
Group 2: Aegean, Group 3: Marmara, Group 4:
Mediterranean and Group 5: Eastern Anatolia
regions). 1050 students in the maritime field in five
regions formed the study universe of the research.
Sample size; was determined as at least 823 with a
misconception level of 0.01, a 95% confidence interval,
and an 80% ability to represent the universe by using
OpenEpi, version 3, publicly available statistical
software (http:/www.openepi.com). The study was
completed with 832 participants (Group 1 n:148; Group
2 1n:202; Group 3 n:143; Group 4 n:270; Group 5 n:69)
who agreed to participate in the study selected by the
nonprobability random sampling method. Reporting of
the study was structured according to the STROBE
checklist.

Data Collection and Tools

The data of the study were collected by the researchers
through a questionnaire form in 15-20 minutes by
making school visits to the students and using face-to-
face interview method. In the research, a
questionnaire consisting of 21 questions prepared in
the light of the relevant literature was used as a data
collection tool. The questionnaire consists of a
descriptive features form and a form that questions
fish consumption habits.

Descriptive features form: Form; consists of questions
that question the age, gender, class, monthly income,
height, and weight of the students.

Fish consumption habit form: Consists of questions
like; what kind of meat groups and how often the
students consume, the importance of fish consumption
in the family, preferred meat group, why fish
consumption is preferred, fish type, things to consider
when buying fish, fish preparation methods,
consumption frequency, consumption time, situations
that make new fish consumption desirable, any
training status about the fish on health and where it is
taken from, to think that it is important for health, the
duration of taking/using fish oil support and by whom
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it 1s recommended to use it for what purpose
(Bashimov, 2017; Sen and Sahin, 2017; Anonymous
2019; Sari et al., 2019; Terin et al., 2019; Yigit et al.,
2020; Cantillo et al., 2021).

Analysis of Data

The data of the study were evaluated with SPSS 23.0
Windows software (SPSS Inc., Chicago, 1L, USA). In
the study, descriptive statistics (frequency,
percentage, mean and median) and chi-square analysis
were used to determine the descriptive characteristics
of the participants and their relationship with their
fish consumption habits. Statistically, p<0.05 was
accepted as the significance level.

Ethical Principles of Research

Before starting the research, written permission and
ethics committee approval were obtained from the
institutions where the research was conducted (dated
16.06.2017, numbered 40465587-98). In addition,

written and verbal consent was obtained from the
students and their parents.

Limitations of the Research

The study is limited with students actively studying in
high school of maritime in five regions included in the
study. As the study is cross-sectional and depends on
self-reported assessment, under-reporting is more
likely to occur. This cross-sectional study cannot infer
about causality.

RESULTS

It was determined that the mean age of participants is
16.88 +£0.88, they are 85.7% male, 40.0% of them are in
the 11th grade in maritime field, 29.1% of them had a
monthly income status of 324-405 €, 24.6% were
trained in the importance of fish in terms of health and
received this training by 58.0% through audio and
visual media, and the participants’ BMI average was
21.60 £2.99 (Table 1).

Table 1 Distribution of participants by groups according to their introductory characteristi
Cizelge 1. Katilimcilarin gruplara gore tanitici 6zelliklerine gore dagilimi

Total Group 1 Group 2 Group 3 Group 4 Group 5

n (%) n (%) n (%) n (%) n (%) n (%)
Gender
Female 119(14.3) 9(6.1) 20(9.9) 17(11.9) 58(21.5) 15(21.7)
Male 713(85.7) 139(93.9) 182(90.1) 126(88.1) 212(78.5) 54(78.3)
Maritime field
10tk Grade 282(33.9) 48(32.4) 69(34.5) 65(45.5) 78(28.9) 22(31.9)
11th Grade 333(40.0) 46(31.1) 79(39.1) 61(42.7) 122(45.2) 25(36.2)
12th Grade 217(26.1) 54(36.5) 54(26.7) 17(11.9) 70(25.9) 22(31.9)
Monthly income status
324€ and less 144(17.3) 32021.6) 43(21.3) 7(4.9) 36(13.3) 26(37.7)
325-405€ 242(29.1) 49(33.1) 61(30.2) 38(26.6) 72(26.7) 22(31.9)
406-608€ 211(25.4) 29(19.6) 46(22.8) 44(30.8) 82(30.4) 10(14.5)
>609 € 235(28.2) 38(25.7) 52(25.7) 54(37.8) 80(29.6) 11(15.9)
Status of receiving education on the importance of fish in terms of health
Educated 205(24.6) 48(32.4) 44(21.8) 23(16.1) 68(25.2) 22(31.9)
Uneducated 627(75.4) 100(67.6) 158(78.2) 120(83.9) 202(74.8) 47(68.1)
Education institution or persons**
Health workers 86(42.0) 25 (52.1) 16(36.4) 11 (47.8) 24 (35.3) 10 (45.5)
Visual-audio media*** 119(58.0) 23 (47.9) 28(63.6) 12(52.2) 44(64.7) 12(54.5)

M+SD M=SD M=SD M=SD M=£SD

Age 16.88+0.88  17.01+0.89  17.01+0.89  16.51+0.84  16.87+0.85 17.03+0.86
BMI 21.60£2.99  23.07+3.50 22.10+2.80 21.80+2.72 21.86+2.82  20.64+2.86

Groupl: Blacksea Region, Group 2: Aegean Region, Group 3: Marmara Region, Group 4: Mediterranean Region, Group 5: East

Anatolia Region
* Column percentage is taken

** From health workers/teachers within the scope of the lesson
Visual-audio media: television-radio, computer-internet, school’s fishing club

Hek

When looking at the comparison of the consumption
habits of the participants’ meat group foods by groups,
it was found; participants preferred the mostly red
meat varieties (49.3%, Group 4) and preferred fish
meat the least (5.6% Group 5) (Table 2).

When the distribution of the participants’ opinions
about fish consumption by group is examined; it was
determined that fish consumption was emphasized in
the family (71.6% Group 1), that they preferred to eat
fish because it was healthy (71.4% Group 5), that they
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became willing to consume a new type of fish with the opinions about fish consumption differed statistically
advice of family and friends (60.9% Group 2), and that by group (p<0.05) (Table 3).

Table 2 Comparison of the meat group food consumption habits of the participants according to the groups
Cizelge 2. Katilimcilarin et grubu besinleri tiiketim aliskanliklarinin gruplara gore karsilastirilmasi

Total Group 1 Group 2 Group 3 Group 4 Group 5 Test and p

) N) ) ) ) ) value
Preferred meat type*
Red meat 414(46.5) 82(48.8) 108(48.2) 58(39.5) 138(49.3) 28(38.9) X2=27.524
White meat 365(41.0) 66(39.3) 80(35.7) 69(46.9) 110(39.3) 40(55.6) p=0.006
Fish 11(12.6) 20(11.9) 36(16.1) 20(13.6) 32(11.4) 4(5.6)
Frequency of red meat consumption
Once a week 347(41.7) 42(28.4) 91(45.0) 58(40.6) 126(46.7) 30(43.5) X2=29.958
2-3 times a week 194(23.3) 40(217.0) 36(17.8) 41(28.7) 60(22.2) 17(24.6) p=0.003
More than 3 times a week 48(5.8) 11(7.4) 8(4.0) 3(2.1) 22(8.1) 4(5.8)
Non-opinionated 243(29.2) 55(37.2) 67(33.2) 41(28.7) 62(23.0) 18(26.1)
Frequency of white meat consumption
Once a week 295(35.5) 36(24.3) 78(38.6) 57(39.9) 106(39.3) 18(26.1) X2=41.335
2-3 times a week 268(32.2) 44(29.7) 63(31.2) 48(33.6) 84(31.1) 29(42.0) p=0.000
More than 3 times a week 90(10.8) 24(16.2) 8(4.0) 13(9.1) 32(11.99 13(18.8)
Non-opinionated 179(21.5) 44(29.7) 53(26.2) 25(17.5) 48(17.8) 9(13.0)
Frequency of fish consumption
Once a week 426(51.2) 54(36.5) 109(54.0) 83(58.0) 146(54.1) 34(49.3) X2=34.720
2-3 times a week 109(13.1) 33(22.3) 29(14.4) 12(8.4) 26(9.6) 9(13.0) p=0.001
More than 3 times a week 28(3.4) 11(7.4) 3(1.5) 3(2.1) 10(3.79 1(1.4)
Non-opinionated 269(32.3) 50(33.8) 61(30.2) 45(31.5) 88(32.6) 25(36.2)

Groupl: Black sea Region, Group 2: Aegean Region, Group 3: Marmara Region, Group 4: Mediterranean Region, Group 5: East
Anatolia Region * Calculated over multiple responses

Table 3 Distribution of participants’ views on fish consumption by groups
Cizelge 3. Katilimcilarin balik tiiketimi ile ilgili gériislerinin gruplara gore dagilimi

Total Group 1 Group 2 Group 3 Group 4 Group 5 Test and p
n (%) n (%) n (%) n (%) n (%) n (%) value
Thinking that fish consumption is important in the family
Yes 510(61.3) 106(71.6) 127(62.9) 66(46.2) 166(61.5) 45(65.2) X2=21.135
No 322(38.7) 42(28.4) 75(37.1) 77(53.8) 104(38.5) 24(34.8) p=0.000
Reasons for preferring to eat fish**
Economic 37(4.3) 2(1.4) 12(6.4) 7(4.9) 10(3.7) 6(8.6) X2=24.138
Healthy 430(52.6) 75(50.7) 94(50.0) 67(46.9) 144(53.7) 50(71.4) p=0.002
Tasty 352(43.1) 71(48.0) 82(43.6) 69(48.3) 114(42.5) 14(20.0)
The condition that makes it desirable to consume a new fish type**
Television-radio 168(22.3)  43(32.3)24¢  24(13.0) 34(26.2)2 42(17.2) 25(40.3)24  X2=37.875
Computer-internet, 204(27.1)  40(30.1) 48(26.1) 33(25.4) 66(27.0) 17(27.4) p=0.000
newspaper-magazine
Recommendation of 381(50.6) 50(37.6) 112(60.9)15 63(48.5) 136(55.7)5  20(32.3)

family and friends
Groupl: Blacksea Region, Group 2: Aegean Region, Group 3: Marmara Region, Group 4: Mediterranean Region,
Group 5: East Anatolia Region
15 Tt shows which group in the column related to fish consumption habits originates from the difference
* Column percentage is taken ** Calculated over multiple responses

When looking at the comparison of fish consumption the winter season is preferred for fish consumption
habits of the participants; it was determined that they (55.8% Group 3) and that the use of fish oil support is
prefer the type of fish caught at the weight (52.9% at a low (29.7% Group 1), that this period is 2 months
Group 3), that the fishing stall is preferred when and below (67.6% Group 4) and that the
purchasing fish (85.5% Group 1), that the freshness recommendation to use fish oil was received from a
aspect is taken into consideration when buying fish health professional (79.5% Group 1) and that there was
(52.9% Group 2), that frying method was preferred for a statistical difference between the groups (p<0.05)
fish preparation (38.8% Group 1), that the frequency of (Table 4).

fish consumption is once a week (51.5% Group 2), that
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Table 4 Comparison of fish consumption habits of the participants according to the groups
Cizelge 4. Katilimcilarin gruplara gore balik tiiketim aliskanliklarinin karsilastirilmasi
Total Group 1 Group 2 Group 3 Group 4 Group 5 Test and p
n (%) n (%) n (%) n (%) n (%) n (%) value
Preferred fish kind*
Culture (Farm breeding) 371(25.9) 66(26.1) 87(25.7) 62(24.3) 130(27.00  26(24.8 X2=1.486
Caught 728(50.8) 125(49.4) 174(51.5)  135(52.9)5  242(50.2)  52(49.5 p=0.993
Frozen 334(23.3) 62(24.5) 77(22.8) 58(22.7) 110(22.8)  27(25.7)
Preferred places to buy fish*
Fishermen’s stalls 561(70.9) 118(85.5)24 116(63.7) 113(85.6)2¢ 168(65.6)  46(73.0) X2=66.925
Market 48(6.1) 3(2.2) 8(4.4) 3(2.3) 28(10.913  6(9.5) p=0.000
Fish market 112(14.2) 4(2.9) 47(25.8)13 8(6.1) 46(18.0)13  7(11.1)
Other/fish farm , fishing 70(8.8) 13(9.4) 19(10.4) 13(9.8) 20(7.8) 5(7.9)
Considerations when buying fish*
Freshness 616(48.2) 109(38.8) 137(52.9) 102(51.3)  214(49.5)  54(50.9) X2=12.585
Cheapness 158(12.4) 47(16.7)23 26(10.0) 18(9.0) 52(12.0)  15(14.2) p=0.127
Season 442(34.69 79(28.1) 90(34.7) 75(37.7) 162(37.5)  36(34.0)
Preferred methods of fish preparation
Grilled 448(32.0) 88(37.9) 105(33.7) 69(27.3) 146(30.2)  40(34.2) X2=22.036
Oven baked 304(21.7) 36(15.5) 66(21.2) 50(19.8)  120(24.8)! 32(27.4)! p=037
Fried 503(36.0) 90(38.8) 111(35.6) 98(38.7) 168(34.7)  36(30.8)
Steamed 143(10.2) 18(7.8) 30(9.6) 36(14.2)1 50(10.3) 9(7.7)
Fish consumption frequency
Never 80(9.6) 8(5.5) 29(14.4) 9(6.3) 26(9.6) 8(11.6) X2=40.570
Once a week 376(45.2) 53(35.8) 104(51.5) 71(49.7) 120(44.4)  28(40.6) p=0.000
More than once a week 113(13.6) 36(24.3) 26(12.9) 15(10.5) 30(11.1) 6(8.7)
Once a month 263(31.6) 51(34.5) 43(21.3) 48(33.6) 94(34.8)  27(39.1)
Preferred season for fish consumption*®
Winter 606(40.8) 115(41.4)5 141(35.6)  121(55.8)+5  190(38.8)  39(36.8) X2=41.740
Spring 265(17.8) 48(17.3)3 83(21.0)3 20(9.2) 88(18.0)3  26(24.5)3 p=0.000
Summer 317(21.3) 55(19.8)3 93(23.5)3 29(13.4) 114(23.3)3 26(24.5)3
Fall 299(20.1) 60(21.6) 79(19.9) 47(21.7) 98(20.0)  15(14.2)
The status of using fish oil supplements
User 206(24.8) 44(29.7) 45(22.3) 38(26.6) 74(27.4) 5(7.2) X2=15.260
Non-user 626(75.8) 104(70.3) 157(77.7) 105(73.4)  196(72.6)  64(92.8) p=0.004
Fish oil use time (n=206)
2 months and less 110(53.4) 15(34.1) 20(44.4) 20(52.6) 50(67.6)  5(100.0) X2=18.384
More than 2 months 96(46.6) 29(65.9) 25(55.6) 18(47.4) 24(32.4) - p=0.001
Person(s) from whom the recommendation to use fish oil was taken (n=206)**
Health professional 115(55.8) 35(79.5) 24(53.3) 24(63.2) 30(40.5) 2(40.0) X2=18.499
Non-health-professional 91(44.2) 9(20.5) 21(46.7) 14(36.8) 44(59.5) 3(60.0) p=0.001

sources

Groupl:Blacksea Region, Group 2:Aegean Region, Group 3: Marmara Region, Group 4: Mediterranean Region, Group 5: East

Anatolia Region

15 It shows which group in the column related to fish consumption habits originates from the difference.
* Health professionals: Doctor, dietitian, nurse-midwife, pharmacist

Non-health-professional sources: Friends, relatives, media

DISCUSSION

In this section, the findings of the research conducted
to determine the fish consumption habits of future
sailors (shipmen), the training status of the
participants on the importance of fish in terms of
health, their meat consumption habits, their opinions
on fish consumption, and their fish consumption habits
were discussed.

When the education status of the participants on the
importance of fish in terms of health was examined, it
was determined that one out of four people received
education and more than half of them received this
education through visual and audio media. According
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to the Turkish Nutrition and Health Survey,
individuals between the ages of 15-18 are affected by
food and beverage advertisements at a rate of 37.9%,
with the group most affected by advertisements
compared to other age groups (Anonymous, 2014). This
suggests that advertisements can be an effective way

to raise awareness about the importance of fish for
health.

In the study, when the meat group food consumption
habits were examined; it was found that the
participants preferred red meat in the first place and
fish meat in the third place, that red meat was
consumed mostly in the Black Sea Region and fish
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meat was consumed in the Aegean Region. When the
studies are examined, it 1is stated that fish
consumption preference comes after chicken and red
meat and fish meat is preferred in the third place
(Kirici et al., 2018; Sar1 et al., 2019; Yigit et al., 2020;
Selvi et al., 2022). Local studies show that fish meat is
preferred the least. It is stated that the reasons for the
less consumption of fish meat may be due to the
“difficult to eat fish and cleaning, difficulty of accessing
to fresh fish, price, taste and smell of fish meat, not
availability of wanted fish type” (Kirici etal., 2019;
Yigit et al., 2020; Selvi et al., 2022). These situations
can also be explained by the low rate of fish
consumption in this study.

In the study, when the consumption habits of meat and
meat products were examined, it was found that the
rate of consumption of fish meat two or three times a
week was 13.1%. It is stated that the frequency of fish
consumption 1-2 times a week in individuals over the
age of 20 in Tirkiye is 17.2% (Anonymous, 2014). In
local studies, it is also seen that it is consumed every
fifteen days and one times a month (Terin et al., 2016;
Selvi et al., 2022). According to the nutrition guide
specific to Turkiye, it is stated that it is very important
for children between the ages of 15-18 to consume 2
servings of fish per week in terms of growth and
development (Anonymous, 2015). In addition,
according to TURKSTAT 2020 data, it is stated that
the average fish consumption per capita is 6.7 kg, and
this rate is quite low in this group. It is accepted that
the energy content of fish, especially rich in protein, is
lower than red and white meat, and that "omega-3 (n-
3), eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA)" contents are high (Anonymous, 2015). Due
to the beneficial effects of omega-3 fatty acids in the
prevention and treatment of diseases such as heart
disease, cancer, diabetes, and high blood pressure that
affect human health, the low consumption rate
requires more emphasis on awareness studies in this
regard.

When the opinions of the participants about fish
consumption were examined, it was seen that the
Black Sea Region gave the highest importance to fish
consumption in the family, and the Marmara Region
thought that fish was important for health. It is seen
that the Black Sea Region takes the first place in the
production made with seafood fishing in Turkiye,
followed by the Aegean and Marmara regions
(Anonymous, 2020). The fact that individuals are
available regionally suggests that it increases the level
of awareness about fish consumption.

Looking at the participants in general, it was seen that
one out of every two participants preferred to eat fish
because it is healthy and they became willing to
consume a new type of fish with the advice of family
and friends. Studies have found that fish meat is
considered important because it is healthy, because of
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nutritional value and taste (Bashimov, 2017; Sen and
Sahin, 2017; Kirici et al., 2018; Sari et al., 2019) and
one out of four people think that advertisements affect
fish consumption (Bashimov, 2017). This brings to
mind that commercials can be an effective way for
studies of awareness about the significance of fish in
terms of health. Also it is stated that study carried out
in order to reveal the habits and preferences of seafood
consumption of high school students, reported that
they consume fish meat for healthy and balanced diet
(Yigit et al., 2020). It is an indication that families,
which have positive or negative effects on the shaping
of children's behaviors, have important effects on the
acquisition of nutritional behaviors and peer
interaction also has an undeniable effect.

When the fish consumption habits of the participants
were examined, it was found that they preferred to buy
the fish caught, fresh, and from the fishermen's stalls.

According to the literature, it is stated that consumers
prefer caughted and freshness or frozen, price, tasty,
local fish market, fishbone(Terin et al., 2016;
Bashimov, 2017; Sen and Sahin, 2017; Kirici et al.,
2018; Sari et al., 2019; Rahman and Islam, 2020; Yigit
et al., 2020). It is seen that while buying fish abroad,
consumers were willing to pay more for domestic to
imported production and fresh to frozen fish (Alam and
Alfnes, 2020).

It was found that almost four out of ten people
preferred the frying method in fish preparation in all
groups, the most preferred method of grilling and
frying was in the Black Sea region, the method of
cooking in the oven was preferred in Eastern Anatolia,
and the method of steaming was preferred in the
Marmara region. In a study conducted with high school
students, similar results were obtained with this
study. As a method of cooking fish, it has been
determined; that the first choice was fried (86.41%)
and the second choice was grill (31.84%) (Yigit et al.,
2020). In the literature, it is recommended to use fat-
free and low-fat cooking methods such as "boiling,
steaming, oven and grilling" as cooking techniques in
order to be able to eat healthily and prevent health
problems that may arise due to eating habits.

Regional studies also show that frying is the most
prefered cooking method (Bashimov, 2017; Gundogdu
and Buyruk, 2021; Selvi et al., 2022) It is stated that
throughout Tirkiye, 51.8% of the fish is consumed by
frying and 38% by baking, grilling, cooking in a teflon
pan (Anonymous, 2014; Anonymous, 2019). For this
reason, it i1s clear that awareness studies should be
focused on fish cooking methods and their effects on
health.

When the preferred season for fish consumption was
examined, it was found that the winter season (40.8%)
was preferred the most. In the local studies, it is known
that the rate of fish consumption in the winter season
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varies between 51.3% and 84.1% (Terin et al., 2016;
Bashimov, 2017; Kirici et al., 2018; Dasgupta et al.,
2021; Selvi et al., 2022). According to the results of the
local study on fish consumption habits, the high rate of
consumption in the winter season 1is similar
throughout Tiirkiye. The fact that processed products
are not very common in Tirkiye leads to consumption
in the winter season, when hunting is the highest,
which offers the opportunity to consume fresh.

It was found that the use of fish oil supplementation of
the participants was 24.8% in all groups, and the
recommendation to use fish oil supplement was 55.8%
recommended by health professionals. In addition, in
the study, it was determined that the rate of use in the
Mediterranean region was high. In the study
conducted to determine the nutritional support usage
status of individuals aged 12 and over throughout
Turkiye, it is stated that omega-3 fatty acids are used
at the rate of 0.3% in the last 7 days, 0.4% in urban
areas, and 0.1% in rural areas, and it is mostly in the
Mediterranean region (1.0%) (Anonymous, 2014). The
fact that the production made by seafood fishing in
Turkiye is lower in the Mediterranean region suggests
that fish oil supplement usage rate increases due to the
lack of access to fresh fish.

CONCLUSION

It was determined that future sailors (shipmen) are
aware of the importance of fish in their fish
consumption habits in terms of health, they care about
the advice of family and friends in the consumption of
a new fish species, and the number of fish consumed is
not in the amount, shape and frequency recommended
for adequate and balanced nutrition. This study
presents beginning, generalizable data about maritime
students’ knowledge about fish consumption in
Turkiye. The results of the study show that maritime
students in Tirkiye are not adequately educated with
appropriate knowledge for fish consumption. School
health nursing, which is one of the fields of Public
Health Nursing, reveals the necessity of health
education for the importance of fish in terms of health.
With the support of family and peers in these training,
fish consumption can be increased among students in
secondary education institutions. Particularly in
primary and secondary schools, it is recommended to
conduct lectures, information seminars, campaigns
and awareness studies of relevant public institutions
on the importance of fish meat for health. In addition,
in order to increase the rate of fish consumption in
every season, processed fish consumption culture
should be expanded. Future studies are recommended
to consider conducting longitudinal and experimental
methods to address these limitations. Although the
study results are limited to the Turkish adolescent of
interest, they could be used as a starting point for a
future study in other countries’ school health
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education curricula. This study provides baseline data
that encourages researchers to conduct intervention
studies.
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OZET Toprak Bilimi

Bu calismada yiiksek erozyon riski bulunan Capakg¢ur havzasinda

toplam ve net erozyonun belirlenmesi amaglanmigtir. Bu dogrultuda Aragtirma Makalesi
Capakcur havzasinda yillik toprak kaybi, RUSLE modeli

kullanilarak tahmin edilmistir. Net erozyon ise Capak¢ur ¢ayinin Makale Tarihgesi

2019 yili boyunca aylhik debi ve sediment konsantrasyonlarinin Gelig Tarihi @ 18.01.2022
belirlenmesi ile dogrudan o6l¢ilmiistir. Capakc¢ur havzasinda Kabul Tarihi :09.05.2022
meydana gelen toprak kaybi1 96916.20 ton yil! olarak tahmin edilmig

ve Capak¢ur ¢ayindan tasinan toprak miktari ise 68656.09 ton yil'! Anahtar Kelimeler

olarak gerceklesmistir. Havzada, sediment iletim orani (SDR) 0.78 Havza yonetimi
olarak hesaplanmigtir. Bu oran Tiirkiye ortalamasinin (0.23) oldukca RUSLE

ustiindedir. Havzadaki egim uzunlugu ve derecesinin yiiksek, yagis Toprak erozyonu

ve vejetasyon kapalilik oramimin disuk olmasi SDR’nin yuksek Sediment tasima orani
olmasinin ana nedenidir. Yiksek SDR nedeniyle havzanin verimli Toprak ve Su Koruma

olan iist toprak katmani Murat Nehrine tasinmaktadir. Bu durum
hem topraklarin verimsizlesmesine hem de kisith olan tathh su
kaynaklarinin kirlenmesine neden olmaktadir. Havzada bitki 6rtist
ve amenajman, uygulamalarinin iyilestirilmesi i¢in aga¢landirma ve
teras, tel kafes ve oyuntularda tas duvar gibi toprak koruma
uygulamalarimin arttirilmas: gerekmektedir.

Estimation of Soil Losses in Capakcur Watershed (Bingol, Turkey) Using RUSLE Method and
Comparison of Predicted Soil Losses with Sediment Yield

ABSTRACT Soil Science
The present study aimed to determine the total and net erosion in .
the Capakcur watershed, which has a high erosion risk. Accordingly, Research Article

annual soil loss in the Capakcur watershed was estimated using

RUSLE method. Net erosion was determined directly by measuring Artlc.le Hlstory'

the monthly flow rate and sediment concentrations of the Capakcur Received ) 18.01.2022
stream, which originated from the Capakcur watershed and flowed Accepted 09.05.2022
into the Murat River throughout 2019. Estimated soil loss in the Keywords

Capakcur watershed was 96916.20 ton yr-1, and the amount of soil Watershed management
transported from the Capakcur stream was 68656.09 ton yr-l. RUSLE

Sediment delivery ratio (SDR) was calculated as 0.78. This ratio was
well above the average SDR of Turkey (0.23). Topographic factors
such as slope length and degree, rainfall, and low vegetation cover
ratio in the watershed are the main causes of the high SDR. Due to
the high SDR, the fertile surface soil layers of lands in the basin are
carried to the streams. This causes both decrease in fertility in soils
and pollution of the limited freshwater resources. In order to
improve vegetation and management practices in the watershed, soil
protection practices such as afforestation and terraces, wire cages
and stone walls in gullies should be increased.

Soil erosion
Sediment delivery ratio
Soil and water conservation
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INTRODUCTION Boardman, 2006). Experimental (USLE and RUSLE),

Erosion is a global threat that plays a significant role
in the degradation of important natural resources
such as soil and water. Approximately 85% of land
degradation in the world is related to soil erosion,
which has resulted, directly or indirectly, in a 17%
loss in agricultural productivity since World War II
(Oldeman et al., 1990; Angima et al., 2003). Soil
erosion reduces the quality of natural resources and
can cause major environmental disasters (drought,
floods). The negative ecological and social impacts of
erosion  constrains the sustainable regional
development (Pan and Wen, 2014).

Soil erosion varies with the changes in the conditions
of biophysical environment, including soil texture,
climate, land conditions, ground cover and their
interactions. Soil erosion, a dynamic, complex, and
irregular process, occurs as a result of the effect of
many factors. The most important factors affecting
the soil erosion mechanism are land shape, slope,
land area, and land use. The direction and impact of
the slope play an important role in the runoff
mechanism. High slope increases the runoff and
reduces the amount of water infiltrating into the soil
(Meral et al., 2019). Soil erosion is often the dominant
cause of topsoil loss (Onori et al, 2006; Kouli et al.,
2009). The soil cover (plants, organic wastes, etc.)
decreases the surface area of soil susceptible to
raindrop effect and also reduces the runoff velocity.
Therefore, no-tillage or reduced tillage practices are
considered appropriate management practices to
reduce soil erosion in agricultural areas due to the
residues on soil surface and a decrease in runoff (Fu
et al., 2006). Rainfall (R) plays an important role as a
trigger in the initial phase of erosion. The previous
studies have emphasized that rainfall and rainfall
intensity are the most critical factors (Mohamadi and
Kavian, 2015; Katebikord et al., 2017).

Serious efforts have been carried out to develop soil
erosion models around the world. Usually, a
quantitative evaluation is needed to make conclusions
about the extent and magnitude of soil erosion
problems (Prasannakumar et al., 2012). Effective
management strategies can be developed on a
regional basis using the quantitative data obtained
from local measurements. Erosion models can be also
used to develop alternative land management
scenarios using both measured and unmeasured
basins and to make decisions for natural resource
management (Fistikoglu ve Harmancioglu, 2002).
Various approaches and models have been developed
to evaluate soil water erosion and predict soil erosion
risk. Each approach or model has its characteristics
and application purposes (De Vente and Poesen, 2005;
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conceptual (AGNPS and SWAT) and physically based
models (EROSEM and CREAMS) have been used
frequently for soil erosion and sediment transport
(Farhan and Nawaiseh, 2015). One of the most widely
used experimental models to evaluate soil and gully
erosion is the Universal Soil Loss Equation (USLE)
developed by Wischmeier and Smith in 1978.
Initially, soil erosion estimation in cultivated lands
using USLE was developed for slightly sloping
topographic areas. The revised versions (RUSLE,
MUSLE) have are the most commonly used and well-
known and universally accepted and implemented
empiri-cal soil erosion estimation model methods in
the world for soil loss estimation (Wischmeier and
Smith, 1978; Jha and Paudel, 2010, Shit et al., 2015;
Ghosal 2020; Meral et al, 2021).

In erosion modelling, Sediment Delivery Ratio (SDR)
has been treated as a constant parameter for a long
time; however, there has been increasing interest in
accounting for deposition and applying spatially
variable or regionalised SDR (Ali and De Boer, 2010;
Vigiak et al., 2012). The sediment delivery ratio
(SDR) is the ratio of sediment yield to total surface
erosion. The importance of the SDR and the sources
for the region to be impacted by the catchment
sediment, the transport system, the texture of the
erosion content, the urbanization and land cover, etc.,
must be determined. Rainfall erosivity, soil erodibilty,
land use cover, and topography are significant factors
affecting sediment yield and sediment distribution.
Sediment delivery to a given watercourse 1is
increasing as catchments are progressively modified
by human activities such as deforestation, agriculture
expansion, construction, and urbanization (Dong et
al.; Dutta, 2016; Berta et al., 2020; Joshi and Yadav,
2021). The RUSLE model was used with (SDR) to
determine the life ratios in arid basins of Turkey
(Saygin et al., 2014). SDR is defined as the fraction of
grosserosion that 1s transported from a given
catchment ina given time interval (Lu et al., 2006).
Sediment yield can be quantified by multiplying gross
erosion and sediment delivery ratio (Llena et al.,
2021; Alencar et al., 2021).

Land wuse status and vegetation, especially
precipitation and topographic factors, have an effect
on the severity of erosion (Kijowska-Strugala et al.,
2018; Wubie and Assen, 2020). Soil erosion generally
consists of three stages: decomposition of soil
aggregates, transport of decomposed material, and
accumulation of this material (Foster, 1982). Soil
losses estimated wusing empirical equations and
sediment load transported from the same area are not
directly related to each other. However, it gives an
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idea  about the  production, storage, and
transportation of sediment formed in the watershed
in relation to environmental processes (Fayas et al.,
2019). While estimating the total amount of displaced
soil using soil loss estimation equations, the net
erosion is determined by calculating the amount of
sediment carried in the rivers (Jain and Kothyari,
2000; Thomas et al., 2018). Many methods have been
developed to estimate SDR (Boyce, 1972; Williams,
1977).

The present study aimed to estimate total soil loss in
the Capakcur watershed (Bingol), where the
Capakcur stream with high sediment concentration
crosses, to determine the sediment yield by periodic
sediment and flow measurements in the Capakcur
stream, and to determine the SDR using the data
obtained. Accordingly, the soil loss occurring in the
Capakcur watershed was determined using the
revised soil loss estimation equation (RUSLE).

MATERIAL ve METHOD

The present study was carried out in Capakcur
watershed, located in the upper Firat Basin which is
a part of Eastern Anatolia Region of Turkey (Figure
1). The study area is located between 38° 51N, 40°
16'E and 38° 53'N, 40° 28E. The coverage of study
area is 9556.87 ha and has a very rugged topographic
structure. The altitude of the watershed ranges from
1150 m to 2500 m. The average altitude is 1650 m,
the total annual precipitation is 949 mm, the number
of snowy days is 117, and the number of days covered
with snow is 76 (Figure 2).

