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ABSTRACT

In this study, the anticancer potential of melittin (MLT) peptides
interacting with the CD147 receptor was investigated through in silico
structural and functional analyses. The interaction between the
transmembrane glycoprotein CD147 and cyclophilin A (CypA) activates
signaling pathways crucial in cancer pathology. This study focused on
the potential of melittin peptides to inhibit this interaction. Structures
of the CD147 receptor and melittin peptides were obtained from the
Protein Data Bank (PDB), including the three-dimensional structure of
the Igl domain of CD147 (PDB ID: 5XF0) and melittin structures (PDB
IDs: 2MLT, 604M, 3QRX, SAHT, and S8AHS). Validated ligand
structures were acquired through X-ray crystallography. Receptor-
ligand interactions and anticancer activity were evaluated using the
ClusPro2.0 molecular docking server, AnciCP2.0 and ENNAACT
anticancer analysis servers, ProtScale hydrophobicity analysis,
PDBSum amino acid interaction analysis, and PRODIGY
thermodynamic stability analysis tools. Molecular docking simulations
analyzed receptor-ligand interactions, emphasizing the role of
hydrophobic interactions. Structural analysis revealed variability in
peptide quality, with 2MLT demonstrating favorable attributes while
3QRX exhibited weak integrity. Anticancer analysis servers indicated
that 2MLT and 3QRX, exhibiting similar binding patterns with 5XF0
and CD147/CypA, may demonstrate potential anticancer activity.
Specifically, non-bonded interactions involving Gly181 and Arg201 in
the 5XF0-2MLT complex and non-bonded interactions involving Pro180,
Gly181, and Arg201 in the 5XF0-3QRX complex were highlighted,
resembling the interaction pattern of CD147/CypA. Therefore, the
importance of understanding molecular interactions and guiding drug
discovery through structural examinations and computational analyses
was emphasized, providing insights into the anticancer effects and drug
design implications of these complexes; moreover, further research into
their structural determinants and therapeutic potentials is critically
essential for biomedical applications.
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Melittin Peptitlerinin CD147 Reseptorii ile Etkilesimindeki Antikanser Potansiyeli: Ligand-Reseptor

Etkilegiminin Yapisal ve Fonksiyonel Analizi

OZET
Bu arastirmada, antikanser etkileriyle bilinen melittin (MLT)
peptitlerinin  CD147  reseptoruyle etkilesimlerinin  antikanser

potansiyeli in silico yapisal ve iglevsel analizlerle arastirilmigtir. CD147
transmembran glikoproteini ve siklofilinA (CypA) etkilesimi, kanser
patolojisinde 6nemli olan sinyal yollarini aktive eder. Bu calismada,
melittin peptitlerinin bu etkilesimi engelleme potansiyeli tzerinde
durulmustur. CD147 reseptor yapisi ve melittin peptit yapilar1 Protein
Veri Bankasimdan (PDB) temin edilmis olup; bunlar arasinda
CD147'nin Igl alaninin ii¢c boyutlu yapisi (PDB No: 5XF0) ve melittin
yapilarn (PDB  No: 2MLT, 604M, 3QRX, SAHT ve S8AHS)
bulunmaktadir. PDB tarafindan onaylanmis ligand yapilari X-is1m
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kirinimi ile elde edilmigtir. ClusPro2.0 molekiler baglanma sunucusu,
AnciCP2.0 ve ENNAACT antikanser analiz sunuculari, ProtScale
hidrofobisite analiz, PDBSum aminoasit etkilesim analiz ve PRODIGY
termodinamik stabilite analiz araglar1 kullanmilarak reseptor-ligand
etkilesimleri ve antikanser aktivite degerlendirildi. Molekiiler
baglanma simiilasyonlari reseptor-ligand etkilesimlerini analiz etmig ve
hidrofobik etkilesimlerin roliinti vurgulamistir. Yapisal analiz, peptit
kalitesinde degiskenlikleri gostermig; 2MLT olumlu 6zellikler
sergilerken, 3QRX’in zayif bitiunlik gosterdigi tespit edilmistir.
Antikanser analiz sunucular1 5XF0 ve CD147/CypA ile benzer
baglanma desenleri sergileyen 2MLT ve 3QRX'in her ikisinin de
potansiyel antikanser aktivitesi gosterebilecegini ortaya koymustur.
Ozellikle 5XF0-2MLT kompleksindeki Glyl81 ve Arg201 ile bagsiz
etkilesimler, 5XF0-3QRX kompleksindeki Pro180, Gly181 ve Arg201 ile
bagsiz etkilesimler c¢alismamizda ortaya konularak CD147/CypA
etkilesim gsekline benzerligine dikkat ¢ekilmistir. Bu nedenle, molekiiler
etkilesimlerin anlasilmasi ve ilag kesfini yonlendirmenin 6nemi, yapisal
incelemeler ve hesaplamali analizlerin vurgulanarak, bu komplekslerin
antikanser etkileri ve ilag tasarimi tizerindeki etkilerine dair bilgiler
sunulmustur; ayrica, bu yapisal Dbelirleyicilerin ve terapotik
potansiyellerinin ileri arastirmalari, biyomedikal uygulamalar igin

Molekiiler baglanma
Siklofilin A

kritik 6neme sahiptir.

Ataf Sekli: Melittin Peptitlerinin CD147 Reseptorii ile Etkilesimindeki Antikanser Potansiyeli: Ligand-Reseptor
Etkilesiminin Yapisal ve Fonksiyonel Analizi. KSU Tarim ve Doga Derg 2AEk Say1 2), 287-297.
https://doi.org/10.18016/ksutarimdoga.vi.1470524

To Cite : Unveiling Anticancer Potential in the Interactions of Melittin Peptides with CD147 Receptor: A Structural
and Functional Analysis of Ligand-Target Interactions. KSU . Agric Nat 27 (Suppl 2), 287-297.
https://doi.org/10.18016/ksutarimdoga.vi. 1470524

INTRODUCTION melittin has garnered attention for its anticancer

Cancer remains a formidable challenge in medical
science, with treatment strategies continuously
evolving to 1mprove patient outcomes. Despite
advancements in cancer therapy, treatment failures
still occur due to factors like tumor heterogeneity and
resistance mechanisms. Researchers are exploring
innovative approaches to combat these challenges,
including animal venoms. Venoms, such as those from
snakes, bees, and scorpions, contain bioactive
compounds that have shown potential in targeting
cancer cells with precision. These venom-derived
agents can inhibit protein synthesis, induce apoptosis,
and disrupt angiogenesis, offering a complementary
strategy to conventional treatments. The anticancer
effectiveness of animal venoms is attributed to their
ability to target cancer cells while minimizing toxicity
to normal tissues selectively, thus presenting a
promising avenue for enhancing the efficacy of cancer
therapeutics (Chaisakul et al., 2016; Gomes et al.,
2010; Li et al., 2018; Roy & Bharadvaja, 2021; Sjakste
& Gajski, 2023).

Melittin 1s a potent peptide that i1s the main
component of honeybee (Apis mellifera) venom,
constituting about 40-60% of its dry weight
(Memariani et al., 2019). It is a cationic amphiphilic
peptide known for its diverse biological activities,
including antimicrobial, antiviral, and anti-
inflammatory effects (Tiwari et al., 2022). Notably,

288

properties. It has been shown to exert antitumor
effects by disrupting cell membranes, inhibiting cell
growth by interfering with the cell cycle, and inducing
apoptosis and necrosis in cancer cells (Daniluk et al.,
2022; Huang et al., 2016). Melittin’s ability to
selectively target cancer cells while sparing normal
cells makes it a promising candidate for enhancing
the efficacy of traditional cancer therapies (Pandey et
al., 2023).

Melittin, a water-soluble peptide from bee venom, has
garnered attention for its potential in cancer therapy.
It exhibits direct cytotoxic effects on cancer cells and
modulates immune responses. Studies have shown
that melittin can induce cell cycle arrest and
apoptosis, regulate pathways involved in metastasis,
angiogenesis, and inflammation, and interact with
signaling molecules like Bax, Bcl-2, caspases, and NF-
kB. Its ability to inhibit growth and induce apoptosis
has been enhanced when delivered in niosomes,
making it a promising candidate for cancer
treatment. Recent research focuses on improving
melittin’s selectivity and reducing its toxicity through
nanotechnology and combination with conventional
drugs (Haque et al., 2023; Pandey et al., 2023).

CD147, or EMMPRIN or basigin, is a transmembrane
glycoprotein  extensively implicated in cancer
progression. Found in various human tumors, CD147
plays a multifaceted role by stimulating the secretion
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of matrix metalloproteinases (MMPs) and cytokines.
It modulates cellular processes such as proliferation,
apoptosis, migration, metastasis, and differentiation,
particularly in hypoxic environments. CD147
expression 1s closely associated with tumor invasion,
metastasis, and angiogenesis, rendering it a
significant biomarker for cancer prognosis and
diagnosis. Additionally, CD147 1is a promising
therapeutic target, with monoclonal antibodies
against it showing potential efficacy, notably in
treating hepatocellular carcinoma (Huang et al.,
2023; Xiong et al., 2014).

This glycoprotein is notably overexpressed in a broad
spectrum of aggressive human cancers, spanning
from central nervous system tumors to those of the
head and neck, breast, lung, gastrointestinal tract,
genitourinary system, skin, and hematological and
musculoskeletal systems. Its pivotal role extends to
cancer cell proliferation, survival, angiogenesis,
metabolic reprogramming, immune evasion, invasion,
and metastasis (Nyalali et al., 2023).

The interaction between Cyclophilin A (CypA) and
CD147 plays a pivotal role in cancer development.
CypA, with its peptidyl-prolyl cis-trans isomerase
activity, binds to CD147, influencing multiple cellular
functions and activating downstream signaling
pathways crucial in cancer pathology. This
interaction 1s associated with increased tumor
growth, metastasis, therapeutic resistance, and poor
patient prognosis. Studies using The Cancer Genome
Atlas (TCGA) database have shown a significant
correlation between the overexpression of CypA and
CD147 and advanced cancer stages and lower
survival rates. Consequently, the CypA/CD147 axis is
considered a promising target for anticancer therapy,
with the potential to improve treatment outcomes
(Bakhtiyari et al., 2023; Han & Jung, 2022; Nyalali et
al., 2023; Xiong et al., 2014).

This study aims to investigate the anticancer
potential inherent in the interactions between
melittin peptides and the CD147 receptor, providing a
comprehensive structural and functional analysis of
ligand-target interactions. The study aims to
elucidate the structural determinants influencing
their biological activity through detailed examination
and comparison of the structural properties of various
melittin peptides and their binding affinities with the
CD147 receptor. Additionally, the study explores the
role of hydrophobic interactions in forming and
stabilizing receptor-ligand complexes, shedding light
on the thermodynamic stability of these interactions
under different temperature conditions.
Computational tools are utilized in molecular docking
studies to reveal the in silico structures of receptor-
ligand complexes, where receptors consist of proteins
and ligands may consist of another protein or small
molecule (Oner et al.,, 2024), and to assess the
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potential anticancer properties of the examined
ligands, providing valuable insights into their
therapeutic potential. Overall, this study aims to
contribute to the existing knowledge by providing
insights into the interactions between melittin
peptides and the CD147 receptor, shedding light on
their structural and functional aspects.

MATERIAL and METHODS

The Protein Data Bank (PDB), a database storing the
structures and related information of biological
macromolecules, was utilized to select materials for
the research. The molecule structures corresponding
to the three-dimensional structure of the Igl domain
of CD147 with PDB ID 5XF0 (Jin et al., 2018), as well
as the structures with PDB IDs 2MLT, 604M, 3QRX,
8AHT, and 8AHS, represent melittin, one of the most
essential toxins of Apis mellifera. The ligand
structures, excluding the receptor structure 5XFO,
were validated by depositors using X-ray diffraction
and submitted to the Worldwide Protein Data Bank
(wwPDB). It is evident from the publicly released X-
ray Structure Validation Reports that they are valid
PDB entries. As of the date of the study (2024), 13
entries related to melittin were identified on the
official website of the PDB: https://www.rcsb.org/.
NMR-based structures for ligands were excluded from
this study, focusing solely on the five entries obtained
through X-ray diffraction methods. This decision was
made due to the limited number of NMR-resolved
structures available in the PDB (three entries) and
the lack of comparability with X-ray crystallographic
structures, as normalized real-space R-value (RSRZ)
outliers do not apply to NMR. Consequently, a
comparative analysis of CD147 interactions between
NMR and X-ray crystallographic structures was
deemed outside the scope of this study. The
interaction between the receptor and ligand molecules
was visualized using the molecular surface method in
PyMOL.

The Uniprot PDBsum tool was used to analyze the
receptor-ligand complexes' PDB files. This tool
enabled the visualization of interactions among
polypeptide chains, residues, and atoms,
encompassing hydrogen bonds, non-bonded contacts,
and salt bridges.

The amino acid sequences of the ligands were
obtained from the RCSB Protein Data Bank.

Subsequently, sequence-specific parameters,
including hydrophobicity, hydropathicity,
amphipathicity, hydrophilicity, charge, isoelectric

point, and molecular weight were predicted using the
AntiCP 2.0 server with default settings (Model 1,
SVM threshold: 0.45), as described by Agrawal et al.,
(Agrawal et al., 2021). The analysis of hydrophobicity
was further validated using the ProtScale program
from The SIB Swiss Institute of Bioinformatics,
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employing the Kyte—Doolittle method with a scoring Binding Energy Prediction (PRODIGY) server to

window size of 3 and assigning a relative weight of assess the strength of protein-protein interactions
100% to the window edges compared to the window and their thermodynamic stabilities under specific
center. To assess the anti-cancer activity of the conditions, including temperatures of 25 °C and 40
ligands, the ENNAACT web server was employed, °C. This analysis predicted the free energy change
and anti-cancer activity scores were predicted as (AG, kcal.mol?) and the dissociation constant Kd (M).
normalized sigmoid scores ranging from 0 to 1,

following the method described by Timmons et al. Statistical analyses

(Timmons & Hewage, 2021). Each receptor-ligand complex is represented by only a
The ClusPro 2.0 server (Desta et al., 2020; Kozakov single observation, which limits the options for

et al., 2013, 2017) was employed for docking purposes, statistical analysis. Descriptive statistics, including
utilizing default settings. Following the completion of minimum, maximum, and arithmetic mean, have
the docking process, the resulting receptor-ligand been calculated to summarize the findings. However,
complexes were saved in PDB format as optimized the results are purely descriptive, and no statistical
docking models, considering the center scores and the tests can be applied without additional data.

number of members. The receptor 5XF0's A chain was
selected for the docking process. In this molecule, 20 RESULTS and DISCUSSION
conformers were loaded into the PDB, of which the
first conformer was used for docking. The ligands
2MLT (in homotetramer form, using the A chain for
docking) and 604M (in homotetramer form, using the
B chain for docking) consist of 26 amino acid residues
each, with X-ray diffraction resolutions of 2.00 A
(Eisenberg et al., 1990) and 1.27 A (Kurgan et al.,
2019), respectively. 3QRX (in heterodimer form, using
the B chain for docking) consists of 20 amino acid

residues with an X-ray diffraction resolution of 2.20 A Upon sorting the ligands' scores obtained from the
(Sosa et al., 2011). SAHT (in heterohexamer form, RCSB PDB, the ranking revealed that 2MLT, 604M,

using the F chain for docking) consists of 25 amino 3QRX, 8AHT, and SAHS were arrapged in descepding
acid residues with an X-ray diffraction resolution of ~ ©rder based on their score magnitude. Accordingly,
290 A (Diirvanger et al., 2023). 8AHS (in heterodimer graphs illustrating the overall measures, including

form, using the C chain for docking) consists of 23 free R-value (Rfree), clash score, Ramachandran
amino acid residues with an X-ray diffraction outliers percent, sidechain outliers percent, and RSRZ

resolution of 2.48 A(Dﬁrvanger et al.. 2023) outliers percent for the ligands, are presented in
’ i Table 1.

The limited number of structural models of melittin
peptides used in this study constrains the
generalizability of the findings across all anticancer
mechanisms. Additionally, observed limitations
related to the models' structural quality may affect
the binding results' reliability. Therefore, considering
the limited sample size and structural constraints,
these findings should be interpreted with caution.

Subsequently, the PDB file containing the receptor-
ligand complexes was submitted to the Protein

Table 1. Percentile ranks for ligands
Cizelge 1. Ligandlar i¢in ytizdelik siralamalar
Metric 2MLT
Rfree NA
Clashscore I} )
Ramachandran outliers (%)
Sidechain outliers (%)

RSRZ outliers (%) B 1,7 42 4,8

The table presents percentile ranks for the ligands, with better values highlighted in shades of green and worse in shades of
red. The intensity of the green color indicates a higher degree of improvement, while the intensity of the red color signifies a
greater degree of deterioration. The quantitative representation of these values is depicted through blue data bars. This
adapted form of percentile rank from RCSB PDB visually represents metrics within the table.

604M 3QRX S8AHT 8AHS

A common characteristic of all selected models was PRODIGY server regarding receptor-ligand docking,
their classification as Hydrophobic-favored models presenting the Gibbs free energy (AG) and
within the ClusPro 2.0 server. The scores and dissociation constant (Kd) metrics to assess the
coefficients of these models and those of the other binding affinity and thermodynamic stability of
models, including Balanced, Electrostatic-favored, protein-protein interactions under variable
and VdW+Elec, are delineated in Table 2. temperature conditions. It was discerned that among

Additionally, it illustrates the outcomes from the the receptor-ligand complexes, the 5XF0-8AHT
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complex exhibited the most substantial AG and increase in temperature was correlated with a
binding affinity, indicating a robust interaction. consistent diminution in binding affinity, congruent

Conversely, the weakest AG and binding affinity were with the observed trends in AG and binding affinity.
identified in the 5XF0-3QRX complex. Moreover, an

Table 2. Summary of binding properties and interaction characteristics of receptor-ligand complexes from
molecular docking simulations in ClusPro 2.0

Cizelge 2. ClusPro 2.0 kullanilarak yapilan molekliiler baglanma simiilasyonlarindan elde edilen reseptor-ligand
komplekslerinin baglanma ézellikleri ve etkilesim karakteristiklerinin ozeti

Receptor- Electrostatic- Hydrophobic- AG Kd [M] at
Ligand Cluster/Center  Balanced yerob VdW+Elec [kcal.mol” 25.0 °C/40.0
favored favored

Complex 1] °C
Cluster 8 6 13 0 8.4e-
SRFO-ZMLT  ( ter -587.0  -623.9 -807.7 -185.7 9.6 08/1.8¢-07
Cluster 1 8 1 2 1.3e-
SXFO-604M  (\ ier 5841  -684.3 -932.6 -153.5 9.4 07/2.9¢-07
Cluster 1 2 6 1 3.5e-
SXFO-3QRX  (\ ter 5913 -597.1 -915.7 -127.8 8.8 07/7.2e-07
Cluster 3 5 0 5 1.7e-
SXFO-8AHT  (\  ter -608.3  -676.6 -854.4 -162.3 10.6 08/4.1e-08
Cluster 7 5 5 9 6.7e-
SXFO-8AHS (o ter -588.6  -617.4 -908.2 -141.0 9.8 08/1.5¢-07
1.3e-
Mean 4.0/- 3.4/-
Total o Conten) folgs  D2639.86 50188372 ol 9.64 8;/2.769:
Minimum 1.7e-
O, o) 1/-608.3  2/-684.3 0/-932.6 01857  -10.6 e 1e-08
Maximum i i i i i 3.5e-
AR 8/-584.1  8-597.1 13/-807.7 9/-127.8  -8.8 o T
1.29e-
SD (Cluster/Center) 3.32/9.55 2.17/38.45  5.15/51.59  5.65/21.96 0.65 07/2.63¢-
07

This table summarizes the receptor-ligand complex analyses derived from molecular docking simulations. The parameters
include interaction counts categorized as Balanced, Electrostatic-favored, Hydrophobic-favored, and VdW+Elec, as well as
binding energy (AG) in kcal/mol and dissociation constants (Kd) at 25.0 °C and 40.0 °C. The Total, Mean, Minimum,
Maximum, and Standard Deviation (SD) values are provided for both cluster and center metrics, highlighting the analyzed
complexes' binding properties and structural quality.

Table 3 encapsulates the predictive analytics of 8AHT, 'SAHS’ and 3QRX, a finding corroborated by
ligands as procured from the AntiCP 2.0 server, the AntiCP 2.0 server.

detailing the SVM score of each ligand, descriptors of The visualizations involve examining the structural
its aqueous interactions, and its chemical attributes. details of the interactions between the 5XFO0 receptor
Table 3 also showcases the forecasted anticancer and the ligands 2MLT, 604M, 3QRX, 8AHT, and
efficacy of therapeutic peptides, as determined by the 8AHS, revealing their chain structures and specific
ENNAACT server. This includes a comprehensive interactions (Figure 1). This structural examination
listing of the ligand's amino acid composition and a provided insights into the chain structures and
normalized sigmoidal probability score (PROB interactions of the receptor-ligand complexes,
score) from 0 to 1. Trained explicitly on a dataset shedding light on their molecular characteristics and
consisting of 861 anticancer peptides and an equal potential binding modes.

number of non-anticancer peptides through machine Structural analyses of 2MLT revealed four hydrogen

learning techniques, the AntiCP 2.0 server (Agrawal, bonds formed between Ser204, Glul18, and Glul7
2021) conducted anticancer scoring for the ligands. residues of 5XF0 and Lys23 and Arg24 residues of
The SVM score for 2MLT reached its maximum level, 2MLT, accompanied by three salt bridges linking
f9110W9d sequentially by 8AHT, 8A_HS’ apd 3QRX. Glul18 and Glul77 residues of 5XFO with Arg24 and
Similarly, the ENNAACT server, trained using neural Lys21 residues of 2MLT. Moreover, 79 non-bonded

netwo?k algqrithms, indipates the notably high contacts were observed among different amino acids.
potential anticancer activity of 2MLT due to its

elevated PROB score, followed in descending order by
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Table 3. Predictive analytics of ligands and forecasted anticancer efficacy from AntiCP 2.0 and ENNAACT

servers.