1000080

4000000 4100000 4200000 4300000 400000 4300000 AG600B0  4TO0000

Figure 1. Location of Capakcur watershed, Southeast
Turkey.
Sekil 1. Capakg¢ur havzasinin konumu
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Figure 2. Climate data for period of 1969-2019
Sekil 2. 1969-2019 déonemi i¢in iklim verileri

Data Sources

Surface soils (0-20 cm) were sampled to determine the
soil erodobility factor (K) of the study area. Soil
samples were collected from approximtely the corners
of 500m x 500m grids (Carter and Gregorich, 2007).
Total of 428 surface soil samples were collected
throughout the basin. For the calculation of rainfall
and runoff erosivity factor (R), long-term climate data
of the meteorology station closest to the study area
were used. Digital elevation model (DEM) data of the
Capakcur watershed with a resolution of 15m x 15m
was obtained to determine the slope length and slope
degree factor (LS). DEM data was generated used
ArcGIS Pro software using isohips curves.

The DEM data was passed through Fiil skins, Flow
direction and Flow accumulation processes,
respectively, using the ArcMap software, and the LS
factor codes of the area were produced. Land use and
land cover factor (C) obtained from CORINE Land
Cover 2018 (URL 1) and soil protection measures
factor (P) were obtained from the map and numerical
data produced in the rehabilitation study conducted
by the Ministry of Agriculture and Forestry, General
Directorate of Combating Desertification and Erosion
in 2015 (Anonymous, 2015). In the study, periodic
water sampling and flow measurements were carried
out from the exit point of the watershed to determine
the amount of sediment carried in the Capakcur
stream.

Methods

The Revised Universal Soil Loss Equation (RUSLE)
model was used to estimate soil losses from the
Capakcur watershed. In addition, the monthly
sediment load carried in the Capakcur stream was
measured to determine the amount of sediment
carried from the basin.

Description of RUSLE Model

The RUSLE model was used due to the easy
integration of spatial analysis with GIS (Wischmeier
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and Smith, 1978). The RUSLE model is expressed by
the following equation (Renard et al., 1997);

A=RxKxLSxCxP 1

In the quation; A is average soil erosion per unit
surface (t/ha-year), R is rainfall and runoff erosivity
factor (MJ-mm/ha-h-year), K is soil erodibility factor (t
ha h/ha MJ mm), LS is slope length and slope
steepness factor, C is vegetation cover, management,
and culture practices factor, P is mechanical practices
factor.

Rainfall has a significant impact on the occurrence
and severity of erosion (Wischmeier and Smith, 1978;
Fraser et al., 1999; Nearing, 2001). The R factor is a
function of the diameter of each raindrop, duration of
rainfall, mass, the intensity of rainfall, and the falling
rate of raindrops (Renard et al, 1997). Current
monthly and annual rainfall data for 58 years (1961-
2019) collected from the Bingél meteorology station
(38°53'04.9"N  40°30'02.5"E), located at 1145 m
altitude, were used to calculate the R factor using the
a commonly used equation (Eq 2) (Wischmeier and
Smith, 1978).

R=Y(k=1)"12[1.735x[10]~((1.510g10(Pi]*2/P)-0.08188))] (2)

In the equation; R refers to erosion power of
precipitation (MJ mm ha? hr'y?), Pi (mm) to
average monthly rainfall, and P (mm) to total annual
rainfall. For the Bing6l meteorology station, the 58
year average total rainfall was measured as 949 mm.
The altitude of the study area is higher than the
meteorology station. The R-value calculated according
to this station does not exactly represent the
Capakcur watershed. Accordingly, the R factor was
calculated for each point sampled from the watershed
using the following equation (Eq. 3) (Toy and Foster,
1998).

Rn=Rr([Py/Pr)]"1,75 3)

Where; Ry is the corrected R-value for the location
with the unknown R variable; Rr is the R-value for
the reference station with known R variable; Py is the
average annual rainfall (mm) for the location with
unknown R variable, and Pr is the average annual
rainfall (mm) for the reference station with known R
variable. The precipitation erosion factor map for the
Capakcur watershed was created by Inverse Distance
Weighted (IDW) interpolation using the obtained
point precipitation values with ArcGIS (Pro).

The parameters required to calculate the soil
erodibility factor (K) of the Capakcur watershed were
determined. Accordingly, 428 soil samples from the
study area were prepared for analysis after
preliminary preparations (such as drying, grinding,
sieving). The particle size distribution of the soils was
carried out according to the hydrometer method
stated by Gee and Bauder (2002). Organic matter
content (OM) of soils was determined according to
Walkley and Blake metthod (1934). Permeability
values of soils (disturbed samples) were determined
using constant water level hydraulic permeability
sets (Klute and Dirksen, 1986). The structural
properties of each sample were classified as specified
by Dexter (1988). Aggregate stability analysis was
performed according to the wet sieving method
(Kemper and Rosenau, 1986). Using these
parameters, the K factor for each point was calculated
using the following equation (Eq 4).

100 x K=(2.1 x [10]*4) x (12-OM) x[ M)]*1.14+3.25 x
(S-2)+2.5 x (P-3)/d (4)

In the equation; K is the soil erodibility factor to
erosion, OM 1is the organic matter, S is the soil
structure class code (1-6), P is permeability (1-4), M:
Grain size distribution parameter, d: Conversion
coefficient to the metric system. The following
formula (Eq 5) was used to calculate the M factor in
this equation (Wischmeier and Smith, 1978).

M=(%Silt+%Sand) x (100-% Clay) 5)

The length and degree of the slope are parameters
directly related to the severity of erosion (Khare et al.,
2017). In a standard USLE parcel with a slope of 9%
and a length of 22.1 meters, LS value is equal to 1
and LS values are not absolute values (Wischmeier
and Smith, 1978). Since the study area has a very
heterogeneous topography, a DEM (Digital Elevation
Model) was created by digitizing contour lines from
topographic maps in the ArcGIS software to estimate
the LS factor (Rozos et al., 2013). LS values were
calculated using the following formula (Eq 6)
developed by Moore and Burch (1986) using the
ArcGIS Pro software "flow direction" function.

LS=[(L/22.13)]70.4 x [(0.01745xSin6/0.0896)]*1.4x 1.4 (6)
Here: L is flow accumulation x cell resolution (DEM)

and 0 is “slope in degree”. To compute LS factor using
DEM in Arc MAP follow the following steps (Fig 3).

Claculate flow Calcolate flow Calculate slope of Write the LS factor
Claculate fill direction using fill accumulation using watershed in degres formula in Arc
sitnks sinks data as the input flow directionas the using DEM as the Map=5patial analyst
raster input raster input layer toole=Map

Figure 3. Methodology flow chart of Calculating LS factor using GIS
Sekil 3. CBS kullanarak LS faktoriinii hesaplamanin metodoloji akis semasi
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Forest stand maps of the study area produced by the
General Directorate of Forestry and the CORINE
2012 data sets produced by the Department of
Information Technologies of the Ministry of
Agriculture and Forestry were used to obtain this
data cover and management factor (C), (Panagos et
al., 2015). However, in soil sampling studies, the
land-use status (estimated vegetation coverage rate,
vegetation type) of the sampling point was noted.
Thus, C values were assigned to the area represented
by each soil sampling point. C values assigned
according to different land cover are given in Table 1.
C values are classified according to Kayet et al. 2018
and Meral 2021.

Table 1. Land use in the Capakcur watershed and the
corresponding C factor code

Cizelge 1. Capak¢ur havzasinda arazi kullanimi ve
buna kargsilik olan C faktor kodu

Land use/Land cover Type C factor
Fallow 1
Dry fallow 1
Agricultural crop (Wheat) 0.4
Agricultural crop (corn) 0.45
Poorly managed pasture 0.25
Settlement 0.1
Dense forest 0.15
Natural shrubs 0.15
Water bodies 0.1
Fruit orchards 0.4

Support and Conservation Practices factor (P) is
defined as erosion prevention applications to reduce
soil loss by erosion. The measures taken to keep the
free soil particles close to the source and to prevent
the further transport of the particles are calculated to
determine the value of the P factor,. P-value takes a
value between 0 and 1, according to soil protection
measures. P-value is assigned as 1 for areas where no
protection application is applied (Renard et al., 1994).
In the Capakcur watershed, some soil protection and
erosion prevention practices were carried out by the
General Directorate of Combating Desertification and
Erosion in 2015 (CEM, 2015). Within the scope of
these applications, terraces, stone walls, and wire
cage structures were established in the work area.
Within the scope of this study, a P factor value was
assigned for each application area (Table 2).

the annual soil loss of the watershed (tons.hal.yr?1)
were determined and mapped. To create the soil
erosion sensitivity map of the Capakcur watershed,
soil erosion severity was grouped into five classes
(low, medium, high, very high, and extremely high)
according to the estimated pixel-level soil loss values
(Singh and Panda, 2017; Fayas et al., 2019).

Table 2. Soil protection practices in the Capakcur
basin and the corresponding P factor codes

Cizelge 2.Capak¢ur havzasinda Toprak koruma
uygulamalart ve buna karsilik gelen P
faktor kodlari

Soil conservation practices P Value
Non practice 1.00
Contouring 0.60
Contoru strip-cropping 0.35
Terrracing 0.15
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Soil erosion severity classes and mapping

After calculating the R, K, LS, C, and P factors, which
are the components of the RUSLE equation for the
Capakcur watershed, all the base maps were created.
Considering that the maps produced had the same
resolution (15 m x 15 m pixels), using the ArcGIS
software and the "Raster Calculator" command
(multiplying all the created maps with each other),

Sediment Yield (SY)

The Capakcur stream is the merging of many small
streams in the Capakcur watershed. This water
source rises at an altitude of approximately 2400 m,
moves 50 km from west to east, and flows into the
Murat River, the largest branch of the Firat River
(Fig 4).

Figure 4. Water collection network of Capakcur
stream in the basin
Sekil 4. Capakg¢ur ¢ayinin havzadaki su toplama agi

Sediment yield (SY) is defined as the amount of
sediment measured at a reference point for a certain
period and is given as tons/year or spatially tons/
year/km?, m?year/km2 (Verstraeten and Poesen,
2001). The net erosion in the watershed was
determined by calculating the amount of sediment
carried from the Capakcur stream. In this context,
water samples were collected on the Capakcur stream
at the exit of the Capakcur watershed, and the
amount of sediment was determined in the
laboratory.
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Water samples taken three times amonth (periodic
sampling was done every 10 days.) rom Capakcur
stream were analyzed gravimetrically by filtration,
drying, and weighing processes in the laboratory
(Walling, 1994). The amount of solid matter per unit
volume is taken as the ratio of the dry sediment
weight to the volume of the water + sediment mixture
(Mermer, 1996). The following equation (Eq 7) was
used to determine the amount of sediment in water
samples.

SC=DSW/((wv+Sv)) @)

where: SC: sediment concentration per unit volume
(mg/L), DSW: dry sediment weight (mg), wv + Sv:
volume of water sample taken from the stream (L).
Flow velocity was measured simultaneously with
water sampling from the Capakcur watershed. Flow
velocity measurements were carried out using a
digital velocity measurement device (Fig 5).

Figure 5. Flow and sediment measurement at the exit
point of the watershed in the Capakcur
stream. a) water bed section and definitions
at the measurement point b) digital flow
meter used in flow measurement, c)
measurement of water velocity with digital
flow meter, (the device was calibrated before
measurements), d) Determination of the
sediment content of water samples taken
from the Capakcur stream.

Sekil 5. Capakcur ¢ayinda havzanin ¢ikis noktasinda
debi ve sediment élgiimi. a) élgiim
noktasindaki  su  yatak  kesiti ve
tanimlamalar b) debi él¢iimiinde kullanilan
digital flow meter, c) digital flow meter ile su
hizinin élgiilmesi, (6l¢iimlerden énce cihazin
kalibrasyonu  yapilmistir), d) Capakgur
cayindan alinan su orneklerinin igerigindeki
sediment miktarinin belirlenmesi

Both water sampling and flow measurements were
carried out separately for each 10-cm-depth (h1, h2,..)
and each 1 m. stream width (L), and the average
values were recorded. Thus, the velocity of the water
flowing through a certain waterbed section was
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measured at the time of water sampling. Using the
obtained data, the flow rate of water was measured
with the help of the following equation (Eq 8).

Q=AxV 8)

Where: Q: flow rate (m?sec), A: streambed cross
section area (m2), V; flow velocity (m/sec). Sediment
yield was calculated using the following equation (Eq
9).

SY=Q x SCx k (9

where: SY: sediment yield (ton/year), SC: sediment
concentration, kiconversion coefficient (from mg/sec to
ton/year).

Sediment delivery ratio (SDR)

The sediment delivery ratio (SDR) was determined
using the estimated erosion amount (SE) from the
watershed using the RUSLE equation and the
sediment yield (SY) measured in the Capakcur
stream in 2019. Sediment delivery rate (SDR) is
defined as sediment yield from an area divided by
gross erosion in the same area. It is calculated using
the following formula (Eq 10) (Nguyen and Chen,
2018).

SDR=SY/SE (10)

where: SDR: sediment delivery ratio, SY: sediment
yield, SE: total soil erosion,

In recent years, SDR was estimated using some
equations and GIS methods. Traditionally, delivery
ratio estimation equations have been developed by
correlating the basin characteristics with the
measured sediment yield divided by the estimated
gross erosion (Williams, 1977). However, in the
present study, SDR was directly determined by
estimating soil losses from the Capakcur watershed
with RUSLE and directly measuring the sediment
carried from the watershed.

Statistical evaluation

Data analysis for each of soil properties were
conducted, exploratory data analysis was carried out
calculating minimum, maximum, arithmetic mean,
standard deviation, the coefficient of variation (CV),
skewness were calculated. The effect of land use type
(forest, pasture etc.) on AS was analyzed. The mean
AS values of land use types were compared.The SPSS
16.0 software was used for statistical evaluations. The
effect of land use type on AS was evaluated by one-
way analysis of variance (ANOVA) (P <0.05). The
Duncan homogenity test was adopted to group
statistically different mean values.

RESULTS and DISCUSSION
Prediction of Soil Loss

The R factor value of the watershed was between
400.72 and 497.93 Mj mm.ha 1 hlyr! with an average
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of 449.32 Mj mm.hal.hlyrl. These equations were
solved with the assumption that every 300 m height
increase will cause a 50-mm-increase in rainfall. The
obtained R factor values corresponded to the values
calculated by the General Directorate of Combating
Desertification and Erosion (Erpul et al., 2018). The R
factor values calculated for the Capakcur watershed
were 427.46 and 499.26 Mj mm.hal.hlyrl. In regions
with dominant continental climate (Li and Fang,
2016), such as the Capakcur watershed, the exposure
of the soil surface to heavy rain is effective in the
occurrence of water erosion and floods (Diodato et al.,
2017). Previous studies indicated that low intensity
long-term rainfall and short-period repetitive low-
intensity rainfalls contribute significantly to total soil
erosion (Baartman et al., 2013). This effect is more
apparent in poor vegetation cover. R factor plays an
important role in increasing the severity of erosion
since a significant part of the Capakcur watershed
has a bare soil surface.

Descriptive statisticsof the Capakcur watershed soils
are given in Table 3. The average sand content was
higher than clay and silt. Generally, areas other than
some agricultural areas have a sandy texture. The
average organic matter (OM) content was above 2%
throughout the watershed. In a previous study in the
basin, it was reported that OM content varied
according to the land-use status. The highest OM
content was found in forest areas, while the lowest
was found in bare soils (Demir and Ersoy Mirici,
2020). The saturated hydraulic conductivity (HC)
values were between 0.36 and 8.01 cm/h with an
average HC of 4.23 cm/h. This value was classified as
"moderately fast" (Warrick, 2003). The AS values
were 2.25 and 90.90% with an average value of
40.07%. Variability of the properties in terms of

coefficient of variation (CV) was classified as low
(<15%), medium (15-35%) and moderate (>35%)
(Mallants et al 1996). In this case, Silt showed
medium variation, other parameters showed high
variation.Tthe K factor of the Capakcur watershed
was presented in Fig. 7.

I
s

282559 40.322260 40.361961 40.401662 40.441363

38.897408
38.897408

38.876020
38.876020

38.854632
38854632

38.823244
38.833244

Legend

Value
o High : 497.933

38.811856
38.811856

M Low 400720

Figure 6. R factor map of Capakcur watershed
Sekil 6. Capak¢ur havzasi R faktorii haritasi
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Figure 7. K factor map of Capakcur watershed
Sekil 7. Capakg¢ur havzasi K faktori haritasi
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Table 3. The area and percentage of soil loss values and classes in Capakcur watershed

Cizelge 3. Capak¢ur havzasinda toprak kaybi degerleri ve siniflarinin alan ve yiizdesi

Soil Properties N Min Max Mean Std. Deviation %Cv Skewness
Clay (%) 428  2.00 33.36 13.14 5.54 42.16 1,26
Silt (%) 428  5.50 36.00 18.19 6.52 35.84 0,92
Sand (%) 428  36.61 89.50 68.65 9.06 13.19 -0,78
OM (%) 428  0.00 11.76 2.36 2.25 95.33 2,03
AS (%) 428 225 90.90 40.07 18.58 46.36 0,20
K (cm/h) 428  0.36 8.01 4.23 1.83 43.26 -0,05

OM: Organic matter, AS: Agregate stability, K:Permability. Skewness’s STD. of AS values was calculated as 0.118.

K factor values of the Capakcur watershed were
between 0.033 and 0.841. K factor was lower in forest
areas with relatively high organic matter content and
plains with high sand content. However, the K factor
was higher in the west of the watershed where the
silt content was high and the organic matter content
was low. Liu et al. (2020) reported that the silt
percentage and OM content of the soils directly affect
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the K factor. The slope length and steepness factor
(LS) is an important due to the impact on the
severity of soil loss in the Capakcur watershed. The
slope in 50.36% of the watershed area was more than
40% (Table 4). This further facilitates runoff and
therefore erosion on steep slopes.

The LS factor distribution map of the Capakcur
watershed is given in Fig. 8. The LS values were
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between 0 and 107.238. The LS factor values were
high in the southern parts of the watershed with
sharp and steep slopes. The interaction of L and S has
an effect on the magnitude of erosion. Accordingly,
the effect of L and S should always be considered
together (Edwards, 1987). The increase in slope
length and slope height causes higher delivery speeds
and therefore higher erosion (Haan et al., 1994)..
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Figure 8. LS factor map of Capakcur watershed
Sekil 8. Capakgur havzasi LS faktori haritasi

Table 4. Slope degrees and the area they cover in the
Capakcur watershed
Cizelge 4. Capak¢ur havzasinda egim dereceleri ve

kapladiklarr alan

Slope (%) Area (Ha) Rate (%)
0-12 650.822 6.81
12-20 738.746 7.73
20-40 3354.461 35.10
40-60 3080.179 32.23
60< 1732.661 18.13
Total 9556.87 100

The type of the existing vegetation cover and the
coverage area of the watershed were determined by
field observations. The Capakcur watershed has a
generally poor vegetation cover. The vegetation cover
area in the watershed was 34.8%. This ratio was very
close to the vegetation covering ratio of 31.8%
determined by Demir and Ersoy Mirici (2020) using
GIS. The C factor distribution map of the watershed
is given in Fig 9. The C factor value in the watershed
varied between 0.103 and 1. The Capakcur watershed
has a very low topsoil coverage. The proportionality of
forest, pasture, and agricultural lands resulted in a
high average C factor (Cmean: 0.55). This average
ratio was estimated to be 0.1043 in the European
Union (Panagos et al., 2015). To reduce the erosion
power of the C factor in the basin, it is necessary to
make afforestation and soil conservation practices,
especially in uncovered areas, and agricultural lands
without tillage. Soil protection management practices
(reduced/ no-tillage, use of cover plants, and plant
residues) have been reported to reduce the C factor by
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an average of 19.1% in farming areas (Panagos et al.,
2015).
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Figure 9. C factor map of Capakcur watershed
Sekil 9. Capak¢ur havzasi C faktorii haritasi
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In the Capakcur watershed, an improvement (erosion
prevention and soil protection) study was carried out
by GDF in 2015. In this context, soil conservation and
erosion control (terrace, wire mesh) studies were
carried out on a 506.9-hectare section. Accordingly,
the P factor distribution map of the watershed was
prepared (Fig 10). The P factor value in the Capakcur
watershed varied between 0.4 and 1.
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Figure 10. P factor map of Capakcur watershed
Sekil 10. Capak¢ur havzasi P faktorii haritasi
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The RUSLE soil loss (A) prediction map of the
Capakcur watershed was produced by multiplying the
R, K, C, LS, and P factors in the GIS environment.
The distribution map of the estimated soil loss
(ton.hal.yr!) from the watershed is given in Figure
11.

The estimated soil loss in 66.14% of the Capakcur
watershed was lower than 5 ton.hal.yr! (Figure 11).
This 1s a low value according to the erosion
susceptibility classification system. The occurrence of
low soil loss in approximately 2/3 of the watershed is
important in terms of soil management practices. The
estimated soil loss in 14.73% of the area was 5-12
ton.halyr! (low). In the 7.2% area where moderate
soil loss occurred, the estimated soil loss was between
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12 and 25 ton.ha-1.yr-1. The estimated soil loss in an
area of 682.53 ha where soil loss was classified as
"high" was 25-60 ton.hal.yrl. More than 60 tons.ha
Lyr1 land loss occurs in an area of 456.77 ha in the
watershed where land losses are estimated as
"severe" or "very high". According to these data, the
total yearly soil loss from the watershed was found to
be 96,915.20 tons. The average annual amount of soil
loss per unit area from the watershed was determined
to be 10.14 tons.ha-1. Every year, 642 million tons of
soil erosion as a result of water erosion are displaced
in Turkey. This value corresponds to an average of
8.24 tons of land per hectare (Erpul et al., 2018). The
annual soil loss calculated in the Capakcur watershed
is 18.77% higher than the average of Turkey. In the
Firat-Dicle main basin, where the Capakcur
watershed 1s located as a sub-basin, the annual soil
loss is 4.9 million tons.yr'l. Thus, annual soil loss in
the Capakcur watershed is higher than the loss of
both Turkey and the Firat-Dicle main basin.
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Figure 11. Erosion severity and soil loss map of
Capakcur watershed
Capake¢ur havzasinin erozyon gsiddeti
vetoprak kaybi haritasi
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Sekil 11.

Sediment Yield in Capakcur Stream

The Capakcur stream, which is formed by the
combination of streams and runoff waters in the
Capakcur watershed, passes through the Bingdl
province center and flows into the Murat River. At
the exit point of the watershed, the sediment
concentration was determined periodically by
sampling water from the Capakcur stream monthly
during 2019. Also, the flow rate of the Capakcur
stream was measured and the sediment load was
determined using the equations (Fig. 12). The
sediment concentration in the measurements made in
Capakcur stream varied between 0.39 and 1.53 gr.L.
However, the flow rate varied between 0.71 and 3.2
m3.s. The monthly sediment amount delivered from
the entire watershed varied between 769.82 and
11,540.36 tons. Total amount of soil lost due to the
annual sediment carried from the watershed was
68,656.09 tons. In other words, the average amount of

4041
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soil lost due to the sediment carried in the Capakcur
watershed was 7.18 ton.ha.yr! (Fig. 13).
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Figure 12. Monthly average sediment load and flow
rate CS

Sekil 12. Capak¢ur ¢ayinin aylik ortalama sediment
ylikii ve debi miktari
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Figure 13. Amount of soil transported from Capakcur
stream
Sekil 13. Capakcur ¢ayindan tasinan toprak miktari

In the present study, although sediment and flow rate
measurements were carried out 3 times a month in
the Capakcur stream, the data obtained may not
reflect the actual results. On the other hand, the
widely used sampling method is restrictive for spatial
and temporal measurement of sediment and causes a
heavy workload. These limitations and technological
advances have led to methods that rely on sound or
light travel in water. Therefore, measurements must
be made continuously and instantaneously.
Accordingly, it is necessary to use digital technologies
in sediment and flow measurements in rivers in
recent years (Meral et al., 2018). However, the
measurements made in the present study (36
measurements/year) were predicted to be close to the
actual result.

Sediment Delivery Ratio (SDR)

The sediment delivery rate (SDR) was directly
calculated wusing the measurements made in
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Capakcur stream and the estimated amount of soil
loss in the watershed. The estimated amount of soil
loss in the study was 96,915.20 tons.yr! while the
amount of sediment carried by the Capakcur stream
was 68 656.09 tons. yrl. According to these values,
70.81% of the estimated soil loss in the Capakcur
watershed was realized as the net erosion. Therefore,
SDR in the Capakcur watershed was determined to
be 0.78. In the watershed where the summer months
are arid, total annual precipitation is much lower
than total evaporation. This increases the
susceptibility of soils to erosion along with the
wetting-drying process. The amount of moisture
contained in pre-rainfall soils has an effect on the
SDR variability (Santos et al., 2017). Also, it is
effective on SDR in case of land use (agriculture,
forest, pasture, etc.) (Pmnar et al., 2020). Of the
erosion in Turkey, 53.66% occurs in pastures, 38.71%
in agricultural areas, and 4.17% in forest areas. It has
been reported that 47.55% topography, 34.82%

vegetation, 14.26% rainfall, and 3.36% soil factors
had an effect on vegetation in Turkey. However, SDR
has been reported to be 0.24 SDR in Turkey (Erpul et
al., 2018). This ratio is considerably lower than the
SDR determined in the Capakcur watershed. This
requires effective planning of soil protection practices
in the Capakcur watershed. The higher SDR is

attributable to the above-average rainfall in certain
months in 2019 in addition to the high annual rainfall
in the watershed. The amount of rainfall in the
Capakcur watershed in 2019 was the highest in
January and April (212.6 mm and 183 mm,
respectively). During these months, the flow rate and
sediment concentration in the Capakcur stream
increased compared to other months. This shows that
the ratio of rainfall to runoff is high in this
watershed. The dominance of the R factor, i.e. rainfall
over the erosion severity in the watershed and the
fact that a large part of the watershed has a slope of
40% or more increases the surface flow rate. Dogan
Demir ve Demir (2016) have reported that there was
a linear relationship between the amount of rainfall
and the amount of sediment carried in the Palu
watershed, which also includes the Capakcur
watershed. The sediment delivery rate is affected by
many highly variable physical properties of a
watershed. It varies according to the drainage area,
slope, relief-to-length ratio, flow-precipitation factors,
land use/land cover, sediment particle size, etc.
(Ouyang and Bartholic, 1997). The excess of steep
slopes in the Capakcur watershed limited the
accumulation of eroded soils, transmitting the vast
majority to the Capakcur stream through gulleys
(Figure 14).

Figure 14. The detachment area and Deposition area as a result of severe erosion in the Capakcur watershed, a
large part of which is bare area, and high sediment concentration in the Capakcur stream due to the

high SDR.

Sekil 14. Biiyiik bir kismi ¢iplak alan olan Capakg¢ur havzasindaki siddetli erozyon ve yiliksek SDR nedeniyle
Capakgur deresinde yliksek sediment konsantrasyonu sonucu olusan tasinma alani ve ¢okelme alani.

One of the most important reasons for the high
annual soil cup and SDR in the Capakcur watershed
is the current land use status of the watershed. The
land-use case has significant effects on erosion
(Sharma et al., 2011). Bare areas without vegetation
constitute a large part of the watershed area. The
vulnerability of soil aggregates in these areas to the
crushing effect of rain increases the potential for
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erosion. Many studies have shown that land cover
reduces erosion and increases the physicochemical
properties of the soil (Wijitkosum, 2012;
Alkharabsheh et al., 2013; Zaimes et al., 2017). In the
present study, the effect of different land use on the
aggregate stability of soils in the Capakcur watershed
was evaluated (Table 5).
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Table 5. Effect of land use-cover on agregat stability

Cizelge 6. Arazi kullanim ortiisiiniin agrega stabilitesi tizerindeki etkisi

Land Use N Mean+SD

Barren are soils (BAS) 290 40.82+18.3b
Degraded Forest Soils (DFS) 103 35.32+18.6b
Forest Soils (FS) 19 58.41+8.89a*
Agriculture and Pasture Soils (APS) 15 32.12+14.98b

*(p<0.05)

The results showed that the land use or land cover
has a statistically significant effect on the aggregate
stability of soils. In soil sampling from areas with
fertile forest cover (FC), the average AS was
determined to be 58.41%. On the other hand, AS
values of BAS, DFS, and APS areas were found in the
same group and lower. It is also difficult to obtain a
consistent correlation between aggregate stability and
other important soil properties such as soil erosion or
scaling potential. However, it affects the movement
and storage of aggregates and the soil pore structure,
the course of erosion, and Dbiological activity
(Amezketa, 1999). Numerous studies reported close
relationships between AS and soil erosion. In these
studies, it has been reported that soil erosion
decreased with the increase in AS (Shainberg et al.,
1992; Le Bissonnais, 1996). This indicates that land
use or land cover has a direct or indirect effect on
erosion. Performing afforestation activities especially
in bare areas in the Capakcur watershed and
increasing the vegetation rate will both improve soil
properties and reduce the severity of erosion.

CONCLUSIONS AND SUGGESTIONS

The Capakcur watershed has a high erosion capacity
due to 1its topographic structure, agricultural
activities (grazing, tillage etc.), vegetation, and
precipitation regime. The Capakcur watershed had a
high  erosion-generating  capacity after the
rehabilitation studies. Annual total erosion occurring
in the watershed was 10.14 tons.hal which is
considerably higher than the average (8.24 tons.ha'l)
of Turkey and the Euphrates and Tigris basins (9.1
tons/ha). The results showed that 19.09% of the basin
area was exposed to soil loss of 12 tons.ha! or higher.
This value is high in spite of some soil conservation
practices (terrace, wire mesh, stone wall over the
gully, etc.) carried out in the watershed in 2015. The
high slope and length of the slope in the watershed,
the low vegetation closure ratio on the ground, and
the fact that rainfall is an effective factor cause high
erosion and sediment delivery ratios. Here, it is
necessary to increase the ratio of the cover and
management factor in the watershed within the scope
of effective combat against erosion. It is difficult to
stop the severity and magnitude of soil erosion.
However, it can be reduced by proper land use
management and adequate support practices to

protect the fertile topsoill in the watershed.
Institutions authorized in this regard prioritize these
areas on the soil loss map in soil conservation studies.
On the other hand, the equations and estimation
methods used to determine the net erosion in the
watershed are undoubtedly very useful. However,
using technologies (acoustic and laser beam) in which
sediment transported from the watershed in
territorial waters can be measured instantaneously
and continuously will contribute to the fight against
erosion in a more effective way. Because instant data
obtained by the use of these technologies allows the
continuous updating of soil management strategies.
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ABSTRACT
In this study, effects of blue and black polyethylene mulches used

Biosystem Engineering

together with drip irrigation on yield of Yagmur cucumber cultivar Research Article

were investigated under greenhouse conditions and mulching

treatments were compared with unmulched drip irrigation Article History
treatments. Experiments were conducted in a polycarbonate Received 1 18.01.2022
greenhouse in Kayseri province of Turkey in 2019. Throughout the Accepted 1 05.04.2022
growing season, 655 mm irrigation water was applied in drip+mulch

treatments and 776 mm in unmulched drip irrigation treatments. Keywords

Although 16% less water was applied in drip+mulch treatments, 37% Cucumber

more yield was obtained from drip+blue mulch treatments and 34% Mulch

more from drip+black mulch treatments. The highest cucumber Yield

yields per decare (12296.7 and 11783.6 kg) were respectively Weed

obtained from drip+blue mulch and drip+black mulch treatments
and the lowest (7771 kg) from unmulched drip irrigation treatments.
The highest weed dry biomass (88.42 g m-2) was obtained from
unmulched drip irrigation treatments. While the effects of mulching
treatments on weed biomass were found to be significant as
compared to unmulched treatments, blue and black mulches were
not significantly different.

Farkli Renklerdeki Polietilen Malglarin Serada Hiyar Yetistiriciligi Uzerine Etkileri

OZET

Bu ¢alismada damla sulama ile kullanilan mavi ve siyah polietilen

Biyosistem Miihendisligi

malglarin Yagmur sirik hiyar cesidinin verimi tUzerine etkileri Aragtirma Makalesi
arastirillmig, malgsiz damla sulama konular1 ile kiyaslanmigtir. Makale Tarihcesi
Deneme Kayseri iklim sartlarinda, 2019 yilinda polikarbon serada Gal' a’I? .ahr'l ge.si 1.9029
yurttulmustir. Mevsimlik su uygulamalari mal¢chh ve malgsiz Kegs 1;“‘ }11 ) 085'00 . 20022
konularda sirasiyla 655 ve 776 mm olarak ol¢ulmugstir. Damla coul Lol U0
sulama+malgli konulara VEI.‘.llen sulama suyu miktarlari malgsiz Anahtar Kelimeler
damla sulama konusuna gore yaklasik %16 daha az olmasina Hiyar
ragmen verim degerleri damla sulama+mavi mal¢ konusunda %37, Mal

. . alg
damla sulama+siyah mal¢ konusunda ise %34 daha fazla Verim
bulunmustur. En yiksek dekara hiyar meyve verimleri mavi ve Yabanec: ot

siyah mal¢ konularinda sirasiyla 12296.7 ve 11783,6 kg, en az ise
7771 kg ile malgsiz damla sulama konusundadir. Calismada en
yiksek yabanci ot kuru biyomasi malgsiz damla sulama yapilan
parsellerden 88.42 g m-2) elde edilmistir. Mal¢ uygulamalarin
yabanci ot biyomasina etkileri malgsiz konuya gore istatistiki olarak
onemli iken, malch konular kendi arasinda istatistiki olarak farkl
bulunmamagtir.
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INTRODUCTION

Vegetables play a key role in human diets. Therefore,
humans should consume vegetables regularly for a
healthy life. Cucumber is highly rich in iron and
calcium minerals and vitamins A, B, C and K. With a
rich vitamin B content, it helps to protect emotional
and mental health. About 95% of cucumber is
composed of water, so it helps to remove toxins from
the body easily. It relieves bad breath, moisturizes
the body, and meets most of the daily vitamin needs.
It is beneficial against high blood pressure. It has
diuretic and laxative characteristics. It regulates
blood pressure. It is highly rich in fiber. It prevents
indigestion by contributing to the digestive system. It
is also a good tonic for liver, kidneys and gall bladder
(Salk et al., 2008).

Cucumber is among widely produced vegetables in
the world and in Turkey. With about 88 million tons
of annual production in 2019, cucumber was ranked
as the 5th vegetable in the world (Anonymous,
2021a). In Turkey, annual cucumber production was 1
886 239 tons in 2020 and with this value, it is the
third vegetable produced after tomato and
watermelon (Anonymous, 2021b).

The increase in crop production is affected by three
basic components: climate, soil and plant. There are
other yield-increasing measures such as irrigation,
good quality seeds, plant nutrition, pests and disease
control and cultural practices (Delibag, 1994).
However, the role of irrigation in increasing yields is
quite different as compared to others. Irrigation not
only ensures yield increase, but also facilitates the
effect of other agronomic practices on yield levels. For
instance, expected yield increase with good quality
seeds and fertilization can only be achieved if the
proper irrigation was practiced (Delibas, 1994).
Today, pressurized irrigation methods are known as
modern methods. Among the modern irrigation
methods, drip irrigation offers both high irrigation
efficiency and greater yield levels. In this method,
supplementary mulch treatments are applied to
increase water use efficiency, for weed control and
ultimately to increase yields (Gercek et al., 2017).

Mulch is an organic material such as straw, hay,
sawdust, or an inorganic material such as plastic that
covers the soil surface. Mulches prevent evaporation
of irrigation water from the soil, thus increase
irrigation water use efficiency and provide a constant
moisture level around field capacity within the
rootzone. Mulch also prevents weed development.
Dark and dull-colored mulches generate a physical
barrier over the soil surface, prevent intrusion of light
into the soil, thus prevent germination and
emergence of weeds (Jabran, 2019). Weeds often
compete with the main plant and accelerate
consumption of available plant nutrients and
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available soil water. Growers generally use agro-
chemicals and hoeing for weed control. Chemical
control increases production inputs and missuses
often cause serious damage to environment, soil, and
plant, and, therefore, to people.

Mulch covers increase soil temperature, thus have
positive effects on soil microbial activities within the
rootzone and plant growth. Such covers also allow
irrigated farming in places with deficit water
resources and offer a kind of crop insurance. Effects of
plastic mulches of different colors on plants are quite
different. Previous researchers indicated the effects of
colors on yield. It was reported that colored plastic
mulches had different effects based on season,
location, and years (Csizinky et al., 1995). Black-
colored mulches increased soil temperature more in
spring season, white and aluminum-colored mulches
in summer and autumn seasons, thus increased yield
levels (Tarara, 2000). It was reported in a study
conducted on tomato with black, gray, silvery, red,
white mulches that different yield values were
obtained in different seasons (Teasdale and Mohler,
2000).

In a previous study, effects of dark-colored paper
and biodegradable plastic mulches on cucumber yield
were found to be significant as compared to the
control treatment without mulch and it was indicated
that these mulches also prevented weed growth and
development (Happala et al., 2015). Torres-Olivar et
al. (2018) investigated the effects of mulches of
different colors on pickling cucumber yield under field
conditions and the highest yield per plant was
reported as 4.88 kg for silver/black, 4.78 kg for
aluminum/black, 4.51 kg for black, 3.86 kg for
white/black mulches and 2.45 kg for control treatment
without mulching. Researchers reported significantly
greater nutrient concentration, soil temperature,
yield, growth, and gas exchange values for mulching
treatments than for the control treatment.

In this study, effects of blue and black mulches on
yield and irrigation water use of cucumber (cv.
Yagmur) grown in a greenhouse in summer season
were investigated and comparisons were made with
non-mulched drip irrigation method.

MATERIALS and METHODS
Study Area

Present research was carried out in 2019 in an east-
west oriented, Venlo-type, anti-frost and heated
polycarbonate greenhouse (9x18 m) over the
experimental fields of Kayseri University Safiye
Cikrikgioglu Vocational Collage.

Central Anatolian climate with cold and snowy
winters and hot and dry summers is dominant in the
region. Greenhouse indoor average temperature and
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relative humidity values are provided in Table 1.
Average temperatures varied between 13.3 - 24.7 °C
and the relative humidity between 50 - 73%. Soil
samples were taken from 0 - 30 cm soil profile. Soil

analyses revealed that greenhouse soils were loamy
in texture, unsaline, slightly alkaline in pH, moderate
in organic matter and lime content and sufficient in
available phosphorus and potassium (Table 2).

Table 1. Greenhouse indoor temperature and relative humidity values

Cizelge 1. Sera i¢i ortalama sicaklik ve nispi nem degerleri

Months(Aylar) March(Mart) | April(Nisan) | May(Mayis) | June(Haziran) | July(Temmuz)
Relative humidity, % 73 67 58 55 50
Temperature, °C 13.3 15.6 20.6 23.2 24.7

Table 2. Some physical and chemical properties of greenhouse soil
Cizelge 2. Sera topragi bazi kimyasal ve fiziksel degerler

Depth, cm Texture pH OM, % Lime, % EC Available, kg da’l
Derinlik, cm Biinye Kirec, % (dS m) K20 P05 N
0-30 Loamy 7.79 3.17 7.31 0.85 21.56 42.81 16.25
Om: Organic material, EC: Electrical conductivity
Plant material and method IWUE=Y/1 (1)

The F1 hybrid Yagmur pole cucumber cultivar was
used as the plant material of the study. Ready-to-
plant seedlings with 4-5 true leaves were used in
present experiments. The cultivar has a strong
structure, medium-long internodes, medium-sized
leaves, 2-4 fruits in mid-early node, long fruit stalk
(12-14 cm) and strong root structure. Fruits have
bright green color, long shelf-life, and good aroma.
The cultivar is suitable for winter-early spring
greenhouse cultivation. It is a variety with suitable,
high yielding, strong root structure. When the
seedlings had four true-leaves, they were planted on
25.03.2019 in a 90*50*50 cm double-row planting in
the north-south direction with 24 plants in each plot.
Along with planting, 10 mm initial water was applied
to all treatments at one day intervals, and then
irrigation treatments were initiated. The first harvest
was performed on 30.04.2019 and the last on
26.07.2019. A total of 31 harvests were made.
Cucumbers harvested from each plant were counted
and the number of fruits per plant and square meter
were determined. Fruits were weighed and yield per
plant and decare were calculated.

Experimental treatments included unmulched drip
irrigation, drip irrigation+ black polyethylene mulch
and drip irrigationtblue polyethylene mulch.
Experiments were conducted in randomized blocks
design with three replications. In all treatments, two
drip lines were placed between two rows (Figure 1).

In drip irrigation+mulch treatments, drip lines were
lied over the ground and blue or black polyethylene
mulches were placed on top of them. Considering the
changes in soil moisture content, irrigation interval
was selected as 7 days for drip irrigation + mulch and
4 days for unmulched drip irrigation treatments.
Irrigation water is passed through water meters.
Irrigation water use efficiency IWUE) was calculated
with the use of Equation 1.
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Figure 1. Experimental setup
Sekil 1. Deney diizeni

Where; Y: yield per hectare (kg), I: Amount of
irrigation water applied throughout the growing
season (mm).

Weed detection as performed from two different parts
of each plot with the use of 0.25 m2 (0.5 m X 0.5 m)
frames. Following the identification of weed coverage
(%) and the number of species, the weeds in the frame
were cut from the ground surface and placed into
paper bags. Freshly weighed weeds were then dried
in an oven at 70 °C for 72 hours to get dry biomass
(Isik et al., 2009).

Statistical Analysis

Experimental data were subjected to analysis of
variance in accordance with randomized blocks design
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with the use of SPSS (10.0 for Windows) statistical
software. Significant means were compared with the
use of LSD test at 0.05 significance level.kale metni.
Makale metni. Makale metni. Makale metni. Makale
metni. Makale metni. Makale metni. Makale metni.
[Century12 regular].

RESULTS AND DISCUSSION

Experimental results were provided in Table 3. The

highest yields were obtained from drip irrigation +
blue mulch and drip irrigationtblack mulch
treatments, respectively, and the lowest yields were
obtained from unmulched drip irrigation treatments.
In terms of yield per decare and per plant, number of
fruits per plant and per square meter, significant
differences were not seen between blue and black
mulch, but there were significant differences between
mulching and unmulched treatments.

Table 3. Yield and irrigation water use efficiency of experimental treatments (mean + SE)
Cizelge 3. Uygulamalardaki verim ve su kullanim etkinligi degerleri (ortalama + SE)

Treatments Yield per Yield per wunit Yield per Number of Number of IWUE
Uygulamalar plant, kg  area, kg m?2 decare, kg da! fruits  per fruits per unit (kghalmm)

Bitki Metrekareye Dekara verim, plant area, fruit m=2

basina verim, kg m2 Kgdal Bitki bagina Metrekareye

verim, kg meyve meyve sayisl

sayis1

Drip+blue mulch 4.282* 12.22a 122972 46.002 131.42a 187.73
Damla+mavi malg (£0.45) (+1.30) (+1300.3) (+3.65) (x13.31) ’
Drip+black mulch 4.122 11.782 117842 45.162 129.022 179.90
Damla+siyah malg (x0.39) (*1.12) (£1124.8) (£1.811) (5.17) :
Unmulched drip 2.72b 7.77° 7771b 31.33b 89.51P 100.14
Malgsiz damla (+0.38) (*1.09) (£1094.3) (+4.12) (*11.79) :

*: significant at 0.05 level

Throughout the growing season, 16 irrigations were
practiced in drip irrigation+mulch treatments and
subjects and 29 irrigations were practiced in
unmulched drip irrigation treatments. Again,
throughout the growing season, 655 mm water was
applied in drip irrigation+mulch treatments and 776
mm water was applied in unmulched drip irrigation
treatments. The highest yield per decare (12296.7 kg)
was obtained from drip irrigation+blue mulch
treatments and the lowest yield (7771.0 kg) was
obtained from unmulched drip irrigation treatments.
The difference is 4525.7 kg, and 37% more yield was
obtained from drip irrigation+blue mulch treatments.
As compared to unmulched drip irrigation
treatments, 34% more yield was obtained from drip
irrigation+black mulch treatments. Similar findings
were obtained for the other yield components (Table
3).

Irrigation water use efficiency IWUE) indicates the
amount of yield obtained per unit of irrigation water.
Higher values indicate more efficient use of irrigation
water and greater yield levels. The highest irrigation
water usage efficiency values were obtained from drip
irrigationtblue mulch treatments and the least from
unmulched drip irrigation treatments. Present
findings revealed that drip irrigation + mulch
treatments were more effective in terms of yield and
irrigation water use efficiency as compared to
unmulched drip irrigation treatments in cucumber
cultivation in greenhouses. It was indicated in a study
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(Diaz-Pérez and Batal., 2002) that yield, and water
use efficiency of cucumber grown in field conditions
was higher in drip irrigation+black mulch treatments
than in unmulched drip irrigation treatments and
yield increase was attributed to mulching treatments.
In another study comparing unmulched drip
irrigation and drip irrigation+mulch (black and
transparent) treatments, the highest yield was
obtained from drip irrigation+black mulch treatments
(Spizewski et al., 2010). Similarly, Yaghi et al. (2013)
investigated the effects of different mulches on
cucumber yield and obtained the greatest yield from
black plastic mulch treatments. In a study carried out
on eggplant under greenhouse conditions, the highest
yield values (115 and 107 t ha-1) were respectively
obtained from black and blue mulch treatments
(Gercek and Demirkaya, 2020). In another study
investigating the effect of black and blue mulches on
two different pepper varieties under greenhouse
conditions, the highest yields were obtained from blue
mulching treatments and there was no significant
difference between blue and black mulches (Gercek
and Demirkaya, 2021). Present findings comply with
those earlier ones. In general, it can be concluded that
use of mulch together with drip irrigation was a
measure to increase the yield of cucumbers. In
addition, since black mulches prevent weeds and
increase soil temperature, it can easily be used in
cucumber cultivation.

Weed species encountered in experimental plots and
weed densities are given in Table 4.
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Table 4. Weeds encountered and densities
Cizelge 4. Yabanci otlar ve yogunluklari

Weeds
Yabanci otlar

Portulaca oleracea L.

Poa annua L.

Tribulus terrestris L.
Digitaria sanguinalis (L.) Scop.
Amaranthus retroflexus L.
Chenopodium album L.
Polygonum aviculare L.
Seteria viridis (L.) P.Beauv
Atriplex patula L.
Convolvulus arvensis L.
Heliotropium europaeum L.
Solanum nigrum L.
Stellaria media (L.) Vill
Lactuca serriola L.

Crepis macropus Boiss.
Toplam

Density, crop m==2
Yogunluk, bitki m2

04.07.2019 23.08.2019
16.8 4.2
12.4 5.2
7.2 3.4
6.5 4.4
6.0 3.4
5.2 2.1
3.6 0.8
3.4 4.2
3.4 -
2.6 0.3
1.0 0.8
0.8 0.6
0.4 -
0.3
0.2 -
69.8 29.4

The most common weed species encountered in the
experimental plots were Portulaca oleracea L., Poa
annua L. Tribulus terrestris L., Digitaria sanguinalis
(L) Scop. Amaranthus retroflexus L. and
Chenopodium album L. All these weeds are also
common in the other summer crops of the region
(Ozdemir and Isik 2000; Mennan et al. 2009).
Especially weeds such as P. oleracea, A. retroflexus,
C. album and Seteria spp were reported in previous
studies on different crops cultivated in Turkey
(Ozdemir and Isik 2000; Mennan et al. 2009; Akca
and Isik 2016).

Weed fresh and dry weights and cover ratios of
experimental treatments are provided Table 5. Weed

population and biomass were significantly affected by
the experimental treatments. As seen in Table 5,
weeds formed biomass only in unmulched drip
irrigation plots. In drip irrigationtmulch treatments,
quite a small amount of weed growth was seen from
holes around seedling bottoms. In terms of weed
biomass, there was no significant difference between
black and blue mulches (p<0.05). Mulching prevents
weed growth by both blocking light intrusion and
creating a physical barrier (Jabran, 2019). Previous
researchers also pointed out weed growth-inhibition
effect of plastic mulches (Teasdale and Mohler 2000;
Ramakrishna 2006; Rajablariani et al. 2012).

Table 5. Effects of experimental treatments on weed biomass and cover ratios (mean + SE)
Cizelge 5. Uygulamalardaki yabanci ot agirliklari ve alani kaplama oranlari (ortalama + SE)

Treatments
Uygulamalar

Weed fresh weight, g m=2
Yabanci ot yas agirlig,
g m?
Unmulched drip o
Malgsiz damla 842.542* (+20.11)
Drip+tblack mulch
Damla+siyah malg
Drip+blue mulch
Damla+mavi malg

52.59b (+£6.40)

43.04b (+1.87)

Cover Ratio, %
Kaplama orani, %

Weed dry weight, g m2
Yabanci ot kuru agirhig,
g m>

88.422 (+2.69) 95
5.08b (+0.13) <1
3.04b(+0.19) <1

*: gignificant at 0.05 level.

CONCLUSION

It was concluded based on present findings that in
cucumber cultivation under greenhouse conditions,
mulching treatments applied together with drip
irrigation significantly prevented weed growth, thus
offered significant savings of resources and labour for
weed control; increased irrigation water use efficiency
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thus offered greater quantity of production.
Therefore, blue, and black mulches could reliably be
recommended for greenhouse cucumber cultivation.
On the other hand, measures to be taken to increase
yields in open fields are highly limited because of
unexpected instantaneous changes in climate
parameters frequently encountered in open fields.
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However, climate and plant growth parameters are
continuously monitored and controlled in greenhouse,
such negative effects of instant changes are not
encountered in greenhouses. Mulching treatments are
recommended also for high irrigation water use
efficiencies.
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OZET Zootekni

Bu ¢alisma Kafkas bal arisinin saf yetistirildigi Ardahan ve Artvin

illerinde yurutilmustir. Calismada ariciligin yapisi, sosyo-ekonomik Aragtirma Makalesi
nitelikleri, ar1 hastalik ve zararlilarinin durumu, Kafkas Aris1 Gen

Merkezini tahrip eden sorunlarin belirlenmesi ve ¢6ziim 6nerilerinin Makale Tarihgesi
bulunmasi1 amaclanmigtir. Calisma kapsaminda ana ar1 tretim izni Gelig Tarthi  : 07.03.2022
olan 24 uretici ile yliz ylize gorusllerek anket calismasi yapilmigtir. Kabul Tarihi :16.06.2022

Elde edilen verilere gore aricilarin yas ortalamasinin 52.5 yil, aricihik
deneyimlerinin ortalama 24.3 yil oldugu tespit edilmistir. Ureticilerin
%48.3inlin lise mezunu oldugu, %35.6’s1n1n asil mesleginin aricilik

Anahtar Kelimeler
Kafkas aris1

oldugu, %46.1’inin arili kovan alarak ariciliga bagladigi, %83,6’sinin Gen Merkezi
ana ar1 Uretiminden memnun oldugu, %79unun kolonilerinin Aricilik
damizlik ana arisini gen merkezlerinden temin ettigi ve %100 inlin Ardahan
Melez Kafkas Arisi ile caligtigl tespit edilmistir. Ureticilerin %46.1°1 Artvin

bélgenin izole bolge kapsaminda oldugu, %72.8'1 Kafkas Arilarinin
korunmasi i¢in tedbirlerin alinmadigini, %63.3’0 kagak olarak bolgeye
gezginci aricilarin geldigini, %76.6’s1 Gen Merkezinin korunmasi i¢in
bélgeye kagak giriglerin engellenmesi gerektigini bildirmiglerdir.

ABSTRACT

This study was carried out in Ardahan and Artvin cities where
Caucasian honeybees were purely bred. In this study, it was aimed to
determine the structure of beekeeping, socio-economic quantity, the
status of bee diseases and pests, the problems that destroy the

Caucasian Honey Bee (Apis mellifera caucasia) Factors Causing Deterioration of the Gene Center and
Suggestions for Solutions

Animal Breeding

Research Article
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Caucasian Bees Gene Center and to offer some solutions. Within the Received - 07.03.2022
scope of this study, a questionnaire was carried out face to face with Accepted ©16.06.2022
24 beekeepers who have permissions to produce queen bee. According

Keywords

to the obtained data, it has been determined that the mean age of
beekeepers i1s 52.5, their mean experience 1s 24.3 years. 48.3% of the
breeders were graduated from high school, the main job of 35.6% of

Caucasian Bee
Gene Center

breeders is beekeeping, 46.1% of them started to beekeeping via Eegk}elplng
buying hive with honeybees, 83.6% of breeders are pleased with queen Art ahan
rtvin

producing, 79% of them maintain the queens from gene centers and,
100% of breeders were determined to study with cross breed
Caucasian Bees. 46.1% of breeders believe that the region is isolated
from the other honeybee species, 72.8% of beekeepers reported that
precautions were not taken to protect Caucasian bees. 63.3% of them
reported that migratory beekeepers came to the region illegally, 76.6%
of them reported that illegal entry to the region should be prevented
to protect the Gene Center.
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GIRIS

Turkiye’'de aricilik, ¢ok eski yillardan beri bir gelenek
olarak yapilan sosyo-ekonomik bir faaliyettir. Ulkemiz
sahip oldugu uygun ekoloji, zengin bitki floras1 ve
koloni varligi bakimindan aricilik agisindan iyi bir
potansiyele sahiptir (Sahinler ve Giil, 2003). Yapilan
calismalara goére, Avrupa’da bulunan 11.500 cicekli
bitki tiirtiniin 9.000’e yakini tulkemizde bulunmaktadir
(Ceylan, 2004; Firath ve ark., 2005). Sahip oldugu bu
avantajlar nedeniyle aricilik yurdumuzun her yerine
yayllmis bulunmaktadir (Balci, 1988).

Turkiye’de saf olarak Ardahan ve Artvin illerinde
olmak tizere yakin gevrelerindeki diger il ve ilgelerinde
de Kafkas ana arilar1 tretilmekte ve tretimde
kullanilmaktadir. Bu iller arasinda Ardahan ve
Artvin, Kafkas arilari i¢in izole bélgeler olup yabanci
aricilarin girigsine kapatilmistir. Kafkas arisi tilkemiz
icin 6nemli bir ar1 genotipi olup, Tarim ve Orman
Bakanlhiginca uretim izni verilen yerli
wklarimizdandir. Kafkasya veya Kafkasya iklimine
yakin boélgelerde Kafkas arisindan Ustiin verimler
alinabilmektedir. Bu sebeple bu bélgelerde ana arinin
uretimi ve diger bolgelere génderilmesinin yaninda bu
alanda Kafkas irkin1 korunmasi i¢in de c¢alismalar
yapilmaktadir. Ancak buylik bir cografya olmasi
sebebi ile zaman zaman sikintilar yaganabilmektedir.
Bolgede ana ar1 iretimi yaninda saf irkin korunmasi
icin yapilan calismalar Ardahan ve Artvin illerinde
yogunlagmaktadir. Ardahan ve Artvin illeri, dinyada

taniml1 d6rt verimli ar1 irkindan biri olan Kafkas ar1
irkinin gen merkezleri arasinda ilk sirayr almasi
sebebiyle Tirkiye ariciliginda 6zel bir yere sahiptir.
Bunun yam1 sira Ardahan ili, sanayilesmeden
etkilenmemisg, nifus yogunlugu az ve el degmemis
cografyasiyla verimli Kafkas ari irkinin kaliteli bal
uretebilmesi i¢in uygun bir bitki értiisiine sahiptir.

FAO'nun 2021 verilerine gore 13 milyon adet koloni ile
Hindistan ilk sirada yer alirken, 9.7 milyon adet koloni
ile Cin ikinci sirada ve 8.1 milyon adet koloni ile
Tirkiye tigiincii sirada yer almaktadir (FAO, 2021a).
FAO’nun 2021 yili verilerine goére Cin 457.000 ton
uretim ile dinyada en c¢ok bal lreten tilke olup 1.
sirada yer almaktadir. Tiurkiye 114.000 ton ile 2.
sirada yer almakta ve Arjantin ise 79.500 ton ile 3.
sirada yer almaktadir (FAO, 2021b). Kafkas Ar1 Irk:
Gen Merkezi illerinden olan Ardahan’da 2020 yilinda
yaklagsik 52 bin kovandan 1.022 ton bal tretilmis,
Artvin’de ise 86 bin kovandan 1.256 ton bal
tretilmigtir. Kovan bagina bal verimliligi bu iki ilde 15
ve 14.6 kg ile Tirkiye ortalamasimin (14.04 kg) cok
kiiciik bir farkla {izerinde gerceklesmistir (Cizelge 1).

Ardahan’da Ar1 Yetistiricileri Birligime kayith 786
aricihik isletmesi bulunmaktadir (Cizelge 2). Bu
igletmelerin toplam 69.770 adet kayith kovam
bulunmaktadir. Tablo 2’deki verilere bakildiginda
Ardahan’da ariciligin  Merkez, Hanak ve Posof
ilgelerinde yogunlastigi gérilmektedir.

Cizelge 1. Turkiye’nin, Ardahan ve Artvin illerinin kovan sayilar: ve bal tiretim miktarlar: (TUIK, 2020}' '
Table 1. Number of hives and honey production amounts of Ardahan and Artvin provinces in Tiirkiye (TUIK, 2020)

Turkiye Ardahan Artvin

(Turkey) (Ardahan) (Artvin)
Kovan Sayis: (adet) (Hive Number) 8.456.305 52.34 86.328
Bal Uretimi (Ton) (Honey production (Tone)) 96.344 1.022 1.256
Kovan Basina Bal Verimi (Kg) (Honey yield per hive (kg))  11.43 15.0 14.6

Cizelge 2. Ardahan ili ve ilgelerinde koloni ve igletme sayisi (Anonim, 2021)
Table 2. Number of colonies and businesses in Ardahan province and districts (Anonim, 2021)

Tice (District) Kovan sayis1 (Number of hives) Isletme say1s1 (Number of producers)
Merkez (City Center) 21.087 244
Hanak 15.438 166
Posof 15.502 173
Cildar 11.019 119
Gole 4.734 58
Damal 1.990 26
Ardahan Toplami (Ardahan Total) 69.770 786

Kafkas Aris1 dinyada bilinen ve ekonomik degere
sahip dort ar1 irkindan bir tanesidir. Bu irkin
anavatani, Orta Kafkaslarin yiksek vadileridir.
Kafkas Aris; “Hayvan Irklarimin Tesciline Iligkin
Yénetmelik” esaslarina gore hazirlanmis olan Yerli
Hayvan Irk ve Hatlarimin Tescili Hakkinda Teblig
(2004/39) kapsaminda tescil edilmistir.

Tirkiye'nin degisik yerlerinde aragtirmalar yapilarak
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aricilarin sosyo-ekonomik durumu ve ariciligin teknik
ozelliklerinin belirlenmesi amaclanmistir (Sahinler ve
Gul, 2003; Yerlikaya, 2008; Erkan ve Bingol, 2014;
Aydin, 2014; Demen, 2015; Tabur ve Giil, 2019).
Ardahan ve Artvin illeri Tarim ve Orman Bakanlhg
tarafindan 2000 yilinda Kafkas ar1 irki igin gen
merkezi olarak ilan edilmis ve bu sayede bélgelerde
yetigtirilen saf Kafkas ari irki korumaya almigtir.
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Koruma altina alinan Kafkas ar1 irkinin bolge aricilig:
icin 6nemi, korunmasi i¢in nasil tedbirlerin alinmasi
gerektigl ve gen merkezinin bozulmasina neden
olabilecek etmenlerin belirlenmesi i¢in Ardahan’da ar1
ve ana ar1 Ureten igletmeler ile yiiz ylize goriisilerek
bélgenin yapisi, gelecegi, sorunlar: ve bu sorunlarin

¢oziimine yonelik oOnlemlerin tespit edilmesi
amaclanmaktadir.
MATERYAL ve METOD

Calismanin materyalini Kafkas Arisi Gen Merkezi
olan boélgedeki Kafkas irki ana ari tiretim izni alan
isletmeler olusturmaktadir. Artvin ve Ardahan Tarim
ve Orman Bakanhg il mudurlikleri ve An
yetigtiricileri birligi ile igbirligi yapilip aricilarin
listeleri temin edilerek Kafkas irki ana ar1 tretme
iznine sahip olan 39 isletmenin tamamiyla anket
yapilmasi hedeflenmistir. Ancak, 15 tireticinin anket
calismasinin yapildig1 tarihlerde ana ar1 lretimi
yapmadigindan aktif ana ar1 tiretimi yapan 24 tiretici
ile anket calismasi yapilmigtir. Anketlerin tamami
aricilik  igletmelerinde yiz yize gorisilerek
yapilmistir. Anket formlar1 4 ana baghk altinda 59
sorudan olugsmusgtur. Ilk bélimde aricilarin sosyo-
ekonomik nitelikleri, ikinci bélimde ariciligin teknik
ozellikleri, tiginct bolimde ar1 hastalik ve zararhlarin
tegshisinin ve tedavisinin yapilmasi ve dordincu
bolimde ise Kafkas Aris1 Gen Merkezinin bozulmasina
neden olan etmenlerin tespiti ile ilgili sorulara yer
verilmigtir.

Istatistik Analizler
Verilerin analizinde; tureticilerin sorulara vermis
oldugu cevaplara gore tamimlayici istatistikler

(aritmetik ortalama, frekans tablolari, ve yiizde (%)
hesaplamalar1) kullanilmisgtir.

Calismanin yuritilmesi i¢in Hatay Mustafa Kemal
Universitesi Sosyal ve Begeri Bilimler Bilimsel
Aragtirma ve Yayin Etigi Kurulundan 07.04.2022
tarih ve 05/17 sayili yazi ile etik kurul izni alinmastir.

BULGULAR ve TARTISMA

Arastirma bolgesinde treticilere dort béliimde toplam
59 adet soru yoneltilerek bolgenin aricilik yapisi ve
sosyo-ekonomik durumu, ar1 hastalik ve zararh
durumu ile Kafkas Aris1 Gen Merkezinin bozulmasina
neden olan etmenler incelenmistir.

Sosyo-ekonomik Durum

Aragtirmanin bu bélimiinde bélgede ana ar1 tiretim
izni olan igletmelerin sosyo-ekonomik yapilar
incelenmistir. Bu amacla igletmeler koloni sayilarina
gore 3 gruba ayrilmigtir. Aragtirmada; 1-149 adet aras:
koloniye sahip olan igletmeler 1. grup, 150-249 adet
koloniye sahip isletmeler 2. grup, 250 adet ve iizeri
sayida koloniye sahip olan igletmeler ise 3. grup olarak
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belirlenmistir.

Caligsma bolgesindeki aricilarin yas ortalamasinin 52.5
yil ve deneyimlerinin de ortalama 24.3 y1l oldugu tespit
edilmistir (Cizelge 3). Yapilan benzer calismalarda;
Hatay Ilinde aricilarin yas ortalamasinin 44.4 yil ve
deneyimlerinin de 10.5 yil olarak (Sahinler ve Giil,
2003), Usak Ilinde ise iireticilerin yag ortalamasim
53.19 yil, deneyimlerini ise 18.47 yil olarak
bildirilmistir (Tabur ve Giil, 2019). Sonuc olarak tespit
edilen yas ortalamasi1 Hatay ilinden ylksek iken, Ugak
Ili ile birbirine yakin bulunmustur. Elde edilen
deneyim siiresi ise Hatay ve Usak illerinden yiiksek
bulunmustur.

Arastirma boélgesindeki treticilerin yarisina yakininin
(%48.3) lise mezunu oldugu belirlenmistir (Cizelge 3).
Sonuc¢ 1itibariyle tiniversite mezunlarinin aricilik
meslegi tercihinin az oldugu ifade edilebilir. Van Ilinde
yapilan bir calismada aricilarin biiyiik ¢ogunlugunun
(%59.15) ilkokul mezunu oldugu tespit edilmistir
(Erkan ve Bingsl, 2014). Diyarbakir Ilinde yapilan
bagka bir ¢calismada ise aricilarin %60.26’sinmin ilkokul
mezunu oldugu belirtilmistir (Demen, 2015).

Anket c¢alismasina katilan igletmecilerin biytk
cogunlugu (%40.5) ek gelir kaynag1 %19.7’si ise esas
gecim kaynagi oldugu i¢in aricilik yaptigi saptanmigtir
(Cizelge 3). Hatay Ilinde isletmelerin %38,95inin
gecimini saglamak amaciyla, %42.11’inin yan gelir
saglamak amaciyla aricihik yaptigr bildirilmistir
(Sahinler ve Giil, 2003). Tabur ve Giil (2019), Usak
Ilinde isletmelerin biiyiikk cogunlugunun (%55.9) ek
gelir kaynagi oldugu icin, %5.4’inlin ise esas gec¢im
kaynagi oldugu i¢in aricilik yaptiginm tespit etmistir.

Aragtirma bolgesindeki igletmelerin %46.1’inin aril
kovan ve %l6.4unun ogul satin alarak ariciliga
bagladigini, %37.5’inin de baba meslegi oldugu igin
ariciliga basladig1 belirlenmistir (Cizelge 3). Tabur ve
Gul (2019), Usak Ilinde tireticilerin %33.1’1 yeni tip
arili kovan satin alarak, %9.3'4 eski tip arili kovan
satin alarak, %20.6’s1 ogul satin alarak, %21.11 de

baba meslegi oldugu 1i¢in aricihga bagladigim
belirlemigtir.

Anket calismasina katilan arcilarin  buytk
cogunlugunun (%37.5) aricihik hakkindaki bilgi

kaynaklarim1 kursa giderek 6grendigi, %18.90'inin da
diger aricilardan 6grendigi belirlenmistir (Cizelge 3).