Cizelge 3. Ligandlarin tahmini analizi ve AntiCP 2.0 ve ENNAACT sunucularindan ongoriilen antikanser

etkinliklerinin tahmini.

ID Seq. SVM  Hpho. Hpat. Amph. Hphl. Ch. pl Mw PROB
?;lé)/lfl\'/r[’ GIGAVLKVLTTGLPALISWIKRKRQQ 1.0 -0.08 0.27 0.71 -0.20 5.0 12.03 2847.91 0.997
3QRX IGAVLKVLTTGLPALISWIK 0.64 0.18 1.37 0.37 -0.72 2.0 10.02 2093.95 0.905
8AHT GIGAVLKVLTTGLPALISWIKRKRQ 0.93 -0.06 0.42 0.69 -0.21 5.0 12.03 2719.76  0.995
8AHS IGAVLKVLTTGLPALISWIKRKR 0.84 -0.04 0.63 0.69 -0.24 5.0 12.03 2534.54 0.990
Total Mean 0.85 0.00 0.67 0.62 -0.34 4.25 11.563 2549.04 0.97
Minimum 0.64 -0.08 0.27 0.37 -0.72 2.00 10.02 2093.95 0.91

Maximum 1 0.18 1.37 0.71 -0.20 5.00 12.03  2847.91 1.00

SD 0.135 0.105 0.423 0.142 0.218 1.299 0.870 285.39 0.039

Abbreviations: Seq. (Sequence of ligand); SVM (Support Vector Machine score); Hpho. (Hydrophobicity); Hpat.

(Hydropathicity); Amph. (Amphipathicity); Hphl. (Hydrophilicity); Ch (Charge); pI (Isoelectric Point); Mw (Molecular Weight);
PROB (Normalized Sigmoidal Probability Score). The Total, Mean, Minimum, Maximum, and Standard Deviation (SD)

values are provided for analyzed complexes.

Similarly, for 604M, five hydrogen bonds involving
Glull4, Glul20, Metl123, and Asnl52 residues of
5XF0 and Arg24, Lys23, Lys21, and Thr10 residues of
604M were identified, along with three salt bridges
connecting Glul14, Glu120, and Glul68 residues of
5XF0 with Arg24, Lys23, and Lys21 residues of
604M. Additionally, 70 non-bonded contacts were
noted among various amino acids. Furthermore,
structural analysis of 3QRX revealed three hydrogen
bonds between Aspl44, Glul77, and Arg201 residues
of 5XF0 and Trp19, Lys7, and Val8 residues of 3QRX,
along with one salt bridge between Glul177 residue of
5XF0 and Lys7 residue of 604M. In addition, 60 non-
bonded contacts were identified among different
amino acids. Moreover, for 8AHT, six hydrogen bonds
formed between Glul14, His115, Asn152, Val160, and
Glul72 residues of 5XF0 and Lys7, Lys23, and Lys21
residues of 8AHT, accompanied by two salt bridges
linking Glul114 and Glul72 residues of 5XF0 with
Lys7 and Lys21 residues of 8AHT. Besides, 67 non-
bonded contacts were observed among various amino
acids. Lastly, structural analysis of 8AHS unveiled
five hydrogen bonds involving GIn100, Met123,
Argl166, and Glul68 residues of 5XF0 and Leu9,
Lys23, and Leul6 residues of 8AHS, along with one
salt bridge between Glul68 residue of 5XF0 and
Lys23 residue of 8AHS. Additionally, 69 non-bonded
contacts were noted among different amino acids.

According to the results presented by the PDBsum
server regarding the interactions between the
receptor and ligands, various bonding characteristics
among residues have been identified. For the 5XFO0-
2MLT interaction, hydrogen bonds were found to
have lengths ranging from a minimum of 2.73 Atoa
maximum of 2.85 A. In comparison, salt bridges
ranged from a minimum of 2.59 A to a maximum of
2.76 A, and non-bonded contacts ranged from a
minimum of 2.56 A to a maximum of 3.89 A. In the
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case of the 5XF0-604M interaction, hydrogen bonds
ranged from a minimum of 2.59 A to a maximum of
3.30 A, salt bridges ranged from a minimum of 2.48 A
to a maximum of 2.75 A, and non-bonded contacts
ranged from a minimum of 2.48 A to a maximum of
3.90 A. Regarding the 5XF0-3QRX interaction,
hydrogen bonds had lengths ranging from a minimum
of 2.48 A to a maximum of 2.91 A, with the salt bridge
length being 2.48 A, and non-bonded contacts ranging
from a minimum of 2.48 A to a maximum of 3.88 A.
For the 5XFO0-8AHT interaction, hydrogen bonds
ranged from a minimum of 2.47 A to a maximum of
2.77 A, salt bridges ranged from a minimum of 2.47 A
to a maximum of 2.58 A, and non-bonded contacts
ranged from a minimum of 2.47 A to a maximum of
3.88 A. Lastly, in the 5XF0-8AHS interaction,
hydrogen bonds had lengths ranging from a minimum
of 2.48 A to a maximum of 3.28 A, with the salt bridge
length being 2.48 A, and non-bonded contacts ranged
from a minimum of 2.48 A to a maximum of 3.88 A.

The hydrophobicity indices of the ligands were
ascertained using the Kyte—Doolittle scale via the
ProtScale tool, as depicted in Figure 2. Based on this
scale, the hydrophobicity values observed for 2MLT
and 604M are significantly elevated. Due to the
identical sequences of these peptides, hydrophobicity
values are presented in a single graph. Similarly, it is
observed that the other peptides exhibit high
hydrophobicity, attributed to their similar sequences.

The 2MLT melittin peptide was resolved using X-ray
diffraction, with a resolution of 2.00 A. Although the
Rfree value was not specified, a clash score value of 2
indicates a low clash score. The peptide, with a
Ramachandran outlier percent of 0%, generally falls
within acceptable torsion angle limits; however, the
sidechain outlier value of 7.1% suggests some
sidechains may have abnormal conformations.
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5XFQ-2MLT 5XF0-604M 5XF0-3QRX 5XFO-8AHT 5XFQ-BAHS
Chain A Chain B Chain A Chain B Chain A Chain B Chain A Chain F Chain A Chain C

fREEN
\nh“xxé

Leul6

LEU-16

GLY-181
PRO-180

Figure 1. Visualization of interactions between the 5XFO0 receptor A chain and ligands via PDBsum and PyMOL
Note. The interactions between the A chain of the 5XFO0 receptor and various chains of the ligands are visualized in
PDBsum. Discrete vertical red lines represent non-bonded contacts, horizontal red lines denote salt bridges, and
horizontal blue lines indicate hydrogen bonds. Using PyMOL software, the interactions are further illustrated, with
the receptor depicted in green and the ligands in cyan, blue, orange, wheat, and white. Panel A focuses on the
interactions between 5XF0 (green) and 2MLT (cyan), indicating distances in angstroms (A) with dashed lines. Panel B
highlights interactions between 5XF0 (green) and 3QRX (orange), also showing distances in A with dashed lines.

Sekil 1. 5XFO reseptorti A zinciri ile ligandlar arasindaki etkilesimlerin PDBsum ve PyMOL ile gorsellestirilmesi
Not. 5XFO reseptoriiniin A zinciri ile ligandlarin g¢esitli zincirleri arasindaki etkilesimler PDBsum'da
gorsellestiriimistir. Ayrik dikey kirmizi ¢izgiler bagsiz etkilesimleri, yatay kirmizi ¢izgiler tuz kopriilerini ve yatay
mavi ¢izgiler hidrojen baglarini gosterir. PyMOL yazilimi kullanilarak etkilesimler, yesil renkle gosterilen reseptor ve
camgobegi, mavi, turuncu, bugday ve beyaz ligandlar ile daha ayrintili olarak gosterilmektedir. Panel A, 5XFO (yesil)
ve 2MLT (camgobegi) arasmndaki etkilesimlere odaklanir ve mesafeleri kesikli ¢izgilerle angstrom (A) cinsinden
gostermektedir. Panel B, 5XF0 (vesil) ve 3QRX (turuncu) arasindaki etkilesimleri vurgulamakta ve ayrica mesafeleri
kesikli ¢izgilerle A cinsinden gostermektedir.
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Figure 2. Assessment of ligand hydrophobicity using the Kyte-Doolittle scale
Note. The sequences in the images on the upper left correspond to 2MLT and 604M, while the sequence on
the right pertains to 3QRX. The sequences in the pictures below correspond to SAHT on the left and SAHS
on the right. The horizontal axis indicates amino acid positions, while the vertical axis illustrates
hydrophobicity levels. Positive values denote the presence of hydrophobic amino acids in the peptide

sequence.

Sekil 2. Kyte-Doolittle dl¢egi kullanarak ligandlarin hidrofobiklik degerlendirmesi
Not. Ust panelde soldaki resimde gosterilen diziler 2MLT ve 604M'ye karsiik gelirken, sagdaki dizi
3QRX'e aittir. Alt paneldeki resimlerde gosterilen diziler solda S8AHT'yve ve sagda 8AHS've karsilik
gelmektedir. Yatay eksen amino asit konumlarini goésterirken dikey eksen hidrofobiklik seviyelerini
gosterir. Pozitif degerler, peptit dizisinde hidrofobik amino asitlerin varligini belirtmektedir.

The RSRZ outlier value of 0% generally falls within
acceptable limits. The 604M melittin peptidoe has a
structural model with a resolution of 1.27 A and a
Rfree value of 0.235, indicating good agreement with
experimental data. With a clash score value of 3, the
peptide is considered acceptable regarding clashes.
The Ramachandran outlier percent of 0% and
sidechain outlier value of 0% indicate generally
acceptable structural quality; however, the RSRZ
outlier value of 1.7% suggests some atoms may have
abnormal conformations. The 3QRX melittin peptide
has a structural model with a resolution of 2.20 A but
a weak performance fitting experimental data, with
an Rfree value of 0.334. Additionally, the peptide has
a clash score value of 8, indicating significant
problems with clashes. The peptide demonstrates
poor structural quality with a Ramachandran outlier
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percent of 1.2% and a sidechain outlier value of 2.9%.
The RSRZ outlier value of 4.2% indicates that some
atoms may have abnormal conformations. Finally, the
8AH'I: and 8AHS gnelittin peptides have resolutions of
2.20 A and 2.48 A, respectively, with Rfree values of
0.265 and 0.303, indicating moderate agreement.
However, with a clash score value of 4 and an RSRZ
outlier value of 6.7%, the structural quality of SAHS
appears slightly lower compared to SAHT. Based on
the results presented, it can be observed that the
structural quality and characteristics of the melittin
peptides varied among the complexes analyzed. The
2MLT complex exhibited a relatively favorable
structural profile, with low clash scores and
acceptable torsion angle limits. In contrast, the 3QRX
complex showed weaker performance in fitting
experimental data, indicating potential issues with its



KSU Tarim ve Doga Derg 27 (Ek Say1 2), 287-297, 2024
KSU J. Agric Nat. 27 (Suppl 2), 287-297, 2024

Aragtirma Makalesi
Research Article

structural integrity. However, it should be noted that
in terms of molecular binding mode, 3QRX exhibits
more remarkable similarity to the CD147/CypA
interaction than 2MLT. These findings suggest that
the structural properties of the melittin peptides may
influence their interactions with the receptor and
ultimately impact their biological activity. Further
investigations into the structural determinants of
these peptides are warranted to elucidate their
therapeutic potential and inform drug design
strategies.

The selected models were consistently classified as
Hydrophobic-favored within the ClusPro 2.0 server,
indicating the significant involvement of hydrophobic
interactions in both the formation and stabilization of
receptor-ligand complexes. Notably, the 5XF0-SAHT
complex exhibited the highest AG and binding affinity
(-10.6 kcal.mol'}; 1.7e-08 M), suggesting a robust and
stable interaction. Conversely, the 5XF0-3QRX
complex displayed the weakest AG and binding
affinity (-8.8 kcal.moll; 3.5e-07 M), indicative of a
comparatively weaker interaction. Furthermore, an
increase in temperature correlated with a consistent
decrease in binding affinity across the receptor-ligand
complexes, aligning with the observed changes in AG
and binding affinity, thus indicating a temperature-
dependent impact on the stability of protein-protein
interactions. In summary, these findings underscore
the crucial role of hydrophobic interactions in
receptor-ligand complex formation. They offer
valuable insights into their binding affinity and
thermodynamic stability under varying temperature
conditions. Such insights contribute significantly to
our understanding of the molecular mechanisms
governing protein-protein interactions and hold
implications for drug discovery and design endeavors.

The AntiCP 2.0 server, trained on a dataset of
anticancer and non-anticancer peptides, conducted
anticancer scoring for the ligands. The SVM score for
2MLT attained the maximum level (1.0), followed by
8AHT (0.93), 8AHS (0.84), and 3QRX (0.64).
Similarly, the ENNAACT server, employing neural
network algorithms, indicates the high potential
anticancer activity of 2MLT based on its elevated
PROB score (0.997), followed by SAHT (0.995), SAHS
(0.990), and 3QRX (0.905). These findings collectively
support the potential anticancer properties of the
examined ligands, as highlighted by both
computational tools.

The structural examination of molecular complexes
has provided insights into receptor-ligand complexes'
chain structures and interactions, elucidating their
molecular characteristics and potential binding
modes. Four and five hydrogen bonds in the 2MLT
and 604M complexes, respectively, indicate strong
interactions with the 5XFO0 receptor. Additionally,
identifying three salt bridges in these complexes
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suggests further binding reinforcement. Conversely,
three hydrogen bonds and a single salt bridge in the
3QRX complex indicate fewer interactions. The
presence of six and five hydrogen bonds in the SAHT
and 8AHS complexes, respectively, demonstrates
robust binding between the receptor and ligand.
However, the number of salt bridges and non-bonded
motifs in these complexes plays a significant role in
binding stability and the diversity of specific
interactions. These findings contribute to a detailed
understanding of the molecular interactions between
ligands and receptors, providing a valuable
foundation for comprehending the respective ligands'
biological activities and therapeutic potentials.

The upregulation of CypA and CD147 in the signaling
cascade of malignant cells has been implicated in the
initiation and progression of cancer (Han & Jung,
2022; Yurchenko et al., 2010). CypA facilitates signal
transduction by forming complexes with Pro180 and
Pro211 residues of CD147, with Glu218 playing a
pivotal role in this process (Han & Jung, 2022).
Recent research has highlighted the regulatory role of
Pro180-Gly181 in the CypA/CD147 binding
mechanism, identifying Arg201 as a critical residue
for this interaction (Yang et al, 2022). Our
investigation similarly revealed non-covalent contacts
between Gly181 and Leu9, Leul3, and Arg201 with
Leul3, Val8, Glyl2, and Leul6 in the interaction
between 5XFO0 and 2MLT, and notably, non-bonded
interactions involving Pro180 and Gly181 with Leul3,
Leul6, and Arg201 with Val8, Leu9, Leul3 in the
case of 3QRX, suggesting specific amino acid
interactions independent of chemical bonding.
Furthermore, a hydrogen bond between Arg201 and
Val8 was identified. While the binding of CypA to
CD147 induces conformational changes akin to a
molecular chaperone, further exploration of the non-
bonded interactions observed with 2MLT and 3QRX
warrants investigation in subsequent studies.

The analysis of interactions between the receptor
(5XF0) and ligands revealed diverse bonding
characteristics across different complexes. Hydrogen
bonds, salt bridges, and non-bonded contacts were
identified as crucial interaction types. These findings
from PDBsum highlight the eclectic nature of
interactions between the receptor and ligands,
providing valuable insights into their binding
mechanisms and potential functional implications.

The hydrophobicity indices obtained using the Kyte-
Doolittle scale via the ProtScale tool reveal significant
attributes of the ligands under scrutiny. The ligands
exhibit elevated  hydrophobicity, presumably
stemming from their similar sequences. In particular,
the sequence 3QRX, which corresponds to
IGAVLKVLTTGLPALISWIK, shows a significantly
hydrophobic nature, whereas the sequences 2MLT
and 604M, represented by
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GIGAVLKVLTTGLPALISWIKRKRQQ, possess
relatively lower  hydrophobicity.  Additionally,
variations in amphipathicity and hydrophilicity
properties are observed across different sequences.
These observations underscore the hydrophobic
nature of the ligands under examination and
emphasize the potential ramifications of their
hydrophobic properties in diverse biological processes
and interactions, warranting further investigation in
subsequent analyses.

In conclusion, the analysis of the 3QRX ligand and its
interaction with the 5XFO receptor reveals crucial
insights into receptor-ligand interactions. Despite
structural deficiencies such as clashes and abnormal
conformations, 3QRX exhibits a molecular binding
mode that closely resembles the CD147/CypA
interaction, suggesting potential similarities in their
biological mechanisms. Furthermore, the notably
hydrophobic nature of the 3QRX sequence may
influence its interaction with the receptor. However,
the 5XF0-3QRX complex demonstrates the weakest
binding affinity among the studied complexes,
indicating a weaker interaction. These findings
emphasize the significance of considering both
structural and sequence-based characteristics when
assessing the efficacy of receptor-ligand interactions,
offering valuable insights into the molecular basis of
protein-protein interactions.

CONCLUSION

To summarize, the comprehensive analysis presented
in this study sheds light on various aspects of
receptor-ligand interactions and their implications.
Structural examinations elucidated the complexes’
molecular characteristics and binding modes,
highlighting the significance of hydrogen bonds, salt
bridges, and non-bonded contacts. Computational
tools provided insights into the potential anticancer
properties of the ligands, with notable variations in
hydrophobicity observed across different sequences.
The classification of models as Hydrophobic-favored
underscores the role of hydrophobic interactions in
complex stability. Moreover, temperature-dependent
effects on binding affinity emphasize the dynamic
nature of protein-protein interactions. These findings
deepen our understanding of molecular interactions
and provide valuable insights for drug discovery and
design efforts in various biomedical applications.
Further research into these complexes' structural
determinants and therapeutic potentials is warranted
to advance our knowledge and facilitate the
development of novel therapeutics.
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ABSTRACT Biochemistry

COVID-19 is an infectious respiratory disease caused by the severe

acute respiratory syndrome Coronavirus 2 (SARS-CoV-2). Raftlin is a Research Article

large lipid raft protein found in cell membranes and plays a crucial

role in inducing autoimmune and vascular inflammatory responses. Article History

Although there have been few studies on 8-iso-prostaglandin F2a (8- Received :10.05.2024
is0-PGF2a) as a marker of oxidative stress in COVID-19, the levels of Accepted :31.08.2024
raftlin in the disease have not been previously investigated. The

objective of in this study was to evaluate the levels of Raftlin and 8- Keywords

150-PGF2a in COVID-19 patients. We analyzed clinical findings from COVID-19

three groups: healthy controls, patients with a mild course of COVID- Raftlin

19, and patients with a severe course of COVID-19. We measured the
levels of Raftlin and 8-iso-PGF2a in serum samples using ELISA. This
results showed that the levels of Raftlin and 8-iso-PGF2a were higher
in patients with severe COVID-19 compared to the control and mild
course groups. Furthermore, a significant positive correlation was
found between Raftlin and 8-iso-PGF2a in the severe COVID-19
group. Raftlin was identified as a potentially important biomarker in
COVID-19 patients. This study is valuable as it is the first to
investigate changes in Raftlin and 8-iso-PGF2a levels in COVID-19
disease.

8-iso-prostaglandin F2a

Tiirkiye'de COVID-19 Olgulariin Klinik Siddeti Uzerine Raftlin ve 8-izoprostaglandin Diizeylerinin

Degerlendirilmesi
OZET Biyokimya
COVID-19, siddetli akut solunum sendromu SARS-CoV-2‘nin neden
oldugu bulasici bir solunum yolu hastaligidir. Raftlin, hiicre Aragtirma Makalesi
zarlarinda bulunan biiyuk bir lipid sal proteinidir ve otoimmiin ve
vaskiler inflamatuar yanitlarin indiklenmesinde 6nemli rol oynar. Makale Tarihgesi
COVID-19'da oksidatif stresin bir belirteci olarak 8-iso-prostaglandin Gelig Tarihi @ 10.05.2024
F2a (8-iso-PGF2a) ile ilgili az sayida calisma olmasina ragmen, Kabul Tarihi :31.08.2024
hastaliktaki raftlin seviyeleri daha oOnce arastirilmamistir.
Calismamizin amaci, COVID-19 hastalarinda Raftlin ve 8-iso-PGF2a Anahtar Kelimeler
diizeylerini degerlendirmektir. U¢ gruptan elde edilen klinik bulgular COVID-19
analiz edildi: saglikhh kontroller, hafif COVID-19 seyri olan hastalar Raftlin

ve siddetli COVID-19 seyri olan hastalar. ELISA kit kullanarak
serum Orneklerinde Raftlin ve 8-is0-PGF2a seviyelerini o6lgtik.
Sonuglarimiz, Raftlin ve 8-iso-PGF2a seviyelerinin siddetli COVID-19
hastalarinda kontrol ve hafif seyirli gruplara kiyasla daha yuksek
oldugunu gostermistir. Ayrica, siddetli COVID-19 grubunda Raftlin
ve 8-is0-PGF2a arasinda anlaml bir pozitif korelasyon bulunmustur.
Raftlin, COVID-19 hastalarinda potansiyel olarak o6nemli bir
biyobelirte¢ olarak tanmimlanmigtir. Bu c¢alisma, COVID-19
hastaliginda Raftlin ve 8-iso-PGF2a seviyelerindeki degisiklikleri
arastiran ilk calisma olmasi a¢isindan degerlidir.