Demen (2015), Diyarbakir'daki iireticilerin biiyiik
cogunlugunun aricilik hakkindaki bilgilerini diger
aricilardan  (%47.76) ve kurslardan  (%31.34)
ogrendigini tespit etmistir. Tabur ve Giil (2019), Usak
ilinde ise igletmecilerin %57.4intin aricilik ile ilgili
bilgileri dergi, kitap ve yaymn organlarindan,
%45.2’sinin  de kurs, egitim ve seminerlerden
o6grendigini tespit etmigtir.
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Cizelge 3. Aricilarin sosyo-ekonomik nitelikleri
Table 3. Socio-economic characteristics of beekeepers
1.Grup 2.Grup 3.Grup
(1nd group) (2nd group) (3nd group)

Koloni sayisi:

Koloni sayisi: 150-249 arasi Koloni say1sl’ Ortalama
1-149 aras1 ( 250 ve lizeri (average)
; ber of number of G ber of
numoper o. colonies3 150_ numbper o.
colonies: 1-149) 949) colonies: >250)
Yas (1) (Age (vear)) 18.61 35.79 45.60 52.50
Deneyim (y11)
(experience Cvear))' 8.12 18.18 50.00 24.3
Aricilarin Ilkokul 28.57 18.18 50.00 32.25
egltlm(g‘)‘rumu Ortaokul 14.29 9.09 16.67 13.35
0, .
(educational I?fls‘.g . 57.14 54.55 33.33 48.34
statusof  Universite 0.00 18.18 0.00 6.06
beekeepers (%))
) Ailemin ugras: olmasi 28.57 9.09 0.00 12.55
Ureticilerin Bildisi k i
gim en kazanch is
arcihf yapma o) ey 14.29 0.00 0.00 4.76
amac1 (%) Faz. serma i
. ye ve araziye
(The purpose of  ge. yol 14.29 18.18 16.67 16.38
dorng Esas ge¢im kaynagim 0.00 9.09 50.00 19.70
beekeeping of Ek gelir kaynagim
producers (%)) Dwg ynag 42.86 45.45 33.33 40.55
iger 0.00 18.18 0.00 6.06
Ureticilerin Aril1 kovan satin aldim 42.86 45.45 50.00 46.10
ariciiga Ogul satin aldim 14.29 18.18 16.67 16.38
baglama gekli ..
©6) Baba meslegi
(How producers 42.86 36.36 33.33 37.52
started
beekeeping (%))
Ariciik Aile 28.57 18.18 0.00 15.58
haklanda bilgi - piger aricilardan 14.29 9.09 33.33 18.90
kaynagi (%) Kursa giderek
(Sources of g " o 42.86 36.36 33.33 37.52
information ~ Tanm 1 Mud.  ve 0.00 27.27 16.67 14.65
about Universiteler
beekeeping (%) Kitap ve brogir 14.29 9.09 16.67 13.35
Teknik Ozellikler verilere gore Ardahan ve Artvin illerinde treticilerin

Ureticilerin %71.6’s1 kolonilerini iceride, %23.7’si de
disarida kislatmaktadir (Cizelge 4). Posof ilgesi haric
Ardahan ili ve ilgelerinde olumsuz iklim kogullarindan
dolay1 ireticilerin tamami kolonilerini igeride
kiglatmaktadir. Artvin Ili geneli ve Posof’ta ise 1iman
bir iklime sahip oldugundan aricilar kolonilerini
disarida  kiglatmaktadir. Soguk iklime sahip
bélgelerimizde sabit aricilarin buytik bir ¢ogunlugu
arillarim1  igeride kiglatmakta gezginci aricilarin
tamami ise arilarimi 1liman bdlgelere naklederek
kislatma yapmaktadir (Cengiz ve Yazici, 2018). Hatay
Ili aricilarinin %88.30’u kolonileri digarida kiglattigini
belirtmisken (Sahinler ve Giil, 2003), bu oran Tunceli
ili aricilar: icin %60.8'dir (Yerlikaya, 2008). Elde edilen
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biytk bir kisminin kolonilerini igeride, tilke genelinde
ise buyik oranda aricilarin kolonileri digarida
kislattig1 soylenebilir.

Anket yapilan boélgedeki igletmelerin %93.9'u erken
ilkbahar ve ge¢ sonbaharda kolonilerini gurup ile
besledigi tespit edilmigtir (Cizelge 4). Bu calismaya
benzer olarak Sahinler ve Giil (2003), Hatay Ilinde
aricilardan %601min Subat ayinda, %381inin Mart
ayinda ve %2’sinin ise daha sonraki aylarda besleme
yaptiklarim1  tespit etmiglerdir. Tunceli Ilinde
aricilarin %34.2’sinin Mart ayinda, %59.6’sinin Nisan
ayinda, %6.2’sinin ise Mayis ayinda kolonilere ek
besleme yaptiklarinm belirlemistir (Yerlikaya, 2008).
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Cizelge 4. Isletmecilerin teknik ozellikleri
Table 4. Technical characteristics of producers
1.Grup 2.Grup 3.Grup
(1nd group) (2nd group)  (3nd group)
Koloni
Koloni sayisi:  Koloni sayisi: sayisi: 260  Ortalama
1-149 aras1 150-249 arasi ve lizeri (average)
(number of (number of (number of
colonies: 1- colonies: 150- colonies:
149) 249) >250)
Uygulanan Disarida 28.57 9.09 33.33 23.67
kiglatma iceride 57.14 90.91 66.67 71.57
yontemi (%)
(The applied
wintering method Sundurma altinda digarida 14.29 0.00 0.00 4.76
(%)
Exrk. ilkbahar ve geg
Surupla be(s(;e)me sonbaharda 100.00 81.82 100.00 93.94
zamanl V% ikbaharda arilan gelist. icin 0.00 9.09 0.00 3.03
(The feeding time flora daha £
with syrup (%)) Yaz. yeters. flora daha faz. 0.00 9.09 0.00 303
bal alm.
Ana ar1 degigimi  Evet 100.00 10.00 100.00 100.00
(%)
(queen Hayir 0.00 0.00 0.00 0.00
exchange(%))
Kendim yetigtiriyorum 85.71 36.36 33.33 51.80
Ana ar temini (%) Arici iiret. istas. (Gen
(queen supply (%) merkez) 14.29 63.64 50.00 42.64
Diger ana ar1 ireten igletm. 0.00 0.00 16.67 5.56
‘AI.la ariyl ) 2 yilda bir kez 71.43 81.82 83.33 78.86
deglst“g;;* stiresl 3 (1144 bir kez 0.00 9.09 0.00 3.03
0
(queen _
replacement time Yilda bir 14.29 9.09 16.67 13.35
(%))
Givenlik sorunu  Evet 42.86 45.45 66.67 51.66
(%)
(security Hayir 57.14 54.55 33.33 48.34
problem (%))
Anket ¢alismasina bakildiginda aricilarin tamaminin ariy1 1ki  yilda bir degistirirken, yilda bir

kolonilerinin ana arilarini degistirdigi goriilmektedir
(Cizelge 4). Sahinler ve Gil (2003), Hatay Ilinde
isletmelerin  %65’inin  kolonilerin ana  arisim
degistirdigini belirlemiglerdir. Igletmecilerin %51.8°1
ana ariyl kendisi tiretirken %42.6’s1 Aricilik Uretme
Istasyonundan (Gen Merkezi) temin ettigi, %5.6’s1 da
diger ana ar1 Uretim igletmesinden aldig1 tespit
edilmistir (Cizelge 4). Sahinler ve Giil (2003), Hatay
Ilinde aricilarin %44.21'inin ana ariy1 dogal yolla
kendisi tretip kullandigini, yalmz %14.74Unlin
modern ana ar1 Uretim teknigi ile yetistiricilik yapan
0zel sektorden ana ar1 satin aldigini, %28.42’sinin
kendisi kontrollii olarak urettigini ve %8.42’sinin de
boélgesindeki aricilardan temin ettigini tespit etmisler.

Anket calismasina katilan treticilerin %78.9'u ana

degistirenlerin orani ise %13.3 olarak tespit edilmistir
(Cizelge 4). Tabur ve Giil (2019), Usak Ilinde aricilarin
%30.1'inin ana ariy1 iki yilda bir degistirdigini,
%3.3'intin  her yil degistirdigini, %63.1'inin de
degistirmedigi ve kendilerinin yeniledigini tespit
etmiglerdir. Elde edilen verilere gore igletmelerin
biiyiik bir kisminin (%78.9) koloni ana arisini iki y1lda
bir degistigi gozlenmektedir. Buna goére c¢alisma
bélgesindeki aricilarin ana degisimi konusunda bilinglhi
olduklar: ifade edilebilir. Arastirma bolgesinde anket
calismasina katilan aricilarin %48.34intin herhangi
bir sorun yasamadigi, %51.7’sinin ise gtivenlik sorunu
ile karsilagtigi ve bu sorunlarin can giivenligi ve ay1
tehlikesi vb. oldugu tespit edilmistir (Cizelge 4).
Tunceli illinde yapilmig benzer bir ¢alismada, aricilarin
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%57.3Untn arilarim gotirdukler: yerlerde guvenlik
sorunu ile karsilastiklar: bildirilmistir (Yerlikaya,
2008).

Hastalik ve Zararlilarin Teghisi ve Tedavisi

Anket calismasina katilan isletmelerin %92.2’sinin
erken ilkbahar ve ge¢ sonbaharda hastalik ve zararh
miicadelesi yaptig1 tespit edilmistir (Cizelge 5). Benzer
olarak Van Ilinde isletmelerin %97.14’tniin erken

ilkbahar ve ge¢ sonbaharda hastalik ve zararh
miicadelesini yaptigin saptanmistir (Erkan ve Bingél,
2014). Tabur ve Gil (2019), Usak Ilinde arcilarin
%57.1'inin  hastalik ve zararli miicadelesini erken
ilkbahar ve ge¢ sonbaharda yaptigini tespit
etmiglerdir. Elde edilen sonuclara gore bolge
aricilarinin hastalik ve zararhlari ile miicadele zamani
konusunda bilingli oldugu ifade edilebilir.

Cizelge 5. Aricilarin hastalik ve zararlilar: teshis ve tedavi etmesi durumu
Table 6. Diagnosis and treatment of diseases and pests by beekeepers

1.Grup 2.Grup 3.Grup
(Ind (@nd (3nd
group) group) group)
Koloni Koloni Koloni
sayisi: sayisi: sayisi Ortalam
1-149 150-249 250 ve a
arasi arasi iizeri (average)
(number (number (number
of of of
colonies® colonies®  colonies’
1-149)  150-249)  >250)
Hastalik ve zararh ile Erken  ilkbahar — ve  ge¢ g5y 90.91 100.00 92.21
miicadele zaman1 (%) so'pl?'aha"rda
(Disease and pest control Gortir gormez 14.29 0.00 0.00 4.76
time (%)) Bal hasadindan sonra 0.00 9.09 0.00 3.03
Parazit yokken ilaglama yaparak 42.86 18.18 33.33 31.46
Varroa ile miicadele yontemi o] Qe :
%) P:ramt gorilduginde ilaglama 14.99 54.55 50.00 39.61
(Method of control against yap. T
: Erkek ar gézlerini yok ederek 28.57 18.18 0.00 15.58
Varroa mite (%)) . ..
Strekli ilaglama yaparak 14.29 9.09 16.67 13.35
Amerikan yavru curikligi Evet 71.43 81.82 100.00 84.42
hastalig tespiti (%) Hayir
(Detection of American foul 98.57 18.18 0.00 15.58
Brood (%))
Nosema hastaliginin tespiti Evet 85.71 90.91 100.00 92.21
(%) Hayir
(Detection of Nosema spp. 14.29 9.09 0.00 7.79
(%)
Tecriibeli aricilara 71.43 45.45 66.67 61.18
Ozel veterinerlere 0.00 18.18 16.67 11.62
Hastalik ve zararh kontrol ~ 1la¢ saticilarina 42.86 36.36 50.00 43.07
miiracaat yeri (%) Universitelere 28.57 18.18 33.33 26.70
(Dzseg}se and pest (c;o)zjtrd Tarim il ve ilge miidiirliiklerine 928.57 9.09 33.33 23.67
referral place (% Aricilik ile ilgili kitap, brogiir vb. .00 9.09 0.00 3.03
Herhangi bir yere miracaat — oq 57 9797 0.00 18.61
etmiyorum
Ureticilerin %39.6’s1 parazit gériildiigiinde ilaclama %84.4 gibi buylk bir kismi Amerikan Yavru
yaparak, %31.5’1 parazit yokken ilaglama yaparak, Curuklugu hastaligim tespit ettigi

%151 erkek ar1 gozlerini yok ederek ve %13.4i4 de
siirekli ilaclama yaparak Varroa (Varroa destructor)
akari ile miicadele ettigi tespit edilmistir (Cizelge 5).
Bu galismada anket calismasina katilan aricilarin
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belirlenmistir(Cizelge 5). Isletme gruplar: itibariyle 1.
grubun %711, 2. grubun %81.81 ve 3. grubun ise
%100’iniin Amerikan Yavru Ciirtikligi (Paenibacillus
larvae) hastaliginmi tespit edebildigi saptanmistir
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(Cizelge 5). Elde edilen verilere gore ankete katilan
bélge aricilarinin biytk bir kisminin Amerikan Yavru
Curukligiu Hastaligini tanidig: ifade edilebilir.

Arastirma bolgesindeki aricilarin tamamina yakininin
(%92.2) Nosema (Nosema spp.) hastaligini tamdigl
tespit edilmistir (Cizelge 5). Calisma sonucu elde
edilen verilere gore ankete katilan boélge aricilarinin
buyuk bir kisminin Nosema hastaliginin teghisi
konusunda bilgi sahibi oldugu soylenebilir. Anket
calismasina katilan aricilarin biiyiik bir kismi (%61.2)
ar1 hastalik ve zararhlar ile ilgili tecriibeli aricilara
damgirken, %23.7’si Tarim 11 ve Ilce Miudiirliiklerine
miiracaat etmistir (Cizelge 5). Benzer bir calisma ile
Sahinler ve Giil (2003) Hatay ilinde aricilik
igletmelerinin herhangi bir sorunla karsilagtiklarinda
en fazla Tarim Il ve Ilce Miidirliikklerine miiracaat
ettiklerini tespit etmislerdir (Sahinler ve Giil, 2003).
Aydin (2014), Ardahan ilinde aricilarin %25’inin I1-Tlge

Miudurlikleri, %16’stnin  aricilardan, %7’sinin
Veterinerlerden ve %12’sinin de diger yerlerden
yardim aldiklarini belirtmistir.

Kafkas Aris1 Gen Merkezinin Bozulmasina Neden
Olan Etmenler

Isletmecilerin %46.1’1 bolgenin izole oldugunu, %32.8'1
izole bolge olmadigimi belirtirken, %21.1’inin de tam
izole olmadigini belirttigi tespit edilmistir (Cizelge 6).
Aricilarin %781 damizlik ana ariy1 Gen Merkezinden
temin ederken, %13.3ti Kafkas Ana Ar1 Uretim
Istasyonundan ve %7.8'inin de sertifikali iireticilerden
temin ettigi tespit edilmistir (Cizelge 6). Aydin (2014),
Ardahan ilinde dureticilerin % 45’inin ana ariy1
kendisinin yetistirdigini, % 39unun diger aricilardan
satin aldigini ve % 1'inin de KAGEM’ den satin aldigini
tespit etmistir.

Cizelge 6. Kafkas aris1 gen merkezinin bozulmasina neden olan etmenler
Table 6. Factors causing disruption of Caucasian bee gene center

1.Grup 2.Grup 3.Grup
(1nd group)  (2nd group)  (3nd group)
Koloni IS{aOlOSIi_l Koloni
sayislL: Y18t sayisi: 250  Ortalama
150-249 .
1-149 aras1 ve iizeri (average)
arasi
(number of (number of
o (number of o
colonies’ 1- colonies: colonies:
| 149) 150-249) >250)
Izole bdlge Evet 42.86 45.45 50.00 46.10
kapsamindaki Hayir 28.57 36.36 33.33 32.76
konumu (%)
(Location within the  Tam izole degil 928.57 18.18 16.67 21.14
isolated region (%))
Damaizlik ana ar1 Sertifikali tireticilerden 14.29 9.09 0.00 7.79
. temini (%) Gen merkezlerinden 71.43 81.82 83.33 78.86
Breeder queen Kafkas ana aris1 Gretim
supply (%) istasyont 14.29 9.09 16.67 13.35
Uretimi yapﬂallli ana  Kendim belirliyorum 42.86 63.64 50.00 52.16
armm safly Bakanlik yetkilileri 28.57 27.27 16.67 24.17
derecesini belirleme .7 ol
metodlar (%) Universiteler 0.00 0.00 16.67 5.56
(Methods for
determining the — geytifikals tireticiler 28.57 9.09 16.67 18.11
purity grade of the
_reared queen (%)
Uretimi yapilan ana  Yapilmiyor 42.86 72.73 66.67 60.75
armin kontrol yapan
kurum (%)
(Institution Bakanlik yetkilileri 57.14 217.27 33.33 39.25
controlling the reared
queen (%))
Kafkas arisinin Tedbir alinmamaktadir 71.43 63.64 83.33 72.80
korunmasi icin Ihbar hahnde kontrol 14.99 18.18 16.67 16.38
alinmasi gereken edilmektedir
onlemler (%) Cevap vermeyen 14.29 18.18 0.00 10.82
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(Precautions that
need to be taken to
protect the
Caucasian bee (%))
Ureticilerin melez
Kafkas arisini tespiti
(%)
(Detection of hybrid
caucasian bee by
beekeeper (%))
Melez Kafkas tespiti
sonras1 yapilmasi
gereken (%)
(What does the
beekeeper do after
the hybrid queen
detection? (%))
Bolgeye kacak gelen
gezginci aricilarin
tespiti (%)
(Detection of
beekeepers illegally
entering the 1solated
region (%))
Melezlesmeye neden
olan faktorler (%)
(Birden fazla cevap
verilebilir)

(the reasons for the
hybridization of
queens (%))
(allowing multiple
responses)
Digaridan gelen
arilarin verdigi
zararlar (%)
(damages caused by
illegally entering
bees (%))
(allowing multiple
responses)

Gen merkez. korunm.
igin alinm. gerek.
tedbir (%)
(Measures that must
be taken to protect
the gene center (%))
(allowing multiple
responses)

Evet

Hayir

Ana ariy1 degistiriyorum

Ana ariy1
degistirmiyorum

Evet

Hayir

Gezginci aricl girigleri

Kagak ana ar1 girisi

Melez ogul girisi

Kontrollerin yetersizligi

Irk bozulmasi

Yagmacilik

Verimin diismesi

Bolgeye kacak giris
engellenmelidir
Saf olmayan arilar
kullanilmamalidir

Kontroller artirilmalidir

100.00

0.00

100.00

0.00

42.86

57.14

71.43
57.14

42.86

57.14

100.00

14.29

14.29

57.14

42.86

85.71

100.00

0.00

100.00

0.00

63.64

36.36

72.73
54.55

9.09

45.45

100.00

36.36

27.27

72.73

9.09

45.45

100.00

0.00

100.00

0.00

83.33

16.67

83.33
66.67

0.00

50.00

100.00

16.67

33.33

100.00

66.67

100.00

100.00

0.00

100.00

0.00

63.28

36.72

75.83
59.45

17.32

50.87

100.00

22.44

24.96

76.62

39.54

77.06

Aricilarin %52.1'inin  ana armmin saflik derecesini

tarafindan

kontrolinun

yapildigi

belirlenmigtir

kendisi belirledigi, %24.2’sinin bakanlik yetkililerince
tespit edildigi, %18.1'inin  sertifikali  Ureticiler
tarafindan tespit edildigi, %5.5'inin de universiteler
tarafindan belirlendigi saptanmistir (Cizelge 6).
Aragtirma boélgesindeki igletmelerin %60.8'1 uretilen
damizlik ana arilarin kontroliniin yapilmadig:
belirtilirken, %39.2’sinin ise bakanlik yetkilileri

(Cizelge 6). Arastirma alanindaki iireticilerin %72.8’i
Kafkas Arisinin korunmasi i¢in herhangi bir tedbir
alinmadigim bildirmislerdir (Cizelge 6).

Calisma bolgesindeki iireticilerin tamaminin (%100)

melez Kafkas Arisim1 taniyabildigi ve yine aricilarin
tamaminin (%100) melez Kafkas Arisinin tespitinden
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sonra ana ariy1 degistirdigi belirlenmistir (Cizelge 6).
Ureticilerin = %63.3’i  gezginci aricilarin  bolgeye
geldigini belirtirken, %36.7’s1 ise gezginci aricilarin
gelmedigini belirtmistir (Cizelge 6).

Anket bélgesindeki igsletmelerin %75.81 gezginci arici
girigleri, %59.5’1 kacak ana ar1 girisi, %50.9u yapilan
kontrollerin yetersizligi ve %17.3’intin de melez ogul
girigsinden dolay1 Kafkas Arisinin melezlestigini ifade
etmistir (Cizelge 6). Anket bélgesine kontrolsiiz olarak
diger illerden giren arilarin Kafkas Arisina verdigi
zararlar1  belirlemek amaciyla sorulan soruya
igsletmecilerin %1000 wrkin bozuldugunu, %25’
verimin distigini ve %22.4Untin de yagmaciligin
artmasina sebep oldugunu soylemislerdir (Cizelge 6).
Isletmelerin %77.6’s1 gen merkezinin korunmasi igin
kontrollerin  siklastirilmas:  gerektigini, %76.6’s1
bélgeye kacak giriglerin engellenmesi gerektigini ve
%39.51 de saf olmayan arilarin kullanilmamasi
gerektigini belirtmistir (Cizelge 6).

SONUC ve ONERILER
Mevcut calismanin bulgularn dikkate alinarak,
arastirma bolgesinde ureticilerin  karsilastiklar:

sorunlar ve bu sorunlarin ¢éziimiine yonelik 6neriler
maddeler halinde asagida verilmistir.

1. Bolgeye disaridan ar1 girisleri kontroliniin etkili
bir sekilde yapilmasi, Artvin ve Ardahan
giriglerindeki tim yol giizergahlarina gerekli uyari
tabelalarinin asilmasi gerekmektedir. Belirlenen
kural ve yasaklara uymayanlar ile ilgili gerekli

cezal yaptirimlar uygulanmalidir.

Izole alan boélgesindeki ar1 yetistiricileri Tarim ve
Orman Bakanhg tarafindan tesvik edilecek
sekilde, diger illerde yapilan desteklemelerin
haricinde gen kaynaginin korunmasi projesi
kapsaminda tim Ardahan ve Artvin ilinde bulunan
ar1 yetistiricilerine verilmesi uygun olacaktir.

. Hastalik ve parazitler ile miicadele konusunda
Tarim ve Orman Bakanligi tarafindan izole bélgeye
uygun faaliyetler gelistirilmelidir.

Ana ar1 igletmeleri her yil “yerli kaynaklarin
saflig1”” bakimindan bakanhgin yetkili organlari
tarafindan rutin olarak kontrolden gecirilmeli ve
saflik degerini kaybetmis damizliklarin imhasi
veya izole (gen kaynag1) alan disarisina cikarilmasi
saglanmalidar.

1, H(;e Tarim ve Orman I1 Midirlikleri,
Universiteler, Birlikler ve Kooperatifler koordineli
caligarak ariciligin  geligtirilmesi igin projeler
yapilmali, kurslar, egitimler ve seminerler
diizenleyerek, tireticiler bilinglendirilmelidir.

Izole bélge icerisinde Kafkas arisiin 1slah ile ilgili
1slah  projeleri hazirlanarak damizhik 6zellik
gosteren materyaller belirlenmeli veya bu yoénde
1slah calismasi basglatilmalidir. Ayrica Ardahan ve
Artvin illerindeki tim ariliklarda bulunan an
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kolonilerinin  konusunda uzman  komisyon
tarafindan incelemeleri yapilarak, Kafkas arisi
ozelliklerini tasimayan kolonilerin il digina
c¢ikarilmas1  gerekmektedir. Bu tespit ve
kontrollerin iki yilda bir yapilmasi1 gen kaynaginin
korunmasi bakimindan uygun olacaktir.

7. Ardahan, Artvin illerindeki Tarim ve Orman Il
Mudirluklerinde ve yetistirici birliklerinde uzman
teknik eleman istihdam edilmelidir.

Ozellikle ana ar treticilerine yonelik periyodik
olarak egitimler verilerek, Ureticiler modern tretim
yontemleri, seleksiyon ve 1slah konularinda
bilin¢lendirilmelidir.

Calisma bolgesinde Kafkas bal arisinin (Apis mellifera
caucasia) korunmasi icin  gerekli tedbirlerin
alinmasiyla birlikte hem ekonomik éneme sahip ari
irkindan biri olan Kafkas Ar1 1rki korunmasi
saglanmis olacak, hem de tlke ekonomisi katki
saglayacaktir. Ancak bu oOnerilerin uygulanmasi
konusunda resmi kurumlar, ar1 yetistiricileri birlikleri
ve aricilarin ortak ¢alismalar: kaginilmazdir.
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OZET Zootekni

Bu arastirmanin amaci, Elazig ilindeki isletmelerde koyun

varliginin, siiri yapisinin ve temel yetistiricilik faaliyetlerinin Aragtirma Makalesi
durumunu belirlemektir. Arastirmada 167 adet koyunculuk

isletmesinde Mayis-Aralik 2020 tarihlerinde yetistiricilerle yiiz ylze Makale Tarihgesi

anket gerceklestirilmistir. Calismada, isletmelerin %61.inin 7-17 basg Gelig Tarihi @ 12.03.2022
koca sahip olmasi, %83.9’unda disi toklularin damizlikta ilk kez 12- Kabul Tarihi :30.06.2022
17 ayhikken, %100inde erkek toklularin ilk kez 1.5-2 yasindayken

asimda kullanilmasi, %71.7’sinin damizliklar1 kendi igletmesinden Anahtar Kelimeler
saglamasi, %83.7sinin  koglar1 sturude kizginlik siliresince Besleme

tutmasi, %73.1’inin yeme tuz ve mineral ilavesi yapmasi, %77.7’sinin Ciftlik

kadin ve erkek birlikte sagim yapmasi, %78.2’sinin sliti peynir Koyun

yapmast olumlu ve yeterli olarak belirlenmistir. Bunun yaninda, Verim

isletmelerin ancak %66.1’sinda kayitlarin tutulmasi, %90.4’inde Yetistiricilik

serbest agim metodunun tercih edilmesi, %89.9unda kuzulara dogal
buylutme uygulanmasi, yetistiricilerin %55.7’sinin koyunlarina kaba
yem olarak sadece saman vermesi, %44.6’stnin ek yemleme
yapmamasl, %78.4intin yemi fabrikalardan temin
etmesi, %97.6’'simnin sagimi1 elle gerceklestirmesi ve %89.3iniin
kirkimi makasla yapmasi ise mevcut olumsuzluklar ve yetersizlikler
olarak saptanmagtir. Sonug¢ olarak, koyun sayisi ve yetistiricilik
imkanlar1 bakimindan o6nemli bir potansiyeli olan Elazig ilinde,

isletmelerdeki yeterli-olumlu yetistiricilik faaliyetlerinin
stirdirilmesi yaninda, belirlenmig yetersizliklerin ve
olumsuzluklarin giderilmesiyle gelir ve ekonomik kazancin

artirilabilecegi kanaatine varilmigtir.

Investigation of Herd Structure and Breeding Practices in Sheep Farms in Elazig Province

ABSTRACT

The aim of this research was to determine the status of sheep

Animal Science

existence, herd structure, and basic breeding activities in farms in Research Article

Elazig province. In the research, a face-to-face survey was conducted . .

with breeders in 167 sheep farms between May-December 2020. In Artlc.le Hlstory.

the study, it was determined that 61.7% of the farms had7-17 rams, Received : LE LG
83.9% of breeders used female yearling lamb for first breeding when Accepted + 80.06.2022
they were 12-17 months old, 100% used male yearling lamb for the Feeding

first insemination when they were 1.5-2 years old, 71.7% of the Farm

breeders from their own farms, 83.7% of the rams kept the herd Sheep

during estrus, 73.1% used salt and mineral addition for food, 77.7% Yield

of women and men milking together, 78.2% of them evaluated milk Breeding

positive and sufficient as long as it wasusable for cheese-making. In
addition, only 66.1% of the farms kept records, 90.4% preferred the
free-breeding method, 89.9% applied natural rearing to the lambs,
55.7% of the breeders gave only straw to their sheep as roughage,
44.6% of them supplemented feeding. The existing problems and
inadequacies were determined as the fact that 78.4% of them procure


mailto:3skul@firat.edu.tr
https://orcid.org/0000-0002-0431-8257
mailto:abdurrahman.koseman@ozal.edu.tr

KSU Tarim ve Doga Derg 25 (Ek Say1 2): 555-565, 2022
KSU J. Agric Nat_25 (Suppl 2): 555-565, 2022

Aragtirma Makalesi
Research Article

the feed from the factories, 97.6% of them perform the milking by
hand and 89.3% of them do the shearing with shears. As a result, it
has been concluded that income and economic gain can be increased
by eliminating the identified deficiencies and negativities, as well as
maintaining adequate-positive breeding activities in the province of
Elazig, which has an important potential in terms of sheep number

and breeding opportunities..

Atif Sekli:  Késeman A, Seker I, Kul S, Karaca M 2022. Elazig Ilindeki Koyunculuk Isletmelerinde Siirii Yapisimin ve
Yetistiricilik Uygulamalarmin Arastirlmasi. KSU Tarim ve Doga Derg 25 (Ek Sayr 2): 555-565.
https'//doi.org/10.18016/ksutarimdoga. 1086849.

To Cite: Késeman A, Seker I, Kul S, Karaca M 2022. Investigation of Herd Structure and Breeding Practices in Sheep
Farms in Elazig Province. KSU J. Agric Nat 25 (Suppl 2): 555-565. https://doi.org/10.18016/ksutarimdoga.
1086849.

GIRIS - Elazig ekonomisi agirlikli  olarak tarim ve

Turkiye'nin iklimi, mevcut arazi varligi, yapisi ve
bitki ortisu gibi dogal kosullari, ayrica ekonomik,
tarimsal yapis1 ve gelenekleri koyun yetistiriciliginin
daha yaygin olarak yapilmasina ve hayvancilik
faaliyetleri icerisinde 6nemli bir yer tutmasina neden
olmaktadir (Karaca ve ark., 2003). Koyun
yetistiriciligi kirmiz1 et ve siit gibi hayvansal protein
acigini kapatacak potansiyel lUretim kaynaklarindan
birisi olmasi ve yapag gibi birgok urinin elde
edildigi bir faaliyet alani olmasindan dolay1 ekonomik
bakimdan buyuk deger tasimaktadir. Ayrica, daha az
sermaye ve yatirnm  gerektirmesi, potansiyel
iggicinin degerlendirilmesindeki payr bakimindan
da oldukca 6énemli bir yere sahiptir (Sahinli, 2011;
Karaman ve ark., 2012). Ulkemizde koyun
yetistiriciliginin sosyo-ekonomik hayattaki yerinin
vazgecilmez oldugu, ancak daha karlh ve daha etkin
sekilde stirdirilmesi gerektigi degerlendirilmektedir
(Sahinli, 2011; Kaymake1, 2013). Ciinkii, Tirkiye'de
koyun yetistiriciligi genellikle kiicik aile igletmeleri
seklinde ve mera odaklh gerceklestirildiginden
koyunculuktan saglanan gelirler olduk¢a distik
diizeylerde olmaktadir (Kaymakci ve Sénmez, 1996).
Yine, Tirkiye’de koyun yetistiriciliginin yogun olarak
ekstansif o6zelliklere sahip isletmelerde yapilmasi ve

modern yetistiricilik uygulamalarindan yoksun
sekilde gerceklestirilmesi, verimli ve karhh bir
Uretimin yapilabilmesini olumsuz yonde

etkilemektedir. Koyun yetistiriciligi sayesinde elde
edilen gelirin, Turkiye ekonomisine olan katkisini
daha yiksek diizeylere ¢gikarmak amaciyla, koyun
yetigtiriciliginin  daha cazip, daha karh ve
stirdirilebilir  bir yetigtiricilige doéniistirilmesi
gerekmektedir (Aydin ve Dellal, 2001).

Glinumizde, tarimsal turetim alaninda kendine
yeterlilik ve gida giivencesi konusu Tirkiye i¢in de
hala 6nemli bir sorun olmaya devam etmektedir. Bu
sorunun ¢6zimune katki sunmasi bakimindan
ozellikle bolgelerin potansiyellerinin belirlenmesi ve
degerlendirilmesi son derece oOnemlidir (Eren ve
Gékten, 2018).
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hayvanciliga dayali olup, koyunculuk sektori her
gecen giin gelismekte ve 6nem kazanmaktadir (Seker
ve Késeman, 2015). Elazig ilinin 2020 yilindaki koyun
varhgr 712.678 bag olup, ayn yil 42.126.781 bas olan
Tuarkiye koyun varhiginin yaklagitk %1.69unu
olusturmaktadir (Anonim, 2022a).

Koyunculugun gelismesi ve arzu edilen seviyeye
kavugabilmesi igin mevcut durumun bilinmesi ve
sorunlarin tespit edilmesi gerekmektedir. Bu alanda
yapilacak her bilimsel calisma bu nedenle deger
tagsimaktadir. Yapilan literatiir incelemelerinde ise
Elazig ilindeki koyunculuk isletmelerinde
yetistiricilik uygulamalarinin belirlenmesini igeren
bir ¢alismaya rastlanmamigtir. Bu baglamda mevcut
aragtirma, Elazg Ilinin koyun varligina ait
kompozisyonu  belirlemek, yetistirme, bakim,
besleme, sagim ve kirkim 6zellikleri bakimindan bu
ildeki koyunculuk yapisim1 ortaya koymak ve bu
verilerden hareketle Elazig koyunculugu ile ilgili
neler yapilmasi gerektigini degerlendirmek amaciyla
yuriatilmustur.

MATERYAL ve METOD
Materyal

Bu arastirmanin materyalini, Elaz1g Ii Damizhk
Koyun Kegci Yetistiriciler Birligi'ne tiye olup, Elazig ili
ve 1ilcelerinde faaliyet yiriuten  koyunculuk
igsletmelerindeki yetistiricilerle Mayis-Aralik 2020
tarihlerinde gonullilik esasina dayali yiz ylize
yapilan anket uygulamasindan elde edilen veriler
olusturmustur.

Metot

Arastirma 1i¢cin oOnceden belirlenen isletmelerin
sahipleriyle 6n goérusmeler yapilmig ve gontllilik
esasina dayal yuz yuze gorismeyi kabul edenlerin
isletmeleri bir takvime bagh olarak arastirma ekibi
tarafindan ziyaret edilmistir. Bu ziyaretler sirasinda
yetigtiricilere anket uygulanmig, elde edilen veriler
kayit altina alinmigtir.

Bu ¢alismanin yirttiilmesi i¢in gerekli olan etik onay
belgesi, Firat Universitesi Girisimsel Olmayan
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Arastirmalar Etik Kurul'undan alinmistir (29.4.2020
tarih ve 2020/07-24 sayil1 izin).

Ornekleme Yoéntemi

Aragtirmada, oncelikle Elazig ilinin en fazla hayvan
sayisina ve isletmesine sahip ilceleri Elazig 11 Tarim
ve Orman Mudirligi’'nden edilen veriler yardimiyla
belirlenmigtir. Bu kapsamda Merkez, Kovancilar,
Karakogan, Palu, Sivrice, Baskil, Keban il¢eleri 6ne
cikmigtir. Bu ilgelerde arastirmaya dahil edilecek
igletmelerin se¢iminde o&ncelikle Elazig Damizhik
Koyun Kegci Yetigtiriciler Birligi'ne tiyeligi bulunmasi
kosulu aranmig olup, bu kosulu saglayan igletmeler
arasindan tesadifi 6rnekleme metodu ile igletmeler
secilmigtir. Aragtirmada kullanilan anketin
glvenilirligini  ve gecerliligini  yiikseltmek i¢in
deneme amach olarak bazi igletmelerde 6n ¢calismalar
yurutilmus, bu ¢alismalara gore arastirmadaki anket
sorularina son sekilleri verilmigtir. Bu arastirmada
sahada uygulanan ankete ait sorular benzer
calismalardaki (Bilginturan ve Ayhan, 2009;
Altingeki¢, 2014; Ayvazoglu Demir ve ark., 2015;
Ceyhan ve ark., 2015; Tiifekci, 2020) anketlerden

yararlanarak, arastirma ekibi tarafindan
olusturulmustur.
Istatistik Analizler

Benzer arastirmalarda popilasyonu en iyi diizeyde
temsil edebilecek nitelikte o6rnek blytkliginin
belirlenmesinde, popiilasyonun %3 (Yamane, 2010)

ila %10unun (Cochran, 1997, Siimbiiloglu ve
Stimbiiloglu, 2000) alinmasiin yeterli olacag:
kaydedilmigtir. Bilimsel arastirmalarda o6rnek

buyuklugi arttikca ilgili popiilasyonu temsil giicii de
artmaktadir. Bundan dolay1 mevcut calisma
sonuclarimi daha giivenli kilmak i¢in birligin aktif

isletme sayis1 olan 1669 igletmeden olusan
popllasyonun en az %10unun 6rnege dahil edilmesi
kararlastirilmigtir. Bu kapsamda 167 isletme

arastirmaya dahil edilmigtir. Anketlerdeki sorulara
verilen cevaplar analiz edilmis, SPSS istatistik paket
programi  kullamilarak tanimlayici istatistikler
hesaplanmistir (SPSS, 2015).

BULGULAR ve TARTISMA

Koyunculuk Igletmelerinin Hayvan Varhi ve Siirii
Yapisi

Elazig koyunculuk igletmelerinin hayvan varligi ve
surli yapisina ait arastirma bulgular1 Cizelge 1’de
verilmistir.

Arastirmada, yetistiricilerin ¢cogunun (%66.1) isletme
kayitlarimi  tuttuklari belirlenmistir. Gaziantep’te
yapilan bir arastirmada yetistiricilerin %40.7’sinin
kayit tuttugu tespit edilmistir (Gil ve Ornek, 2018).
Bulgulara gore Elazig ilindeki isgletmelerde kayit
tutma orani Gaziantep’teki igletmelerden daha
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yiksektir. Hayvancilik igletmelerinin timiunde, kayit
tutulmasi1 yiksek verim elde edilebilmesi ve
dolayisiyla karlhihigin artirilmasi igin son derece
onemlidir. Zira kayitlar oOncelikle igletmelerdeki
mevcut durumun tespitine ve sonrasinda da
igletmelerin geleceklerini dogru sekilde
planlamalarina katki sunmaktadir (Gékcen, 2016).
Elazig’da igsletmelerin c¢ogunda kayit tutuldugu
belirlenmis olmasina ragmen, modern yetistiricilik
gereklilikleri kapsaminda bu durumun yine de
yetersiz oldugu degerlendirilmektedir. Tum
isletmelerde kayit tutulmasinin gerekli ve 6nemli
oldugunun yetistiricilere aktarilmasi, benimsetilmesi
ve tegvik edilmesinin yararh olacagi
dustntlmektedir.

Yapilan ¢alismaya gore isletmelerin buytuk kismi 100-
299 bas koyun (%63.5) ve anac¢ koyun (%61.7) ile 7-17
bas (%61.7) ko¢ varhi§ina sahiptirler. Biinyesinde 50
bastan az disi kuzu (%71.4) ve 50 bastan az erkek
kuzu (%62.1) ile 30 bastan az erkek toklu (%82.0) ve
60 bastan az disi toklu (%69.2) bulunan isletmeler de
en yiksek orana sahiptirler. Mugla’daki igletmelerin
en yuksek ana¢ koyun sayilari 101-200 bas, kog
sayllar1 ise 1-3 bas (Aydin ve Keskin, 2018),
Nigde’'deki surilerin ortalama koyun sayilar: 315 bas
ve koc sayilar1 ise 12.6 bas Ceyhan ve ark., (2015),
Ardahan’daki isletmelerde ortalama koyun sayis1 74
bas (Ayvazoglu Demir ve ark., 2015) olarak
bildirilmistir. Buna gore  Elazig’'daki  stru
buyukluklerinin Nigde ilindekilerden daha kiigtuk,
Mugla ve Ardahan ilindekilerden ise daha biyiik
oldugu séylenebilir. Seker ve ark., (2021) tarafindan
Elazig’a komsu ve benzer cevresel kosullara sahip
olan Malatya ilinde yapilan bir arastirmada, 100-299
bas koyun ve anac¢ koyun, 6 ve daha az sayida kog, 50
bastan az disi ve erkek kuzu, 30 bastan az erkek
toklu ve 60 bastan az disi toklu sahibi olanlar en
yuksek oranlara sahip igletmeler olarak tespit
edilmig, bu isletmelerin oranlar1 aym sirayla %65.11,
%60.11, %65.17, %83.15, %87.07, %81.46 ve %57.87
olarak tespit edilmigtir. Arastirmada belirlenen, 100-
299 bas koyun ve ana¢ koyun ile 30 bastan az erkek
toklu oranlari, Seker ve ark. (2021) tarafindan
saptanan oranlarla benzerlik géstermektedir. Buna
kargin, 60 bastan az disi toklu sahibi olanlar
Malatya’daki igletmelerden daha ylksek orana
sahiptirler. Ko¢ varligi bakimindan ise Elazig’daki
isletmelerde daha fazla sayida ve daha yiiksek oranda

olmak lzere her iki 11 arasinda farkhlik
bulunmaktadar. Isletmelerde her yetigtirme
doneminde sturinin ortalama %20-25’1nin

yenilenmesi s6z konusu oldugundan, stirtideki anag
koyun sayis1 ve disi toklu sayis1 ve orani sirinin
mevcut buyikliginin korunmasi ve gerektiginde

stiri  blyukligiintin artirilmas1 i¢cin son derece
onemlidir. Ozellikle igletmelerin ihtiya¢ duyulan
damizlik hayvanlari kendi surilerinden temin
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edilebilmesi, karlilign ve basariyr artirmaktadir. degerlendirilmesinin daha dogru ve anlamli olacagi
Elazig ilindeki igletmeler igin tespit edilen koyun dustntlmektedir.

varligi  ve sirit  yapisinin  bu  cergevede

Cizelge 1. Elazig koyunculuk isletmelerinin hayvan varhg: ve siiri yapisi
Table 1. Animal stock and herd structure of Elazig sheep farms

n %
Isletme kayitlarimn tutulmas:
Tutuluyor 109 66.1
Tutulmuyor 56 33.9
Toplam 165 100.0
Siirid blyukligi
100 bastan az 1 0.6
100 — 299 bag 106 63.5
300 - 499 bas 38 22.7
500 basg ve daha fazla 22 13.2
Toplam 167 100.0
Anag koyun sayis1
100 bastan az 26 19,5
100 — 299 basg 82 61.7
300 - 499 bag 18 13.5
500 bag ve daha fazla 7 5.3
Toplam 133 100.0
Kog sayis1
6 bas ve daha az 28 21.9
7-15 bas 79 61.7
16 bas ve daha fazla 21 16.4
Toplam 128 100.0
Disi kuzu sayis1
50 bastan az 60 71.4
50 bas ve daha fazla 24 28.6
Toplam 84 100.0
Erkek kuzu sayisi
50 bastan az 41 62.1
50 bas ve daha fazla 25 37.9
Toplam 66 100.0
Erkek toklu sayisi
30 bastan az 105 82.0
30 bas ve daha fazla 23 18.0
Toplam 128 100.0
Disi toklu sayis1
60 bastan az 90 69.2
60-100 bas 32 24.6
100 bastan fazla 8 6.2
Toplam 130 100.0

Koyunculuk Igletmelerinde Hayvan Yetigtirme- yapilmaktadir (Bilginturan ve Ayhan, 2009). Bu

Uretim Uygulamalar arastirmada tespit edilen, igletmelerde serbest agim
Elazig koyunculuk igletmelerinin hayvan yetistirme- yénteminin ok 5 yiksek oranda, tel_”mh _ edilmesi
Uretim uygulamalarina ait arastirma bulgulan durumu,  Elazg ve Burdur fiakl isletmeler
Cizelge 2’de verilmistir. bakimindan benzerlik igermektedir. Serbest agim

yonteminin tercih edilmesinin igletmeler agisindan
olumsuz yonleri fazla olmaktadir. Bu yontemde
kizginlik  gdsteren koyunlar herhangi  bir  kog
tarafindan asilir. Her kogun astigr hayvan sayisi da
degisiktir. Koglardan birisi 6nder durumuna gecer ve
daha fazla koyun agar. Diger koglarda énder koyunun

Aragtirma bulgularina goére igletmelerin ¢ok buyiik
bir kisminda yetistirmede serbest asim tercih
edilmekte (%90.4), koclar siiriide en fazla kizginlhk
siresince  (%83.7) birakilmaktadir. Burdur'daki
koyunculuk isletmelerinde de (%99.5) serbest asim
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asamadig1 koyunlar1 agarlar. Koclar baslangicta ¢ok
asim yaptiklar: icin ko¢ katim siiresi sonlarina dogru
kizginhik gosteren koyunlarda dol tutmama olabilir.
Bu nedenle serbest asimda diger yontemlere gore
daha fazla koca ihtiya¢ vardir. Bu dezavantajlar
nedeniyle uygun siiriilerde daha nitelikli diger asim
yontemlerinin tercih edilmesi o©nerilmektedir. Bir

kaydedilmistir (Tiifekgi, 2020). Yetistiricilikte
striideki koglarin agim sezonu digindaki zamanlarda
da surekli koyunlarla bir arada tutulmasi uygun
degildir. Cunki, koglarin koyunlar rahatsiz etmeleri
ve zarar vermeleri durumu s6z  konusu
olabilmektedir. Elazig’daki igletmelerde koglarin yil
boyunca siiriide tutulmasina ait oran Yozgat'tan daha

arastirmada igletmedeki koglarin %61.5'nin yalnizca distktir. Bu durum olumlu olarak

asim sezonu boyunca stirtide birakildig: degerlendirilmektedir.

Cizelge 2. Elazig koyunculuk igletmelerinde hayvan yetistirme uygulamalari

Table 2. Animal breeding practices in Elazig sheep farms

n %

Kog¢ katim sekli

Serbest 151 90.4

Sinif usula 7 4.2

Elde 9 5.4
Toplam 167 100.0

Koglar siiriide tutma siiresi

Koyunlarin kizginlig: siiresince 139 83.7

Devamli-tiim yil 27 16.3
Toplam 166 100.0

Koglar: damizlikta kullanma siiresi

4 y1l ve daha az 33 20.0

5-6 y1l 90 54.5

7 yil ve daha fazla 42 25.5
Toplam 165 100.0

Stra disindan kog kullanilmasi

Kullaniliyor 23 13.8

Kullanilmiyor 144 86.2
Toplam 167 100.0

Koyunlar1 damizlikta kullanma siiresi

6 yila kadar 93 56.3

7-8 yil 58 35.2

9 y1l ve daha fazla 14 8.5
Toplam 165 100.0

Damizlik fazlasi koyunlarin degerlendirilme gekli

Besi amach satig 132 79.0

Damazlik olarak satig 9 5.4

Kendisi besiye alma 26 15.6
Toplam 167 100.0

Damazliklarin temin yeri

Kendi igletmesi 119 71.7

Komsu igletmeler 41 24.7

Devlet igletmeleri 2 1.2

Cevre pazarlar 4 2.4
Toplam 166 100.0

Mevcut arastirmaya gore koglar en fazla 5-6 yil Nigde ilindeki koyunculuk igletmelerinde disileri

(%54.5), koyunlar ise en fazla 6 yila kadar (%56.3)
damizlikta kullanilmaktadir. Yetigtiricilerin ¢ogu
ihtiya¢ fazlas1 damizlik koyunlarn ya besi i¢in
satmakta (%79.0) ya da bu hayvanlarla kendileri
besicilik yapmaktadir (%15.6). Yozgat ilindeki
igletmelerde koyunlar1 damizlikta kullanma siiresinin
disilerde ortalama 4-6 yil ve erkeklerde 2-3 yil oldugu
bildirilmistir (Tiifekci, 2020). Ceyhan ve ark. (2015)
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ortalama 6 yil ve erkekleri ise 4 y1l kadar damizlikta
kullandiklar tespit edilmigtir. Damizlik hayvanlarin
isletmede kullanim siireleri de yetistiricilikte 6nemli
bir husustur. Koyun yetistiriciliginde, genel olarak
et¢i koyun 1rklarinin 5-6, stit¢ii koyun irklarinin ise 7-
8 yasina kadar damizlikta kullanildig:
bildirilmektedir ~ (Akcapinar, 2000). Bu bilgiler
dogrultusunda mevcut arastirmada tespit edildigi
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uzere, Elazig’daki igletmelerin ¢ogunda damizlik disi
ve erkek hayvanlarin uygun silrelerde surilerde
tutulduklar1 anlasilmaktadir. Nigde ve Yozgat'taki
igsletmelerde damizliklarin stride tutulma streleri
ise Elazig’daki igletmelerden daha kisadir.

Yapilan arastirmada, kendi igletmesinden damizlik
kog¢ saglayanlarin orani (%86.2, Seker ve ark. (2021)
tarafindan Malatya’da yapilan caligmada
belirlenenden (%74.3) daha yiiksek, ancak Aydin ve
Keskin  (2018) tarafindan Mugla’da yapilan
arastirmada tespit edilenden ise (%96.0) daha
diigiiktiir. Karaca ve ark. (1993) Dogu Anadolu
Bolgesinde ¢ogunlukla her yetistiricinin kendi kogunu
kullanma egiliminde oldugunu belirtmiglerdir.
Isletmelerin digsaridan damizhik saglamasi gereken
durumlarda oncelikle damizlik isletmelerinden veya
iyi damizhklara sahip kayith ve guvenilir
isletmelerden temin edilmelidir. Ancak asil yapilmasi
gereken igletmelerin disi ve erkek damizlik
ihtiyacglarimi kendi striilerinden karsilamalaridir. Bu

nedenle Elazig’'da isletmelerin bu konuda genel
olarak uygun bir yonetim sergiledikleri
dustnulmektedir.

Koyunculuk Igletmelerinin Kuzu ve Toklularla Ilgili
Faaliyetleri

Elazig koyunculuk igletmelerinin kuzu ve toklularla
ilgili sturi yonetim faaliyetlerine ait arastirma
bulgular1 Cizelge 3’te verilmigtir.

Bu calismada, Elazig ilindeki isletmelerin ¢ok biyiik

bir kisminda kuzulara dogal biyilitme uygulandigi
(%89.9) ve kuzularin en fazla 5 aylikken (%32.3) ya
da 6 aylikken (%29.8) siitten kesildigi belirlenmistir.
Malatya’daki koyunculuk igletmelerinde yapilan
arastirmada ise kuzulara %96.8 oraninda dogal
biiytitme uygulandigi, kuzularin en fazla %48.9
oraninda 3 aylikken ve %19.2 oraninda 4 aylikken
siitten kesildigi bildirilmistir (Seker ve ark., 2021).
Elazig’daki igletmelerde kuzulara en fazla dogal
biyltme yontemi uygulandigina ait tespit edilen
bulgu, Turkiye'nin bir ¢ok ilinde geleneksel
yetistiriciligin daha fazla 6ne ¢iktigini bildiren diger
arastirma bulgulanyla (Seker ve ark., 2021;
Bilginturan ve Ayhan, 2009) benzerlik
gostermektedir. Ancak sturi o6zelliklerine gore
olusturulacak diger kuzu biiylitme yontemlerinin de
tercih edilmesi daha nitelikli bir koyunculuk faaliyeti
i¢cin gerekmektedir. Kuzular1 sitten kesim zamam
bakimindan ise Elazig ve Malatya’daki isletmeler
arasinda farklilik gorilmektedir. Aragtirma
bulgularina gore, Elazig’daki isletmelerde kuzular
Malatya’daki igletmelere g6re daha gec¢ sitten
kesilmektedirler. Bu durum, Elazig’daki igletmeleri
kuzularin ana sutiinden daha fazla yararlanmasi
bakimindan o6ne c¢ikartmakla birlikte, tiiketicilerin
tercihleri acisindan ¢ok 6nemli bir yeri olan peynir ve
yogurt Uretiminde kullanilan koyun sutiiniin
ekonomik  getirileri  noktasinda, Malatya’daki
igletmeler gibi kuzular1 daha erken dénemde siitten
kesen igletmelere kiyasla daha dezavantajli hale
getirmektedir.

Cizelge 3. Elazig koyunculuk isletmelerinde kuzu ve toklularla ilgili stirti yonetim faaliyetleri
Table 3. Herd management activities related to lambs and yearling lambs in Flazig sheep farms

n %
Kuzu biiylitme yontemi
Dogal 134 89.9
Erken siitten kesme 15 10.1
Toplam 149 100.0
Kuzulan siitten kesim yag1 (ay)
2 12 7.5
3 31 19.2
4 18 11.2
5 52 32.3
6 48 29.8
Toplam 161 100.0
Digi toklular: ilk tohumlatma yag
12-17 ay 135 83.9
18 ay ve daha fazla 26 16.1
Toplam 161 100.0
Erkek toklular: damizlikta ilk kullanma yas1
1.5-2 yil 162 100.0
2 y1ldan daha fazla 0 0.0
Toplam 162 100.0
Arastirmaya gore disi toklular ilk kez 12-17 ayhk kez 1,52  yasindayken  (%100) damizlikta
yasta (%83.9) tohumlatilmakta, erkek toklular ise ilk kullanilmaktadir. Malatya'daki isletmelerde disi
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toklularin ilk tohumlatilmasi en fazla, 24 ay ve tizeri
yasta (%48.64), erkek toklularin damizhkta ilk
kullanilmas1 ise en fazla, 2 yasindayken (%80.75)
gerceklestirilmektedir (Seker ve ark., 2021). Nigde
ilindeki igletmelerde koyunlar1 damizhikta ilk
kullanma yas1 disilerde 17.8 ay iken erkeklerde 18.2
ay olarak tespit edilmistir (Ceyhan ve ark., 2015).
Surtudeki damizlik adayr hayvanlarin normalden
daha gec¢ veya erken damizliga alinmasi sirii yonetim
problemlerine neden oldugu gibi ekonomik kayiplara
da yol agmaktadir. Elazig’daki isletmelerde disi ve
erkek toklularin damizhikta ilk kullanilma yas:

Malatya’daki ve Nigde’de deki isletmelerden daha
dugtuktur. Elazig’daki igletmelerde disi ve erkeklerde
damizlikta ilk kullanim yaslarinin uygun simirlarda
oldugu dustintilmektedir.

Besleme

Koyunculuk  Igletmelerinde

Uygulamalari

Hayvan

Mevcut ¢alismada, Elazig koyunculuk igletmelerinin
hayvan besleme uygulamalarina ait bulgular Cizelge
4’te verilmigtir.

Cizelge 4. Elaz1g koyunculuk igletmelerinde koyunlarin beslenmesine ait uygulamalar
Table 4. Applications of sheep feeding in Elazig sheep farms

n %
Cobanlik hizmetinin kaynag
Kendimiz ¢obanlik yapiyoruz 110 65.9
Coban tutuyoruz 57 34.1
Toplam 167 100.0
Koyunlarin yil icinde beslenme yerleri ve siireleri
Koy (12 ay) 14 9.2
Koy - mera (6 ay-6 ay) 51 33.3
Koy - yayla (7 ay-5 ay) 88 57.5
Toplam 153 100.0
Koyunlara en ¢ok yedirilen kesif yem
Arpa 101 60.8
Karma yem 65 39.2
Toplam 166 100.0
Koyunlara en ¢ok yedirilen kaba yem
Saman 93 55.7
Kuru ot 47 28.1
Yonca 27 16.2
Toplam 167 100.0
Yeme tuz ve mineral ilavesi
Yapiliyor 122 73.1
Yapilmiyor 45 26.9
Toplam 167 100.0
Koyunlara merada ek yemleme yapilmasi
Yapiliyor 74 44.6
Yapilmiyor 92 55.4
Toplam 166 100.0
Yemi temin yeri
Isletmenin kendi imkanlarindan 22 13.2
Fabrikalardan 131 78.4
Cevre igletmelerden 14 8.4
Toplam 167 100.0
Kaba ve kesif yemliklerin ayr1 veya birlikte kullamilmasi
Ayr1 yemlikler kullaniliyor 65 39.2
Ayni yemlik kullaniliyor 101 60.8
Toplam 166 100.0

Aragtirmada tespit edilen stri yonetim igini yani
¢obanligi kendisi yapan yetigtiricilerin orani,
Malatya’daki (%84.97) (Seker ve ark. 2021) ve
Isparta’daki isletmelerde (%93.94) (Acar ve Ayhan,
2012) tespit oranlardan daha diisiiktiir.. Tirkiye

561

genelinde ¢oban bulmadaki zorluklar ve yliksek ¢coban
ucretleri dikkate alindiginda, Elazig’da c¢obanhk
hizmetinin biliyitk oranda bizzat yetistiricilerin
kendileri tarafindan gergeklestiriliyor olmasi, olumlu
bir durum olarak degerlendirilmektedir.
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Calismada yetistiricilerin ortalama olarak 7 ay kéyde
- 5 ay yaylada (%57.5) ve ortalama olarak 6 ay kéyde
6 ay merada (%33.3) olacak bicimde faaliyet
yaptiklar: belirlenmistir, Ceyhan ve ark. (2015)
tarafindan Nigde ilinde yapilan bir arastirmada
yerlesik ve yayla koyunculugu yapanlarin oram
%19.8, Cinar ve Ceyhan (2021) tarafindan ayni ilde
yapilan bagka bir ¢calismada kiglak-yaylak seklinde
koyunculuk yapanlarin orani ise %26.4 olarak
belirlenmigtir.  Elazig’da  yerlesik ve  yayla
koyunculugu yapanlarin orani Nigde ilinde yerlesik
ve yayla koyunculugu yapanlardan daha yuksektir.
Daha dustikli rakimli olan yerleskelerde havalarin
1sinmas1 ve sicak mevsimlerde yayla kosullarinin
koyunlar i¢cin daha elverigli olmasi nedeniyle
yetigtiriciler koyunlariyla birlikte yaylalara gog
etmektedirler. Elazig ilinde toplam alaninin gogunu
platolar  olusturmaktadir.  Platolara  Elazign
kuzeyinde Harput ¢evresinde, Murat Nehrinin kuzey
kesimlerinde ve Agmn yoresinde rastlanmaktadir.
Hayvancilik faaliyetlerinin  yogunluk kazandigi
alanlar, Ilin dogusunda Bingél ile simir olusturan
Karaboga Daglarinda Gokdere ve Akdag lizerindedir.
Urfa yoéresinde kiglayan goégerler, mayis sonu ve
haziran ay1 baglarinda Siverek ve Ergani lizerinden
Palu c¢evresine gelirler. Bir bolumu yoredeki
yaylalarda kalir, bir b6limi ise Bingol daglarindaki
yaylalara gocerler (Anonim, 2022b). Agn ilcesindeki
yetistiriciler Sivas'in Divrigi ilgesinde bulunan
yaylalara (Saricicek Yaylas) gitmektedirler. Havalar
sogumaya bagladiginda ise tekrar koylere donts
yapilmaktadir.

Bu arastirma bulgularina goére isletmelerin buytik bir
kisminda koyunlara kesif yem olarak arpa (%60.8),
kaba yem olarak ise en fazla saman (%55.7)
yedirilmekte, yeme tuz ve mineral ilavesi
yapilmaktadir (%73.1). Isletmelerin  yaridan
fazlasinda (%55.4) ise merada koyunlara ek yemleme
yapilmamaktadir, @ Malatya’da ise  koyunlarin
beslenmesinde arpa (%79.5) ve saman (%80.4) tercih
edilmekte, yeme tuz ve mineral ilavesi yliksek oranda
(%90.9), ek yemlemenin ise diisiikk oranda (%9.1)
yapildigi  bildirilmistir (Seker ve ark., 2021).
Ardahan’da mera doneminde mera disinda ek
besleme yapanlarin orami %48.5 olarak tespit
edilmistir (Ayvazoglu Demir ve ark., 2015). Nigde'de
yetistiricilerin %75.0'1 ko¢ katim &ncesinde koglara,
%89.6'u ise gebelik déneminde disilere ek yemleme
yapmaktadir (Ceyhan ve ark., 2015). Elazig’daki
igsletmelerde koyunlara daha fazla karma yem, kuru
ot ve yonca yedirilmesi yaninda daha fazla ek
yemleme yapilmasi olumlu bir uygulama olarak
degerlendirilmektedir. Ancak yeme tuz ve mineral

katilmasina ait uygulamalarin Elazig’daki
igsletmelerde gelistirilmesine ihtiya¢ vardir. Merada
koyunlara ek yemleme yapanlarin oram ise

Ardahan’daki igletmelerle benzer olup, Nigde'deki
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isletmelerden daha diigiktir. Ek yemlemenin maliyet
artis1 getirmesi s6z konusu olmakla birlikte,
koyunlardan hem mevcut yetistirme déneminde hem
de gelecek yillardaki yetistirme dénemlerinde daha
iyi verim ve kazang elde edilebilmesi i¢in bu
uygulamanin yapilmas1 tavsiye edilmektedir. Bu
hususta  yetigtiricilerin ~ tegvik  edilmesi  ve
bilin¢lendirilmesinin yararh olacagi
distnilmektedir.

Arastirmaya gore, igletmeler ihtiya¢ duyduklar: yemi
cogunlukla fabrikalardan (%78.4) ve kismen kendi
imkanlarindan (%13.2) saglamaktadirlar. Yozgat'taki
yetigtiriciler kaba yemi kendi igletmelerinden
(%76.5), kesif yemi ise kendi igletmeleri ya da yem
fabrikalarindan (%77.5) (Tiifekci, 2020), Malatya’daki
isletmelerin yarisina yakim (%45.70) yemi kendi
isletme imkanlarindan saglamaktadir (Seker ve ark.,
2021). Elazig’da, isletmelerde ihtiya¢ duyulan yemi
fabrikalardan karsilayanlarin oranmi Yozgat'taki
isletmelerle benzer, ancak Malatya’daki
isletmelerden yuksektir. Ekonomik bir yetistiricilik
yapilabilmesi i¢in Elazig’daki igletmelerin yemi daha
yiksek oranda kendi igletme imkanlarindan
kargilamalarinin gerektigi diisiiniilmektedir.

Sagim Kirkim

Koyunculuk Isletmelerinde

Uygulamalari

ve

Elazig koyunculuk igletmelerinin sagim ve kirkim
uygulamalarina ait bulgular Cizelge 5’te verilmistir.

Yapilan arastirmada, sagimin en fazla kadin ve erkek
sagimcilar tarafindan birlikte (%77.7), elle (%97.6) ve
avluda (%74.9) yapildigi belirlenen isletmelerde,
sagilan sutler en fazla evde veya sit odas1 olarak
kullanilan ayr: bir yerde muhafaza edilmekte (%98.2)
ve elde edilen sit g¢ogunlukla peynir yapiminda
(%78.2) kullanilmaktadar.

Kadin ve erkekler tarafindan sagimin birlikte

yapilmasina ait Elazig’da tespit edilen oran,
Malatya’daki (%47.85) (Seker ve ark., 2021) ve
Nigde’deki (%43.4) (Ceyhan ve ark., 2015)

arastirmalarda saptananlardan daha yiksektir. Elle
yapilan sagima ait Elazig’da saptanan oran ise Nigde
(%92.0) (Cimnar ve Ceyhan, 2021) koyunculuk
isletmelerinde tespit edilenlere yakin, Canakkale’nin
Gokceada ilcesindeki (%52.8) (Ozsayin ve Everest,
2019) isletmelerden daha yiiksektir. Elazig’da sagim
yapilacak koyunlarin mera ve yayla sartlarinda
sagilmalarindan, Nigde ve Konya illerindeki
igletmelerde ise sagim yapilan koyunlarin oram
diisiik oldugundan (Nigde; %16.6, Konya; %30.0) elle
sagimin makinali sagima gore daha yiiksek oranda
gerceklestigi diistiniilmektedir. Teknolojik alt yapinin
yetersizligi yaninda kiiltiirel olarak makinali sagimin
o6ziimsenememesi de bunda etkili olabilir. Sagilan
stitlerin muhafaza ve degerlendirme geklinin de
kiltir ve teknolojik alt yap:r imkanlari ile iligkili
oldugu distiniilmektedir. Elazig ilindeki yetistiriciler,
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dogumdan itibaren 2-6 ay kuzu beslenmesinde
yararlandiklari koyun sitlerinden genel olarak
yoresel peynir yapmaktadirlar. Yorede en fazla
uretilen peynir ¢esidi ise tulum peyniridir. Agirlikli
olarak kdéy ve yayla koyunculugu yapilan Elazig
ilinde, kéyde olunan donemdeki siitler genel olarak
kuzularin beslenmesi i¢in kullanildigindan
sagilmamaktadir. Yaylaya yapilan gocten ve kuzular
stitten kesildikten sonra elde edilen siitler ise sabah

bekletilmesinden kaynakli olumsuzluklardan
korunmasi i¢in sagilan sitlerini birlegtirerek ortak
urin yapabilmektedirler. Yayla ve meralarla ilgili
yol, su, elektrik ve barmak gibi temel sorunlarin
giderilmesi, yetigtiricilerin egitim, kiltir ve bilgi alt
yapisinin gelistirilmesi sayesinde turetimin daha
hijyenik ve giivenilir hale gelebilecegi s6ylenebilir. Bu
konunun saglikli ve kaliteli irlin tiretimi ve tiketimi
agisindan ¢ok 6nemli oldugu bilinmeli ve bu konuda

ve aksam sagilarak belli bir miktara ulasinca teleme ilgililerin lizerine diisen sorumluluklari yerine

yapilmaktadir. Aym1 veya yakin ortamdaki getirmeleri saglanmalidir.

yetigtiriciler ise sltin uygun olmayan kosullarda

Cizelge 5. Elaz1g koyunculuk igletmelerinde sagim ve kirkim uygulamalari

Table 5. Milking and shearing practices in FElazig sheep farms

n %

Sagimi1 yapan

Erkek 20 12.0

Kadin 17 10.3

Kadin- erkek birlikte 129 77.7
Toplam 166 100.0

Sagim yontemi

Elle 162 97.6

Makine ile 4 2.4
Toplam 166 100.0

Sagim yapilan yer

Agil icinde 42 25.1

Avluda 125 74.9
Toplam 167 100.0

Sagilan siitii muhafaza yeri

Evde veya st odasi olarak kullanilan ayri bir yerde 162 98.2

Sogutucu 6zellikli tank i¢inde 3 1.8
Toplam 165 100.0

Sagilan siitli degerlendirilme gekli

Peynir yapimi 129 78.2

Yogurt yapimi 13 7.9

St olarak satig 23 13.9
Toplam 165 100.0

Kirkim zamani

Mayis 33 19.8

Haziran-Temmuz 128 76.6

Agustos 6 3.6
Toplam 167 100.0

Kirkim gekli

Makasla 133 89.3

Makine ile 16 10.7
Toplam 149 100.0

Yapilan arastirmaya gore, koyunlar en fazla haziran-

temmuz aylarinda (%76.6), makasla (%89.3)
kirkilmaktadir. Nigde ilinde yapilan bir ¢aligmada,
kirkim  zamaninin  genellikle mayis- haziran

aylarinda (%69.3) yapildign saptanmistir (Cinar ve
Ceyhan, 2021). Iller ve bélgelerin kirkim zamam
farkliliklar1 tzerinde, iklim kosgullar: ile yetistirilen
irklar ve yetigtirici kiltirinin, kirkim geklinin
farkliligr tizerinde ise kiltir ve teknolojik alt yapi

563

imkanlarinin etkili olabilecegi diigsiiniilmektedir.