8-izo-prostaglandin
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INTRODUCTION in body fluids and tissues and is therefore considered
COVID-19 is one of the most serious public health the most ideal index for the detection of excessive
problems of recent years. Investigating the chemical lipid peroxidation and the amount of free

pathogenetic mechanisms of the disease and new
therapeutic targets is of great importance due to high
mortality as well as serious economic and social
consequences (Hui ve ark., 2019). One aspect of the
pathogenesis of COVID-19 that is still unclear is the
great heterogeneity of response among patients, from
asymptomatic course to severe symptoms (The Novel
Coronavirus Pneumonia Emergency Response
Epidemiology Team, 2020). Symptoms tend to be more
aggressive and fatal in more vulnerable groups,
including the elderly, patients with chronic diseases,
patients receiving immunosuppressive therapy, and
pregnant women (Hui et al., 2020; The Novel
Coronavirus Pneumonia Emergency Response
Epidemiology Team, 2020). COVID-19 is believed to
rarely affect infants, so body reactivity studies mainly
focus on adult patients (Guan et al., 2020).

Reactive oxygen species (ROS) are formed during
metabolic activity under physiological conditions in
living organisms (Kurutas, 2016). Activation of
antimicrobial immune cells, neutrophils, and
macrophages and the production of proinflammatory
cytokines depend on ROS (Miraloglu et al., 2016; Juan
et al., 2021; Muhammed et al., 2021). ROS have an
important role in the development of an antiviral
immune response through the formation of type I
interferon (Nour et al., 2020). ROS also play an
important role as mediators of cell signalling
pathways, but this does not require a negative effect
on cell structures due to compensation by antioxidant
mechanisms (Angel et al., 2018). Overproduction of
ROS, including COVID-19, can stimulate
inflammatory signalling cascades through the
increased genomic expression of protein kinases,
transcription factors, and proinflammatory regulators,
leading to hyperactivation of the immune system. This
may lead to the development of oxidative damage
(Saeki et al.,20083).

Lipid peroxidation caused by ROS is an important
pathological process involving the oxidation of
polyunsaturated fatty acids in biological membranes
(Bilgen et al., 2019). Oxidative stress through lipid
peroxidation is thought to play an important role in the
development of many diseases, including COVID-19.
Isoprostanes, a family of prostaglandin-like
compounds, are by-products of free radical catalysed
oxidation of arachidonic acid. 8-iso-prostaglandin F2a
(8-is0-PGF2a), an important isoprostane, is very stable
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circulation (Bilal et al., 2021). 8-iso-PGF2a have been
measured in various bodyfluids, such as urine, blood,
bile, pericardial fluid, and cerebrospinal fluid, as
indicators of lipid peroxida-tion (Milne et al., 2008;
Kaviarasan et al., 2009; Pratico et al., 2004).

Lipid rafts are membrane microdomains enriched in
saturated phospholipids, sphingolipids, and
cholesterol (Muhammed et al., 2020). They are
involved in various cellular processes, including signal
transduction, endocytosis and exocytosis, entry of
obligate intracellular pathogens, and production of
pathological protein forms associated with various
diseases (Zarkovic et al., 2022). Lipid rafts have a
diverse and different protein composition. Raftlin
(RFTN), the main lipid raft protein, is found in B cells
and is responsible for the regulation of B cell antigen
receptor (BCR) signalling. RFTN also plays an
important role in the induction of autoimmune
response and vascular inflammatory response. RFTN
is a parameter used in the pathophysiology of a
vascular inflammatory response to diagnose
inflammatory diseases and to characterize the immune
response (Lahaie et al., 1998).

Lipid rafts are glycoprotein (sphingolipid) and
cholesterol-rich regions containing receptor proteins.
Lipid rafts are membrane microdomains enriched in
saturated phospholipids, sphingolipids and
cholesterol. They have a diverse but distinct protein
composition and are involved in a variety of cellular
processes, including polarised traffic, signal
transduction, endo- and exocytosis, entry of obligate
intracellular pathogens and production of pathological
protein forms associated with Alzheimer's and prion
diseases (Lee et al., 2014).

RFTN levels have not been previously investigated in
COVID-19 disease. However, there are limited studies
on the use of 8-is0-PGF2a as an oxidative stress
marker in COVID-19. In this study, we aimed to
evaluate the changes in RFTN and 8-iso-PGF2a levels
in COVID-19 patients.

MATERIALS AND METHOD

The research was designed as a cross-sectional study.
Patients who applied to Tokat Gaziosmanpasa
University Faculty of Medicine Hospital between
01.05.2021 - 01.12.2021, received a definitive diagnosis
of COVID-19 and received outpatient treatment and
stayed in home isolation for 14 days; infectious
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diseases, chest diseases, general internal medicine,
ear, nose and throat, etc. Intubated patients in need of
intensive care and mechanical ventilation who
received inpatient supportive treatment in hospital
wards were brought to the Anesthesiology and
Reanimation Intensive Care Unit, and patients
transferred from in-hospital internal medicine and
infection wards and external centres were included.
This study consisted of a total of 75 patients randomly
selected and included patients who were in isolation at
home (n=25), hospitalized in the ward (n=25), and
receiving supportive treatment in the intensive care
unit (n=25). In addition, 25 healthy individuals were
selected as the control group. Sociodemographic data
of the patients and control subjects included in the
study are presented in Table 1. This study was
approved by Tokat Gaziosmanpasa University Faculty
of Medicine Local Ethics Committee (21-KAEK-099).

Biochemical Analysis

Blood samples obtained from patients and control
subjects were taken between 08.00 and 11.00 in the
morning and after 8 to 12 hours of fasting because they
were fasting venous blood samples. The samples were
sent to Tokat Gaziosmanpasa University Faculty of
Medicine, Department of Biochemistry. Fasting
venous blood samples (10 ml) of the study participants
were placed in anticoagulant-free tubes and
centrifuged at 5000 g for 10 minutes at 4°C in a device
(Hettich MIKRO 220 R; Andreas Hettich GmbH & Co.
KG Tuttleen, Germany). After centrifugation, sera
were separated and stored in acid-washed tubes at -
20°C until RFTN and 8-iso-PGF2a analyses. The levels

of these parameters were analyzed in the Department
of Medical Biochemistry, Tokat Gaziosmanpasa
University. RFTN and 8-iso-PGF2a levels were
measured by quantitative sandwich enzyme
immunoassay technique (ELISA) using a commercial
kit (Mybiosource, USA) according to the
manufacturer's instructions.

Statistical analysis

The data obtained at the end of the data collection
phase were transferred to the computer environment
and analyzed. Data were analyzed using the Statistical
Package for Social Sciences (SPSS 27.0) software.
Mann-Whitney U test was used to determine the
degree of differences in serum levels (ng/mL) between
the severe, mild, and control groups of COVID-19. Data
were expressed as mean and standard deviation (SD).
An Independent sample t-test was used to compare
normally distributed variables. The chi-square test
was used to compare the groups. Spearman correlation
test was used for the relationship between variables. A
receiver operating characteristic (ROC) curve was
plotted to test the diagnostic performance of RFTN and
8-150-PGF2a 1in patients with COVID-19. The
association of RFTN and 8-iso-PGF2a with the severity
of COVID-19 was visually shown by scatter plots. The
significance level was accepted as p<0.05.

RESULTS and DISCUSSION

When the general gender distribution of the patients
was analyzed, 40 (50.6%) were male and 35 (49.4%)
were female. Sociodemographic data of the patient
and control groups are given in Table 1.

Table 1 Socio-demographic characteristics of the individuals in the patient and control groups.
Cizelge 1. Hasta ve kontrol gruplarindaki bireylerin sosyo-demografik dzellikleri.

Parameters Patient (n=75) Control (n= 25) P degeri
Age (years) 43.8+13.8 40.2+ 6.8 0,28
Gender 0,20
Male 40 (70%) 14 (52.4%)

Female 35 (30%) 11 (47.6%)

BMI(kg/m?) 21.9+22 21.1+1.1 0,15
Symptoms

Mild 20 (%80) 0 (%)

Moderate 20 (%80) 0 (%)

Severe 20 (%80) 0 (%)

Comorbidities

No 40 (%80) 0 (%)

Hypertension 6(%80) 0 (%)

Diabetes 7(%80) 0 (%)

As shown in Table 2, Figures 1 and 2, serum RFTN and
8-1s0-PGF2a levels were significantly higher in severe
COVID-19 patients compared to the control group
(p<0.001). Moreover, RFTN and 8-iso-PGF2a levels
were significantly higher in severe COVID-19 patients
compared to mild and moderate COVID-19 patients
(p<0.001).
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As shown in Table 3, a significant correlation was
found according to the correlation analysis between the
groups for RFTN levels (p<0.001, r=0.691). In Table 4,
a significant positive correlation was found between
the groups for 8-isoPG levels (p<0.001, r=0.711).
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Table 2 The results of Raftlin and 8-iso prostaglandin levels between patient and healthy controls
Cizelge 2. Raftlin ve 8-iso prostaglandin diizeylerinin hasta ve saglikli kontroller arasindaki sonuglari.

Variable Covid Covid Covid Control p-value
Severe Moderate Mild (n=25)
(n=25) (n=25) (n=25)
Raftlin-1 Median 27.25 17.75 8.65 4.16 <0.001
(ng/mL) (Q1-Q3) (22.37- (14.39- (6.02-11.27)  (3.32-5.0)
17.96) 21.45)
8-iso Median 127.25 65.9 29.2 13.90 <0.001
prostaglandin  (Q1-Q3) (111.15- (52.27- (21.26- (11.48-
(pg/mL) 143.35) 79.53) 37.14) 16.3)
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Sekil 1. Gruplar arasinda 8-iso prostaglandin diizeyleri
Figurel. 8-iso prostaglandin levels between groups
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Sekil 2. Gruplar arasinda Raftlin diizeyleri
Figure 2. Raftlin levels between groups
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Table 3 Correlation results between groups for RFTN levels
Cizelge 3. RFTN diizeyleri i¢in gruplar arasindaki korelasyon sonuglari.

Raftlin Groups
Raftlin r value 1,000 ,691™
p-value . ,0001
N 85 85
Groups r value ,691™ 1,000
p-value ,0001 .
N 85 85

** Correlation is significant at the 0.01 level (2-tailed).

Table 4 Correlation results between groups for 8-isoPG levels
Cizelge 4. 8-1s0PG levels diizeyleri i¢in gruplar arasindaki korelasyon sonuglari.

8-1s0PG Groups
r value 1,000 ,7117
8-1s0PG p-value . ,0002
N 85 85
r value ,7117™ 1,000
Groups p-value ,0002 .
N 85 85

** Correlation is significant at the 0.01 level (2-tailed).

The ROC curve AUC, cut-off value, specificity, and specificity, and sensitivity values for 8-iso-PGF2a are
sensitivity values of RFTN are shown in Figure 3 and shown in Figure 4 and Table 6. The cut-off value of 8-
Table 5. Accordingly, the cut-off value of RFTN was 1s0-PGF2a was found to be 97.8 pg/mL, sensitivity 88,
found to be 9.5 ng/mL, sensitivity 85, and specificity and specificity 85. (P<0.05).

79. In addition, ROC curve AUC, cut-off value,

Table 5 ROC curve AUC cut-off, specificity, and sensitivity values for Raftlin
Cizelge 4. Raftlin i¢cin ROC egrisi AUC kesme, 6zgiillik ve duyarlilik degerleri.

Risk Factor AUC 95% P Cut off Sensitivity (%) Specificity
0.846 (0.702-0.889) <0.001 9.5 85 79
ROC Curve

Sensitivity

o0 T T I
00 02 04 06 0a 10

1 - Specificity
Diagonal segments are produced by ties.

Sekil 3. Bu egri, dogru-pozitif orani ve dogru-negatif oran bilgilerini birlestirir ve AUC, Raftlin'in genel ayirt edici
gliciniin bir 6l¢tistdiir.

Figure 3. This curve combines the information of the true-positive rate and the true-negative rate, and the AUC is
a measure of the overall discriminative power of Raftlin.
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Table 6 ROC curve AUC cut-off, specificity, and sensitivity values for 8-iso-PGF2a
Cizelge 6. 8-150-PGF2a i¢in ROC egrisi AUC kesme, 6zgulliik ve duyarlilik degerleri.

Risk Factor AUC 95% P Cut off Sensitivity (%) Specificity
0.896 (0.813-0.978) <0.001 97.8 88 85
ROC Curve
1,0 T
g
{
0,5
-
2z 067
2
z
1]
D e
Illl_‘
0,29
I|
oo T T T T
0.0 02 04 06 0.5 1,0
1 - Specificity

Diaganal segments are produced by ties.

Sekil 4. Bu egri, dogru-pozitif orani ve dogru-negatif oram bilgilerini birlestirir ve AUC, 8-1so prostaglandin 'in
genel ayirt edici giictintn bir él¢ustudir.

Figure 4. This curve combines the information of the true-positive rate and the true-negative rate, and the AUC is
a measure of the overall discriminative power of 8-iso prostaglandin.

A scatter plot was drawn to further reveal the A scatter plot was drawn to further reveal the
relationship between disease severity and RFTN relationship between disease severity and 8-iso-PGF2a
(Figure 5). According to the scatter plot, as the severity (Figure 6). According to the scatter plot, as the severity
of the disease decreases, RFTN levels also decrease. of the disease decreases, the level of raftlin also
The R2 value of 0.72 reveals a significant relationship decreases. The R2 value of 0.86 reveals that there is a
between this results. significant relationship between this results.
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N J
59 y = -0,3935x + 30,476

R2=0,7264
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—
(9]

60 100

Raftlin Levels (ng/mL)

Sekil 5. Hastalik siddeti ve raftlin arasindaki dagilim grafigi iligkisi
Figure 5. Scatter plot relationship between disease severity and raftlin.
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Sekil 6. Hastalik siddeti ve 8-izoprostaglandin arasindaki dagilim grafigi iligkisi
Figure 6. Scatter plot relationship between disease severity and 8-1so prostaglandin.

To this knowledge, this is the first study to evaluate
serum RFTN and 8-iso-PGF2a levels in patients with
COVID-19. We believe that the groups we compared
were homogeneous enough to make a valid assessment
of these biomarkers for COVID-19 patients. Four main
findings were observed in this study: First, elevated
serum levels of RFTN and 8-iso-PGF2a were detected
in severe COVID-19 patients compared to mild
COVID-19 patients and control subjects. Second,
RFTN and 8-iso-PGF2a levels showed good diagnostic
performance in severe COVID-19 patients. Third, we
found a positive and significant correlation between
RFTN and 8-iso-PGF2a levels in the COVID-19 patient
group.

In areas where free radicals are formed, membrane
lipids may be sensitive to peroxidation and this may
lead to the formation of isoprostanes. Isoprostanes are
released by the action of phospholipases and are stable
products in circulation. High isoprostane levels in
plasma and other body fluids indicate the presence of
oxidative stress and are frequently used as biomarkers
of damage in various cells and tissues (Muhammed et
al.,2020; Zarkovic et al., 2022). However, circulating

isoprostanes may also function as intracellular
signalling  molecules. They generally cause
vasoconstriction in most vascular systems and

constrict smooth muscles in the lymphatic, uterine,
gastrointestinal, and tracheobronchial systems
(Lahaie et al., 1998; Derouiche et al., 2020). In this
study, COVID-19 infection alone caused a 2-3-fold
increase in the 8-iso-PGF2a level mediated by the
Fenton reaction. This finding showed that 8-iso-PGF2a
may be an important predictive marker of cumulative
oxidative stress and worsening of the condition of the
patient infected with COVID-19. The increase in free
radicals followed by an increase in 8-iso-PGF2a is the
first evidence that 8-iso-PGF2a, a marker of oxidative
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stress, may play a role in the pathogenesis of COVID-
19 infection. There are also studies showing that
decreased antioxidant levels in severe SARS-CoV-2
patients are accompanied by increased oxidative
stress, as evidenced by higher levels of reactive oxygen
and nitrogen species as well as lipid peroxidation
(Muhammed et al., 2021; Muhammed et al., 2020;
Noonnog et al., 2023). This may indicate a poor
prognosis in patients with COVID.

Lipid rafts play a very important role in cell signalling
mechanisms. In the literature, the role of lipid rafts
using a G-protein-coupled receptor system or tyrosine
kinase receptor system in signalling mechanisms is
discussed (Saeki et al., 2003). RFTN is an important
lipid raft protein identified from Raji B cells. It is
required for the regulation of lipid rafts and signal
transduction of B cell antigen receptors (Saeki et al.,
2003). In addition, RFTN plays a role in the
stimulation of the nucleocapsid complex during TLR3
activation and autoimmune responses (Schmidt et al.,
2009; Saeki et al., 2009; Watanabe et al., 2011). RFTN
also plays a role in the pathophysiology of sepsis and
vascular inflammatory response (Bae et al., 2008; Bae
et al., 2004; Pike, 2003). In this study, it was shown
that RFTN levels were significantly higher in the
COVID-19 group compared to the control group. No
study on RFTN in COVID-19 was found in the
literature. Therefore, we could not compare this RFTN
results obtained from COVID-19 patients. Increased
RFTN levels in COVID-19 may result from increased
inflammation due to COVID-19. The factors that
trigger the disease in SARS-CoV-2-infected individuals
are not fully understood, and the severe development
of the disease does not appear to be related only to viral
load and may also include an inadequate interferon
response (Saeki et al., 2003).
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Correlation results constitute an important finding of
this study. The correlation coefficient is indicated by
the symbol 'r'. While the 'r' value <0.35 represents a
weak correlation, values between 0.36 and 0.67
indicate a moderate correlation. Values between 0.68
and 0.90 indicate a high correlation and values
between 0.90 and 1.0 indicate a very high
correlation(Taylor, 1990). In this study, a strong
positive correlation was found between the severity of
COVID-19 disease and RFTN and 8-iso-PGF2a levels.
No study investigating the relationship between RFTN
and 8-1s0-PGF2a levels in COVID-19 was found in the
literature. Therefore, we could not compare this
results. A high correlation coefficient may form the
basis for the detection of biomarkers. In conclusion,
increased levels of 8-1s0-PGF2a and RFTN in COVID-
19 may play a role in the pathogenesis and progression
of the disease.

Currently, new diagnostic biomarkers need to be
identified to aid in the diagnosis of COVID. In ROC
analysis, the discrimination of a value is assessed
according to the area under the curve (AUC). The ROC
curve is categorized as: 0.9-1 = very good, 0.8-0.9 =
good, 0.7-0.8 = moderate, 0.6-0.7 = poor, and <0.6 =
failure(Demirhan et al., 2023). The diagnostic values
of biomarkers have been studied in some recent clinical
studies and bacterial and viral infectious diseases.
Tekin et al. showed that increased serum CRP levels
may be a diagnostic biomarker in various bacterial and
viral infectious diseases (Tekin et al., 2017). In their
study, they calculated the sensitivity and specificity of
CRP parameters in detecting bacterial infection as
60.26% and 45.61%, respectively, and AUC: 0.534 in
ROC analysis(Karahan et al., 2021). Determined the
cut-off value of plasma cytomegalovirus (CMV) virus
load detected by PCR to predict the diagnosis of
cytomegalovirus gastrointestinal disease (CMV-GIHD)
by ROC analysis. Accordingly, they obtained AUC:
0.88, 78% sensitivity, 100% specificity, 100% positive
predictive value, and 87% negative predictive value in
ROC analysis in CMV-GIH positive and CMV-GIH
negative solid organ transplant recipients carrying
CMV virus (Karahan et al., 2021). To this knowledge,
this is the first study to test the diagnostic value of the
ROC curve RFTN and 8-iso-PGF2a levels in patients
with COVID-19. In this study, the AUC for RFTN was
0.846 and the AUC for 8-iso-PGF2a was 0.896. This
finding indicates that serum levels of RFTN and 8-iso-
PGF2a have very good diagnostic value. We do not
claim that the levels of RFTN and 8-iso-PGF2a are new
methods that should be used as diagnostic biomarkers
in patients with COVID-19. We believe, that further
studies should be performed in larger and more
homogeneous groups to test the diagnostic value of
RFTN and 8-1s0-PGF2a in patients with COVID-19.
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CONCLUSION and RECOMMENDATIONS

However, this study has several limitations, such as
the sample size, because it may not be easy to find
associations between variables, and the small size may
not provide a representative distribution of the
population, and this was due to the presence of only 75
patients. Second, free radicals could have been directly
determined but this was not possible due to their high
reactivity, short half-life, and labile nature; instead,
their most reliable and stable metabolite, 8-iso-PGF2a,
was measured as a marker of oxidative stress. The
results of RFTN and 8-iso-PGF2a, which we present
for the first time in COVID-19 patients, suggest that
RFTN and 8-1s0-PGF2a may be a determinant
biomarker in the prognosis of this disease. We think
that the results of this study will lead to other studies
and will be more supportive of new data.
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ABSTRACT Biochemistry

The Ziziphora species, classified under the Lamiaceae family, have a

strong aromatic property. Ziziphora species have been used in folk Research Article

medicine as sedative, gastric, aphrodisiac, bloating, and degassing. In the

current study, the phenolic and flavanoid content of ethanol extracts of Article History

Ziziphora capitata L. species of flower, leaf, branch, mixed, and root parts Received 114.11.2024
was determined by the LC-MS/MS device. In addition, the antioxidant Accepted 126.12.2024
and cytotoxic activities of the extracts, as well as their inhibitory effects

on enzymes (antihypertensive, AchE (acetylcholinesterase), BchE Keywords
(butyrylcholinesterase), elastase, tyrosinase, collagenase and urease), Ziziphora capitata

were determined. The LC-MS/MS results showed that quinic acid (25578, LC-MS/MS

5842, 25171, 14055, 10597 ng g, respectively) was found in higher Antioxidant

amounts in flower, leaf, branch, mixed, and root extracts of Z. capitata Cytotoxic

species compared to other components. Additionally, rosmarinic acid Quinic acid
(17097 ug g1, cynaroside (8432), and hesperidin (8067) were found to be
major components. It was observed that the flower extract of the species
exhibited strong antioxidant activity (ICso: 37.18+1.36 ug mL1, 9.89+0.45,
A05:16.27+0.02, respectively) in DPPH, ABTS and CUPRAC methods. It
was concluded that the leaf extract of Z capitata species had a strong
cytotoxic effect on HT-29 (colon cancer cell line) (viability %: 9.26+0.69).
It was observed that the root part of the species exhibited higher activity
in butyrylcholinesterase (BChE) enzyme inhibition activity (inhibition %:
40.56+0.88) than other parts. It was determined that Z. capitata extracts
did not show acetylcholinesterase, urease, tyrosinase, elastase,
collagenase, and antihypertensive enzyme activity or showed low
activity. As a result, it 1s thought that the flower extract of the Z. capitata
species has better results in terms of the examined parameters, whereas
the leaf extract needs to be subjected to more detailed in vitro and in vivo
research conducted to be used in the pharmaceutical industry as a result
of its cytotoxic effect against colon cancer cell lines.