Yapag1 kalitesini artirmak ve koyunlarda makash
kirkimdan  kaynaklanabilecek  enfeksiyon  ve
yaralanmalar1 azaltmak amaciyla, Elaz1g 11 Tarim ve
Orman  Mudurligi  tarafindan  9.900 ABD
Dolar1 biitgeli 2020 yilinda bir proje yapilmis, proje
kapsaminda Elazig Merkez ilgedeki 257 yetigtiricinin
faydalanacagi 3 adet jeneratér ve 12 adet koyun
kirkim makinas1 ve bicaklar1 ile satin alinmigtir
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(Anonim, 2020). Bu tip projelerin ve desteklemelerin
Elazig Koyun ve Kegi Yetistiricileri Birliginin tim
uyelerini kapsayacak bicimde yayginlastirilmas:
tavsiye edilmektedir.

SONUG ve ONERILER

Elazig ili, koyun varligi ve yetistiricilik imkéanlar:
bakimindan o6nemli bir potansiyele sahiptir.
Yetigtiricilik uygulamalari bakimindan ise Turkiye
hayvancihiginin kiiciik bir modeli niteligindedir. Ilin
glicli noktalar: 6ne ¢ikartilip, eksik ve zayif noktalari
da iyilegtirilerek koyun yetistiriciliginden elde edilen
gelir, dolayisiyla kazang artirilabilir. Bu kapsamda
asagidaki 6neriler sunulmustur.

e Verimlilik ve karlilik igin gerekli bir unsur olan
kayit tutma aliskanliginin gelistirilmesi,

e Daha uygun ya da elit surilerde serbest asim
disindaki daha nitelikli diger asim yontemlerinin
yayginlastirilmasi,

e Koyun sitiinden daha fazla yararlanilmasi igin
sartlara ve 1irklara baglh olarak kuzularin 5-6
ayliktan daha erken sutten kesilmesinin
saglanmasi,

e Kaba yem olarak koyunlara saman yerine kuru ot
ve yonca gibi yemlerin yedirilmesinin tesvik

edilmesi,

e Ekonomik bir yetistiricilik yapilabilmesi igin
igletmelerin yemi kendi imkanlarindan
kargilamas:,

e Sagilan siutin daha iy1 kogsullarda saklanmasi ve
sonrasinda daha saglikli ve kaliteli urin haline
dontisturiulebilmesi i¢in  Ozellikle yayla ve
meralarda uygun kosullarin olusturulmasa,

e Makineli kirkimin yayginlastirilmas: i¢in gerekli
alet ve ekipman desteginin saglanmasi,

e Mera ve yaylalarin yol, su, elektrik ve barinma alt
yapisinin olusturulmasi ve yetistiricilerin sosyal
ihtiyaclar1 dogrultusunda mevcut imkéanlarin
iyilestirilmesi i¢in bu konudaki mevzuatin giiniin
kogullarina gére yeniden ele alinmasi.

Sonug¢ olarak, yukarida sunulan ¢ézim oOnerilerinin,
ilgili sektorin oncelikle Elazig ili 6zelinde olmak
uizere, ulke ihtiyaglarina daha fazla katk: sunabilmesi
ve daha gii¢lii bir yapiya kavusabilmesi igin ivedilikle
pratige aktarilmasi ve yayginlastirilmasi
onerilmektedir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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ABSTRACT

This study was carried out to determine the structural characteristics
of the barns and related problems in the cattle enterprises in Ispir
county of Erzurum province. For this purpose, a face-to-face survey
was conducted with 325 randomly selected enterprise owners. It was
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determined that 94.7% of the barns in the enterprises in the county Received 1 04.02.2022
consisted of tied free-stall barns. Furthermore, 33% of the barns were Accepted 117.03.2022
between 16 and 20 years old and 31.2% of them were older than 21

years. Stone (95.4%) and brick (66.2%) were commonly used as Keywords

building materials in the construction of the barn walls, and mainly Barns

galvanized sheet metal (77.4%) was used for the roof. The barn floor Cattle

was also determined to be mostly concrete (61.9%) or stone (48.2%).
Some of the standard barn elements were available in almost all of the
enterprises in the county, such as feeder (100.0%), urinary canal
(85.3%), window (96.7%), however other elements such as the feeding
alley (6.6%), automatic waterer (1.3%) and ventilation holes (22.8%)
were available in a small number of enterprises. The relationship
between the number of windows in the barns, the level of farm size
and the level of education of the breeders was found to be statistically
significant (P<0.01). The percentage of enterprises with two windows
in their barns was the highest (48.2%) in the county, and this was
followed by enterprises with three, four, one and five windows in the
barn, respectively.

Ispir county
Building materials
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Erzurum Ili Ispir Tlgesindeki Sigir Barinaklarinin Yapisal Ozellikleri Uzerine Bir Aragtirma

OZET

Bu calisma, Erzurum ili Ispir ilcesinde sigircilik igletmelerinde
bulunan barmaklarin yapisal 6zelliklerini ve bunlarla ilgili sorunlari
belirlemek amaciyla yiirttilmistir. Bu amagla, sansa bagh olarak
secilen 325 igletme sahibi ile yliz ylize anket yapilmistir. Ilgedeki
igletmelerde mevcut sigir barinaklarinin %94, 7’sinin bagh duraksiz
kapali ahirlardan olustugu belirlenmistir. Ahirlarin %33 intin 16-20
yasinda oldugu, %31,2’sinin ise 21 yi1ldan daha fazla kullanildig: tespit
edilmigtir. Ahir duvarlar1 ingasinda yap:r malzemesi olarak genellikle
tas (%95,4) ve tugladan (%66,2) yararlanildigi, catisinda ise
cogunlukla galvaniz sac (%77,4) kullamldign saptanmistir. Ahir
zemininin ise biiyiik oranda beton (%61,9) veya tas (%48,2) oldugu
tespit edilmistir. Yemlik (%100,0), idrar yolu (%85,3), pencere (%96,7)
gibi  standart barmmak elemanlarinin igletmelerin = biylk
cogunlugunda bulundugu ancak yemlik yolu (%6,6), otomatik suluk
(%1,3) ve havalandirma deliklerinin (22,8%) az sayida isletmede
bulundugu tespit edilmigtir. Barinaklardaki pencere sayilari ile
igletme buyukligu ve yetistiricilerin 6grenim durumlar1 arasindaki
iliski istatiksel olarak 6nemli (P<0,01) bulunmustur. Ahirinda iki
pencere bulunan isletmelerin orani ilcede en yiiksek olup (%48,2)
bunu ahirinda sirasiyla ii¢, dort, bir ve bes pencere bulunan igletmeler
takip etmigtir.
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INTRODUCTION

Although world population has been increasing
geometrically in recent years, food producing has gone
up arithmetically in the world. As a result of this, the
world population grew faster than food production and
tended to exceed it in a short time. Due to this fact, food
shortages in many countries have become a significant
threat to human beings (Ozsaglcak and Yanar, 2021).
Cattle are one of the most significant farm animals
that produce animal-sourced foods such as milk and
meat. The main purpose of cattle raising is to obtain
the highest possible yield at the minimum cost. This
can only be possible if the animals in the farm are fed
adequately and have the high genetic capacity.
Another requirement for profitable cattle farming is to
provide appropriate environmental conditions in the
barn. The terms of environmental conditions cover all
factors affecting the growth, development and yield of
animals. These ones can be classified as climatic,
structural, social and other factors. In barns,
temperature, relative humidity, air movements, and
lighting are climatic factors, and ventilation,
insulation status of the barn, and equipment are called
structural factors. While animal density, water supply
and feeding practices are social factors and odor,
atmospheric pressure, dust, presence of pathogenic
microorganisms is considered as other factors (Avci,
2015).

The environmental requirements of cattle are
determined and applied mainly on the basis of human
needs when cattle breeders do not have enough
information about animal physiology (Akman, 2003).
Providing the environmental conditions suitable for
humans (especially temperature) in the barn for cattle
often leads to detrimental consequences. For this
reason, it is highly important to reveal the structural
conditions and environmental features of the cattle
barns and to determine the deficiencies and
malpractices in these barns. The most suitable barn
types that can provide the optimum environmental
conditions for the animals can be determined by
studies to be carried out in different geographical
regions of Turkiye. Therefore, some studies were
conducted to reveal the characteristics of the barn in
different regions of the country (Mundan et al., 2018;
Unli, 2018; Alkan and Giiney, 2019; Bakir and Kibar,
2019; Bakir and Kibar, 2020; Kili¢ et al., 2020; Ocal,
2020; Yilmaz et al., 2020; Kaygisiz and Ozkan, 2021).

Erzurum province has an important place in terms of

cattle breeding in Tiirkiye. The number of cattle in the
province was 827,806 heads and 937847 tons of milk
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was produced from 315594 dairy cows in 2019 (TUIK,
2021). Ispir county which is one of the 20 counties of
Erzurum province, is located 143 km northwest of
Erzurum city center at the intersection of North East
Anatolia and Eastern Black Sea Region. The county is
surrounded by high mountains from the north and
south. Within the boundaries of the county, there are
many mountains having altitudes between 2400 and
3900 meters. 1spir county is located in a transition zone
and the climate that prevails in the county is a
transition climate between the continental climate and
the maritime climate (Kocgyigit et al., 2022). Compared
to other counties of Erzurum, the winter season is
milder. However, the temperature differences between
winter and summer and the day and night are quite
high. Climatic characteristics show further differences
along the Coruh River, which passes through the
borders of the county by forming a valley and a basin.
The county is quiet suitable for animal husbandry due
to its natural and geographical conditions. According
to statistics data, the total number of cattle available
in 2019 in the county was 21924, the number of dairy
cattle was reported as 8263 and the total amount of
milk produced was 24483 tons (TUIK, 2021).

Although studies were conducted to determine the
structural characteristics of barns in cattle enterprises
in Yakutiye (Capadag, 2016), Hinis (Diler et al., 2016)
and Narman (Diler et al., 2018) counties of Erzurum,
no study was carried out in Ispir county. Therefore, the
present study was conducted in this region, which
differs significantly from the central and southern
counties of Erzurum in terms of climatic conditions to
reveal deficiencies in terms of equipment and
structural features of cattle barns and reveal
concerning problems to suggest solutions.

MATERIAL and METHOD
The study has been approved by Atatiirk University
Faculty of  Agriculture Ethics Committee

Chairmanship and then was conducted on the owners
of randomly selected dairy cattle enterprises in Ispir
county of Erzurum province. A face-to-face survey was
conducted with 394 individuals, and data obtained
from a questionnaire consisted of the material of the
current research. After visiting the cattle enterprises,
their current situation was investigated by observation
along with survey questions. Since the population is
limited in addition to the variance being unknown,
there are qualitative variables dependent on
probability, the formula given below was used to
determine the sample size of the study as suggested by
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Arikan (2007).
_ N.t2.p.q
(N—1).D? +t2.p.q

n

In this formula;
n=Minimum number of samples, N=Population size,
D=Acceptable or desired sampling error (5%), t=Table
value (t=1.96 for a= 0.05), p=The rate to be calculated
0.5), g=1-p.
n= 2107.(1.96)2.0.5.(1-0.5)
(2107-1).(0.05)2+(1.96)2.0.5.(1-0.5)

=325

The estimated minimum sample size was found to be
325 using the formula given above. After calculating
the minimum sample counts, the number of surveys
increased by 21.23%. The final number of surveys to be
carried out in the villages of the Ispir county of
Erzurum province was determined as 394. The data
obtained from the survey work were transferred to
Excel 2010 computer program prior to statistical
analysis. Number of cattle in the farms were grouped
as less than 11, 11-20, 21-30, 31-40 and more than 40
heads. Additionally, the educational status of the
cattle breeders was grouped as illiterate, literate,
primary school graduate, secondary school graduate
and high school graduate. Chi-Square analysis
available in SPSS statistics program were utilized to

100
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0,
0.95% 4.31%

determine effects of the number of cattle in the farms
and the educational status of the owners of the
enterprises on the structural characteristics of barns
in these enterprises (SPSS, 2011).

RESULTS and DISCUSSION
Barn Types

In the present study, it was revealed that 94.7% of the
enterprises in Ispir county have tied free-stall closed
barns and 4.3% of them have tied-stall closed barns.
Additionally, the percentages of open, semi-open and
free-stall closed barns in the county were also very low
(Figure 1). Similarly, results of the studies conducted
in Central Anatolia and Eastern Anatolia (Ugurlu and
Sahin, 2010; Seker et al., 2012; Tilki et al., 2013;
Bakan, 2014) agree with the findings of the present
study. However, the percentage of closed barns with
tied-stall in Ispir county (4.3%) was found to be lower
than the findings of studies carried out in both the
Black Sea Region (Tugay and Bakir, 2006; Yenice and
Savas 2016) and the West Anatolia Region (Demirhan
and Yenilmez, 2019; Kili¢ et al., 2020). On the other
hand, Yener et al. (2013) reported that 17.5% of barns
are closed barns and 82.5% are semi-open barns in the
South East Anatolia Region.

94.67%

0.51%

0
g9
3%

ureq
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Figurel. Barn types
Sekil 1. Ahir tipleri

Dou et al. (2001) reported that 68% of the cattle
enterprises had tied-stall barns in the state of
Pennsylvania. Moreover, Sheppard et al. (2011)
determined that less than 31% in Western Canada and
80% of the cattle barns in St. Lawrence Plains were
tied-stall barn. In these types of barn workers mostly
experience tedious difficulties and inadequacies in the
application of the most important tasks such as
feeding, manure extraction, milking, and irrigation.
Therefore, younger generations, especially women, do
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not want to be employed in animal farming work
(Anonymous, 2018). Additionally, Valde et al. (1997)
noted that tied-stall barns have a higher incidence of
clinical mastitis and suggested that free-stall barns
should be preferred for lower disease incidence and
higher fertility status. Furthermore, Gékalp (2019)
stated that free-stall barns are the most widely used
housing system in dairy cattle breeding, but these
barns are only profitable in enterprises with 60 or more
dairy cattle.
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Thoughts of the Cattle Breeders Concerning the Effect
of Their Barns on Both Health of Humans and Animals
Majority of the participants stated that their barns had
no adverse influence on the human's health (81.5%),
animals' growth and development (83.2%) and milk
yield (83.5%) (Figure 2a, b, ).

Contrary to the findings of the present study, 48.79%

A

R

LX)\

of the owners of the enterprises in Kars province stated
that their health was adversely affected due to the
structural characteristics of the barns. Furthermore,
in the same study in more than half of the enterprises,
milk production (57.04%) and cattle growth (57.04%)
were reported to be negatively affected due to
inadequate barn structure (Tilki et al., 2013).

Yes
16.8%

Yes
16.5%
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Figure 2. Does the barn environment adversely affect the health of the breeders (a), the growth and development
of the animals (b), and the milk production of cows (c).
Sekil 2. Ahir ortami yetistiricilerin saglhgini (a), hayvanlarin biiyiime ve gelismelerini (b), ineklerin siit verimini

olumsuz yénde etkiliyor mu?

Similarly, Aydin et al. (2016) also indicated that in the
majority of the enterprises in Hinis county of Erzurum
province barn structure adversely affected the health
of enterprise owners (88.8%), milk yield (88.6%), and
growth and development of animals (81.0%). It could
be seen that the results determined in Ispir county
were worse compared to other regions of Turkiye. The
findings could be attributed to low level of awareness
and the lack of information of the breeders about the
negative effects of barn conditions on yield and health
in Ispir county. It was also determined that there were
significant (P<0.05) relation between education level of
the breeders and their thoughts about influence of
their barns on the health as well as milk yield.

Age of the Barn Facilities

The age of the barns in the Ispir county was
determined to be generally over 15 years (64.2%) and
the number of newly built barns is quite low (3.0%).
The percentages of the barns aged less than 5 years
were determined as 3.0%, between 6-10 years 14.0%,
between 11-15 years 18.8%, between 16-20 years 33.0%
and for 21 years and above 31.2% in the county (Figure
3). The findings of the present study are in accordance
with the findings of Aydin et al. (2016) in terms of the
age of barns buildings which were younger than 10
years of age (17.0%), however lower than the reports of
Giiler et al. (2017) for the same building age groups
(40.4%). Additionally, the findings of the current study
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are in harmony with the results of Tilki ve ark. (2013)
in central county of Kars as well as Bakan (2014) in
Agr Province.

>21
years 1-5
31.2% years 6-10

11-15
years
18.8%

Figure 3. Age of the barns
Sekil 3. Ahirlarin yaslari

Location of Barns

In dairy cattle enterprises, barns are recommended to
be detached in terms of animal health, welfare, and
productivity. In Ispir county 80.5% of the barns were
determined to be detached from the house building
(Figure 4). The percentages of detached barn building
were reported as 63%, 77%, 70.7% and 75% in
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Kahramanmaras (Kaygisiz and Tiimer 2009), in Mus
(Seker et al., 2012), in Hinis (Aydin et al., 2016) and
Narman counties of Erzurum province (Giiler et al.,
2017), respectively. The findings of the present study
were determined to be higher than results of these
reports. However, the results of the current study were
lower than those that were reported for Ergani county
of Diyarbakir province (90.4%), Malatya (91.9%), and
Mus (85.8%) (Han and Bakir, 2010; Késeman and
Seker, 2016; Bakir and Kibar 2020). Furthermore, it
was determined that the relationship between the
location of the barns and the educational levels of the
owners of the enterprises was statistically significant
(P<0.05).

Ground floor of the house...

Detached
80.5%

Figure 4. Location of the barns
Sekil 4. Ahirlarin lokasyonlari

Building Materials Utilized for the Construction of
Barn Walls

Stone (95.4%) and bricks (66.2%) were determined to
be commonly wused building material on the
construction of the barns’ walls in Ispir county (Figure
5). Stone is a sturdy, readily available and free
construction material, as well as a traditional

120 1
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175 %

. I

Mudbrick

Stone Brick

construction material used by farmers in the Ispir
county. Therefore, it may be possibly the main reason
for the use of stone commonly in barn buildings of Ispir
county. Similarly, Seker et al. (2012) reported that
stone (42.1%), briquette (39.7%) and mudbrick (18.2%)
were widely used in barn construction in Mus province.
Furthermore, in Narman county of Erzurum province
stone (55.3%), brick (32.7%) and mudbrick (12.0%)
were reported to be the most widely used building
materials (Giler et al., 2017). On the other hand,
Aydin et al. (2016) reported that in Hinmis which is
another county of Erzurum province, mudbrick was
used most commonly with 45.6% in barn’s walls, and it
was followed by brick (25.8%), stone (25.5%), wood
(2.2%) and briquette (0.8%). Furthermore, the wall
building material in 69.56% of the dairy cattle barns
was reported to be brick, 13.04% was stone and 8.70%
was briquette in the Cankir1 province (Yildiz, 2013).
Similarly, Kur¢ and Kocaman (2016) determined that
brick, concrete, briquette, sheet metal along with brick
and sheet metal were used as wall materials in barns
in 80.65%, 3.23%, 3.23%, 3.23% and 8.06% of the
enterprises respectively in Malkara county of Tekirdag
province. In contrast, oak, a wood material, was used
as wall construction material in most (79.17%) of the
cattle barns in Senpazar county of Kastamonu
province (Sahin, 2016). In addition, while stone was
used together with wood material in the construction
of barn walls in 4.16% of the enterprises, only brick
was used in 16.67% of the barns.

Furthermore, Bardakcioglu et al. (2004) reported that
62.6% of the barn walls were made of bricks, 34.4% of
perforated Dbricks, and 3% of other materials
(briquettes, mudbrick, etc.) in Aydin province. In
Kahramanmarag province, it was also reported by
Kaygisiz and Tiimer (2009), walls of the cattle barns in
Kahramanmarag province were constructed by using
stone (33%), mudbrick (% 26), Briquette (% 40) and
lumber (1%) materials.

38.3%

11.9%

Briquette Lumber

Figure 5. Building materials used for the walls of the barns

Sekil 5. Ahir duvarlari i¢in kullanilan yap: malzemeleri

570



KSU Tarim ve Doga Derg 25 (Ek Say1 2):566-576, 2022
KSU J. Agric Nat 25 (Suppl 2): 566-576, 2022

Arastirma Makalesi
Research Article

Structural Materials Used for Barn Roofs

In Ispir county, galvanized sheet metal was mostly
preferred for the construction of barn roofs in the
county (65.4%), followed by concrete (15.0%), soil (mud)
(10.8%) and lumber (8.8%) (Figure 6). Similarly,
galvanized sheet metal and concrete were reported to
have been used for the construction of the barn roof in
48.1% and 22.6% of the enterprises respectively in
Narman county of Erzurum province (Giiler et al.,

70
60
50
40
30
20
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0

10.8%

Percentage (%)

8.8%

Lumber Soil (Mud)

Galvanized sheet

2017). However, in Yakutiye county of Erzurum, the
percentage of enterprises that preferred galvanized
sheet metal for roof construction was reported as 84.2%
(Capadag, 2016). Furthermore, the sheet metal
(56.5%) was determined to be widely used among the
roofing materials in dairy cattle enterprises in Aydin
province, while different construction materials such
as eternite (25.3%), tile (13.1%) and thatch or nylon
(5.1%) were also used in these enterprises
(Bardakgioglu et al., 2004).

65.4%

15.0%

Concrete

metal

Figure 6. Building materials used for the constraction of barn roofs
Sekil 6. Ahir ¢atilarinin yapiminda kullanilan yap: malzemeleri

Building Materials Utilized for Constructing of Barns'
Floors

While only one structural material was used for
construction of the barn floors, it was observed that
more than one type of material was used in some of the
barns. The building material used for construction of
the barns’ floors in the majority (61.9%) of the cattle
farms in the Ispir county is concrete. However, stone
(22.0%), compacted soil (28.2%), and wood (27.9%) are
the other materials preferred by the owners of the
enterprise (Figure 7). It is recommended that the floor
material of cattle barns should be stable, durable,
impermeable, resistant to chemicals and urine and
easy to clean. Even though the most economical floor
material is compacted soil, the floor should be concrete
for better animal cleanliness and easier manure
cleaning (Ozhan et al., 2009; Yildiz, 2013). In many
studies conducted in different provinces and counties
in Tirkiye, it was reported that the use of concrete in
the construction of barn floors was quite common
(Yener et al., 2013; Bakan, 2014; Késeman and Seker
2016; Mundan et al., 2018; Demirhan and Yenilmez,
2019; Bakir and Kibar 2020). Moreover, Vasseur et al.
(2010) reported that concrete (74.4%) was the most
commonly preferred flooring material in the barns of
cattle farms in Pennsylvania state of the USA.
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Structural Materials Utilized for Building Feeders in
Cattle Barns

Lumber (70.8%) and concrete (29.2%) are the most
widely preferred for constructing of the feeders in the
enterprises in Ispir county of Erzurum province
(Figure 8). Similarly, Aydin et al. (2016) reported that
61.2% of the enterprises used concrete and 38.8% used
wooden materials for the construction of the feeders in
Hinis county. On the other hand, Giiler et al. (2017)
reported that in the Narman county of Erzurum
province, in 48.1% of the enterprises, feeders were
made of lumber materials and in 35.6% of them they
were made of concrete. However, in contrast to the
present study, they also reported that galvanized sheet
metal was another material used for feeder
construction (16.3%).

It was also stated in several other studies that the use
of concrete is more common in the making of feeders,
in 98.4% of the enterprises in Ankara, 89.4% Aksaray
(Tatar, 2007), and in all of the enterprises in the Ahlat
county of Bitlis (Bayraktar et al., 2010) feeders were
made of concrete. The possible reasons for the
widespread usage of concrete feeders in barns could be
easy to clean, as that well as they can be filled with
water for the watering of the animals.
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Figure 7. Building materials used for the construction of the floors of the barns
Sekil 7. Ahirlarin zeminlerinin yapiminda kullanilan yapi malzemeleri

Concrete
29.2%

Lumber
70.8%

Figure 8. Building materials used to make the feeder
Sekil 8  Yemlik yapiminda kullanilan yapi
malzemeleri

Interior Design of the Cattle Barns

In the construction of cattle barns, design, types,
locations, and sizes of the structural elements such as
feeders, waterers, stalls, urinary channels, tying
arrangements and feed alleys, etc. should be planned
taking into account the ease of the working of workers
as well as health and welfare of the animals. Some of
the standard barn structural elements were available
in almost all of the enterprises in the county such as
feeder (100.0%), urinary canal (85.3%), window
(96.7%). However, other elements such as the feeding
alley (6.6%), the automatic watering system (1.3%),
and the ventilation holes (22.8%) were available in a
small number of enterprises (Figure 9). Results of a
study conducted by Aydin et al., (2016) indicated that
in the enterprises not having feeding alley where
feeders were built in a position adjacent to the barn
walls, breeders have to get too close to cows to feed
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them. In addition to this, they noted that breeders
might encounter high injury risk as a consequence of
this practice. Giiler et al. (2017) found that only 6.3%
and 6.7% of the enterprises, respectively, in Narman
county of Erzurum had feeding alley and automatic
waterers in their barns. Additionally, it was reported
by Bayraktar et al. (2010) that only 30.43% of the
enterprises in Adilcevaz county of Bitlis province had
feeding alley in their barns.

Daytime Lighting of the Cattle Barns

Having enough light during the daytime enables better
observation of cow signals and allows breeders to
detect signs of heat, lameness, blood, and discharge.
Additionally, better lighting barn also improves
workers’ efficiency, comfort and safety. In the planning
of the barns, windows are important in terms of
ventilation and lighting. In barns with insufficient
lighting, it is difficult to perform routine work inside
the barn such as feeding and cleaning, the probability
of accidents increases during the entrance and exit to
the barn, and the animals cannot benefit from natural
light (Ozhan et al., 2009). It was determined for the
daytime lighting of the barn most of the breeders
(92.9%) in 1spir county used windows and electric
bulbs together (Figure 10). Although the percentage of
lighting through windows was 6.6%, the percentage of
enterprises that used only electricity for barn lighting
was determined as 0.5%. Since lighting with electricity
is an additional cost to the company, the use of
windows for this purpose is recommended for
profitable cattle farming (Ozdemir and Karaman,
2008). However, as a result of not giving the necessary
importance to cleanliness in most of the barns in the
county, it was observed that the glasses of windows
were extremely dirty and dusty and this situation



KSU Tarim ve Doga Derg 25 (Ek Say1 2):566-576, 2022
KSU J. Agric Nat 25 (Suppl 2): 566-576, 2022

Arastirma Makalesi
Research Article

prevented the animals housed in these barns from
benefiting from sunlight sufficiently.

Tugay and Bakir (2006) reported that in 52% of the
dairy cattle farms in Giresun province, the barns had
sufficient lighting and these enterprises provided the
lighting through the windows. In the Hinis county of
Erzurum province, 63.5% and 36.5% of the enterprises

were reported to provide natural lighting and
electricity for the interior lighting of the barns
respectively (Aydin et al., 2016). Das et al. (2014)
determined that almost in all barns in Bingo6l province,
interior lightning of the barn was provided by
electricity. Therefore, the number of barns that
provided lighting by using sunlight was reported as
quite low.
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Figure 9. Structural elements existing in the barns
Sekil 9. Ahirlarda mevcut yapisal elementler
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Figure 10. Techniques for daytime lighting of barns
Sekil 10. Ahirlarin giindiiz aydinlatma teknikleri

The Number of Windows in the Barns

The number of windows in the barns is highly
important for a sufficient lighting. Although the
percentage of enterprises with 2 windows in their
barns was the highest (48.2%) in the county, this was
followed by enterprises with 3, 4, 1 and 5 windows in
the barn, respectively (Figure 11). Similarly, Giiler et
al. (2017) reported that the barns with 2 windows
(47.5%) were quite common in Narman county,
followed by the barns with 4-5 windows. Furthermore,
Aydin et al. (2016) indicated that barns with 3 (36.3%)
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and 4 (40.0%) windows were common in most of the
enterprises in Hinis county. It was also determined
that there was a significant relationship (P<0.0.1)
between the number of barn windows in the barns in
the county and the size of the enterprise along with the
educational status of the owners of the enterprises.

The Number of Ventilation Chimneys of the Barns

The number of ventilation chimneys in the barn is
important for removing the warm air, humidity, bad
odors, and gases in the barn. The number of barn
chimneys in the enterprises also differs in a similar
way as the number of windows in the enterprises. It
was determined that 77.4% of the enterprises in the
county did not have a ventilation chimney, and the
enterprises with a chimney generally had 1 or 2
chimneys (Figure 12). In this case, the discharge of
dirty air from the barn is only provided through
windows or doors. Similarly, Kilic et al. (2020) reported
that in 58% of dairy farms in Kiitahya province dirty
barn air was discharged by keeping the windows open.
In addition, it was determined that the number of air
discharge chimneys in the barns was significantly
(P<0.01) related to the size of the enterprise in the
county.

Tilki et al. (2013) stated that 6.3% of cattle enterprises
in Kars province did not have barn ventilation
chimneys, while 3.6 of them had one ventilation
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chimney. Unalan et al. (2013) reported that 78.1% of
the enterprises in Nigde province did not have
ventilation chimneys in the barns, while Kili¢c et al.
(2020) pointed out that only 2% of the barns in cattle
farms in Kiutahya province did not have barn
chimneys. It was also reported that 8.5% of the animal
barns in the Tokat province enterprises did not have
ventilation chimneys, and doors and windows are used
for air discharge (Ozdemir, 2007). Aydin et al. (2016)
noted that the number of barns with 2, 3 and 4
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Figure 11. Number of windows in the barn
Sekil 11. Ahirdaki pencere sayisi
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Figure 12. Number of ventilation chimneys of the barns

Sekil 12. Ahirlardaki havalandirma bacasi sayisi
CONCLUSION and SUGGESTIONS

This study was carried out to determine the structural
characteristics of barns and related problems in cattle
enterprises in Ispir county of Erzurum province. The
findings revealed that the required standards were not
followed in the planning and construction of the barns
in the county. Most barns were not planned according
to animal welfare and conditions that will provide
better atmospheric conditions inside the barn. A big
majority of the barns were determined to be in a tied
free-stall closed barn plan, and the air discharge
chimneys and windows in the barns were insufficient.
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0.5%

chimneys in cattle farms was quite common in Hinis
county of Erzurum province. Similarly, most of the
cattle enterprises in Mus province had barn ventilation
chimneys and percentage of cattle barns having
ventilation chimney was 90.8% (Bakir and Kibar,
2020). On the other hand, Oztiirk (2009) noted that
ventilation chimneys existed in 55.17% of the
enterprises in Mardin province. Likewise, most of the
enterprises in Narman county of Erzurum have 1 or 2
chimneys (45.7% and 40.0%) (Giiler et al., 2017).
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For these reasons, it is difficult to provide the optimum
temperature, humidity, and quality air for cattle. In
almost all of the enterprises in the county barns were
determined to be detached as recommended to provide
better welfare to the cattle. The barn walls were
commonly made of stone and brick, galvanized sheet
metal material was widely utilized for the barns' roofs,
concrete was used on the barn floor. These practices
look promising for the cattle farming of the county. It
would be appropriate to increase usage automatic cow
drinkers to provide continuous water supply to the
animals and to install a water system inside the barn
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for this purpose. The information support and
investment incentives to be given to the enterprises in
the region, it would be possible to modernize the barns
and ensure the barns that will be built in the future to
be sufficient to provide the optimum welfare for the
cattle. In this way, a more profitable cattle farming
may be achieved for the breeders of the county.
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OZET

Bu calisma da farkl aylarda toplanan gladicya (Gleditsia triacanthos)
agac yapraklarinin kimyasal bilesimi, kondanse tanen (KT) icerigi, in
vitro toplam gaz (TG) iiretimi, metabolik enerji (ME) ve organik
madde sindirim derecesi (OMSD)’nin saptanmasi amaclanmigtir.
Aylara gore gladigya aga¢ yapraklarinin kimyasal bilesimi, kondanse
tanen (KT), in vitrotoplam gaz (TG) iiretimi, metabolik enerji (ME) ve
organik madde sindirim derecesi (OMSD) arasindaki farklihiklar
6nemli bulunmustur (P<0.05). Gladi¢ya agac yapraklar: ham protein
(HP) %5.59-19.48, ham yag (HY) %3.64-9.71, asit deterjan lif (ADF)
%23.54-34.52, nétr deterjan lif NDF) %38.58-49.00, KT %13.86-19.35,
in vitro TG tretimleri 27.41-41.43 m1'1200 mg KM, ME degerleri 6.52-
8.99 Mj kg! KM ve OMSD %49.43-64.50, araliginda degismis ve
aralarindaki farklhiliklar istatistiki olarak o6nemli bulunmustur
(P<0.05). Sonuc¢ olarak ham besin madde bilsimine bakildiginda
gladigya yapraklarinin alternatif kaba yem kaynagi olabilecegi,
yuksek tanen icerigi nedeniyle kullanimina dikkat edilmesi gerektigi
soylenebilir.