Ziziphora capitata L. Turtiniin Farkhh Kisimlarinin LC-MS/MS Analizi ve Biyolojik Aktiviteleri

OZET Biyokimya

Lamiaceae familyasimin altinda siiflandirilan Ziziphora tirleri gigli .
aromatik ozellige sahiptir. Halk hekimliginde Ziziphora turleri — Arastirma Makalesi
yatigtirici, midevi, afrodizyak, sigkinlik ve gaz giderici olarak Makale Tarihgesi
kullanilmigtir. Mevcut ¢alismada Ziziphora capitata L. turinin cigek, Gelis Tarihi  : 14.11.2024
yaprak, dal, karisik ve kék kismlarinin etanol ekstrelerinin fenolik ve Kabul Tarihi : 26.12.2024
flavanoid igerigi LC-MS/MS cihaz ile belirlenmigtir. Ayrica ekstrelerin

antioksidan, sitotoksik etkileri ile enzim inhibisyon aktiviteleri Anahtar Kelimeler
(antihipertansif, AchE (asetilkolinesteraz), BchE (biitirilkolinesteraz), Ziziphora capitata

elastaz, tirozinaz, kollajenaz ve iireaz) belirlenmistir. LC-MS/MS LC-MS/MS

sonuglarina gore Z. capitata turiinin ¢icek, yaprak, dal, karisik ve kok Antioksidan

ekstrelerinde kinik asidin (sirasiyla, 25578, 5842, 25171, 14055, 10597 Sitotoksik

pg gl,) diger bilesenlerden daha yiiksek icerige sahip oldugu tespit Kinik asit
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edilmistir. Ayrica rosmarinik asit (17097 pg g, sinarozit (8432) ve
hesperidin (8067) bilesiklerinin major bilesenler oldugu bulunmustur.
DPPH, ABTS ve CUPRAC yontemlerinde tiriin ¢icek ekstresinin gii¢la
antioksidan aktivitesi (sirasiyla: ICso: 37.18+1.36 pg mL1; 9.89+0.45;
A05:16.27+0.02) sergiledigi gorilmiistiir. Z. capitata tiriniin yaprak
ekstresinin HT-29 (kolon kanseri hiicre hatt1) iizerine (% canlilik:
9.26+0.69) glcli.  sitotoksik  etki  gosterdigi  belirlenmisgtir.
Biitirilkolinesteraz (BChE) enzim inhibisyon aktivitesinde tiiriin kok
kisminin (%inhibison: 40.56+0.88) diger kisimlarindan daha yiiksek
aktivite sergiledigi goriilmiustiir. Z. capitata tiirinin etanol ekstrelerinin
asetilkolinesteraz, lireaz, tirozinaz, elastaz, kollajenaz ve antihipertansif
enzim aktivitesi gostermedigi veya dusik aktivite gosterdigi
belirlenmigtir. Sonug¢ olarak, Z capitata turinin cicek ekstresinin
incelenen parametreler agisindan daha iyi sonuclara sahip oldugu,
yaprak ekstresinin ise kolon kanseri hiicre hatti tizerindeki sitotoksik
etkisinden dolay: tiriin ilag endiistiirisinde kullanilabilmesi igin in vitro
ve in vivo olarak detayli arastirmalara tabi tutulmasi gerektigi

dustinilmektedir.
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INTRODUCTION

Plants are the starting point of the ancient medical
system, which has been practiced for thousands of
years and continues to provide novel treatments to the
world. (Gurib-Fakim, 2006). Medicinal and aromatic
plants have been used for centuries as spices and for
the prevention of diseases. (Li, 2006; Christaki et al.,
2012; Youssif et al.,, 2024). Medicinal plants are
becoming increasingly important because of their
potential to prevent and treat diseases. (Yu et al.,
2021). Almost all cultures have used medicinal plants
to treat diseases (Bozyel et al., 2019). Ensuring the
safety, quality and efficacy of herbal products has
become an important theme in today's world. (Singh,
2015).

The genus Ziziphora, belonging to the family
Lamiaceae, is represented by five species and six taxa.
In Turkey, it is grown in Western Anatolia, the
Mediterranean Region and the Central and Eastern
Anatolia regions. (Kaya & Dirmenci 2012; Satil &
Selvi, 2020). Ziziphora species are either annual or
perennial herbs (Kaya & Dirmenci 2012). In the
traditional medicinal practices of Turkey and Iran,
Ziziphora species have been utilized for their sedative,
stomach-soothing, aphrodisiac, anti-flatulence, and
carminative properties (Sezik & Tiimen, 1984; Kaya &
Dirmenci, 2012; Selvi et al., 2015). In Turkey, species
from this genus are referred to as 'Dag Reyhant',
'Filiskin otu', or 'Nane ruhu'. It is also known that the
dried plant parts of this genus are used as herbal tea
and spices. (Baytop, 1999; Kaya & Dirmenci, 2012;
Selvi et al., 2015). Z capitata species contains
terpenoids, flavonoids, essential oils, and phenolic
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acids (Ghazanfari et al., 2013; Youssif et al., 2024). It
is also stated that this species has various
pharmacological and cytotoxic effects on humans
(Mohammadhosseini et al., 2016; Youssif et al., 2024).
The essential oil composition of certain Ziziphora
species from Iran has been studied before and was
found to be abundant in oxygenated monoterpenes,
including pulegone. The main constituents of the
essential oil of the Iranian species Z. clinopodioides
subsp. rigida were identified as piperitenone, thymol,
pulegone and prmenth-3-en-8-0ol (Ebrahimi et al.,
2009).

In the literature review of Z. capitata species, it was
found that germacrene D, (Z)-fosimene, (E)-#
osimene, limonene, 6-caryophyllene, hexadecanoic acid
and bicyclogermacrene were the main components in
its essential oil. Additionally, the antibacterial activity
of Z. capitata oil was measured (Aghajani et al., 2008).
Cytotoxic activity analysis of Z capitata species
against MCF-7 cell line and antioxidant, phenolic, and
flavonoid analysis were performed
(Mohammadhosseini et al., 2016; Youssif et al., 2024).
There is no study on the inhibition of urease, AChE,
BChE and tyrosinase enzymes by ethanol extract of Z.
capitata species. In this sense, this study is the first of
its kind.

In this study, ethanol extracts of flower, branch,
mixed, root, and leaf parts of Z. capitata species were
prepared. Phytochemical content analysis of the
prepared extracts was performed by LC-MS/MS. The
toxic effects of the extracts on PDF (healthy cell line)
and cytotoxic effects on HT-29 and MCF-7 were
determined and revealed. In addition, Iin vitro
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antioxidant capacity (DPPH, ABTS, CUPRAC),
acetylcholinesterase (AChE), butyrylcholinesterase
(BChE), antihypertensive, elastase, collagenase,
tyrosinase and urease enzyme inhibitory activities of
the extracts were determined.

MATERIAL and METHOD

Plant Material

The species name, code, extract yield, and herbarium
number of the used part of the Ziziphora capitata L.

plant collected in Van province in 2016 are given in
Table 1.

Table 1. Names of studied species, extract yield, and herbarium number
Cizelge 1. Caligsilan tiirlerin isimleri, ekstre verimi ve herbaryum numarasi

Species Name Code Extract Yield % Herbarium No
Ziziphora capitata flower 7ZCC 5.42
Ziziphora capitata leaf 7ZCY 3.61
Ziziphora capitata branch ZCD 1.26 M.Firat 32648 (VANF)
Ziziphora capitata mixed ZCKA 6.32
Ziziphora capitata root ZCKO 1.18

Extraction and LLC-MS Analysis

Z. capitata species were separated into leaf, branch,
flower, root and mixed parts. The separated parts were
ground into powder with a grinder and 10 g of each
type were weighed. Then, ethanol (50 mL, 3x24 hours)
was added to the plant samples. After solvent
evaporation processes, crude extracts were obtained
(Akdeniz et al., 2021). The extracts were adjusted to
final concentrations of 1000 pg mL?! prior to LC-
MS/MS injection. The phytochemical composition of
the examined plant species was evaluated using a
previously established and validated LC-MS/MS
method. In this method, 53 compounds, particularly
found in natural products, with phenolic acid and
flavonoid form, and 3 internal standards were
analyzed (Yilmaz, 2020).

Total Flavonoid-Phenolic Content, Antioxidant and
Cytotoxic Activity Analyses

Total phenolic (as pyrocatechol equivalent) and
flavonoid contents of Z capitata ethanol extracts
(ZCC, ZCY, ZCD, ZCKA, and ZCKO) were calculated
(as quercetin equivalent) (Slinkard & Singleton, 1977;
Moreno et al., 2000). To evaluate the antioxidant
activity of Z. capitata species ZCC, ZCY, ZCD, ZCKA,
and ZCKO extracts, DPPH (free radical scavenging),
ABTS (cation radical scavenging) methods were used
and the values were calculated as ICso. Additionally,
the extracts were evaluated using the CUPRAC
(Copper (II) reduction capacity) method and the results
were calculated as Aos. (Blois, 1958; Re et al., 1999;
Apak et al., 2004; Tural et al., 2024). Butylated
hydroxytoluene (BHT) and a-tocopherol were applied
as references. Additionally, the method established by
Mojarraba et al. (2013) was employed, with slight
modifications, to evaluate the toxic and cytotoxic
activities of the species ZCC, ZCY, ZCD, ZCKA, and
ZCKO extracts.
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Enzyme Activities

Cholinesterase enzyme activity

To inhibit the enzymes acetylcholinesterase and
butyrylcholinesterase, the method developed by
Ellman et al. (1961) was used. In this method,
galantamine was used as a reference when measuring
enzyme inhibition.

Urease enzyme activity

Urease enzyme inhibition activity of ZCC, ZCY, ZCD,
ZCKA, and ZCKO extracts was determined using the
method developed by Zahit et al. (2015). Thiourea was
used as reference.

Tyrosinase enzyme activity

Tyrosinase enzyme inhibition activity of of ZCC, ZCY,
ZCD, ZCKA, and ZCKO extracts was determined using
the method developed by Hearing & Jiménez (1987).
Kojic acid was used as a reference in this method.

Elastase and Collagenase enzyme activities

To determine the antiaging effects of the samples,
elastase (Kraunsoe et al., 1999) and collagenase
(Thiring et al., 2009 inhibitory activity
determinations were performed. N-succinyl-(Ala)s-
nitroanilide and N-(3-[2-Furyllacryloyl)-Leu-Gly-Pro-
Ala were used as substrates in elastase and
collagenase enzyme inhibitory activity determinations,
respectively. Oleanolic acid and epicatechin gallate
were used as standard references.

Hypertensive enzyme activity

The method described by Kwon et al. (2006) was used
with minor variations. Lisinopril was used as
standard.

RESULTS and DISCUSSION
LC-MS/MS analysis
According to the LC-MS/MS results of ethanol extracts
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of Z. capitata species (ZCC, ZCY, ZCD, ZCKA, and
ZCKO), the main components observed in all extracts
were quinic acid (25578, 5842, 25171, 14055, 10597, pg
g'l, respectively), cynaroside (4349, 6371, 1417, 8432,
106), hesperidin (3246, 8067, 1554, 3016, ND) and
rosmarinic acid (17097, 3663, 6950, 4179, 12013). It
was determined that the compound with the highest

amount in all studied parts of the Z. capitata species
was quinic acid. It is seen that all extracts studied
contain caffeic acid and the highest amount belongs to
ZCKO extract (4088). It was concluded that the leaf
extract of Z. capitata (ZCY) contains higher hesperidin
(8067) than other extracts (Table 2 and Figure 1 and
2).
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Figure 1. a) TIC chromatogram of the standards mixture analyzed by the LC-MS/MS (1 pg mL1). b) LC-MS/MS
chromatogram of ethanol extract of flower part of Z. capitata species

Sekil 1. a) LC-MS/MS ile analiz edilen standart karisiminin TIK kromatogrami (1 ug mL1). b) Z. capitata tiiriintin
cigek kisminin etanol éziitiiniin LC-MS/MS kromatogrami

There is no research on the phytochemical content of
the Z. capitata species in the literature. However, some
components found in the species were reported to be
determined qualitatively by UPLC-QTOF-MS/MS
(Youssif et al., 2024). Ahmedi et al. (2021) identified 44
compounds following LC-MS examination of the
ethanol extract from the Z clinopodioides Lam.
species. Taheri et al. (2023) identified the main
constituents of Z. clinopodioides as quercetin, rutin
and apigenin (16738.85, 15004.45, 106.25 pg g1,
respectively). Ozkan et al. (2020) also conducted a
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Figure 2. Major components of the species
Sekil 2. Tiirtin major bilesikleri

study in which it was determined that the ethanol
extracts of the root and aerial parts of the Z
clinopodioides species contained high amounts of
quinic acid (14721.04+120.71, 9020.51+73.97 pg g1,
respectively), malic acid (2179.04+24.62,
1972.95+22.29 pg g) and rhoifolin (3593.31+338.13,
1044.74+98.31 pg g'), which is parallel to this study.
Compared with previous studies, the major compounds
of Z. capitata appear to be partially different from
Ziziphora clinopodioides.
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Table 2. Phenolic and flavonoid contents of the studied species by LC-MS (ug analyte g'! extract)
Cizelge 2. Calisilan tiirlerinin LC-MS ile fenolik ve flavonoid igerikleri (ug analit g! ekstre)

Retention Parent MS2 Quantification (ug analyte g! extract)e
No Analytes (tm_w ion (Collision 70C 7CY 7ZCD 7ZCKA  7ZCKO
min) (m zV)= energy)P
1  Quinic acid 3.0 190.8 93.0 25578 5842 25171 14055 10597
6  Protocatechuic acid 6.8 152.8 108.0 1132 894 1395 1436 1879
9  Chlorogenic acid 8.4 353.0 85.0 ND ND ND ND 157
19 Protocatechuic 8.5 137.2 92.0 576 655 514 502 1201
aldehyde
17 Caffeic acid 12.1 179.0 134.0 1580 1362 2352 1692 4088
19 Vanillin 13.9 153.1 125.0 ND ND 79 ND 60
24  p-Coumaricacid 17.8 163.0 93.0 130 167 76 407 65
28 Coumarin 20.9 146.9 103.1 10 ND 12 ND ND
29  Salicylic acid 21.8 137.2 65.0 525 113 526 387 279
30 Cynaroside 23.7 447.0 284.0 4349 6371 1417 8432 106
33 Rutin 25.6 608.9 301.0 2605 5774 1144 2293 ND
34 isoquercitrin 25.6 463.0 271.0 1733 1842 1107 1443 ND
35 Hesperidin 25.8 611.2 449.0 3246 8067 1554 3016 ND
38 Rosmarinic acid 26.6 359.0 197.0 17097 3663 6950 4179 12013
40 Cosmosiin 28.2 431.0 269.0 714 847 147 1642 86
42  Astragalin 30.4 447.0 255.0 229 249 140 303 ND
47 Quercetin 35.7 301.0 272.9 121 79 122 85 ND
50 Luteolin 36.7 284.8 151.0/175.0 651 827 162 1705 61
52 Kaempferol 37.9 285.0 239.0 ND ND ND ND 19
53 Apigenin 38.2 268.8 151.0/149.0 49 13 12 108 50
55 Chrysin 40.5 252.8 145.0/119.0 2 ND 27 10 156
56 Acacetin 40.7 283.0 239.0 242 238 207 694 4320

aParent ion (m z1) Molecular ions of standards (mass-to-charge ratio). "MS2 (CE): MRM fragments for the related molecular
ions (CE refers to related collision energies of the fragment ions). “Values in ug g'! (w w'l) of plant ethanol extract. 4IS: Internal
standard. ND: not detected. Numbers on the far left raw indicate the standard phytochemical compounds. (Components that
are working but not detected: Fumaric acid, Aconitic acid, Gallic acid, Epigallocatechin, Catechin, Gentisic acid, Tannic acid,
Epigallocatechin gallate, 1,5-Dicaffeoylquinic acid, 4-OH Benzoic acid, Epicatechin, Vanillic acid, Syringic acid, Syringic
aldehyde, Daidzin, Epicatechingallate, Piceid, Ferulic acid-D3-1Sd, Ferulic acid, Sinapic acid, Miquelianin, Rutin-D3-ISd, o-
Coumaric acid, Genistin, Ellagic acid, Quercitrin, Nicotiflorin, Fisetin, Daidzein, Quercetin-D3-1Sd, Naringenin, Hesperedin,
Genistein, Amentoflavone)

Total Flavonoid-Phenolic Content Results Antioxidant Activity Results

When the total phenolic contents of ZCC, ZCY, ZCD, The results indicated that all extracts showed
ZCKA, and ZCKO extracts of Z. capitata species were substantial antioxidant activity in each of the three
examined, it was determined quantitatively as methods. In the DPPH free radical scavenging method,
ZCKO>ZCC>ZCY>ZCD>ZCKA (63.49+3.00, all extracts showed significant antioxidant activity
51.98+1.82, 46.43+0.52, 40.08+1.82 and 33.93+0.42 pg relative to BHT as a standard, with the ZCC extract
Pes mg! extract, respectively). It is possible to rank the (ICs0* 37.18+1.36 ug mL) displaying the best activity.
total flavonoid content as In the ABTS cation radical method, it was found that
ZCKA>ZCY>ZCC>ZCD>ZCKO (45.1440.32, all extracts showed strong antioxidant activity, and
33.14+0.89, 16.86+0.36, 10.57+0.00, and 8.14+0.06, ng the ZCKO (ICs0: 8.00+0.07 pg mL!) extract showed
QEs mg'! extract, respectively). It was found that the stronger activity. According to the CUPRAC copper
extract from the root part of the species had the highest reduction method, all extracts were found to exhibit
total phenolic content (ZCKO), while the mixed part of strong antioxidant effects, and the ZCC (Aos:
the species (ZCKA) had the highest total flavonoid 16.27+0.02 pg mL1) extract had stronger activity
content (Table 3). In the study by Youssif et al. (2024), (Table 3).

the quantitative analysis results of various active The antioxidant capacity of Z. capitata (ICso: 206.6+1.3
components, including phenolics and flavonoids, of the ug mL1) was measured by the DPPH method in the
Z. capitata species were determined as 180.10+0.6 mg study conducted by Mohammadhosseini et al. (2016).
g (gallic acid equivalent) and 40+0.8 mg g! (quercetin In the study conducted by Abad and Nadaf (2023), the
equivalent), respectively. It is evident that this study essential oil of the Ziziphora persica Bunge was

is parallel to the present study in terms of total determined to have an ICso of 34.20+1.32 pg mL71
flavonoid amount.
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according to the DPPH method. When compared with
previous studies, it was determined that Z capitata
species showed similarly high antioxidant activity.

Cytotoxic Activity

The toxic effects of ZCC, ZCY, ZCD, ZCKA, and ZCKO
ethanol extracts of the species were studied against, as
well as their cytotoxic effects against HT-29 and MCF-
7. The percentage viability values of Z. capitata species
extracts were determined at a 200 pg mL!?
concentration. It was determined that all extracts did
not have toxic effects on PDF cell lines. ZCY extract
showed a very high cytotoxic effect on the HT-29 cell

line (viability %: 9.26+0.69). It was also found that ZCC
extract had a good cytotoxic effect against the MCF-7
cell line (viability %: 47.72+0.81) (Table 3).

In the literature, in the study conducted by Youssif et
al. (2024), hexane (46.7+1.68 pg mL1), chloroform
(50.3+1.79 ng mL1), ethyl acetate (108+3.18 pg mL1),
95% ethanol (377+9.72 pg mL1), and water (407+11.28
pg mL1) extracts of Z capitata species showed
moderate cytotoxic activity against MCF-7 cell line.
When the current study was compared with the
previous study, moderate cytotoxic activity against
MCF-7 was detected in the samples in both studies.

Table 3. Total phenolic, flavonoid, antioxidant and cytotoxic activity results of the studied extracts
Cizelge 3. Calisilan ekstrelerinin toplam fenolik, flavonoid , antioksidan ve sitotoksik aktivite sonuglari

. Flavonoid ICs0(ug mL1)d Aos Vitality (%)e
Sample PI};I;O#ZSC;I;‘E?M Content DPPH ABTS
s extract)® (ug QEs mg Free Cation CUPRAC HT29 MCF7 PDF
extract)° Radical  Radical
7ZCC 51.98+1.82 16.86+0.36 37.18£1.36 9.89+0.45 16.27+0.02 232.61+2.77 47.72+0.81 126.65+0.95
7ZCY 46.43+0.52 33.14+0.89 48.43+0.94 13.83+£0.16 27.17+0.03  9.26+0.69 116.19£2.85 95.00+£2.75
7ZCD 40.08+1.82 10.57+0.00 60.91+1.25 23.34+0.26 26.16+0.02 207.60+0.94 90.71+1.37 89.98+3.81
ZCKA 33.93+£0.42 45.14+0.32 54.52+1.24 15.55+0.25 22.84+0.01 200.25+6.48 73.93+0.72 89.33+3.59
ZCKO 63.49+3.00 8.14+0.06 37.40£0.98 8.00+0.07 23.144+0.03 245.42+1.00 73.72+3.38 105.09+0.65
aTOC - - 13.10+0.52 10.48+0.63 14.49+0.11 - - -
BHT 62.15+0.35 13.62+0.28 7.69+0.01

aValues are given as the average and standard deviation of 3 parallel measurements. PPyrocatechol equivalent phenolic content.
(y = 0.0408(g) + 0.0383 (r2: 0.9951) ). “Quercetin equivalent flavonoid content. (y = 0.0355 (ug) + 0.0673 (r2: 0.9975) ). Results
are given as ICso values. evitality (%) values at 200 ppm concentration. ZCC: Z. capitata flower, ZCY: Z. capitata leaf, ZCD: Z.
capitata branch, ZCKA: Z. capitata mixed, ZCKO: Z. capitata root.

Enzyme Inhibition Activity

AChE, BChE, hypertensive, urease, collagenase,
tyrosinase, and elastase enzyme inhibition activities of
ZCC, ZCY, ZCD, ZCKA, and ZCKO ethanol extracts of
the species were tested (Table 4). When the results
were examined, it was found that the extracts were

inactive in the AChE enzyme inhibition test, all
extracts were active in the BChE enzyme inhibition
test, and ZCKA, ZCKO, and ZCY extracts (40.25+1.62,
40.56+0.88, and 40.25+1.62, respectively) showed
moderate activity. The extracts were found to exhibit
low or no inhibitory activity against urease, tyrosinase,
elastase, collagenase, and hypertensive enzymes.

Table 4. Anticholinesterase, urease, tyrosinase, elastase, collagenase, and antihypertensive enzyme activity results of
the studied species
Cizelge 4. Calisilan tiirlerinin antikolinesteraz, tireaz, tirozinaz, elastaz, kolajenaz ve antihipertansif enzim aktivite

sonuglari
Inhibition (%)>

Samples p

AChE BChE Urease Tyrosinase Elastase Collagenase ACE
7CC 5.07+0.97 24.87+0.73 13.55+0.69 17.25+0.16 AD 8.79+0.12 AD
7ZCY AD 40.25+1.62 AD 4.71+0.31 AD 9.63+£0.08 AD
ZCD AD 20.09+0.73 AD AD AD 7.45+0.05 AD
ZCKA AD 40.25+1.62 AD 14.25+0.14 AD 7.28+0.06 AD
ZCKO AD 40.56+0.88 AD AD AD 10.47+0.12 AD
GalantamineP 89.12+0.64 76.10+0.23 - - - - -
Thioureab - 94.64+0.16
Kojic acid? - 91.64+0.23
Oleanolic acidb 44.32+0.20
Epicatechin® 43.80+0.12
gallateb
LisinoprilP 97.68+0.42

aValues are given as the mean and standard deviation of 3 parallel measurements (200 pg mL1). PStandard item. AD: Inactive.
ZCC: Z. capitata flower, ZCY: Z. capitataleaf, ZCD: Z. capitata branch, ZCKA: Z. capitata mixed, ZCKO: Z. capitata root.
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No studies were found in the literature regarding
elastase, AChE, BChE, hypertensive, collagenase,
tyrosinase, and urease enzyme inhibition activities of
Z. capitata. This study is the first of its kind in this
regard. However, when we look at the studies on other
species belonging to the Ziziphora genus, in the study
conducted by Ozkan et al., (2020), AChE, BChE,
tyrosinase and urease enzyme inhibition activities of
ethanol extracts of the aerial and root parts of the Z.
clinopodioides species were determined and it was
emphasized that only the extract of the aerial part of
the species exhibited low activity in the tyrosinase
enzyme inhibition test (inhibition %: 8.60+0.87) and
the extracts were not active in other enzymes.
Sarikurkcu et al. (2019) measured the tyrosinase
enzyme inhibition activities of ethyl acetate (ICso:
1.40£0.06 mg mL1), methanol (1.25+0.01), and water
(2.71+0.42) extracts of Z. taurica subsp. cleonioides. In
another study conducted by Tomczyk et al. (2019),
tyrosinase inhibition activities of ethyl acetate (ICso:
1.374£0.07 mg mL1), methanol (1.46+0.06), and water
(2.29+0.13) extracts of Z. taurica subsp. taurica species
were determined. When the results were examined, it
was determined that the butyrylcholinesterase and
tyrosinase inhibition activity of the Z. capitate species
differed compared to other species.

CONCLUSION

This study involved the preparation of ethanol extracts
from the flower, leaf, branch, mixed, and root
components of the Z capitata species, with their
contents analyzed using LC-MS/MS and compared
across 53 phytochemicals. The total phenolic and
flavonoid contents of all extracts, cytotoxic activity,
antioxidant capacities measured by DPPH, ABTS, and
CUPRAC techniques, as well as the inhibition rates of
hypertensive, urease, AChE, BChE, tyrosinase,
elastase, and collagenase enzymes were assessed and
compared. The LC-MS/MS analysis of Z capitata
revealed quinic acid, cynaroside, hesperidin, and
rosmarinic acid as the predominant constituents in all
extracts. The flower extract of Z capitata species
exhibited greater quantities of these components
compared to other extracts. The total phenolic content
of the root extract of the examined species was found
to be superior to that of other extracts. The overall
flavonoid concentration was greater in the mixed
extract. All extracts from the Z -capitata species
exhibited significant antioxidant activity, with the
flower extract demonstrating the highest level of
activity among them. Z. capitata leaf extract exhibited
significant cytotoxicity against HT-29, although other
extracts shown no cytotoxic impact on this cell line.
The flower extract exhibited moderate cytotoxic
activity against MCF-7, while the mixed and root
extracts also shown moderate cytotoxic activity. Upon
evaluation of enzyme inhibitory activity, it was

ascertained that only the flower extract shown activity
against AChE and urease enzymes, exhibiting
moderate activity. The BChE enzyme inhibition assay
revealed that combined root and leaf extracts had
moderate inhibitory efficacy. The flower extract
exhibits superior activity compared to other extracts in
the tyrosinase enzyme inhibition assay.

Consequently, it turned out that the flower extract of
the Z. capitata species exhibited superior chemical
composition and biological activity. Furthermore,
given that the Z. capitata leaf extract exhibited a very
high cytotoxic effect against the HT-29 cell line, the
authors suggest that the Z. capitata species warrants
further comprehensive in vwvitro and in wvivo
investigations for potential incorporation into the
pharmaceutical sector.
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OZET Biyokimya

Lamiaceae familyasi ilag, gida, kozmetik ve parfiimeri sektorleri i¢in

onemli bir kaynaktir. Lamiaceae familyasina ait olan Ziziphora Aragtirma Makalesi
clinopodioides Lam. tiri gok eski zamanlardan beri halk hekimliginde

kullanilmaktadir. Mevcut ¢alismada Z. clinopodioides tirinin dogal ve Makale Tarihgesi

kiltir orneklerinin toprak tustii kisimlarinin etanol ekstrelerinin Gelig Tarihi  :14.11.2024
toplam fenolik ve flavonoid icerigi, antioksidan, sitotoksik ve enzim Kabul Tarihi :26.12.2024

(AChE, BChE, tirozinaz, {ireaz, elastaz, kolajenaz ve ACE) inhibisyon
aktivitelerinin belirlenmesi amaclanmaktadir. Ayrica turin aroma

Anahtar Kelimeler

igerikleri GC-MS/FID ile belirlenip, etanol ekstrelerinin fitokimyasal Lamiaceae
bilesimi LC-MS/MS ile tespit edilmistir. Aroma analizi sonu¢larina gore GC-MS

Z. clinopodioides turunun kiltiir 6rneginin major bilesenleri pulegon Pulegon
(%39.83), cismenton (%21.36), transmenton (%16.64), dogal 6rnegin Tarimsal kultiir
major bilesenleri ise pulegon (%62.42), neoizomentol (%5.93) ve cis Antihipertansif

pulegon oksit (%5.47) olarak tespit edilmistir. LC-MS/MS sonuclarina
gore tiiriin kiiltir ve dogal 6rneklerinde kinik asit (sirasiyla, 25.841,
15.694 mg analit g'! ekstre), rosmarinik asit (6.804, 25.523) ve asasetin
(6.115, 10.764) major bilesenler olarak tespit edilmistir. Ayrica kiiltiir
érneginde hesperidin (5.725) daha yiiksek oldugu tespit edilmistir.
Enzim aktivitesi sonug¢larina gore tirin kultir ve dogal érneklerinin
orta diizeyde biitirilkolinesteraz enzim inhibisyon aktivitesi (sirasiyla,
% inhibisyon: 45.14+1.40; 43.57+0.73) gosterdigi belirlenmistir. Ureaz
enzim inhibisyon aktivitesinde ise kultir oOrneginin orta diizeyde
aktvite gosterdigi (% inhibisyon: 43.64+0.39) fakat dogal o6rnegin
aktivite géstermedigi, ayrica kiiltiir 6rneginin yiiksek antihipertansif (%
inhibisyon: 81.6+1.19) aktivite gosterdigi belirlenmistir. Sonuclar genel
olarak degerlendirildiginde turin kiltir érneginin dogal 6rnege kiyasla
yuksek antioksidan, bitirilkolinesteraz, tlireaz ve antihipertansif
aktivite gosterdigi belirlenmisgtir.

The Detailed Chemical and Biological Analysis of Ziziphora clinopodioides Llam. Species Growing in

Cultural and Natural Environments

ABSTRACT Biochemistry
The Lamiaceae family is an important resource for the pharmaceutical, )
food, cosmetic, and perfumery sectors. The species Ziziphora Research Article

clinopodioides Lam., belonging to the Lamiaceae family, has been used
in folk medicine since ancient times. The aim of the present study was
to determine the total phenolic and flavonoid contents, antioxidant,
cytotoxic and enzyme (AChE, BChE, tyrosinase, urease, elastase,
collagenase and ACE) inhibition activities of ethanol extracts of the
aerial parts of natural and cultivated samples of the species Z.
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clinopodioides. In addition, the aroma contents of the species were
determined by GC-MS/FID, and the phytochemical composition of the
ethanol extracts was determined by LC-MS/MS. According to the aroma
analysis results, the major components of the culture sample of the Z.
clinopodioides species were determined as pulegone (39.83%), cis
menthone (21.36%), transmenthone (16.64%), while the major
components of the natural sample were determined as pulegone
(62.42%), neoisomenthol (5.93%) and cispulegone oxide (5.47%).
According to LC-MS/MS results, quinic acid (25.841, 15.694 mg analyte
gl extract, respectively), rosmarinic acid (6.804, 25.523), and acacetin
(6.115, 10.764) were detected as major compounds in cultured and
natural samples of the species. Also, hesperidin (5.725) was higher in
culture sample. According to the enzyme activity results, it was
determined that cultured and natural samples of the species showed
moderate butyrylcholinesterase enzyme inhibition activity (inhibition
%: 45.14+1.40; 43.57+0.73, respectively). In urease enzyme inhibition
activity, it was determined that culture sample showed moderate
activity (inhibition %: 438.64+0.39) but natural sample did not show
activity, and culture sample showed high antihypertensive activity
(inhibition %: 81.6+1.19). When the results were evaluated in general, it
was determined that the cultured sample of the species showed higher

Keywords
Lamiaceae

GC-MS

Pulegone
Agricultural culture
Antihypertensive

antioxidant, butyrylcholinesterase, urease,
activity compared to natural sample.

and

antihypertensive
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GIRIS

Insanoglu ge¢misten giiniimiize kadar beslenmek,
yaralarini iyilestirmek ve hastaliklarini tedavi etmek
gibi  ¢ok ¢esitli  amaglar igin  bitkilerden
yararlanmiglardir. M.O. 5000'i yillarda insanlarin
tedavi amach kullandiklar: 250 adet bitkinin varlig:
tespit edilmistir (Géktas & Gidik, 2019). Hititler,
Misirlilar ve Stumerler gibi ¢ok ¢esitli medeniyetlerin
yillar boyunca hastaliklari tedavi etmek i¢in
bitkilerden yararlandiklari bildirilmistir (Goktas &
Gidik, 2019). Diinya Saghk Orgitiine (WHO) gére
ginimizde kullanilan farmasétik ilaglarin %251
tibbi bitkilerden iiretilmektedir. Yine FAO (Gida ve
Tarim Orgiiti)'ya gore diinya genelinde satilan
ilaglarin  %30'unun bitkilerden elde edildigi ifade
edilmistir (Acibuca & Budak, 2018). Son yillarda
endiistriyel alanlarda kullanimi artig gésteren tibbi
ve aromatik Dbitkilere verilen o6nem giderek
artmaktadir (Ogan & Coémert, 2022). Diinya Saghk
Orgiitii verilerine gore diinyada tedavi amaciyla
kullanilan bitki ile gidalara aroma verici olarak
kullanilan bitkilerin sayisinin yaklagik olarak 20.000
oldugu rapor edilmigtir.

Lamiaceae familyasi ilag, gida, kozmetik ve parfumeri
gibi farkli ekonomik endiistriyel alanlar igin 6nemli
bir kaynaktir (Karayel, 2019; Yilmaz ve ark., 2023).
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Lamiaceae familyasinin bir {yesi olan Z
clinopodioides Lam., ¢ok yillik aromatik bir bitki tiri
olup besin kaynag: olarak kullanilabilmektedir. Z
clinopodioides eski c¢aglardan beri halk hekimliginde
kullanilmaktadir (Sahakyan & Petrosyan, 2022). Z.
clinopodioides, Anadolu'da yaygin olarak bulunan
yenilebilir bir tibbi bitkidir. Bitkinin yapraklar,
gigekleri ve sap1 Turkiye'de siklikla yabani sebze
olarak veya aroma ve yiyeceklere lezzet katmak icin
katki  maddesi olarak  kullanilmaktadir. Z.
clinopodiodies bitkisinin kurutulmus toprak usti
kisimlari, yapraklari, cicekleri ve goévdesi, oOzellikle
Tirkiye ve Iran'da, aroma ve lezzet verici olarak
yogurt ve peynir gibi siit urlnlerinde
kullanilmaktadir. Yerel olarak 'Kirnanesi' olarak
bilinen bitki, halk arasinda istah agici, gaz giderici,
antiseptik ve yara iyilestirici olarak kullanilmaktadir
(Meral ve ark. 2002; Ozturk & Ercisli, 2007;
Senejoux ve ark., 2012; Kazeminia ve ark., 2024). Z.
clinopodioides bitkisinin ugucu yag, askorbik asit ve
flavonoidler agisindan zengin oldugu bilinmektedir.
Ucucu yagmin farmakolojik etkisinden sorumlu
oldugu ve ugucu yaginin ana bilegsenlerinin a-pinen, #
pinen, limonen, menton, izomenton, pulegon ve timol
oldugu rapor edilmistir (Hayta & Bagci, 2016).
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Bu calismada Z. clinopodioides tirinun hem kultur kaba aktarilmig ve bir gece bekletilmigtir. Suyun
hem de dogal o6rneklerinin GC-MS/FID ile aroma ustiine cikan tohumlar kullanilmamig, su altinda
analizi, LC-MS/MS ile fitokimyasal igerik analizi kalanlar kullamilmigtir. Tohum yatagi igin, ince
yapilarak kimyasal bilesimi ortaya konmustur. Tiriin elekten gecirilmis yakilmig koyun gubresi, orman
hem kultir hem de dogal 6rneklerinin ABTS, DPPH topragi ve nehir kumunun esit oranda karigimindan

ve CUPRAC yontemleri ile antioksidan kapasitesi olusan bir har¢ hazirlanmistir. Harg, delikli plastik
tespit edilmistir. Ayrica kolinesteraz (AChE ve tiplere (10x25 cm) doldurulmustur. Tohumlar, Kasim

BChE), iireaz, tirozinaz, elastaz, kolajenaz ve ayinda her tiipte 3-4 tohum olacak sekilde, 3-4 cm
anjiyotensin doéniistiiriicii enzim (ACE) inhibisyon derinlige ekilmigtir. Tohum yatagi, tohumlar
aktivite tayinleri yapilmigtir. Turinin kiltir ve ¢imlenene kadar siizgecle sulanmistir. Fideler 5-10
dogal orneklerinin kimyasal ve biyolojik acidan cm boya ulastiktan sonra erken ilkbaharda (Subat-
karsilastirilmasina  iliskin  literatirde  ¢alisma Mart aylar1 sonras1) tarlaya dikilmistir. Bunun icin
bulunmamasi ve bu durumun ilk defa bu c¢alismada tarlaya 30x30x30 cm  boyutlarinda  c¢ukurlar
ortaya konmasi ¢alismayi 6zgiun kilmaktadir. acilmigtir. Her ¢ukura 2 L su konulduktan sonra,

fideler ¢ukura yerlestirilmig, tUzeri toprakla
MATERYAL ve METOD doldurulmus ve sikigtirilmigtir. Dikim yili i1k kurulus
Bitki Materyali ve Kiiltiir Kogullart yili olarak kabul edildiginden, hasat ikinci yilda

yapilmigstir. Deneme alami Dicle Nehri kiyisindaki
bodrum alanda kurulmustur. Bu alan deniz
. ) . A seviyesinden yaklagsik 609 m yukseklikte olup
numarast  Gizelge 1'de verilmistir. Kultir i¢in  gr705699 36K (kuzey enlemi) ve 40°15'16.07"D (dogu

Ilzullamlan to}];‘%r.n.l ar,MGiP . I(Jét:}l)%r%f];w)TErlms?l boylam1) koordinatlarinda bulunmaktadir. Bolge
ragtirma ve Ligitim Merkezl ampls i Akdeniz ikilimi 6zelliklerine sahiptir. Yazlari

alaninda dogal olarak yetisen bitkilerden elde genellikle sicak ve kurak, kislar ise soguk ve

edlhlnls,tlr. Ai{denlzk Vi‘i’lrk 2201?1) (;ah.sn’{afsllnc'lal.{l yagighdir. Uzun yillara ait iklim bulgularina gore her
sartlar uygulanara ultur bitkisi yetigtiriimigtir yil toplam yagis miktar:1 454 mm, ortalama sicaklik

(Cizelge 1). ise 15.8°C'dir (Meteoroloji Miidiirliigii'niin Diyarbakir
Tirtin kiltir ¢alhsmalann GAPUTAEM deneme uzun yillar ortalamasi). Genel toprak 6zellikleri Dicle

Ziziphora clinopodioides Lam. Dbitkisinin ekstre
verimi, toplanma yeri, zamani ve herbaryum

alaninda gerceklestirilmistir. Tarla denemesinde nehri sularmin tasidign materyal tizerinde olusmus
materyal olarak Z  clinopodioides  tohumlari biuyluk toprak grubuna ait altivyonlu topraklardir
kullanilmigtir.  Tohumlar GAPUTAEM kampiis (Tekin ve ark., 2017). Dogal olarak yetisen tiirlerin
alaninda dogal olarak yetisen bitkilerden elde toplandig1 alan ile tiirtin kiiltiire alindig1 alanin iklim
edilmigtir. ~ Agustos  2013'te  tohumlar  dogal kosullari, bolge aymi oldugu i¢in hemen hemen
ortamlarindan toplanmistir. Bu tohumlar su dolu bir aynidir.

Cizelge 1. Calisilan tiirlerin isimleri, ekstre verimi, toplanma yeri, toplanma zamani ve herbaryum numaralari
Table 1. Names of studied species, extract yield, collection place, collection time and herbarium numbers

. Etanol Ekstre . Toplanma

Tar Ismi Verimi % Kod Toplanma Yeri Zemani Herbaryum No
Z. clinopodioides Project Number: TAGEM M.Firat
(Kiiltiir) 2.94 ZC1 /17/A07/P09/013 2015 32745(VANF)
Z. clinopodioides . M.Firat
(Dogal) 5.0 7C2 Diyarbakir 2015 39745(VANF)
Ekstraksiyon Islemi Aroma analizi numune ekstraksiyonu SPME (Kati
Bitkinin kiltiir ve dogal orneklerinin toprak tstii Fa% Mlkroekstraks1yop) yontemi ile yapilmigtir.
kisimlari toplanip nemsiz ve gblge bir ortamda Dogrudan kuru bitkinin kendisinden alinan 1-2 g
kurutulmustur. Kurutulan o6rnekler toz haline ornek 20 mL'lik Headspace vialine alinarak 40 °C'de
getirilip ekstrelerini hazirlamak i¢in 10g tartilmistir. 1? dk.boyunca' inkiibasyona blrak'llm.wtlr..Inkiibasyon
Daha sonra tartilan 6rnek tzerine 50 mL etanol ilave stiresince agiga gikan aroma bilesikleri kullamlan
edilerek 8 saat bekletilmistir. 8 saat sonra ultrasonik SPME fiberi tarafindan adsorplanmig ve &rnek

su banyosunda oda sicakliginda 30 dk. bekletilmis ve Headspace 6rnekleme blogu ile GC-MS/FID cihazina
stizme iglemi yapilmigtir. Bu igslem 3 defa tekrarland: numune gonderilmigtir. NIST ve Wiley GC-MS
daha sonra toplam siizintiiden evaporator yardimiyla kutiiphaneleri bilegenlerin belirlenmesinde
¢ozlctusiinden kurtarilip ham ekstre elde edilmistir kullanilmigtir (Yigitkan ve ark., 2022).
(Akdeniz ve ark., 2021).