ABSTRACT

In this study, was purposed to determine the chemical composition,
condensed tannin (CT) content, in vitro total gas (TG) production,
metabolic energy (ME) and organic matter digestibility (OMD) of
honey locust (Gleditsia triacanthos) tree leaves collected in different
months. The differences between the chemical composition, condensed
tannin (CT), in vitro total gas production (TG), metabolic energy (ME)
and organic matter digestibility (OMD) of honey locust (Gleditsia
triacanthos) leaves by month were found to be significant (P<0.05).
Honey locust (Gleditsia triacanthos) tree leaves crude protein (CP)
5.59%-19.48%, crude fat 3.64-9.71%, acid detergent fiber (ADF) 23.54-
34.52%, neutral detergent fiber (NDF) 38.58%-49.00, CT 13.86-19.35%
, in vitro T'G productions varied between 27.41-41.43 ml-1200 mg DM,
ME values 6.52-8.99 Mj kg-1 DM and OMD 49.43-64.50%, and
differences between them were found to be statistically significant
(P<0.05). As a result, considering the crude nutrient composition, it
can be said that leaves of honey locust can be an alternative source of
roughage, and attention should be paid to their use due to their high
tannin content.
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GIRIS ¢ayir meralar ile kilturi yapilan yem bitkileri
Hayvancilik isletmelerinde toplam diretim gelmektedir. Ancak bu kaynaklardan gelen yemler
masraflarinin %60-70"1n1 yem giderleri ihtiyaglar1 gerektigi kadar karsilayamamaktadir. Bu

olusturmaktadir (Alcicek ve ark., 2010). Karlh bir
hayvanciligin yapilmasinda en etkili unsur ucuz yem
kaynaginin saglanmasidir. Bu kaynaklarin baginda

durum dikkate alinarak yeni yem kaynaklarinin
arastirilmas1 gerekmektedir. Bu yem kaynaklarindan
bir grubunu aga¢ dal ve yapraklar1 olusturmaktadir
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(Paterson ve ark., 1998; Temel ve Kir, 2015; Ozyazic1
ve Acikbas, 2020; Boga ve ark., 2022). Agac dal ve
yapraklar1 sigir, ke¢i, koyun ve geyik gibi ruminant
hayvanlar tarafindan dogal olarak kullanilmaktadir
(Papachristou ve ark., 1996; Boga ve ark., 2022). Agac
dal ve yapraklari ani iklim degisikliklerinden sinirh
diizeyde etkilenmeleri ve kurak mevsimde kaba yem
saglamalar1 bakimindan éne gckmaktadir (Ozelcam ve
ark., 2019). Borens ve Poppi (1990), kurak kosullarda
agag ve ¢ali tiirlerinin, diger bugdaygil ve baklagil
otlarina gére daha uzun siire (yaklasik 3- 5 ay) yesil
kaldiklarin1  vurgulamiglardir. Afrika’da yesil yem
olarak  aga¢  yapraklarmin  kullamildigi  da
bildirilmektedir (Brewbaker, 1986). Kurak kosullarda
ruminant beslemede agac¢ yapraklari kullaniminin
avantajlar1 yani sira, hayvan beslemede kullanimini
kisitlayan bazi1  dezavantajlari  bulunmaktadir.
Bunlarin bagsinda anti-besinsel (tanen ve diger fenolik
bilesikler) iceriklere sahip olmalar1 gelmektedir
(Tolera ve ark., 1997). Agac yapraklarinda bulunan
yuksek tanenin, yem tiketimini olumsuz etkileme
disinda, yemlerin sindiriminde ve viicutta azot
depolama kapasitesinde duglse neden oldugu
bildirilmektedir (Boga ve ark., 2021). Bu arastirma bir
baklagil agac tirii olan gladicya (Gleditsia
triacanthos) yapraklarinin kimyasal bilesim, in vitro
TG, ME, OMSD ve KT igereklerinin saptanmasi
amaciyla diizenlenmistir.

MATERYAL ve METOD
Yem Materyali

Aragtirmanin yem materyalini 2020 yilinda Mus (1350
m) ili merkez ilcesinde yetisen on farkh Gladicya
(Gleditsia triachantos) agaclarindan 8 ay siiresince
elle toplanan yapraklar olusturmustur. Calismanin
yapilabilmesi i¢in Kahramanmaras Siitcii Imam
Universitesi, Ziraat Fakiltesi, Yerel Etik kurulundan
onay alinmistir (29.01.2021 tarih ve 2021/01 sayih
karar).

Laboratuvar analizleri

Laboratuvara getirilen yapraklar kurutulmus ve
sonrasinda 1 mm elekten gececek sekilde 6gutiilerek
kuru madde (KM), ham kiil (HK), ham protein (HP),
ham yag (HY) icerikleri AOAC (1990)’a gore, kondense
tanen (KT) icerikleri Makkar ve ark. (1995)nin
bildirdikleri yontemlere gére yapilmistir. Yemleri asit
deterjan lif (ADF) ve nétr deterjan lif (NDF) Van Soest
(1991)in, in vitro gaz iiretimleri ise Menke ve ark.
(1979)min bildirdikleri yontemlere gére yapilmistir.
Gladicya yapraklarinin ME ve OMSD degerleri
asagidaki esitliklerle hesaplanmis olup, esitliklerde
kullanilan HP, HY, HK igerikleri % olarak alinmigtir
(Menke ve Steingass, 1988).

ME (MJ kgt KM) = 2.2 +0.1357 x GU + 0.057 x HP +
0.002859 x HY? (1)
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GU: 24 saatlik in vitro gaz iiretimi (ml 200 mg™)
OMSD (%)= 14.88+0.8893xGU+0.448 x HP+0.651xHK (2)

Istatistik Analizler

Calismada elde edilen veriler tek yonli varyans analizi
(One-way ANOVA) kullanilarak istatistiki olarak
(Tukey %5) degerlendirilmistir.

BULGULAR ve TARTISMA

Farkh aylarda toplanmig gladigya agaci yapraklarinin
kimyasal bilesimi saptanmis ve Cizelge 1'de
verilmigtir. Gladigya yapraklarinin HP icerikleri

%5.59-19.48 araliginda degismis olup en diisiik Aralik
(%5.59) ayinda en yiiksek Mayis (%19.48) ayinda tespit
edilmis ve HP igerigi gelisme donemi ilerledikge
onemli diizeyde azalmistir (P<0.05). Genellikle
ilkbaharda bitkiler biiyumeye bagladik¢a, protein
sentezi uyarilarak genc hiicre sayisi ile birlikte protein
sentezinin arttig1 soylenmektedir (Kacar ve ark.,
2006). Tersi olarak da biiyiime dénemi ilerledikce HP
iceriginin azaldig1 rapor edilmistir (Mountousis ve
ark., 2008; Atasoglu ve ark., 2010). Benzer literatiir
bildirigslerinde farkl ekolojilerde yapilan ¢alismalarda
cal1 ve agag tirlerinde de ayni durumun gerceklestigi
bildirilmistir (Tolunay ve ark., 2009; Kamalak ve ark.,
2010; Parlak ve ark., 2011; Foroughbakhch ve ark.,
2012; Alatirk ve ark., 2014; Oktay ve Temel, 2015;
Demirkol, 2019). Benzer bir calismada Eylill ayinda
elde edilen gladi¢cya yapraginin HP igerigi %15.7,
Haziran ayinda %20.1 olarak bulunmustur (Luginbuhl
ve Mueller, 2000). Farkl: illerden toplanan gladicya
yapraklarinin HP icerikleri %6.7-11.9 (Kamalak ve
ark., 2012), Kasim ayinda gladicya yapragimin HP
icerigi %8.02 (Kaya ve ark., 2016), kurak dénem
boyunca toplanan gladi¢gya yapraklarinin HP igerigi
%12.1 (Medjekal ve ark., 2018), Temmuz ayinda
toplanan gladi¢cya yapraklarinin HP icerigi %8.43
(Bager ve Kamalak, 2020) olarak tespit edilmistir.
Olusan bu farkliliklarin hasat zamana, iklim, toprak ve
bitki genetik yapisindan kaynaklandigi séylenebilir.
Laktasyondaki koyunlarin yasama payini karsilamak
i¢cin ham protein oraninin en az %7-9, verim pay1 i¢in
en az %10-12 arasinda olmasi gerektigi vurgulanmistir
(El-Shatnawi ve Mohawesh, 2000). Bu calismada
gladigya yapraklarinin HP i¢eriginin Kasim ve Aralik
aylar1 disinda koyunlarin hem verim hem de yasama
payr ihtiyaglarimi karsilayacak diizeyde oldugu
soylenebilir. Kasim ve Aralik aylarinda HP igerigi
rumendeki mikroorganizmalarin faaliyeti i¢in yeterli
olmadigi, bunun i¢in bu aylarda yetistiriciler
tarafindan kullanilmasi durumunda yeme mutlaka bir
ek protein takviyesinin yapilmasi énerilebilir (Tablo 1,
El-Shatnawi ve Mohawesh, 2000). Gladicya
yapraklarinin aylara gére HY igerikleri %3.64-9.71
arasinda degisiklik géstermistir. En yliiksek HY Aralik
(%9.71) aymnda, en disik HY Mayis (%3.64) ayinda
toplanan yapraklarda tespit edilmistir (Cizelge 1).
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Cizelge 1 Farkli aylarda hasat edilen gladigya yapraklarinin kimyasal bilegimi.

Table 1. Chemical composition values of honey locust leaves harvested in different months.
Aylar KM HP HK HY ADF NDF KT

X +Sx X +Sx X +Sx X +Sx X £Sx X £Sx X £Sx

Mayis 93.86"+0.74  19.482+0.63 6.21££0.12 3.64£0.57 23.54¢+1.16 38.58¢£0.27  13.86P+0.37
Haziran 94.402v+£0.35  17.49b+0.05 8.69°+0.26 4.05¢+0.25 26.12de+1.13  39.68<1.12  15.55P+1.53
Temmuz 94.612P+0.18  16.06c£0.09 9.771+0.57 5.424+0.28  27.094+£0.54 40.35+1.89  16.712b+1.37
Agustos 94.61ab+0.56 15.43<£0.08  9.94¢d+0.12  6.35%9+0.43 28.51cd+1.15 41.92b+1.44 16.782b+1.26
Eylul 94.47ab+0.19 13.409+£0.14 10.29bd+0.22  7.55P<+0.47  30.65P+1.57 42.16*+£1.03 16.842b+1.35
Ekim 94.242b+0.23  10.18+0.04 10.61b<+0.11 8.662b+0.37 31.812b+1.82 46.182b+2.66 16.912b+1.54
Kasim 94.9520+0.94 6.73+0.11 10.69*+0.06  8.862+0.95 32.492b+0.48  48.222+2.58 17.202P+0.89
Arahk 95.402+0.12 5.59¢+0.06 11.782+0.19 9.712+£0.55 34.522+0.22 49.002£3.20  19.352+1.02
(Senesens)
SHO 0.083 0.019 0.022 0.092 0.431 1.332 0.498
OD. * *k "% *k - - *

a-g: Aymi stitunda yer alan farkli simgeye sahip ortalamalar birbirinden farklidir. KM: Kuru madde, HP: Ham protein, HK:
Ham kiil, HY: Ham yag, ADF :Asit ¢oziiclilerde ¢dztinmeyen lifli bilesikler, NDF: Nétr ¢oziiclilerde ¢oziinmeyen lifli bilesikler,
KT: Kondanse tanen, O.D: Onem derecesi, SHO: Standart hata ortalamasi, **: P<0.01 *: P<0.05

Calismada incelenen gladigya yapraklarimmin HY
iceriklerinin aylara gore degisiklik gostermesinde
bitkilerin gelisme dénemlerinin oldukea etkili oldugu
goriilmistiir (P<0.05). Yapilan benzer calismalarda
da, blylimenin baslangic doénemlerinde agag¢ ve
calilarin HY icerikleri dusik olurken, olgunlagsmanin
llerlemesi ile yag oranlarinda artiglar goraldugu
bildirilmistir (Kamalak ve ark., 2005; Singh ve
Todaria, 2012; Tatliyer ve ark., 2019). Konu ile ilgili
yapilan benzer ¢alismalarda Kasim ayinda gladigya
yapraklarinin HY oran1 %9.87 (Kaya ve ark., 2016),
Temmuz ayinda gladigya yapraklarinin HY oram
%3.74 (Baser ve Kamalak, 2020) olarak tespit edilmis
olup, farklhihklarin hasat zamamni, iklim ve bitki
genetik yapisindan kaynaklanabilecegi
disunulmektedir. Genellikle yem materyali olarak
kullanilan tiirler gelismenin ilerleyen dénemlerinde
daha yiiksek oranda hiicre duvar: bilesenlerine (NDF
ve ADF) sahiptirler (Tablo 1). Asit deterjan lif (ADF)
ve NDF icerigi arttik¢a, kaba yemin sindirilebilirligi
genellikle azaldig1 i¢in, kaba yemlerde yem kalitesi
acisindan ADF ve NDF oraninin disik olmasi
istenmektedir (Van Soest, 1994). Aylara gore gladicya
yapraklarimin ADF ve NDF igerigine bakildiginda
onemli degisimler gostermis oldugu saptanmistir.
Gladigya yapraklarimin ADF igerikleri %23.54-%34.52
arasinda degismistir. Yapraklarin ADF igerikleri
aylara gore artis gostermis, en diisitk Mayis (%23.54)
ayinda, en yiiksek ise Aralik (%34.5) ayinda tespit
edilmigtir. Diger yem bitkilerinde oldugu gibi ¢ali ve
agagc tlrlerinde de olgunlagma dizeyiyle beraber ADF
iceriginin arttig1 tespit edilmistir (Bouazza ve ark.,
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2012; Kokten ve ark., 2012; Tatliyer ve ark., 2019).
Gladigya yapraklarinin degerlendirildigi bir calismada
Temmuz ayinda gladigya yapraklarinin ADF igerigi
%31.28 (Canbolat, 2012), dénemsel olarak gladicya
yapraklarinin toplandigi ¢alisgmada yapraklarin ADF
icerigi %19.0-21.0 (Foroughbakhch ve ark., 2012),
farkli illerden toplanan gladi¢ya yapraklarinin ADF
icerigi ise %19.5-26.2 olarak bulunmustur (Kamalak
ve ark., 2012). Kasim ayinda yapraklarin ADF icerigi
%30.6 (Kaya ve ark., 2016), Temmuz ayinda gladigya
yapraklarinin ADF icerigi %32.56 (Baser ve Kamalak,
2020) olarak tespit edilmistir. Gladicya yapraklarinin
NDF igerikleri %38.58-49.00 arasinda degismis ve en
diisiik NDF icerigi Mayis (%38.58) ayinda toplanan
yapraklarda, en yiksek NDF icerigi ise Aralik
(%49.00) ayinda toplanan yapraklarda saptanmistir
(P<0.05). Olgunlasmanin gladicya yapraklarinin NDF
icerigini arttigina dair benzer bulgular yapilan bir¢cok
calismada da ortaya konmustur (Ventura ve ark.,
2004; Pecetti ve ark., 2007; Frost ve ark., 2008;
Bouazza ve ark., 2012; Kokten ve ark., 2012; Tathyer
ve ark., 2019). Gladicya yapraklariyla yapilan baz
calismalarda da NDF  igerikleri  %32.0-38.0
(Foroughbakhch ve ark., 2012), Temmuz ayinda NDF
icerigi %41.55 (Canbolat, 2012), farkh illerden
toplanan gladi¢ya yapraklarinin NDF igerigini %29.9-
41.4 (Kamalak ve ark., 2012), Kasim ayimnda NDF
icerigi %46.1 (Kaya ve ark., 2016), Temmuz ayinda
NDF icerigi %48.82 (Bager ve Kamalak, 2020) olarak
tespit edilmig olup farkliliklarin ekolojik ve genetik
faktorler ile hasat zamani ile iligkili olabilecegi
distnilmektedir. Aragtirmada olgunlagma
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doneminin gecikmesi ile ADF ve NDF igeriklerinde
artiglar oldugu ve yem kalitesinin dustigu
soylenebilir. Gladigya yapraklarnin KT igerikleri
%13.86-19.35 arasinda degismis olup aylara gore
degisim diizeyi 6nemli bulunmustur (P<0.05). En
yiiksek KT icerigi Aralik (%19.35) ayinda, en diisiik ise
Mayis (%13.35) ve Haziran (%15.55) ayinda toplanan
yapraklarda bulunmustur. Gladi¢gya yapraklar: ile
yapilan benzer ¢alismalarda Temmuz ayinda %16.11
(Canbolat, 2012), Kasim ayindaki KT icerigi %15.40
(Kaya ve ark., 2016), Temmuz ayinda yapilan bir
baska ¢alismada ise %8.25 (Baser ve Kamalak, 2020)
olarak tespit edilmistir. Tanen iceriginin mevsime ve

bitkinin  yetigtigi  bolgeye gore degisebilecegi
bildirilmektedir (Salem ve ark., 2002). Tanen seviyesi
olgunlagma dénemi ilerledikge degisiklik

gostermektedir (Hagerman, 1988). Mevcut calismada
da olgunlasma doénemi ilerledikce KT miktarinda
artiglar saptanmistir. Acacia saligna agacinin
kullamildigr bir calismada yagh yapraklarin geng
yapraklara oranla toplam tanen miktarinin 1.5 kat
daha fazla bulundugu bildirilmis (Degen ve ark., 1997)
ve elde edilen bulgular1 desteklemektedir. Bilindigi
gibi kondense tanen miktarinin rasyonda bulunmasi
gereken miktardan (kuru madde de %5-11) fazla
olmasi halinde hayvan beslemede ciddi sorunlarin

ortaya cikabilecegi bildirilmektedir (Budag, 2009). Bu
yuzden gladicya aga¢ yapraklarinin kullanilirken
kondense tanenin protein tizerindeki olumsuz etkisini
azaltmak i¢in ekonomik olmasi1 halinde polietilen
glikol (PEG) kullanilmas1 tavsiye edilebilecegi
belirtilmektedir (Simsek ve Kamalak, 2019). Nitekim
Canbolat, (2012) gladicya agac yapraklarinin énemli
miktarda KT ihtiva etmesinden dolayi, tanenin negatif
etkisini gidermek i¢in PEG kullanimi tavsiye etmistir.
Yemlere PEG ilavesinin, yem tiiketimi ve yemin
sindirim derecesini 6nemli Olgiide etkiledigi ancak
PEG fiyatinin yiiksek olmasi nedeniyle kullaniminin
kisitlandigi, bunun yerine odun kil ile muamelenin
alternatif bir metot olarak tavsiye edilebilecegi de
bildirilmektedir (Kamalak, 2007).

Gladigya yapraklarimin 24 saatlik inkiibasyon
stresinde urettigl toplam in vitro gaz miktarlar:
aylara gore degerlendirildiginde 41.43-27.41 ml
arasinda degismistir. En ylksek gaz uretimi Mayis
(41.43 ml) ayinda en diisiik gaz iiretimi ise Aralik
(27.41 ml) ayinda toplanan yapraklardan saptanmistir
(P<0.05). Toplam in vitro gaz iiretimi hasat zamaninin
gecikmesine bagli olarak diismiistiir (P<0.05) aylara
gore azalis gosterdigi belirlenmistir (Cizelge 2.

Cizelge 2. Farkli aylarda hasat edilen gladigya yapraklarinin toplam in vitro gaz uretimi, metabolik enerji ve

organik madde sindirim derecesi

Table 2. The total gas, metabolic energy and organic matter digestibility of honey locust leaves harvested in

different months.

Aylar TG ME OMSD

X +Sx X +Sx X £Sx
Mayis 41.432+£1.25 8.992+0.20 64.502+1.24
Haziran 33.16+1.08 7.75P+0.14 57.87°+0.82
Temmuz 33.16P+1.08 7.66P+0.24 57.44be+1.56
Agustos 32.80+1.65 7.52h+0.13 56.33b<+0.55
Eylul 32.08bc+2.85 7.47°+0.09 55.84bc+(.88
Ekim 31.36b¢+0.62 7.155+0.23 53.56¢4+1.46
Kasim 29.21be+1.65 7.11b+0.37 53.39¢4+2.51
Aralik (Senesens) 27.41£2.25 6.52¢+0.34 49.434+1.95
SHO 0.953 0.018 0.749
OD *% *% *%

a,b,c,d: Ayn1 stitunda yer alan farkli simgeye sahip ortalamalar birbirinden farklidir. TG* Toplam gaz, ME: Metabolik enerji,
OMSD: Organik madde sindirim derecesi, O.D: Onem derecesi, SHO: Standart hata ortalamasi, **: P<0,01 *: P<0,05

Bu durumun yapraklarin Dbilesiminde hasat
zamaninin gecikmesine bagl olarak hiicre duvari
bilesenlerinin (ADF ve NDF) artmasindan
kaynaklandigi séylenebilir (Abdulrazak ve ark., 2000).
Ayrica yapisinda bulunan ve hasat zaman ile birlikte
artan tanen iceriklerigininde gaz iretimini diistirdigi
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bildirilmistir (Khazaal ve ark., 1994). Mevcut
calismada da gladigya yapraklarinin aylara gére KT
igeriklerinin artmasi in vitro gaz {retimini
dustirmustir. Benzer calismalarda Kaya ve ark.
(2016) Kasim aymnda  topladiklarn  gladigya
yapraklarinin in vitro gaz tretimini 33.1 ml, Basger ve
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Kamalak, (2020) Temmuz ayinda topladiklar: gladicya
yapraklarinin gaz Uretimini 66.60 ml olarak
belirlemiglerdir. Gladi¢gya yapraklarinin ME i¢eriginin
aylara gore farklilik géstermis olup (P<0.05) en yiiksek
Mayis ayinda (8.99 Mj kg-1 KM) en diisiik ise Aralik
ayinda (6.52 Mj kg-1 KM) bulunmustur. Benzer
calismalarda Temmuz ayinda gladigya yapraklarinin
ME icerigi 9.49 Mj kg-1 KM (Canbolat, 2012), farkh
illerden Aralik ayinda toplanan gladigya yapraklarinin
ME iceriklerini 8.85-9.92 Mj kg-1 KM (Kamalak ve
ark., 2012), gladigya yapraklarinin Temmuz ayinda
ME icerikleri 7.11 Mj kg-1 KM (Baser ve Kamalak,
2020), olarak belirlemislerdir. Bu calismalar
arasindaki farklhiliklarin sebebi; aga¢ yapraklarinin
farkli toprak yapisi, farkli vejetasyon stireleri, farklh
stirelerde  hasat  edilmesinden  kaynaklandigi
distinilmektedir. Gladigya yapraklarinin OMSD
aylara gore farklihik géstermis ve en yluksek Mayis
ayinda (%64.50), en diisiik Aralik ayinda (%49.43)
tespit edilmistir. Hasat zamaninin gecikmesi OMSD’ni
disirmustir. Gladigya yapraklarinin hasat
zamaninin gecikmesi ADF ve NDF igerigini artirarak
yapraklarin mikrobial fermentasyonu simirlamas ile
aciklanabilir (Canbolat ve Karaman, 2009). Mevcut
calismada da, NDF ve ADF igeriklerinin, mikrobial
fermantasyonu sinirlayarak OMSD’ni diigtirmiistir.
Benzer calismalara bakildiginda Canbolat (2012),
Temmuz ayinda gladigya yapraklarinin OMSD
%64.42, Kamalak ve ark. (2012)1 farkli illerden
topladiklar: gladigya yapraklarinin OMSD %58.81-
65.86 olarak belirlemiglerdir. Bu c¢aligsmalar
arasindaki farkhliklarin aga¢ yapraklarinin farkh

toprak yapisi, farkli vejetasyon sureleri, farkl
sirelerde  hasat  edilmesinden  kaynaklandigi
soylenebilir.

SONUC ve ONERILER

Gladigya agacg yapraklarinin kimyasal bilesimi, toplam
in vitro gaz liretimi, metabolik enerji ve organik madde
sindirim derecesi olgunlagsmaya bagh olarak 6nemli
diizeyde degisiklik goOstermistir. Yapraklarin ham
protein ve diger besin madde bilesimleri
degerlendirildiginde ruminant beslemede asiriya
kagmayacak sekilde kullanilabilecegi soéylenebilir.
Ruminant hayvan  beslemede gladicya agag
yapraklarimin  kullanim durumlarimi  daha net
belirleyebilmek i¢in in vitro ¢aligmalarla birlikte in
vivo ¢aligmalarin da yuritilmesine ihtiyac vardir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET

Bu c¢alismanin amaci, kuzu besi rasyonlarina mese palamudu
illavesinin, in vitro gaz ve metan Uretimi ile sindirim derecesi,
mikrobiyal protein tUretimi ve mikrobiyal protein sentezleme
etkinligine olan etkisini in vitro gaz lretim teknigiyle belirlemektir.
Bu proje kapsaminda mese palamudu %0, 10, 20 ve 30 oraninda
kuzu rasyonuna katilmigtir. Kuzu besi rasyonlarina mege palamudu
ilavesi in vitro gaz lretimi, metan Uretimi ve sindirim derecesini
azaltirken, taksimat faktoriinii, mikrobiyal protein tretimi ve
mikrobiyal protein sentez etkinligini artirmigtir. Gaz uretimi ve
metan tretim degerleri sirasiyla 89.93 ile 129.22 ml, 10.43 ile 19.65
ml arasinda degismistir. Metan tretim ylzdesi ise %11.53 ile 15.22

Zootekni
Aragtirma Makalesi

Makale Tarihgesi
Gelis Tarihi  :17.05.2022
Kabul Tarihi :30.06.2022

Anahtar Kelimeler
Mese palamudu
Kuzu rasyonu
Mikrobiyal protein

Taksimat faktori
Metan emisyonu

arasinda degismistir. Sindirim derecesi ise %61.63 ile 72.90 arasinda
degismistir. Taksimat faktorii ve mikrobiyal protein tiretim degerleri
sirasiyla; 3.38 ile 4.10 ve 128.57 ile 143.91 mg arasinda degismistir.
Mikrobiyal protein sentezleme etkinligi ise %34.80 ile 46.31 arasinda
degismistir. Mese palamudu antimetanojenik oOzellik tasimasina
ragmen, rasyonun sindirim derecesini disirmektedir. Mevcut
calismanin sonuclari baz alinarak mege palamudunun kuzu
rasyonlarinda kullanimi i¢in uygun dozun belirlenmesi olduk¢a zor
gorilmektedir. Bunun i¢in mesge palamudunun  kuzu
performanslarina etkilerini belirlemek icin in vivo denemelerine
ihtiyag vardir.

Determination of Effect of Supplementation of Acorn to Lamb Ration on Digestibility, Metabolisable
Energy and Methane Production Using In Vitro Gas Production

ABSTRACT

The aim of the current experiment was to determine the effect of

Animal Science

inclusion of oak acorn on the gas production, methane production, Research Article
digestibility, partitioning factor, microbial protein production, and . .
efficiency of microbial protein protein production of lamb diets. In Artlc.le H1story'
this project, oak acorn was included into lamb diets at the ratio of 0, Received ) 17.05.2022
10, 20 and 30%. The inclusion of oak acorn decreased the gas Accepted 180.06.2022
production, methane production, and digestibility whereas inclusion Ke d

. o . . ) ywords
of oak acorn increased partitioning factor, microbial protein and Oak acorn
efficiency of microbial protein production. Gas and methane Lamb diets

production ranged from 89.93 to 129.22 mL and 10.43 to 19.65 mL.
Percentage of methane production ranged from %11.53 to 15.22.
Digestibility ranged from 61.63 to 72.90%. Partitioning factor and
microbial protein production ranged from 3.38 to 4.10 and 128.57 to
143.91 m respectively. Efficiency of microbial protein production
ranged from 34.80 to 46.31%. Although oak acorn had an anti-
methanogenic potential, oak acorn decreased the digestibility. It
seems to be very difficult to determine the proper inclusion dose of
oak acorn. Therefore in vivo digestibility studies are required to
determine the proper inclusion dose of oak acorn to lamb diets.
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GIRIS

Ciftlik hayvanlarin besin madde ihtiyaglarini
karsilarken kaba ve kesif yemler kullanilmaktadir.
Hayvan beslemede kullanilan yemlerde hayvancilik
endiistrisinde biiytik bir yer tutmaktadir. Ureticiler
hayvan beslemede kullandiklar: yemlerin fiyatlarinda
artiglarin olmasi ve iklim kosullarin1 da g6z 6niinde
bulundurarak yemleri temin etmede sikintilar
yasamaktadir. Bunun icinde ureticiler igletmelerde
yem maliyetlerini azaltmak i¢in alternatif yem
kaynaklar1 arayisi icerisine girmektedir (Boga ve
ark., 2020). Tirkiyenin {icte ikisi ormanlktir ve bu
ormanlik alanlarinin da biyik bir ¢ogunlugu da mese
olup, bu agaclarin Tirkiyenin yedi bélgesinde de
yetigebilmektedir (Karaca, 1999). Tirkiye'de mevcut
ormanliklardaki mese palamudu tretiminin yillik 20
milyon ton bugday tretimine, yillik 6,7 milyon ton
arpa tretimine denk geldigi rapor edilmistir (TUIK,
2016). Arastirmalara gore bildirilen bu mege
miktarlari Turkiye hayvanciliginin gelismesinde
onemli rol oynayacagr distunilmektedir. Gevig
getiren hayvanlarin tiretmis olduklar: enterik metan
gazi, kiuresel 1sinmaya neden olan karbondioksitten
sonra en onemli sera gazidir (Van Nevel and
Demeyer, 1996). Enterik metan iiretimi sera gaz
emisyonunu artirmasinin yaninda, gevis getiren
hayvanlarda 6nemli diizeyde enerji kaybina neden
oldugu da bildirilmektedir (Jonhson ve dJonhson
1995). Rasyonlara tanen ve saponin yem ham
maddelerinin gevis getiren hayvanlarda enterik
metan Uretimini azaltmaya yonelik arastirmalar
artmistir (Wina ve ark. 2005; Temizkan ve ark. 2011;
Jayanegara ve ark. 2015; Zhou ve ark. 2020).

Bu calismanin amaci, mese palamudunun kuzu
rasyonlarina ilavesinin sindirim, metabolik enerji ve
metan Uretimine etkisinin in vitro gaz teknigi ile
belirlemek ve kuzu beslemede potansiyel yem degeri
olup, olmadigini tespit etmektir.

MATERYAL ve METOD
Yem ve Rumen Sivis1 Materyali

Bu arastirmada mese palamutlart (Quercus
ithaburensis) Kahramanmaras Dulkadiroglu ilgesi
Dereli Mahallesi Aligseki mevkiinde bulunan
ormanlik alanlardan Ekim-Kasim aylarinda 5 farkl
agactan toplanarak Kahramanmaras Siit¢ii Imam
Universitesi Ziraat Fakiiltesi Zootekni Bolimii
Yemler ve Hayvan Besleme laboratuvarina
getirilmigtir. Mese Palamutlar1 1 mm elek caph
degirmende ogiutilmiistir. Rumen sivis1i rumen
kanilli 3 basg kogtan alinmis ve koglarin bakim ve

beslenmesinde etik ilkelere uyulmustur. Calismanin
yapilabilmesi icin KSU Hayvan Deneyleri Yerel Etik
Kurulundan (2021/03-4 sayil1 toplant1) izin alinmistir.

Rasyonun Hazirlanmasi

Rasyonu olusturan yemlerin metabolik enerji ve ham
protein igerikleri Cizelge 1’de verilmigitir. Rasyonlar
izokalorik ve izonitrojenik olacak sekilde
hazirlanmigtir.