LC-MS/MS Analizi

Headspace-GC-MS/FID Cihazi ile Aroma Analizi
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Z. clinopodioides kiltiir (ZC1) ve Z. clinopodioides
dogal (ZC2) érneklerinin etanol ekstreleri LC-MS/MS
enjeksiyonu 6ncesinde son konsantrasyonlari 1000 pug
mL1ye ayarlanmigtir. Incelenen orneklerin
fitokimyasal bilesimi, daha &nce belirlenmig ve
dogrulanmig LC-MS/MS yontemi  kullanilarak
gerceklestirilmigtir. Bu yontemde, o6zellikle dogal
uriunlerde bulunan, fenolik asit ve flavonoid
yapilarinda olan 53 bilesik ve 3 i¢ standart
bakimindan analiz edilmistir (Yilmaz, 2020).

Toplam Flavonoid-Fenolik Igerik, Antioksidan ve
Sitotoksik Aktivite Analizleri

Z. clinopodioides tlirinin toprak st etanol
ekstrelerinin toplam fenolik icerigi pirokatekole
esdeger ve toplam flavonoid icerikleri kuersetine
esdeger olarak hesaplanmistir (Slinkard & Singleton,
1977; Moreno ve ark., 2000). Tiriin antioksidan
aktivitesini tespit etmek icin DPPH (serbest radikal
giderim yontemi), ABTS (katyon radikali giderim
aktivitesi yontemi) kullanilmis ve degerler ICso olarak
hesaplanmistir. Ayrica ekstreler CUPRAC (Bakir (II)
indirgeyici kapasite) yontemi ile antioksidan aktivite
tayini yapilmis ve sonuclar Aos olarak hesaplanmistir
(Blois, 1958; Re ve ark., 1999; Apak ve ark., 2004).
Biitillenmis hidroksitoluen (BHT) ve atokoferol
referans olarak kullanilmistir. Ayrica ekstrelerinin
toksik ve sitotoksik aktivitelerini tespit etmek igin
Mojarraba ve ark. (2013) tarafindan gelistirilen
yontemde ufak modifikasyonlar yapilarak
gerceklestirildi.

Enzim Aktiviteleri
Kolinesteraz enzim aktivitesi

Caligsilan ekstrelerin antikolinesteraz aktivitesinin

tespiti icin Ellman ve ark. (1961) tarafindan
geligtirilen asetilkolinesteraz (AChE) ve
biitirilkolinesteraz (BChE) enzim inhibisyonuna
dayali yontem kullamilmigtir. Referans olarak
galantamin kullanilmagtir.

Ureaz enzim aktivitesi

Orneklerin  etanol ekstrelerinin  {reaz enzim

inhibisyon aktivitesini tespit etmek i¢in Zahid ve ark.
(2015) tarafindan gelistirilen yéntem kullanilmistir.
Ureaz enzim inhibisyon aktivitesi i¢in tiyotire
referans olarak kullanilmigtir.

Tirozinaz enzim aktivitesi

Tirin etanol ekstrelerinin tirozinaz enzim inhibisyon
aktivitesi Hearing & dJiménez (1987)'in gelistirdigi
yonteme gore yapilmigtir. Tirozinaz enzim inhibisyon
aktivitesi i¢in  referans olarak  kojik  asit
kullanilmigtir.
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Elastaz ve Kolajenaz enzim aktiviteleri

Orneklerin antiaging (yaglanma kargit1) etkilerini
belirlemek icin elastaz (Kraunsoe ve ark., 1996) ve
kolajenaz (Thiring ve ark., 2009) inhibisyon aktivite
tayinleri yapilmistir. Elastaz ve kolajenaz enzim
inhibitér aktivite tayinlerinde sirasiyla substrat
olarak  N-siiksinil-(Ala)s-nitroanilide ve N-(3-[2-
Furyllacryloyl)-Leu-Gly-Pro-Ala, standart olarak ise
oleanolik asit ve epikatesin gallat kullanilmigtir.
(Akdeniz ve ark., 2021; Yigitkan ve ark., 2022).

Hipertansif enzim aktivitesi

Kwon ve ark. (2006) tarafindan gelistirilen yéntemde
kigik modifikasyonlar yapilarak kullamilmigtir.
Standart olarak lisinopril kullanilmigtir.

BULGULAR ve TARTISMA
Headspace-GC-MS/FID Cihazi ile Aroma Analizi

Z. clinopodioides turinun dogal ve kultur
orneklerinin aroma igerikleri Cizelge 2'de verilmigtir.
GC-MS/FID sonuglarina goére ZC1 6rneginin aroma
iceriginin %95.22'si aydinlatilmigs ve 19 bilesen
belirlenmigtir. ZC2 6rneginin aroma igeriginin ise
%90.92's1 aydinlatilmis ve 19 bilegen tespit edilmigtir.
ZClin majér bilesenlerinin pulegon (%39.83), cis
menton (%21.36) ve transmenton (%16.64) oldugu
belirlenmigtir. ZC2 &rneginin major bilesenleri ise
pulegon (%62.42), neoizomentol (%5.93) ve cis
pulegon oksit (%5.47) oldugu tespit edilmistir (Cizelge
2 ve Sekil 1).

Sahakyan ve Petrosyan (2022) tarafindan yapilan
calismada, Ermenistan'da toplanan Z. clinopodioides
turinden elde edilen ucgucu yagin ana bilegsenleri,
sirasiyla %42.1, %9.7, %8.22, %7.35 ve %5.9
konsantrasyonlariyla pulegon, izomenton, 1,8-sineol,
piperiton ve neomentol olarak rapor edilmistir.
Iran'dan toplanan Z. clinopodioides tirinin ugucu
yvag bilesenleri hidrodistilasyon yoluyla elde edilmig
ve GC-MS ile analiz edilmistir. Analiz sonucunda
bitkinin ugucu yaginda 27 bilesen tanimlamiglardir.
Ana bilesikler pulegon (%44.5), terpineol (%14.5),
metil asetat (%10.9), izo-neomentol (%7.1) ve 1,8-
sineol (%4.1) olarak tespit edilmistir (Behravan ve
ark., 2007). Baska bir calismada Z -clinopodioides
tartnin 9 farkh biiyiime evresinin ugucu yag bilesimi
GC-MS ile analiz edilmis ve major bilesenler, pulegon
(%77.48-87.3), pmentanon (%2.79-12.39), trans
izopulegon (%1.04-2.06), d-limonen (%0.51-3.03) ve
karvon (%1.5-4.48) olarak tespit edilmistir (Ding ve
ark., 2014). Alp ve ark. (2016) tarafindan, Z
clinopodioides turuniun Turkiye'deki Coruh vadisinin
farkli noktalarinda yerel olarak toplam 8 takson
toplanmig ve bunlarin toprak tsti kisimlarindan elde
edilen ucucu yaglar GC-MS ile analiz edilmigtir.
Yagin  %92.91'ini  temsil eden 17  Dbilesik
tanmimlanmigtir. Tim o6rneklerin baglica bilesenleri
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pulegon (%40.13-51.13), 1,8-sineol (%6.18-9.34),
limonen (%6.98-9.78), mentol (%6.57-8.83), F-pinen
(%2.15-6.88), menton (%4.45-5.47), piperitenon

bilesenleri pulegon (%31.86), 1,8-sineol (%12.21),
limonen (%10.48), mentol (%9.13), Apinen (%6.88),
menton (%6.73), piperitenon (%5.30) ve piperiton

(%4.44-7.03) ve piperiton (%2.98-4.56) olarak tespit (%4.18) olarak tespit edilmigtir. Sonugclar
edilmistir. Ozturk ve Ercisli (2007) tarafindan degerlendirildiginde mevcut ¢alisma major bilesikler
yapilan bagka bir ¢aligmada Tirkiye'nin Dogu agisindan  literatiirdeki  ¢alismalarla  parelellik
kesiminde toplanan Z. clinopodioides tirinin toprak gostermektedir.
usti kisimlarindan elde edilen ugucu yaglarin ana
Cizelge 2. ZC1 ve ZC2 6rneklerinin aroma sonuglari
Table 2. Aroma results of ZC1 and ZCZ2 samples
No RI*= Bilesenler ZC1 ZC2 No RI= Bilegenler ZC1 ZC2
1 935  aPinene 0.20b 0,77 17 1148 cissMenthone 21.36 -
2 952  Camphene - 0.14 18 1157 Menthone - 3.14
3 975  1-Octene-3-ol 0.16 19 1164 tr-Menthone 16.64 -
4 975  Sabinene 0.12 - 20 1167 Neoisomenthol - 5.93
5 980  FPinene 0.34 1.10 21 1181 Isopulegone 1.05 -
6 984  3-Octanone - 0.10 22 1213 Verbenone 1.81 -
7 991  HMyrcene - 0.07 23 1221 cis-Pulegone oxide - 5.47
8 997  Mesitylene 0.40 - 24 1243 Pulegone 39.83 62.42
9 1000 Decane 0.80 - 25 1246 Carvenone 0.89 -
10 1026 o Simen - 0.18 26 1258 Piperitone 2.02
11 1031 D-Limonene 0.81 0.26 27 1290 Thymol 1.64 -
12 1032 Eucalyptol 2.29 4.65 28 1301 Carvacrol 3.61 0.98
13 1060 y-Terpinen - 0.20 29 1346 Piperitenone - 4.58
14 1091 Terpinolene - 0.05 30 1381 Copaene 0.24
15 1100 4-Thujanol 0.37 - 31 1392 B-Bourbonen - 0.48
16 1100 Undecane 0.32 - 32 1489 Germacrene D 0.72 -
Toplam Tanimlanan (%) 95.22 90.92
aAlikonma indeksi, % icerik, ZC1: Z. clinopodioides kultir 6rnegi, ZC2: Z. clinopodioides dogal érnegi
ZC1 e 7C2

b

L.

1)

II‘LLL -

Caligilan turlerin GC-MS kromatogramlari; ZC1: Z. clinopodioides kiltir érneginin aroma bilegenlerinin
Headspace-GC-MS toplam iyon kromatogrami, ZC2: Z. clinopodioides dogal 6rnegin aroma bilegsenlerinin
Headspace-GC-MS toplam iyon kromatogrami

Figure 1. GC-MS chromatograms of the studied species; ZC1: Headspace-GC-MS total ion chromatogram of
aroma components of Z. clinopodioides culture sample, ZC2: Headspace-GC-MS total ion chromatogram
of aroma components of Z. clinopodioides natural sample

LC-MS/MS Analizi

Her iki ekstrede de kinik asit (swrasiyla, 25.841,
15.694 mg analit g! ekstre), rosmarinik asit (6.804,
25.523) ve asasetin (6.115, 10.764)'nin majér
bilesenler oldugu goérilmektedir. Kiltiir 6rneginde
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farkli olarak hesperidin (5.725) bilesenin yiiksek
miktarda oldugu tespit edilmigtir. ZC1 ekstresinde
kinik asit ve hesperidin bilegenlerin miktarlarinin
7ZC2 ekstresine kiyasla daha yuksek oldugu
goriilmektedir (Cizelge 3 ve Sekil 2-3).
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Cizelge 3. Z. clinopodioides tiirtiniin etanol ekstrelerinin LC-MS/MS ile fitokimyasal bilegenlerin kantitatif tayini (mg analit
g1 ekstre)

Table 3. Quantitative determination of phytochemical components of ethanol extracts of Z. clinopodioides species by LC-
MS/MS (mg analyte g1 extract)

. MS2 Miktar (mg analit g1 ekstre)d

No Analitler RT= Ana iyon (Carpisma

(m z9)b PIST ZC1 ZC2

enerjisi)°

1 Quinic acid 3.0 190.8 93.0 25.841 15.694
2 Fumaric aid 3.9 115.2 40.9 0.728 0.111
3 Aconitic acid 4.0 172.8 129.0 nde nd
4 Gallic acid 4.4 168.8 79.0 0.013 nd
5 Epigallocatechin 6.7 304.8 219.0 nd nd
6 Protocatechuic acid 6.8 152.8 108.0 0.746 1.204
7 Catechin 7.4 288.8 203.1 nd nd
8 Gentisic acid 8.3 152.8 109.0 0.271 nd
9 Chlorogenic acid 8.4 353.0 85.0 0.156 0.534
10  Protocatechuic aldehyde 8.5 137.2 92.0 0.055 0.557
11 Tannic acid 9.2 182.8 78.0 nd nd
12 Epigallocatechin gallate 9.4 457.0 305.1 nd nd
13 1,5-Dicaffeoylquinic acid 9.8 515.0 191.0 nd nd
14 4-OH Benzoic acid 10.5 137,2 65.0 0.223 nd
15 Epicatechin 11.6 289.0 203.0 nd nd
16  Vanilic acid 11.8 166.8 108.0 nd nd
17 Caffeic acid 12.1 179.0 134.0 1.141 2.426
18  Syringic acid 12.6 196.8 166.9 nd nd
19  Vanillin 13.9 153.1 125.0 nd 0.276
20  Syringic aldehyde 14.6 181.0 151.1 nd 0.061
21 Daidzin 15.2 417.1 199.0 nd nd
22 Epicatechin gallate 15.5 441.0 289.0 nd nd
23 Piceid 17.2 391.0 135/106.9 nd nd
24  p-Coumaric acid 17.8 163.0 93.0 0.532 0.174
25 Ferulic acid-D3-1S4 18.8 196.2 152.1 s s
26 Ferulic acid 18.8 192.8 149.0 1.155 0.138
27 Sinapic acid 18.9 222.8 193.0 nd nd
28  Coumarin 20.9 146.9 103.1 nd nd
29  Salicylic acid 21.8 137.2 65.0 0.460 0.171
30  Cynaroside 23.7 447.0 284.0 2.902 0.449
31  Miquelianin 24.1 477.0 150.9 nd nd
32  Rutin-D3-IS#% 25.5 612.2 304.1 18 18
33  Rutin 25.6 608.9 301.0 0.182 1.061
34  isoquercitrin 25.6 463.0 271.0 0.065 0.987
35  Hesperidin 25.8 611.2 449.0 5.725 1.082
36 o-Coumaric acid 26.1 162.8 93.0 nd nd
37  Genistin 26.3 431.0 239.0 nd nd
38  Rosmarinic acid 26.6 359.0 197.0 6.804 25.523
39  Ellagic acid 27.6 301.0 284.0 nd nd
40  Cosmosiin 28.2 431.0 269.0 0.737 0.226
41  Quercitrin 29.8 447.0 301.0 nd nd
42 Astragalin 30.4 447.0 255.0 0.025 0.174
43 Nicotiflorin 30.6 592.9 255.0/284.0 nd nd
44  Fisetin 30.6 285.0 163.0 nd nd
45 Daidzein 34.0 253.0 223.0 nd nd
46  Quercetin-D3-1S% 35.6 304.0 275.9 18 18
47  Quercetin 35.7 301.0 272.9 0.008 nd
48  Naringenin 35.9 270.9 119.0 0.469 0.079
49  Hesperetin 36.7 301.0 136.0/286.0 1.014 0.004
50  Luteolin 36.7 284.8 151.0/175.0 0.864 0.140
51 Genistein 36.9 269.0 135.0 nd nd
52  Kaempferol 37.9 285.0 239.0 nd nd
53  Apigenin 38.2 268.8 151.0/149.0 0.377 0.152
54  Amentoflavone 39.7 537.0 417.0 nd nd
55  Chrysin 40.5 252.8 145.0/119.0 0.339 0.752
56  Acacetin 40.7 283.0 239.0 6.115 10.764

aRT: Tutulma siiresi, PAna iyon (m z-): Standart bilesiklerin molekiiler iyonlar: (kiitle/sarj orany), eMS2 (CE): Ilgili
molekiiler iyonlar i¢cin MRM fragmentleri, 4Etanol ekstresi i¢cin mg g cinsinden degerler , °nd: Tespit edilmedi, %1s:
I¢ standart, ZC1 Z clinopodioides kiiltir 6rneginin etanol ekstresi, ZC2: Z. clinopodioides dogal érneginin etanol
ekstresi
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Sekil 2. a) LC-MS/MS ile analiz edilen standartin (1 pg mL?) TIC kromatogrami, b) ZC1 etanol ekstresinin LC-
MS/MS kromatogrami, ¢) ZC2 etanol ekstresinin LC-MS/MS kromatogrami
Figure 2. a) TIC chromatogram of the standard (1 uyg mL) analyzed by LC-MS/MS, b) LC-MS/MS chromatogram
of ZC1 ethanol extract, ¢) LC-MS/MS chromatogram of ZC2 ethanol extract

Ozkan ve ark. (2020) tarafindan yapilan ¢caligmada Z. ekstraktinda ise Dbilesik miktarlar1  sirasiyla
clinopodioides turinlin toprak tUsti ve kok 14721.04+120.71 pg g1, 2179.04+24.62 nug g! ve

kisimlarinin etanol ekstrelerinin LC-MS sonucunun 3593.31+£338.1 ug g'! olarak belirlenmigtir. Ayrica
baglica bilesikleri, kinik asit, malik asit ve rhoifolin Ozltlerin hesperidin, naringenin, rutin, apigenin ve
olarak tespit edilmigtir. Toprak tusti kisim izokersetin gibi bazi flavonoidler ve bazi fenolik
ekstraktindaki bilesik miktarlari sirasiyla asitler icerdigini ifade etmislerdir. Mevcut calisma

9020.51+£73.97 pg gl, 1972.95+22.29 pug gl ve onceki ¢alismayla kargilagtirildiginda majér bilesen
1972.95+22.29 ug g?! olarak hesaplanmigtir. Kok olarak her iki galigmada kinik asit tespit edilmistir.

OH OCH;
OH OOIO/HOOH ‘
HO o
o (1]
OH 1o
OH

OH O

Quinic acid Rosmarinic acid Acacetin

Sekil 3. Turiin major bilesikleri
Figure 3. Major components of the species

Toplam Flavonoid-Fenolik Icerik Analizleri miktarda polifenolik igerdigi belirtilmistir. Petrol
eteri (%0.23) ve etanol (%1.64) ekstrelerinin ise
neredeyse hi¢ polifenolik icermedigi bildirilmistir.
Ayrica, Z. clinopodioidesin toplam flavonoid igerigi
etil asetat (%65.61), kloroform (%14.36) ve mbutanol
(%10.76) ekstrelerinde bulundugu rapor edilmistir.
Alp ve ark. (2016) tarafindan yapilan calismada, Z.
clinopodioides turliinliin  toprak Usti kisminin
Turkiyenin Coruh Vadisi'ndeki 8 ekotipinin toplam
fenolik igeriginin, 43.41 ile 55.71 mg gallik asit
esdegeri 100 g! taze agirhk arasinda degistigi
bildirilmistir. ~ Aliakbarlu ve Shameli (2013)

Kultir o6rneginin toplam fenolik ve flavonoid
miktarlarinin dogal 6rnegine kiyasla yaklagik olarak
iki katina esit oldugu tespit edilmistir (Cizelge 4).

Tian ve ark. (2011) tarafindan yapilan ¢alismada, Z.
clinopodioides tirunin etil asetat, kloroform, n-
butanol ve etanol ekstrelerinin toplam fenolik ve
toplam flavonoid miktarlar1 incelenmis ve sonuclar
yiizde (%) olarak hesaplanmistir.  Sonuclar
incelendiginde, etil asetat ekstresinin (%19.27)
yiksek miktarda polifenolik igerdigi, kloroform
(%4.99) ve mbutanol (%3.94) ekstrelerinin ise az
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tarafindan  yapilan c¢alismada farklh  gelisim
evrelerinde olan Z. clinopodioides tirunin toplam
fenolik igeriginin 9.91 ile 12.80 mg g! arasinda
degistigini rapor etmislerdir. Ding ve ark. (2014)
tarafindan  yapilan c¢alismada ise  Ziziphora
clinopodioides Lam. turuntn 9 farkli biuytume evresi
boyunca toplam fenolik ve toplam flavonoid analizi
yapilmigtir. Sonuglar toplam fenolik icerik igin
9.91+0.18 ile 12.80+0.04 mg g! arasinda, toplam
flavonoid miktarlar: ise 29.84+0.18 ile 50.63+0.59 mg
g1 arasinda oldugu tespit edilmigtir.

Antioksidan Aktivite Analizi

Z. clinopodioides tirtiniin DPPH (serbest radikal
giderim yontemi), ABTS (katyon radikali giderim
aktivitesi yontemi) ve CUPRAC (bakir(I) indirgeyici
kapasite) yoéntemlerine gore antioksidan aktivite
tayinleri yapilmigtir. Standart olarak BHT ve a-TOC

(40.81+0.98), ZC2 (49.29+0.24) o6rneginden daha
yiksek antioksidan aktivite gosterdigi belirlenmigtir.
CUPRAC yo6ntemine goére her iki ekstrenin hemen
hemen birbirine esit oranda antioksidan aktivite
sergiledikleri belirlenmistir (Cizelge 4).

Salehi ve ark. (2005) tarafindan yapilan calismada,
Iran'dan toplanan Z  clinopodioides  tiriinin
antioksidan aktivitesi DPPH yontemiyle
incelenmigtir. Turin metanol ekstresinin serbest
radikal  temizleme  aktivitesinin  diger tim
ekstrelerden daha iyi oldugu (ICso: 30.7 pg mL1)
belirlenmistir. Alp ve ark. (2016) tarafindan yapilan
calismada Z clinopodioides turinun 8 taksonun
ugucu yaglarmmin DPPH yontemine gore ICso
degerlerinin 3.60 ile 4.20 mg mL?! arasinda oldugu

belirlenmistir. Taheri ve ark. (2023) tarafindan
yapilan calismada, Z clinopodioides tirinin 14
popiilasyonunun antioksidan aktiviteleri

kullanilmigtir. Sonuglar degerlendirildiginde ZC1 degerlendirmek icin DPPH ve FRAP yéntemleri
ekstresinin  DPPH  serbest radikal giderim kullanilmigtir. Sonuglara gére DPPH icin en yuksek
yoénteminde (ICs0: 62.95+1.15 ug mL1) standart olarak degerler sirasiyla 1. ve 13. poplilasyonlarda 4.61+0.4
kullamilan BHT'ye (ICs0: 62.15+0.35) benzer ve 7.59+0.26 pg mL! iken, FRAP i¢in sirasiyla 6. ve 1.
antioksidan aktviteye sahip oldugu gériilmektedir. poptilasyonlarda 328.61+5.54 ve 292.84+2.85 mg g!
7ZC2 ekstresinin ise orta diizeyde aktiviteye olarak bulunmustur. Onceki calismalar ve mevcut
(145.61+£1.94) sahip oldugu goriilmektedir. ABTS calisma, turin yiksek antioksidan aktivite
katyon radikali yonteminde de ZC1 6rneginin gosterdigini ortaya koymaktadir.
Cizelge 4. Ekstrelerin toplam fenolik, flavonoid i¢erikleri, toksik ve sitotoksik aktiviteleri ile antioksidan aktivite
sonuglari
Table 4. Total phenolic, flavonoid contents, toxic and cytotoxic activities, and antioxidant activity results of the
extracts
) Fenolik icerigi Fl_avopqid ICso(ug mI1)d Aos % Canlilike
Ornekle (ug Pes mg’! Igerigi ABTS DPPH
r ekstrakt)p (zg QEs mg?! Kat.yon‘ Ser‘pest' CUPRAC HT29 MCF7 PDF
ekstrakt)c  Radikali = Radikali
7ZC1 42.39+1.14 13.44+0.25 40.81+0.98 62.95+1.15 60.52+1.45 176.25+1.80 81.63+0.82 157.78+5.60
7C2 23.81+0.00 6.57+0.99 49.2940.24 145.61+1.94 62.53+0.03 60.28+0.60 101.90+0.33  263.5+3.43
BHT - - 13.62+0.28 62.15+0.35  7.69+£0.01 - - -
aTOC 10.48+0.63 13.10+0.52 14.49+0.11

aDegerler 3 paralel 6lciimiin ortalamasi ve standart sapmasi olarak verilmistir. PPirokatekole egdeger fenolik icerik. (y =
0.0498(ng) + 0.0434 (#2 0.9918)). <Kersetine egdeger flavonoid icerik. (y = 0.0535 (ug) + 0.0748 (% 0.9960)). 4Sonuclar ICso
degerleri olarak verilmistir. €200 ppm konsantrasyondaki % canlilik degerleri. ZC1: Z. clinopodioides kiltiir 6rneginin etanol
ekstresi, ZC2: Z. clinopodioides dogal érneginin etanol ekstresi

Sitotoksik Aktivite

Z. clinopodioides turiniun ZC1l ve ZC2 o6rneklerinin
etanol ekstrelerinin toksik etkileri PDF (saghkh
birincil dermal fibroblast hiicre hatti) hiicre hattina
ve sitotoksik etkileri HT-29 (kolon kanseri hiicre
hatt1)) ve MCF-7 (meme kanseri hiicre hatt1) hiicre
hattina karg1 incelenmistir. Sonuglar incelendiginde
ekstraktlarin yiizde canlilhik degerleri 200 pg ml!
konsantrasyonunda, ZC2 6rnegi kolon kanseri hiicre
hatt1 (HT-29) iizerinde iyi diizeyde (% canhlk:
60.28+0.60) sitotoksik etki gdstermistir. Ayrica ZC1
orneginin meme kanseri hiicre hattina (MCF-7) kars:
orta diizeyde (81.63+0.82) sitotoksik etki gésterdigi
bulunmustur. Her iki ekstrenin PDF (saglkl hiicre
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hatlary) lizerine toksik etki gostermedigi

bulunmustur (Cizelge 4).

Enzim Inhibisyon Aktivitesi

Caligilan her iki ekstrenin AChE, BChE, ireaz,
tirozinaz, elastaz, kolajenaz ve ACE enzim inhibisyon
aktivite oOlgiimleri yapilmigtir. Enzim aktivitesi
sonuglarina gore kiiltir ve dogal o6rneklerin orta
diizeyde (sirasiyla, % inhibisyon: 45.14+1.40;
43.57+0.73) Dbiitirilkolinesteraz enzim inhibisyon
aktivitesi gosterdigi belirlenmigtir. Ureaz enzim
inhibisyon aktivitesi agisindan degerlendirdigimizde
ise kiltlir 6rneginin orta diizeyde aktvite gosterdigi
(% inhibisyon: 43.64+0.39) fakat dogal o6rnegin
aktivite gostermedigi tespit edilmigtir. Ayrica kultlur
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orneginin yiiksek antihipertansif (% inhibisyon:
81.6+1.19) aktivite gosterdigi belirlenmistir (Cizelge
5).

Ozdemir ve ark. (2013) tarafindan yapilan ¢alismada,

Z. clinopodioides turuinin o6ziti sodyum fosfat
tampon i¢inde hazirlanmis ve AChE enzim
inhibisyonu aktivitesi oOl¢ilmustir. 200 pg mL?
konsantrasyonda yaklasik olarak % 40k bir

inhibisyon aktivitesi sergilemigtir. Ozkan ve ark.
(2020) tarafindan yapilan calismada Z. clinopodioides

tirinun toprak usti ve kok kisimlarimin etanol
ekstrelerinin antikolinesteraz (AChE ve BChE),
tirozinaz ve Uureaz enzim inhibisyon aktivite testi
gerceklestirilmistir. Ekstrelerin AChE, BChE ve
Ureaz enzim inhibisyon testinde aktif olmadiklari,
sadece toprak ustii ekstresinin tirozinaz enzim
inhibisyon testinde zayif aktivite (% inhibisyon:
8.60+0.87; standart olarak kullanilan kojik asit:
95.26+0.23) gosterdigi tespit edilmistir.

Cizelge 5. Ekstrelerin antikolinesteraz, ureaz, tirozinaz, elastaz, kolajenaz ve antihipertansif enzim aktivite

sonuclari

Table 6. Anticholinesterase, urease, tyrosinase, elastase, collagenase, and antihypertensive enzyme activity

results of the extracts

Ornekler AChE BChE Ureaz Tirozinaz Elastaz Kolajenaz ACE
(% inh.)e (% inh):  (%inh): (% inh.)e (% inh.)e (% inh.)2 (% inh.)2

7ZC1 AD 45.14+1.40 43.64+0.39 AD AD 10.04+0.12 81.6+1.19

7ZC2 AD 43.57+0.73 AD 7.49+0.37 AD AD 74.7+0.26

Galantamin® 80.54+1.43 76.73+0.46 - - -

Tiyotireb - - 95.74+0.67

Kojik asitb - - - 93.64+1.23

Oleanolik asitb - - - 44.32+0.20

Epikatesin gallatb - - - 43.80+0.12

Lisinopril® - - - 97.68+0.42

aDegerler 3 paralel 6lciimiin ortalamasi ve standart sapmasi olarak verilmistir (200 pg mL1). PStandart madde. A.D: Aktif
degil. ZC1: Z. clinopodioides kiltir 6rneginin etanol ekstresi. ZC2: Z. clinopodioides dogal 6rneginin etanol ekstresi.

SONUC ve ONERILER

Bu calismada, Z. clinopodioides tirunin kultir ile
dogal orneklerinin toprak ustii kismlarinin etanol
ekstresi hazirlanarak, GC-MS ile aroma analizi, LC-
MS/MS ile fitokimyasal icerigi tespit edilip
kargilagtirnlmigtir. Her iki ekstrenin toplam fenolik
ve flavonoid igerigi, sitotoksik aktivitesi, DPPH,
ABTS ve CUPRAC yontemleriyle antioksidan
kapasiteleri, AChE, BChE, treaz, tirozinaz, elastaz,
kolajenaz ve ACE enzim inhibisyon aktiviteleri tespit
edilip karsilagtinlmistir. Z clinopodioides kiiltiir
orneginin aroma analiz sonucuna goére major
bilesenleri pulegon, crissmenton ve trans-menton
olarak Dbelirlenmistir. Dogal 06rnegin ise major
bilegsenleri pulegon, neoizomentol ve cispulegon oksit
oldugu tespit edilmigtir. LC-MS/MS sonuglarina gére
kinik asit, rosmarinik asit ve asasetin major
bilegsenler olarak tespit edilmistir. Kiltir 6rneginin
fenolik ve flavonoid igeriginin dogal Ornege gore
yvaklagik olarak iki kat daha fazla oldugu tespit
edilmigtir. Kiltir 6rneginin genel olarak daha yiksek
antioksidan aktivte gosterdigi belirlenmigtir. Enzim
aktivitesi sonuglarina gore kiiltiir ve dogal 6rneklerin
orta diizeyde bitirilkolinesteraz enzim inhibisyon
aktivitesi gosterdigi belirlenmisgtir. Ureaz enzim
inhibisyon aktivitesi agisindan degerlendirdigimizde
ise kiltiir 6rneginin orta diizeyde aktvite gosterdigi
fakat  dogal  oOrnegin  aktivite  gbstermedigi
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bulunmustur. Ayrica kultir Orneginin ylksek
antihipertansif aktivite gosterdigi belirlenmigtir.
Sonu¢ olarak Z clinopodioides tirinin kiiltiire
alinmasinin kimyasal icerigi ve biyolojik aktiviteleri
uzerinde olumlu sonuglar dogurdugu soéylenebilir.
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this region.

OZET Botanik

Phyllanthus L. cinsi ve P. tenellus Roxb. (Phyllanthaceae) tiiri,

Turkiye floras: i¢in yeni kayit olarak verilmektedir. Bitkinin Turkge Aragtirma Makalesi

ad1 sera nohutu olarak onerilmektedir. Turkiye’de seralarda istilaci

yabanci bir ot olan bitkinin taninmasini1 kolaylastirmak tizere teknik Makale Tarihgesi

¢izimi ve fotograflar: sunulmaktadir. Cinsin ve tiiriin detayl betimleri Gelig Tarihi  :18.08.2024

de verilmektedir. Tiriin 6rnekleri, KTU Orman Fakiiltesi arastirma Kabul Tarihi :28.09.2024

ve uygulama serasi ile Orman Genel Mudiurligi, Of Orman Fidanlig:

seralarindan toplanmistir. KD Anadolu, nemli iklimi nedeniyle pek Anahtar Kelimeler

¢ok yabanci bitki taksonuna ev sahipligi yapmaktadir. Son yillarda Anadolu

yapilan ¢alismalar, bu bolgeden ¢ok sayida yabanci bitki taksonunun Sera Yabanci otu

Tiurkiye florasina kaydedildigini vurgulamaktadir. Phyllanthus
Phyllanthaceae

A New Generic Record of Phyllanthaceae (PhyllanthusL.): Addition to the Alien Invasive Vascular Flora
of Turkiye

ABSTRACT Botany

In this study, the genus Phyllanthus L. and its species P. tenellus

Roxb. (Phyllanthaceae) are reported as a new record for the flora of Research Article

Turkiye. The Turkish name of the species is suggested as sera nohutu

(greenhouse chickpea). Technical drawings and photographs are given Article History

to facilitate the identification of the plant, which is an invasive weed Received 1 18.08.2024

in greenhouses in Turkiye. A description of the genus and species are Accepted 1 28.09.2024

also provided in detail. Specimens of the species were collected from

research and application the greenhouse of the Faculty of Forestry in Keywords

Karadeniz Technical University (KTU) and Of Forest Nursery Anatolia

Directorate greenhouses. NE Anatolia hosts many alien plant taxa, Greenhouse weed

primarily due to its humid climate. Recent studies highlighted that Phyllanthus

many alien plant taxa have been recorded in the flora of Tilrkiye from Phyllanthaceae

Atif Igin:  Terzioglu, S., (2024). Phyllanthaceae Familyas: Yeni Cins (Phyllanthus L.) Kaydi: Tiirkiye Damarh Bitkilerine
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INTRODUCTION al., 2012; Torun, 2022). In addition to causing yield and

Despite different types of greenhouses, in general, they
are special structures which are designed in order to
regulate especially the temperature and humidity of
the environment inside and they are wusually
associated with horticulture and the exhibition of both
native and exotic plants. Thus, they are centers of the
introduction of alien plant species and potentially may
become sources of dispersion of some taxa (Galera &
Ratynska, 1999). In Tiirkiye, the studies on the weed
of greenhouses are very limited in that they are
generally on determining yield loses in crops (Arslan et

labor loss, early detection and rapid response of
invasive alien species is important in terms of
protecting biodiversity. As in the present study, early
detection of non-native (alien, introduced, adventive)
plant species' intentional or unintentional introduction
is the first step of such studies.

The genus Phyllanthus L. is not represented in the
native vascular flora of Turkiye and is a member of the
family Euphorbiaceae, one of the largest families of
flowering plants. This family islately divided into three
families such as Euphorbiaceae, Phyllanthaceae, and
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Picrodendraceae (Chase et al., 2002). Hereafter,
Phyllanthus is a member of Phyllanthaceae which is
pantropical and the second-most species-rich family
segregated from Euphorbiaceae (Bouman et al., 2021)
with approx. 2000 species (Kullayiswamy et al., 2021)
and some 59 genera (Hoffmann et al., 2006; Serdar et
al., 2008) worldwide. Phyllanthaceae has already been
divided into seven subgenera (Kirganelis, Isocladus,
Emblica, Phyllanthodendron, Eriococcus, Xlylophylla
and Phyllanthus) and the subgenus Phyllanthus
comprise the two sections; Phyllanthus and Urinaria
(Chakrabarty & Balakrishnan, 2018; Kullayiswamy et
al., 2021).

Phyllanthaceae is known with 2 native genera in
Turkish vascular flora such as Andrachne L. and
Flueggea Willd. (Giiner et al., 2012). The present paper
underlined that by adding the new genus, Phyllanthus
L., the number of genera of Phyllanthaceae of Flora of
Turkiye reached three. Phyllanthus is represented
throughout the tropical and subtropical regions of the
world (Webster, 1957; Wu et al., 2008; Bouman et al.,
2018). The genus, with almost 900 species, is the
largest and highly diverse genus in the family
Phyllanthaceae (Goaverts et al.,, 2000). The word

Phyllanthus comes from two Ancient Greek words
“phyllon” and “anthos” (mean leaf and flower
respectively) they refer to the appearance of flowers
from the edge of the leaves (Pasha et al., 2013). Many
of the Phyllanthus species share a distinctive
vegetative specialization known as “phyllanthoid
branching” with leaves on the main stem reduced to
scale-like leaves (cataphylls), lack laminate leaves on
the main stem (Webster, 1956; Kathriarachchi, 2006;
Ralimanana & Cable, 2020).

Phyllanthus tenellus Roxb. is native to Angola,
Comoros, Madagascar, Mauritius, Mozambique,
Réunion, SW. Arabian Peninsula, Tanzania, Yemen,
and Morocco, and regarded as a naturalized plant in
more than 30 countries (Figure 1). Due to its rapid
flowering and explosively dehiscent fruits, it is able to
become invasive out of its natural distribution range in
at least 30 countries (POWO, 2024; Khamar et al.,
2022). Other than its native lands, this taxon occupies
different habitats such as forest margins, forest
clearings, and cultivated lands (Coode et al., 1982), 0-
2050 m above sea level in Madagascar (Ralimanana &
Hoffmann, 2011).

r §

Distribution of Phyllanthus tenellus In the world

B Native
Bl ntroduced
B New record

Figure 1. Distribution of P. tenellusin the World (Modified from Khamar et al., 2022 and POWO, 2024).
Sekil 1. P. tenellus’un Diinyadaki yayilisi (Khamar et al., 2022 ve POWO, 2024’den uyarlanmistir).

The new record genus and its species, an invasive
greenhouse weed, record reported here which has not
been reported yet from Tirkiye prior to the present
paper.

MATERIAL and METHOD

The studied materials of P. tenellus were collected
from different propagation greenhouses in Trabzon
province located in NE Anatolia. All specimens were
stored at KATO Herbarium (in Karadeniz Technical
University, Faculty of Forestry) in Trabzon. After
careful examination of the collected materials of
Phyllanthus (KATO: 24451!, 24452! and 24453!),
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which were collected from A7 (Karadeniz Technical
University, Kanuni Campus in Ortahisar District) and
A8 (Forest Nursery in Of District) Trabzon province,
and checking with proper literature (Webster, 1957,
1970; Ralimanana & Hoffmann 2011; Crisafulli et al.,
2011; Zare et al., 2015; Khamar et al., 2022), P.
tenellus was determined as a new alien greenhouse
weed record for the flora of Turkiye.

RESULTS and DISCUSSION

Webster (1956) underline that the main characters
used to distinguish the present genus from other 59
genera of the family are the apetalous flowers, absence
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of pistillodes and staminodes and the presence of a disc
or disc glands in the flowers and branching
(phyllanthoid) system. This genus, which is
morphologically diverse, shows many differences in
terms of flowers, seeds and habit.

Phyllanthus L., Sp. Pl. 2: 981. 1753.
Type: P. maderaspatensis L.

The description of the genus below is based on the
treatments of Wu et al. (2008), Ralimanana &
Hoffmann (2011), and Pasha et al. (2013).

Trees, shrubs, or herbs phyllanthoid branching
present or absent; mostly monoecious; glabrous or with
simple hairs. Simple leaves petiolate or sessile;
alternate, opposite, subopposite or spirally arranged,
entire, sometimes revolute, usually symmetric, often
reduced and scale-like on main stems; stipules small,
deciduous or persistent; venation pinnate. Stipules
varied, entire to fimbriate. Inflorescences are usually
axillary, on leafy branches; pedicels delicate, bracteols
2 per flower. Flowers pedicellate, glabrous in both
sexes; pedicels terete, tepals 5—6. Male flowers: sepals
imbricate; filaments entirely free, apetalous; disk
glands 3-6, various shapes; stamens 2-6; filaments
free or connate; pistillodes absent. Female flowers:
sepals as in male or more; disk glands free or connate
into an annulus, surrounding ovary; ovary usually 3—
loculed; styles 3, short, free or shortly connate, bifid.
Fruit 1s wusually a dehiscent, globose capsule,
occasionally baccate or drupaceous. Seeds 2 per locule,
trigonous; surface smooth, sculptured, or striate.
Recommended Dichotomous Key to Genera of
Phyllanthaceae in Tiirkiye

Adding the genus Phyllanthus, the number of genera
of Phyllanthaceae in Turkish flora reached three and a
new key to genera was recommended for the Flora of
Turkiye as seen below:

1. Monoecious or dioecious, shrubs or herbs (in
Tiirkiye); flowers apetalous

2. Leafy branches resembling pinnate leaves
(phyllanthoid); male flowers without pistillode;
stamens 2-6 and shorter than sepal
......................................................... Phyllanthus

2. Shoots never resembling pinnate leaves; male
flowers with pistillode; stamens 4-7 and clearly longer
than sepal Flueggea

1. Monoecious, subshrubs or perennial herbs (in
Tiirkiye); flowers with developed petals Andrachne

Phyllanthus tenellus Roxb. Flora Indica 2(3):668
(Roxburgh, 1832). Type: India. Calcutta, Wallich 7892
A, Figure 2.

Syn.: Phyllanthus brisbanicus F. M. Bailey, Diasperus
tenellus (Roxb.) Kuntze, D. corcovadensis (Miill. Arg.)
Kuntze (Crisafulli et al., 2011)

Common names: Mascarene Island leaf flower, Long-
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stalked Phyllanthus, Long stalked leaf flower.

Description: Monoecious, annual herb, up to 50 ¢cm in
height. Somewhat woody at base (in Tiirkiye), glabrous
plant. Stem smooth with spirally arranged cataphylls;
phyllanthoid branching, branches terete and striate.
Cataphylls and cataphyllary stipules triangular,
entire, glabrous. Stipules entire, persistent,
membranous, triangular, glabrous. Leaves 7 — 15 per
branch, elliptic to ovate, acute or obtuse at the tip, 6 —
10 X 3 — 9 mm, petioles terete, glabrous. Cymules
axillary on deciduous branchlets; inflorescence with 1-
2 male flowers and 1 female flower on proximal parts
or 1 female flower on distal parts of plagiotropic
branches. Pedicels of staminate flowers up to 1.5 mm;
calyx lobes 5, entire, 1-veined, whitish, stamens 5 and
entirely free, filaments ca. 0.2-0.3 mm long; disc glands
5. Pedicels of pistillate flower (2.5-) 3-8 mm; calyx
lobes 5, ovate, acute or obtuse; disk entire; ovary
smooth; styles free, spreading. Capsules depressed
globose or globose, greenish, glabrous, 1.7-1.9 mm
broad, seed pale brown, densely papillose, 0.8-0.9 mm.

Type: India. Botanic Gardens, Calcutta, Wallich 7892
A ex p. (holotype K).,

Turkish Name: Sera nohutu (The new scientific
Turkish name suggested according to the guide of
Menemen et al., (2016)).

Collected localities: A7 Trabzon — Ortahisar District,
Kanuni Campus, Research and application greenhouse
of Faculty of Forestry in KTU, 60 m, 05.06.2024, KATO
24451!; Drawn specimen (figure 2), ibid!, KATO
24452!; A8 Trabzon — Of District, General Directorate
of Forestry, Greenhouses of Of Forest Nursery, 6 m.
15.06.2024, KATO 24453!, (Figure 3, 4).