Cizelge 1.Calismada kullanilan yem 6rneklerinin metabolik
enerji (kcal) ve ham protein degerleri (%).
Table 1. Metabolic energy (kcal) and crude protein values of
the feed samples used in the study.

Yemler ME (kcal) Ham Protein (%)
Yonca 2369 17.6

Misir 3098 8.2
Aycicek Tohum Kispesi 2147 36.11
Mese Palamudu 2398 3.11

Kuzu besisinde kullanilan 4 farkli rasyonlarin yapisi
Cizelge 2’de verilmig ve rasyonlarin metabolik enerji
icerikleri 2650 kcal/’kg KM ve ham protein igerigi ise
%17 olarak ayarlanmigtir.

Cizelge 2. Kuzu besisi rasyonlarinin komposizyonu (g)
Table 2. Compositions of the rations used 1n the study

Yemler Rasyon | Rasyon | Rasyon | Rasyon
1 II IIT 1\
Misir 46.2 35.8 25.8 15
Mese 0 10 20 30
Palamudu
Yag 0 1.2 2.3 3.6
ATK 22.9 26.3 30.1 33.6
Yonca 28.3 24.1 19.2 15.2
Tuz 1.0 1 1 1
Kireg tag: 1.5 1.5 1.5 1.5
Min-vit* 0.1 0.1 0.1 0.1
100 100 100 100

In Vitro Gaz ve Metan Uretiminin Belirlenmesi

Bu ¢alismadaki rasyonun in vitro gaz tretimi Menke
ve ark. (1979'nin uyguladiklar1 teknige gére
yapilmistir. Rasyondan 0.5 g KM 100 mllik cam
siringalara konulmustur. Uzerine 40 ml
tamponlanmis rumen sivisi ilave edilerek 39 °C’de 24
saatlik inkubasyona tabii tutulmustur. Rumen sivisi
2-2.5 yaslarinda rumen kanuli takilmis 55-60 kg
agirligindaki 3 bag ko¢tan alinmigtir. Alinan rumen
s1vis1 tampon ¢ozeltisiyle 1:2 oraninda hazirlanmisgtir.
Inkubasyon sonunda cam siringalarda olusan gazin
metan igerikleri Infrared metan cihazi kullanilarak
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belirlenmistir (Goel ve ark., 2008). Gaz 6l¢iimlerinden
sonra siringalarda kalan numiine behere koyulup
tzerine 70 ml NDF eklenilerek 1 saat kaynatilmigtir.
Kaynama isleminden sonra gooch por 1 krozelerden
gecirilerek siizme islemi yapilmistir (Bliimmel ve
ark., 1997). Rasyonun gercek sindirlebilebilir kuru
madde (g) (GSKM), gercek sindirim derecesi (GSD),
taksimat faktorii (TF), mikrobiyal protein (MP),
mikrobiyal sentezleme etkinligi (MPSE), degerleri
Bliimmel ve ark., (1997)min  bildirdigi formiillere
gore hesaplanmigtir.

GSKM (mg) = Inkiibe edilen KM (mg) — Kalan KM
(mg)

GSD (%) = (GSKM / Inkiibe edilen KM)

TF = GSKM / GU )

MP (mg/g KM) = GSKM - (GU X 2.2 mg/ml),

MPSE = (GSKM — (GU X 2.2 mg/ml))/GSKM.

Kimyasal Analizler

Bu arastirmada mese palamutlarinin kimyasal

kompozisyonlar: kuru madde (KM), ham kiil (HK),
ham protein (HP), ham yag (HY) AOAC (1990)'a gére
belirlenmigtir.

Istatistik Analizler

Calismadan elde edilen veriler SPSS 20,0 (2011)
paket programinda tek yonlii varyans (ANOVA)
analizine tabi tutulmustur. Ortalamalar arasindaki
farklar ~Duncan c¢oklu karsilagstirma testiyle
belirlenmistir (Duncan, 1955).

BULGULAR ve TARTISMA

Kuzu rasyonlarina Mese palamudu ilavesinin in vitro
gaz Uretimi ve metan lretimi ile sindirim derecesine
ve mikrobiyel protein lretimine etkisi saptanmig ve
Cizelge 3'de verilmigtir. Mese palamudunun kuzu
rasyonlarina ilavesi in vitro gaz uretimini, metan
tiretimi, sindirim derecesi ve mikrobiyal protein
{iretimine etkisi 6nemli bulunmustur (P<0.001).

Cizelge 3. Kuzu besi rasyonlarina mese palamudu ilavesinin in vitro gaz uretimi, metan Uretimi, sindirim
derecesine ve mikrobiyal protein tiretimine etkisi.
Table 3. The effect of adding acorns to lamb rations on gas production, methane production, digestion degree and

microbial protein production.

Rasyonlar
Parametreler I II 111 v SEM Sig.
Gaz 129.223+5.93 112.62b+4.05 97.80°+1.68 89.93d+4 .48 3.195 ok
Metan (ml) 19.652+1.01 16.60p+1.08 13.42¢+0.64 10.434+1.30 0.756 *kk
Metan (%) 15.22240.11 14.752+0.91 13.72+0.49 11.53¢0.96 0.486 ok
TSM 368.372+22.35 | 354.652+14.82 | 345.625+9.21 310.73b+13.92 11.274 ok
SD 72.902+4.32 70.62a+2.93 68.822+2.02 61.63b+2.67 2.202 ik
TF 3.38¢+0.17 3.73v+0.21 4.192+0.13 4.102+0.17 0.121 kk
MP 128.57+18.30 | 145.65ab+17.13 | 164.402+£9.66 143.912b+9 45 10.321 ok
MPSE(%) 34.80¢+3.31 40.98b+3.43 47.502+£1.62 46.312v+2.26 1.980 *kk

abeAymi simgeye sahip ve ayni satirda yer alan ortalamalar arasinda fark yoktur (P>0,05), O.D: Onemli diizeyi, TSM: Toplam
sindirilebilir madde (mg), SD: Sindirim derecesi (%), TF: Taksimat faktorii, MP: Mikrobiyal protein iiretimi (mg), MPSE:

Mikrobiyal protein sentezleme etkinligi (%), *** P<0.001.
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Sekil 1. Rasyonlara mese palamudunun katilma

oraniyla in vitro gaz tiretimi arasindaki iligki
Figure 1.The relationship between the ratio of acorns in
the ration and gas production

Mese palamudunun rasyona ilavesiyle birlikte gaz
tiretimi 6nemli derecede azalmis olup gaz Uretim
degeri 89.93 ile 129.22 ml arasinda degismistir. En
yuksek gaz uretim degeri kontrol grubunda olurken
en dugsik gaz turetimi IV nolu rasyondan elde
edilmistir. Rasyona artan miktarlarda mese
palamudu ilavesi gaz iiretiminin azalmasinda % 97
rol oynamigtir. Geriye kalan % 3’lik kisim diger
sebeplerden gergeklestigi soylenebilir.

Rasyonlara mege palamudunun katilma oraniyla gaz
uretimi arasindaki iligki saptanmig ve Sekil 1'de
verilmigtir.

Rasyona 1 birim mege palamudu ilave edildiginde gaz
tUretiminde 1.3269 ml azalma meydana gelmigstir. Gaz
tUretim miktarlarinda meydana gelen azalmanin mese
palamudunda bulunan tanen miktarinin ylksek
olmasindan kaynaklandigi yapilan arastirmalarla
bildirilmistir =~ (Patra ve Saxena,2009). Mese
palamudunun kuzu rasyonlarina ilavesiyle birlikte
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metan miktarlarinda azalma meydana gelmigtir.
Metan miktarlar1 10.43 ile 19.65 arasinda degismig
olup, en yuksek kontrol grubunda, en dusiik ise IV
nolu rasyondan elde edilmistir.

Rasyonlara mese palamudunun katilma oranyla
metan gaz iiretimi (ml) arasindaki iliski saptanmig
ve Sekil 2’de verilmigtir. Kuzu besi rasyonlarina mese
palamudu katilma oraniyla metan miktar1 (ml)
arasindaki iliski Sekil 2’de verilmistir. Rasyona 1
birim mege palamudu ilave edildiginde metan
miktarinda 0.3084 ml azalma meydana gelmistir.
Yapilan bir c¢alismada rumende metan gaz
Uretiminin  azalmasi1  tanenlerin  metanojenik

mikroorganizmalarin yapisinda bulunan proteinlere
baglanmasi1 sonucu ortaya cikan bakterisid veya

bakteriostatik etkilerinden kaynaklandig:
bildirilmistir (Tavendale ve ark., 2005). Mege
palamudunun rasyona ilavesiyle birlikte metan
iceriginde azalmalar meydana gelmigtir. Mege

palamudunun metan igerigi %11.53 ile 15.22 arasinda
degismis olup, en yiiksek deger kontrol grubundan en
diistik deger ise IV nolu rasyondan elde edilmigtir.
Rasyonlara mese palamudunun katilma oranmyla
metan gazi (%)'desi arasindaki iliski saptanmis ve
Sekil 3’de verilmisgtir.
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Sekil 2. Rasyonlara mese palamudunun rasyona katilma oraniyla metan miktar: (ml) arasindaki iligki.
Figure 2. The relationship between the ratio of acorns in the ration and the amount of methane (ml) in the

ration.
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Sekil 3. Rasyonda mege palamudunun rasyona katilma oraniyla metan (%) arasindaki iligki
Figure 3. The relationship between the ratio of acorns in the ration and methane (%)

Rasyona 1 birim mese palamudu ilave edildiginde
metanda %0.121 azalma meydana gelmigtir. Lopez ve
ark. (2010’min yapmis oldugu calismada metan
igeriklerinin 11<CH4<14 arasinda olmas1 disik
seviyede anti-metanojenik o6zellige sahip oldugunu
bildirmigtir. Yapilan c¢alismada mese palamudunun

586

metanin anti-metanojenik &zellige ait oldugunu
soyleyebiliriz. Mese palamudunun rasyona ilavesiyle
birlikte TSM miktarinda azalmalar meydana
gelmigtir. Megse palamudunun TSM degeri 310.73 ile
368.37 mg arasinda degismis olup, en yiliksek deger
kontrol grubunda en diigik deger ise IV nolu
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rasyondan elde edilmigtir.
Rasyonlara mese palamudunun katilma oraniyla
toplam sindirilebilir besin madde miktar: arasindaki

iliski saptanmis ve Sekil 4’de verilmigstir.
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Sekil 4. Rasyonlara mese palamudunun katilma oraniyla
iligki.

toplam sindirilebilir besin madde miktar: arasindaki

Figure 4. The relationship between the ratio of acorns in the diet and the total amount of digestible matter.

Rasyona 1 birim mese palamudu ilave edildiginde
toplam sindirilebilir besin madde miktarinda 1.8195
azalma meydana gelmistir. Mese palamudunun
rasyona ilavesiyle sindirim derecesi 6nemli derecede
azalmigtir. Sindirim dercesi degerleri %61.63 ile
72.90 arasinda degismis olup en ylksek degerin

kontrol grubunda, en disiik degerin ise IV nolu
rasyonda elde edilmistir.

Rasyonlara mese palamudunun katilma oraniyla
sindirilme derecesi arasindaki iligki saptanmis ve
Sekil 5’de verilmistir.
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Sekil 5. Rasyonlara mege palamudunun katilma oranmyla sindirilme derecesi arasindaki iligki.
Figure 5. The relationship between the rate of inclusion of acorns in the ration and the degree of digestion.

Rasyona 1 birim mesge palamudu ilave edildiginde
sindirim derecesinde 0.3561 azalma meydana
gelmistir. Kamalak ve ark., (2005)nmin yaptiklar
calismada yemlerde farkli miktarlarda bulunan
tanenlerin hayvanlar tizerine olumlu ve olumsuz
etkilerinin oldugu ve tanenin fazla miktarda olmasi
sindirim derecesini azaltacag bildirilmigtir. Mesge
palamudunun rasyona ilavesiyle birlikte TF
miktarinda  artis meydana  gelmigtir. Mese
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palamudunun TF degerleri 3.38 ile 4.10 arasinda
degigmisg, en yliksek deger IV nolu rasyonda en disik
deger ise kontrol grubundan elde edilmistir.
Rasyonlara mese palamudunun katilma oraniyla
taksimat faktoru arasindaki iligki saptanmig ve Sekil
6’da verilmigtir.

Rasyona 1 birim mege palamudu ilave edildiginde
taksimat faktoriinde 0.262 artis meydana gelmistir.
Yapilan arastirmada mikrobiyel protein sentezleme
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etkinliginin 6nemli parcasi olan TF’nin en uygun

degerininin 2.75 ile 4.41 arasinda oldugu
bildirilmistir. (Blimmel ve ark., 1997; Bliimmel ve
Lebzien, 2001). Mese palamudunun rasyonlara

ilavesiyle birlikte mikrobiyel protein miktarinda artig
meydana gelmigtir. Mese palamudunun mikrobiyal

protein degeri 128.57 ile 143.91 mg arasinda degismisg
olup, en yiiksek deger IV nolu rasyonda, en dusik
deger ise kontrol grubundan elde edilmigtir.
Rasyonlara mese palamudunun katilma oraniyla
mikrobiyal protein arasindaki iligki saptanmis ve
Sekil 7’de verilmigtir.
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Sekil 6. Rasyonlara mese palamudunun katilma oraniyla taksimat faktori arasindaki iligki.
Figure 6. The relationship between the proportion of acorns in the ration and the division factor.
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Sekil 7. Rasyonlara mese palamudunun katilma oraniyla mikrobiyal protein miktar: arasindaki iligki.
Figure 7. The relationship between the ratio of acorns in the diet and the amount of microbial protein.

Rasyona 1 birim mese palamudu ilave edildiginde
mikrobiyel protein miktarinda 0.6477 artis meydana
gelmigtir. Yapilan bir ¢alismada mikrobiyel protein
deki artisin nedeni olarak yemlerdeki tanen
miktarinin yiiksekli bildirilmistir (Kamalak ve ark.,
2005).

Mese palamudunun rasyona ilavesiyle birlikte
mikrobiyal protein sentezleme etkinliginde o6nemli
derecede artis meydana gelmisgtir. Mesge
palamudunun  mikrobiyal = protein  sentezleme
etkinliginin degeri 34.80 ile 46.31 arasinda degismis,
en ylksek degerin IV nolu rasyonda en disiik deger
ise kontrol grubundan elde edilmigtir.
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Rasyonlara mese palamudunun katilma oraniyla
mikrobiyal protein sentezi etkinligi arasindaki iligki
saptanmig ve Sekil 8'de verilmigtir.

Rasyona 1 birim mege palamudu ilave edildiginde
MPSE’'de %0.4105lik artis meydana gelmigtir.
Cizelge 3'de goruldigi gibi TF degerlerinin yiiksek
oldugu rasyonlarda MPSEnin de yiiksek oldugu
goriilmektedir. Yapilan arastirmalarda mikrobiyel
sentezleme etkinligi i¢in 6nemli olan TFnin yemlerde
yiksek miktarda olmasi, mikrobiyel protein
sentezleme  etkinligini  artiracagi  bildirilmistir
(Bliitmmel ve ark., 1997; Blimmel ve Lebzien, 2001).



KSU Tarim ve Doga Derg 25 (Ek Say1 2): 583-590, 2022
KSU J. Agric Nat_25 (Suppl 2): 583-590, 2022

Aragtirma Makalesi
Research Article

60
50
40

; 46,31
98
s Rz

y=0,4105x + 36,24
R?=0,8336

30
20
10

Mikrobiyal protein sentezleme etkinligi

o
o

10 15 20 25

Rasyondaki mege palamudu oram

30 35

Sekil 8 Rasyonlara megse palamudunun katilma
oraniyla  mikrobiyval protein  sentezi
etkinligi arasindaki iliski

Figure 8 The relationship between the rate of
inclusion of acorn In the diet and the
efficiency of microbial protein synthesis.

SONUC ve ONERILER

Calismada elde edilen Dbulgulara gore; kuzu
rasyonlarina mese palamudunun ilave edilmesi gaz
Uretimini, metan Uretimini, toplam sindirilebilir
madde miktarini ve sindirim derecesini azaltmig olup
mikrobiyel protein miktar1 ve mikrobiyel protein
sentezleme etkinligi arttirmistir. Mese palamudunun
kuzu rasyonlarinda diisik seviyede anti-metanojenik
etkiye sahip oldugu bulunmustur. Yapilan t¢ farklh
rasyonlarda kontol grubuna oranla gaz uretimi,
metan Uretimi ve ylzde metan oranini distrdagi
gozlemlenmistir.

Ayrica bundan sonra yapilacak calismalarda mese
palamudunun kuzularin performansina, kuzularin
yem tluketimine ve sindirim derecesi tUzerine
etkilerini belirlemek i¢in in vitro ¢alismalarda elde
edilen sonuclarin in wvivo c¢alismalar ile test
edilmesine ihtiyag vardir.
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and stored in liquid nitrogen at -196°C for approximately 7 months.
At the end of this period, the frozen samples were thawed at 37°C
and examined in terms of relevant parameters. Compared with other
groups, S-3 and S-4 groups increased sperm motility (p<0.05); It was
determined that S-2, S-3 and S-4 groups increased plasma
membrane integrity while the acrosome integrity was significantly
preserved in the groups with different doses of shilajit added to the
diluent compared to the control group (p<0.01). As a result, it was
concluded that different doses of shilajit to honey bee extender had
positive effects on spermatological parameters.

OZET Zootekni
Bu calismanin amaci, bal aris1 (Apis melifera) sperma
sulandiricisina katilan farkl dozlardaki (%0, 5, 10, 15, 20) shilajitin Aragtirma Makalesi
(S) motilite, plazma membran biitiinliigii ve akrozom biitiinligii
parametreleri tizerine etkilerini belirlemektir. Calismada, 5 grup ve Makale Tarihgesi
her bir grupta 5’er adet koloni olmak tizere toplam 25 adet koloni Gelig Tarihi  :01.12.2021
kullanildi. Kontrol grubu (S-0), bal arisi sulandiricisina shilajit Kabul Tarihi :23.02.2022
ilavesi yapilmayan grubu olusturmaktadir. S-1, S-2, S-3 ve S-4
gruplar: ise bal arisi1 sulandiricisina sirasiyla %5, 10, 15 ve 20 Anahtar Kelimeler
shilajit ilaveli gruplar olarak olusturuldu. Giin asirn beslenen Bal aris1
yaklagik 25 adet koloni icerisinde 14-21 gilinlik yasta bulunan Dondurma
yaklagik 400 erkek aridan sperma toplandi ve sivi azot buharinda Shilajit
dondurularak, -196°C sivi azot igerisinde yaklagik 7 ay stire ile Sperma
saklandi. Bu siire sonunda dondurulan numuneler 37°C’ de
¢ozdurilerek ilgili parametreler yoniinden incelendi. Diger gruplar
ile kargilagtinldiginda, S-3 ve S-4 gruplarinin sperma motilite
degerini arttirdigi (p<0.05); S-2, S-3 ve S-4 gruplarinin plazma
membran butinligint arttirdigi tespit edildi. Sulandiriciya farklh
dozlarda shilajit ilave edilen gruplarda, kontrol grubuna kiyasla
akrozom butinligininin oénemli derecede korundugu belirlendi
(p<0.01). Sonug olarak, bal aris1 sulandiricisina farkl dozlardaki
shilajitin spermatolojik parametreler tizerine olumlu etkileri oldugu
saptanda.
Effects of Shilajit Added to Honeybee Sperm Extender on Sperm Freezing
ABSTRACT Animal Science
The aim of this study was to determine the effects of shilajit (S) at
different doses (0, 5, 10, 15, 20%) added to honey bee (Apis Research Article
melilifera) semen extender on motility, plasma membrane integrity . .
and acrosome integrity parameters. In the study, a total of 25 Artlc.le Hlstory'
colonies, 5 groups and 5 colonies in each group, were used. The Received :01'12'2021
control group (S-0) constitutes the group where shilajit was not Accepted + 23.02.2022
added to the honeybee extender. S-1, S-2, S-3 and S-4 groups were Keywords
formed as groups with 5, 10, 15 and 20% shilajit added to the honey Honeybee
bee extender, respectively. Sperm were collected from approximately Freezing
400 drones aged 14-21 days in approximately 25 colonies that were Shilajit
fed every other day. Then they were frozen in liquid nitrogen vapor o
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INTRODUCTION testosterone ratio (Zubair, 2016). In a study that was

Storage of honeybee semen is important for conducted on humans, shilajit was found to

preserving racial characteristics and increasing yield
characteristics. With the widespread use of artificial
insemination in bees, studies on the storage of bee
semen have been carried out. Honeybee semen can be
stored at 15-28°C or 11 -13°C for a short time,
protected from light (Collins, 2000). Drone semen is
suitable for storage at temperatures from 13°C to
25°C (Harbo and Williams, 1987). It has been stated
that the most suitable semen storage temperatures
are between 12°C and 16°C. Moreover, it has been
reported that the semen viability rate was above 70%
when kept at 12°C for 6 weeks (Locke and Peng, 1993;
Collins 2000). Fresh bee semen can be stored in a
capillary glass tube. A small amount of diluent on
both sides of the tube, diluted semen in the middle
and the two open ends of the tube can be sealed and
stored (Burley et al., 2008). Such capillary tubes can
be stored in special incubators at 16 +°C, protected
from light (Paillard et al., 2017). For long-term
storage, various cryoprotectants (DMSO (Dimethyl
sulfoxide), glycerol) can be added to the semen diluent
and stored in a liquid nitrogen tank (Harbo, 1979). It
has been reported that DMSO is the cryoprotectant
agent that causes the least harm among other
cryoprotectants (Hopkins and Herr, 2010). It was
determined that the rate of male eggs, that 1is,
unfertilized eggs, increased in queen bees artificially
inseminated with long-term stored honeybee semen.
It 1s also thought that genetic damage may occur
during the freezing of honeybee semen (Harbo, 1981).

Shilajit is a brown-blackish substance extracted from
the rock layer of the mountainous region of the world,
especially from some parts of India (Agarwal et al.,
2007). Shilajit contains antioxidant-rich compounds
in its structure (Rege et al., 2012). In particular, it is
a substance rich in humic and fulvic acids (Ghosal et
al., 1990). It is known that shilajit is very effective
against the damage of free radicals thanks to the
antioxidants it contains (Bhattacharya et al., 1995). It
has been reported that shilajit shows strong
antioxidant properties, as well as increasing the
effectiveness of vitamin C, which has antioxidant
properties (Agarwal et al., 2007). In a study on rats, it
was stated that shilajit decreased the symptoms of
fatigue by increasing mitochondrial activity
(Surapaneni et al., 2012). It is also known that
shilajit, which has more than 200 mineral substances
in its structure, is effective in eliminating
reproductive problems in many Asian countries. In
studies on rats and humans, it has been reported that
shilajit increases semen density and serum
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significantly reduce the harmful effects of oxidative
stress. It has also been stated that shilajit contributes
to increasing the motility, semen density and serum
testosterone level, which are important semen
parameters (Biswas et al., 2010).

The aim of this study was to determine the effects of
shilajit, which is known to have significant positive
effects on semen, on long-term storage by adding it to
honeybee semen diluent.

MATERIAL and METHODS
Preparation of diluents and freezing of semen

All colonies used in the study were fed with syrups
prepared with sugar at a ratio of 1:1 every other day.
A modified Kiev diluent (D+-glucose 0.3 g, potassium
chloride 0.41 g, 2.43 g disodium citrate dihydrate per
100 ml) and 10% DMSO was used as semen diluent
(Rosseau and Giovenazzo, 2016). While shilajit was
not added to the diluent prepared for the control
group (S-0) in the colonies used in the study, semen
diluents were prepared by adding 5, 10, 15, and 20%
shilajit to the S-1, S-2, S-3, and S-4 groups,
respectively. Sperm was collected from approximately
400 drones aged 14-21 days in 25 colonies. Fresh
semen collected from drones that have reached
sufficient maturity were examined in terms of
motility, and it was observed that the average motile
spermatozoa rate was above 80%. Also, sperm with a
motility evaluation of less than 80% in fresh semen
were not included in the study. Each group was
separetely diluted to final concentration of
approximately 100 x106 (spermatozoa/mL) with
control or shilajit supplemented extenders. After the
diluted semen was transferred into 0.25 ml straws in
accordance with the procedure (diluent-air-space-
semen-air-space-diluent), the openend of the straw
was pressed and closed. Straws were kept at 4 °C for 2
hours for equilibration. Then, it was kept in liquid
nitrogen vapor 5 cm below the straws on the special
wire grid in the liquid nitrogen setup for 10 minutes,
and after freezing, it was stored in liquid nitrogen.
Straws stored by freezing were thawed at 37 °C for 30
seconds and evaluated.

Evaluation of semen

Motility

Semen straws were thawed at 35-36°C for 30 seconds.
Afterwards, 5 ul was taken from it and placed on the

slide and covered with a coverslip. Motility evaluation
was done with a computer-assisted semen analyzer
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(CASA) (SCA®, Microptic, Barcelona, Spain). The
results were evaluated as 20%, 40%, 60%, 80% and
95% and above, in particular for honey bee semen
(Taylor et al., 2009).

Plasma membrane integrity

To evaluate the integrity of the plasma membrane
100 pl of 100 mOsm HOST (Hypo-Osmotic Swelling
Test) solution was used. After 10 ul of thawed semen
was left at 37 °C for 30 minutes, 200 spermatozoa
were counted. Coiled and bent-tailed spermatozoa
were detected (Kumar et al., 2018).

Acrosome integrity

In the study, 100 ml of phosphate buffer solution
(PBS) was added to 10 ul of semen. After
centrifugation at 100 RCF for 5 minutes, semen was
separated from PBS. After the part was completed by
adding 100 ml of PBS, it was centrifuged again for the
second time. After removing the supernatant PBS,
the smear was taken. After staining with PSA-FITC
(L0770) solution in the darkroom, it was kept in the

dark at 37°C for 1 hour. At least 200 spermatozoa
were evaluated under fluorescence microscopy and

stained ones were expressed as a percentage (Alcay et
al., 2019).

Statistical analysis

The statistical significance level for each group used
in the study was made with 'One-Way Analysis of
Variance'. Duncan's multiple range test was used to
investigate the differences between group means. The
effects of the groups were evaluated as significant at
the at the P<0.05 level. SPSS 20.0 IBM Corp., 2011)
package program was used for variance analysis of
the data obtained from the study.

RESULTS and DISCUSSION

In the study investigating the effects of different
levels of shilajit (0, 5, 10, 15, 20 %) added to honey
bee semen diluent on long-term storage of semen, it
was determined that there was a significant
difference between the groups in terms of motility,
HOST and acrosome integrity parameters (Table 1).

Table 1. Spermatological parameter values between groups
Cizelge 1. Gruplar arasindaki spermatolojik parametre degerleri

Groups Total Motility (%) HOST (%) Acrosome Integrity (%)
S0 (Control) 28.01+4.90¢ 56.20+2.15¢ 87.00+£0.32¢

S1 (%5 Shilajit) 36.06+7.48b¢ 61.40+3.49bc 88.00+0.00b

S2 (%10 Shilajit) 32.00+4.90b¢ 64.00+2.59:b 87.80+0.20V

S3 (%15 Shilajit) 48.71+4.902b 69.20+2.46a 88.40+0.25b

S4 (%20 Shilajit) 56.04+4.002 69.80+1.392 89.00+0.002

P 0.008 0.005 0.000

Data is presented in Mean + S.D.

abc Values Differences between means with different letters in the same row are significant.

In our study, which investigated the effects of adding
different levels of shilajit to honey bee semen on the
cryopreservation of bee semen, mean motility values
were determined as 28,01 +4.90%, 36,06 +7.48%,

Control S1 S2

S3

32,00 +4.90%, 48,71 £4.90% and 56,04 +4.00% in the
groups (Control, S1, S2, S3, S4), respectively (Figure
1).

== Motility (%)

S4

Figure 1. Semen motility distribution between groups
Sekil 1. Gruplar arasindaki sperma motilite dagilimi

There was a statistically significant difference
between the groups in terms of motility values
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(P<0.05). Particularly, the percentage of motility was
found to be the highest statistically in the S4 group,
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in which shilajit added 20% to the semen diluent,
compared to the other groups (P<0.05).

In the study of Ikram-ul-Haq et al., (2016) on semen
parameters of shilajit in rams, 3 different groups
were formed with 4 rams in each group. In the study,
it was observed that shilajit administered orally at
different doses for 9 weeks significantly increased the
semen volume and motility values. However, it is
seen that the use of shilajit is not similar to our
study. In another study, the effects of shilajit
treatment were observed in mice with infertility by
administering cadmium, and it was reported that
shilajit had a significant effect on eliminating the
negative effects on semen parameters (Mishra et al.,
2018). A study invested the effects of fulvic acid on
semen parameters in goats observed that fulvic acid,
which i1s found in a significant amount in the
structure of shilajit applied at different doses, had a
positive effect on semen motility values (Xiao et al.,

75

70

Control S1 S2

S3

2018). Fulvic acid was added to Tris-egg yolk diluent
at different doses and stored in liquid nitrogen for
about 2 weeks after being frozen and thawed under
appropriate conditions, and its effects on goat semen
parameters were observed. The presence of fulvic acid
used in the study in the structure of shilajit, the
addition of fulvic acid used in the study to the diluent
at different doses, and the examination of frozen and
thawed semen in terms of motility are in line with our
study. While there was no significant difference
between the different doses in the study, it was
observed that fulvic acid significantly increased the
percentage of motility when compared with the
control group.

The mean HOST positive percentages of the groups in
our study (Control, S1, S2, S3, S4) were determined
as 56.20 £2.15%, 61.40 +£3.49%, 64.00 £2.59%, 69.20
+2.46% and 69.80 +1.39%, respectively (Figure 2).

HOST positive
(%)

S4

Figure 2. Distribution of HOS test positive (%) between groups
Sekil 2. Gruplar arasindaki HOS testi pozitif (%) dagilimi

It was determined that the addition of shilajit to the
semen diluent significantly increased the HOST
positive percentage (P<0.05). When the statistical
average values were examined, 1t was found
significant that the percentage of membrane
permeability increased proportionally with the
increase in the amount of shilajit used in general. The
increase in the positive rate of plasma membrane
integrity indicated that the membrane structure of
the semen was preserved. Sultan et al., (2021), in a
study in which they examined the effects of shilajit
added to buffalo semen diluent at different doses,
determined that 3% shilajit was more successful than
other study groups. A decrease in plasma membrane
integrity was found to be significant with an increase
in the shilajit ratio above 3%. In a study where a
special mixture containing shilajit was applied orally
on buffaloes, the semen collected was diluted and
frozen. In the study, a significant increase was
observed in the acrosome integrity as well as the
plasma membrane integrity (Kumar et al., 2018).
Although the positive effect of shilajit was observed in
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our study, the oral administration of the application
is not similar to our study. In our study, it was
determined that the addition of shilajit at different
doses increased acrosome integrity in the control
group (P<0.01) (Table 1).

There was a significant difference between the groups
in terms of positive values of acrosome integrity
(P<0.05). As can be seen from the mean values (%) of
control (87.00 +0.32), S1 (88.00), S2 (87.80 +0.20), S3
(88.40 +0.25) and S4 (89.00), it was observed that the
positive rate of acrosome integrity gradually
increased as the amount of shilajit added to the
semen diluent increased (Figure 3).

It was observed that the addition of shilajit
statistically significantly increased the percentage of
acrosome integrity (P<0.05). Acrosome integrity was
found to be the highest in the S4 group, in which 20%
shilajit was added to the semen diluent (P<0.05).
Alcay et al., (2019) reported that the diluent had
positive effects on acrosome integrity in their study
on the dilution of honeybee semen with TL-Hepes
based and with BSA (bovine serum albumin) added
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diluent. The study is significant for determining the
effectiveness of the substance added to the honeybee
diluent. Although the result of the study is positive, it
is not similar to our study because the content of the
substance used is different. According to Tripathi et

89,5
89
88,5
88
87,5
87
86,5

86

Control S1 S2 S3

al. (1996), shilajit plays an important role in
preventing lipid peroxidation, which plays an
important role in the disruption of spermatozoa
membrane integrity.

Acrosome Integrity
(%)

S4

Figure 3. Distribution of acrosome integrity (%) between groups
Sekil 3. Gruplar arasindaki akrozom biitiinliigii (%) dagilimi

Regarding the storage of honeybee semen, shilajit
seems to affect the storage conditions positively. As a
result of the study, it was observed that the addition
of shilajit to the honeybee diluent contributes to the
long-term storage of honeybee semen and has a
positive effect on motility, plasma membrane
integrity and acrosome integrity. The results of the
study reveal that the use of shilajit in semen diluent
will provide long-term storage conditions in honeybee
semen. It i1s aimed to improve long-term storage
conditions with such studies on honeybee semen. As a
result, it is understood that shilajit significantly
improves the storage conditions by making a
significant contribution to the preservation of
motility, plasma membrane integrity and acrosome
integrity in the long-term storage of honeybee semen.
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