Because of its distribution in greenhouses in Tirkiye,
pot soil is an important vector for easily dispersing
diaspores of the species, and especially the lower
altitudes of the Eastern Black Sea region of Turkiye
are at risk of easy invasion. Furthermore, this region
has extremely appropriate climate condition for the
species which easily grows in forest clearings or
margins, and cultivated fields (Coode et al., 1982) and
the species is eager to moderate temperature.

While the time and vector of introduction into Trabzon
province are uncertain, it could have probably been
disseminated by pot soil of both many ornamental and
fruit (blueberry) plants commonly produced and used
in the region. Due to reports of its naturalization in
Italy (Crisafulli, 2011), Iran (Zare et al.,, 2015),
Sumatera (Hariri et al., 2020), Morocco (Khamar et al.,
2022), with more than 30 other countries (POWO,

2024), the distribution of P. tenellusin NE Anatolia is
not surprising. While the species is indicated as an
invasive taxon both in agricultural areas and
nurseries, some records showed that it is able to be

introduced in urban areas (Crisafulli, 2011; Hariri et
al., 2020).
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Figure 2. Phyllanthus tenellus: A—Habit; B—Branches and leaves with stipule and phyllodium; C— Staminate
flower; D— Pistillate flower; E-Seeds (ventral (up) and lateral (down) views); F, G, H-Fruit (back, top and
side view, respectively) (Drawing by Melike Cigdem).

Sekil 2. Phyllanthus tenellus: A—Bitkinin habitusus B-Kulakg¢ik ve stipullu dallar; C- Erkek ¢igek; D~ Digi ¢igek:

E-Tohumlar (iistte karin ve altta yan taraf goriiniimii); F, G, H- Meyve gériiniimleri (sirasiyla; sirt, iist ve
yan) (Melike Cigdem tarafindan ¢izilmistir).
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Figure 3. Distribution of P. tenellus (J|) in Tiirkiye (Adapted from Giiner & Ekim, 2014).
Sekil 3. P. tenellus (.) ‘un Tiirkiye'deki yayilis1 (Giiner ve Ekim, 2014'den uyarlanmistir).

Figure 4. A, B — Individuals in different pots with different ornamental exotic plants in the greenhouse; C — An
individual in the pot of a dead blueberry seedling; D — In the greenhouse bench in KTU; E — Together with

blueberry seedlings in Of Forest Nursery.

Sekil 4. A, B — Serada farkli egzotik stis bitkileri ile farkl saksilardaki bireyler; C — Olii bir maviyemis fidesi
saksisindaki bir birey; D — KTU de sera tezgahlarinda; E — Of Orman Fidanliginda maviyemis fidanlariyla

birlikte.

Unfortunately, in the Eastern Black Sea Region, the
weather is rainy throughout the year, which is suitable
for this species to be carried out of greenhouses
unintentionally and introduced into the natural places.
Furthermore, diaspores may be dispersed quickly by
the blueberry pots distributed/sold by Of Orman
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Nursery. For this reason, cleaning P. tenellus, already
a weed of greenhouses in Turkiye, seedlings pots, and
eradicating individuals of the species in greenhouses
before seed/fruit maturation will be an important weed
control activity before its distribution.
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ABSTRACT Molecular Biology
Type 2 diabetes (T2D), typically characterized by insulin resistance, is Molecular Biologv
a metabolic disorder that occurs when the body cannot use insulin Research Article
effectively or does not produce enough insulin. In the treatment of Pacmams Malbals
T2D, insulin, metformin, and sulfonylureas are commonly used. Given Artlc.le History -
the limitations of current treatment options, there is a strong need for ‘Recelved ) 19.07.2024
intensive efforts in the discovery of new drugs. Berberine exhibits ;‘éccbc‘g]%%d - 12.10.2024
antidiabetic effects and possesses anti-inflammatory and antioxidant Kevword

. . eywords
properties. Resveratrol is another natural compound that has been Berberine
extensively researched due to its antioxidant and anti-inflammatory :Molecular dookimy
characteristics. This study aimed to investigate the interactions iResveratrol
between berberine and resveratrol with proteins related to or causing :Type 2 diabetes
T2D, including ADIPOR1 (PDB-ID: 6ks1), ADIPOR2 (PDB-ID: 5Ixg), Késveratrol

TNF-a (PDB-ID: 7kpb), PTP1B (PDB-ID: 4i8n), GLUT1 (PDB-ID:
4pyp), IGF-IR (PDB-ID: 8eyr), IGF1 (PDB-ID: 6pyh), ADAMTS9
(PDB-ID: 3ppv), and SPHK2 (PDB ID: 4v24). SwissADME was used
to assess the pharmacokinetic properties of berberine and resveratrol.
Molecular docking was performed to analyze the interactions between
these ligands and the specified proteins. Additionally, the potential
bioactivity features of compounds were determined. Protein-protein
interactions were obtained from the STRING database. The study
data indicated that both compounds have high blood-brain barrier
(BBB) penetration and gastrointestinal absorption ability (HIA).
Besides, berberine exhibited the highest binding affinity with GLUT4
(-10.1 Keal/mol), GLUT1 (-9.3 Kcal/mol), and SPHK2 (-9.3 Kcal/mol),
while resveratrol showed strong binding with SPHK?2 (-9.0 Kcal/mol)
and TNF-a (-8.7 Kcal/mol) and. All proteins displayed binding energies
of more than -7 Kcal/mol, suggesting that both berberine and
resveratrol hold promise as potential drug candidates for T2D.

Type 2 diabetes

Berberin ve Resveratroliin Tip 2 Diyabet Tedavisindeki Terapdtik Potansiyeli: Farmakokinetik ve
Biyoyararlilik Ozellikleri ile Molekiiler Docking Analizi

OZET Molekiiler Biyoloji

Tip 2 diyabet (T2D), tipik olarak insiilin direnci ile karakterize edilen ve

viicudun insilini etkili bir sekilde kullanamadig1 veya yeterli instilin Aragtirma Makalesi
uretemedigi bir metabolik bozukluktur. T2D tedavisinde instlin,

metformin ve silfoniliireler yaygin olarak kullanilmaktadir. Mevcut Makale Tarihgesi

tedavi segeneklerinin sinirlamalar: géz 6niine alindiginda, yeni ilaglarin Gelig Tarihi  :19.07.2024
kesfinde yogun cabalara ihtiya¢ vardir. Berberin, antidiyabetik, anti- Kabul Tarihi :12.10.2024
inflamatuvar ve antioksidan ozelliklere sahiptir. Resveratrol,

antioksidan ve anti-enflamatuvar 6zellikleri nedeniyle kapsamli bir Anahtar Kelimeler

sekilde arastirilan bir bagska dogal bilesiktir. Bu g¢alismanin amaci, Berberine

berberin ve resveratroliin ADIPOR1 (PDB-ID: 6ks1), ADIPOR2 (PDB-ID: Molekiiler yerlestirme
51xg), TNF-a (PDB-ID: 7kpb), PTP1B (PDB-ID: 4i8n), GLUT1 (PDB-ID: Resveratrol

4pyp), IGF-IR (PDB-ID: 8eyr), IGF1 (PDB-ID: 6pyh), ADAMTS9 (PDB-
ID: 3ppv) ve SPHK2 (PDB ID: 4v24) dahil olmak tizere T2D ile iliskili
veya T2D'ye neden olan proteinlerle olan etkilesimlerini arastirmaktir.
Berberin ve resveratrolin farmakokinetik 6zelliklerini degerlendirmek

Tip 2 diyabet
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icin SwissADME kullanilmigtir. Bu ligandlar ile belirtilen proteinler
arasindaki etkilesimleri analiz etmek ic¢in molekiiler yerlestirme
yapilmistir. Ayrica, bilesiklerin potansiyel biyoyararhilik o6zellikleri
belirlenmigtir. Protein-protein etkilesimleri STRING veri tabanindan
elde edilmistir. Calisma verileri, her iki bilesigin de yiiksek kan-beyin
bariyeri (BBB) penetrasyonu ve gastrointestinal emilim yetenegine (HIA)
sahip oldugunu géstermistir. Bunun yaninda, berberin GLUT4 (-10.1
Kcal/mol), GLUT1 (-9.3 Kcal/mol) ve SPHK2 (-9.3 Kcal/mol) ile en yiiksek
baglanma afinitesini gosterirken, resveratrol SPHK2 (-9.0 Kcal/mol) ve
TNFR1 (-8.7 Kcal/mo)) ile giiclii baglanma gostermistir. Tim proteinler,
-7 Kcal/mol'den daha yluksek baglanma enerjileri sergilemis, bu da
berberin ve resveratroliin T2D i¢in potansiyel ila¢ adaylar1 olarak umut

verici oldugunu gostermektedir.
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INTRODUCTION

Type 2 diabetes (T2D) is a metabolic disorder primarily
distinguished by insulin resistance, signifying a
condition where the body's ability to utilize insulin
effectively is compromised, often accompanied by
insufficient insulin production (American Diabetes
Association, 2020). It is estimated that by the year
2045, approximately 783 million adults worldwide will
have T2D (Magliano et al., 2021). Genetic, epigenetic,
and environmental factors (such as obesity, unhealthy
eating habits, lack of physical activity, etc.) are
associated with the etiology of the disease (Prasad and
Groop, 2015; Ghosh et al., 2022). In the treatment of
T2D, insulin, metformin, and sulfonylureas are
commonly used, and in some cases, surgical options
may be considered (Davies et al., 2018; Gebrie et al.,
2021). Additionally, maintaining healthy eating habits
and regular physical activity are important for keeping
blood sugar levels under control. It is known that
multiple signaling pathways are involved in the
development of T2D. Some of these include glucose
transporter 4 (GLUT4), c-Jun N-terminal kinase
(JNK), AMP-activated protein kinase (AMPK), and
peroxisome proliferator-activated receptor gamma
(PPAR-gamma) (Wen et al., 2022; Sanches et al., 2023).

Berberine is a natural compound derived from plants
and has been used in traditional medicine for
centuries. It has anti-diabetic, anti-inflammatory,
antioxidant, and regulatory effects on lipid metabolism
(Utami et al., 2023). It can exhibit antidiabetic activity
by increasing insulin sensitivity and reducing glucose
production. Molecular studies related to berberine's
antidiabetic activity have suggested that berberine
may activate an enzyme called AMPK, which can
enhance insulin sensitivity and improve glucose
metabolism (Xu et al., 2014).

Resveratrol is a natural polyphenol compound found
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primarily in grapes and red wine. Numerous studies
have shown that resveratrol is a potent antioxidant
capable of combating free radicals in the body,
preventing cellular damage, and reducing the aging
process (Meng et al., 2021; Rudrapal et al, 2022).
Additionally, it has been reported to have beneficial
effects on  cardiovascular  health, including
vasodilation, blood pressure regulation, and
cholesterol level management (Rui et al., 2021).
Furthermore, research has explored its potential in
slowing down the development of neurological diseases
(Andrade et al., 2018). Finally, there is a hypothesis
that resveratrol may help regulate blood sugar levels,
increase insulin sensitivity, and thereby reduce the
risk of T2D (Zhu et al., 2017).

Molecular docking studies are a computer-based
computational and modeling approach aimed at
predicting how a drug candidate or a chemical
compound can interact with a target protein or
molecule, specifically identifying the binding site or
interaction region (Meng et al., 2011). These studies
are crucial for exploring drug-target interaction
mechanisms in the design and optimization of new
drugs. Also, it can be used to assess the potential
repurposing of existing drugs by examining their
interactions with different target proteins.

In this context, the aim of this study is not only to
analyze the potential antidiabetic activity of berberine
using a molecular docking approach but also to
evaluate the antidiabetic, pharmacokinetic, and
bioactivity effectiveness of resveratrol in comparison to
berberine. Understanding the interactions between
berberine and resveratrol with proteins associated
with T2D ((adiponectin receptor 1 (ADIPOR1) and
adiponectin receptor 2 (ADIPOR2), tumor necrosis
factor-alpha (TNF-a), protein tyrosine phosphatase 1B
(PTP1B), glucose transporter 1 (GLUT1), glucose
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transporter 4 (GLUT4), insulin-like growth factor 1
receptor (IGF-IR), insulin-like growth factor 1 IGF1),
a disintegrin and metalloproteinase with
thrombospondin motifs 9 (ADAMTS9), sphingosine
kinase 2 (SPHK2)) is crucial for uncovering the drug
potentials of these compounds for antidiabetic activity.
Molecular docking studies play a significant role in
elucidating how these compounds interact with specific
proteins, providing valuable insights into their
potential therapeutic applications in the context of
T2D.

MATERIAL and METHOD
Prediction of Druglikeness

To assess the drug likeness of berberine and
resveratrol, their SMILES format was retrieved from
the PubChem database
(https://pubchem.ncbi.nlm.nih.gov/), and the
SwissADME website (https://www.swissadme.ch/) was
utilized to analyze their absorption, bioavailability,
distribution, metabolism, and excretion properties.
Furthermore, the compounds' passage through the
gastrointestinal wall and blood-brain barrier (BBB)
was evaluated based on the BOILED-Egg data (Daina
et al., 2017).

Selection of Targets Related to Berberine and
Resveratrol

Berberine and resveratrol underwent target prediction
through the SwissTargetPre-diction database, which
can be accessed at
https://www.swisstargetprediction.ch/. This  tool
utilizes computational methods to anticipate probable
protein targets with which these substances could
potentially interact. To ensure accuracy and
uniformity, the standardized gene names linked to
these anticipated targets were then obtained through
the UniProt platform, yielding an exhaustive
compilation of proteins associated with berberine and
resveratrol.

Molecular Docking

In this research, molecular docking served as a
validation technique, employing computer simulations
to forecast the binding affinity between receptors and
ligands. Docking analyses were performed involving
berberine and resveratrol, as well as target proteins
whose 3D structures were retrieved from the PubChem
database. The 3D structures of the selected target
proteins associated with T2D were sourced from the
Protein Data Bank (RCSB PDB) database
(https://www.rcsb.org). These chosen  targets
encompassed ADIPOR1 (PDB-ID: 6ksl), ADIPOR2
(PDB-ID: 51xg), TNF-a (PDB-ID: 7kpb), PTP1B (PDB-
ID: 4i8n), GLUT1 (PDB-ID: 4pyp), GLUT4 (PDB ID:
7wsn), IGF-IR (PDB-ID: 8eyr), IGF1 (PDB-ID: 6pyh),
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ADAMTS9 (PDB-ID: 3ppv), and SPHK2 (PDB ID:
4v24). Optimal ligand binding conformations within
the target proteins were determined using the
AutoDock tool. This tool assessed the binding
conformations based on their free binding energy,
employing a scoring function. Subsequently, additional
optimization for molecular docking of the target
protein structures was conducted using AutoDock 4.2
software (https://cadd.labshare.cn/cb-
dock2/php/blinddock.php). Data regarding berberine
and resveratrol were acquired through the online
platform DeepDataSource (molinstincts.com).

Protein-Protein Interaction (PPI) Network

Target interactions were determined through the
String platform (https://www.string-db.org/). In order
to pinpoint central nodes and crucial proteins within
the PPI network, calculations for centrality degrees,
encompassing betweenness, closeness, and subgraph
centrality, were executed utilizing Cytoscape without
any external intervention.

Suggested Bioactivity

A thorough evaluation of the possible bioactive
characteristics of berberine and resveratrol is crucial

for understanding their unique impacts and
mechanisms of operation. To predict their potential
bioactivity, we utilized the PASS platform

(http://www.way2drug.com/passonline/index.php).

This platform is renowned for its exceptional
predictive capabilities, encompassing 3678 different
activity types, and maintaining an average accuracy
rate of around 95%. These predictions are derived
solely from the structural formulas of the compounds.

RESULTS

SWISS Adme Property

The SMILES format of berberine
(https://pubchem.ncbi.nlm.nih.gov/compound/2353)
and resveratrol

(https://pubchem.ncbi.nlm.nih.gov/compound/445154)

was obtained by transferring it to the SwissADME
platform (http://www.swissadme.ch/). The canonical
SMILES of berberine were
COC1=C(C2=C[N+]3=C(C=C2C=C1)C4=CC5=C(C=C4
CC3)0C05)0C and resveratrol
C1=CC(=CC=C1C=CC2=CC(=CC(=C2)0)0)0.  The
three-dimensional configuration of compounds can be
observed in Figure 1A and 1B. Berberine’s and
resveratrol’s drug-likeness was comprehensively
assessed using filters based on Lipinski (Pfizer), Ghose
(Amgen), Veber (GSK), Egan (Pharmacia), and Muegge
(Bayer). In terms of drug-like properties, it was found
that both compounds exhibit favorable drug-like
properties according to all filters (Figure 1A and 1B).

The Swiss ADME bioavailability radar assesses six
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different physicochemical properties. These properties of these properties. However, resveratrol complies with
are LIPO (ipophilicity), SIZE, POLAR (polarity), all of these properties except for INSATU. This
INSOLU (insolubility), INSATU (insaturation), and analysis could assist in evaluating berberine and
FLEX (flexibility). Berberine is situated within a resveratrol as a potential drug candidate.

favorable range for bioavailability, complying with all

A LIPO
FLEX SIZE
0
\
CH,
INSATU POLAR
INSOLU
LIPO
B
HO OH FLEX SIZE
AN
O INSATU POLAR
OH
INSOLU

Figure 1. (A) Berberine 3D conformer and Swiss ADME properties (B) Resveratrol 3D conformer and SwissADME

Sekil 1.

properties (right side of the figure) (http:/www.swissadme.ch/index.php#). The oral bioavailability radar
takes into account six physicochemical properties. Within this radar, the optimal range for each property
is highlighted in pink, indicating the most favorable conditions. These properties include lipophilicity
(XLOGP3) falling between -0.7 and +5.0, molecular weight (MW) ranging from 150 to 500 g/mol, polarity
measured by the topological polar surface area (TPSA) between 20 and 130 A2, solubility with a log S not
exceeding 6, saturation levels with a sp3 hybridization fraction of at least 0.25, and flexibility restricted
to no more than 9 rotatable bonds.

(A) Berberin ve resveratrol 3D konformerleri ve (B) SwissADME oézellikleri (seklin sag tarafi)
(http-//'www.swissadme.ch/index.php#). Oral biyoyararlanim radari, alt1 fizikokimyasal ézelligi dikkate
alir. Bu radarda, her bir ézellik i¢in optimal aralik pembe renkte vurgulanmis olup en uygun kosullari
belirtir. Bu ézellikler arasinda 0.7 ile +5.0 arasindaki Iipofilite (XLOGP3), 150 ile 500 g/mol arasindaki
molekiil agirlik (MW), 20 ile 130 A2 arasinda olciilen tepe polar yiizey alani (TPSA) ile polarite,
¢oziintirliik log S'nin 6'y1 gegmemesi, en az 0.25 sp3 hibridizasyon fraksiyonu doygunluk seviyeleri ve
9'dan fazla dénebilen bagla sinirli olmayan esneklik yer alir.

According to the BOILED-Egg diagram, both possesses the substructure of P-glycoprotein (PGP),
compounds have the high BBB penetration and while resveratrol does not have this substructure. The
gastrointestinal (GI) tract. However, berberine details are explained in Figure 2.
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Figure 2. The BOILED-Egg diagram. The compounds within the white ellipse are likely to be efficiently absorbed
by the GI tract. Those within the yellow ellipse, resembling the yolk, are expected to have a high likelihood
of crossing the BBB and reaching the central nervous system. The blue points indicate compounds that
are anticipated to be substrates of PGP+ and may be actively transported out of the brain or GI (1). On
the other hand, the red points represent compounds predicted not to be substrates of PGP- (2).

Sekil 2. BOILED-Egg diyagrami. Beyaz elips igindeki bilesiklerin sindirim sistemi tarafindan etkili bir sekilde
emilmesi muhtemeldir. Sar1 elips icindeki, yumurtanin sarisina benzeyen bilesiklerin, kan-beyin
bariyerini gegme ve merkezi sinir sistemine ulasma olasilig1 ytiksektir. Mavi noktalar, PGP+ substrati
olmasi beklenen ve beyin veya sindirim sistemi disina aktif olarak tasinabilecek bilesikleri gésterir (sol
taraf). Diger yandan, kirmizi noktalar, PGP- substrat: olmayan bilesikleri temsil eder (sag taraf).

It was observed that berberine differs from resveratrol
in terms of molecular weight, H-bond donor and
acceptor count, lipophilicity (LogP), topological polar
surface area (TPSA), rotatable bond count, solubility
(Log S), van der Waals volume, and P-gp substrate
properties. Although both compounds show high

gastrointestinal absorption, berberine cannot cross the
blood-brain barrier (BBB). Additionally, it was
observed that berberine also differs from resveratrol in
terms of P-gp substrate properties. While berberine
can be expelled by P-glycoprotein, resveratrol does not
exhibit this characteristic (Table 1).

Table 1. Physicochemical Properties of Berberine and Resveratrol Based on Bioavailability and Drug Similarity

Analyses

Cizelge 1. Biyoyararlanim ve Ila¢ Benzerligi Analizlerine Dayali Berberin ve Resveratrol'iin Fizikokimyasal

Ozellikleri

Physicochemical Property
Molecular Weight (g/mol)
H-Bond Donors

H-Bond Acceptors

LogP (lipophilicity)

TPSA (Topological Polar Surface Area) A2
Rotatable Bonds (Flexibility)
Log S (Solubility)

VAW Volume A?

BBB Permeability
Gastrointestinal Absorption
P-gp Substrate

CYP1A2 Inhibitor

CYP2C19 Inhibitor

CYP2C9 Inhibitor

CYP2D6 Inhibitor

CYP3A4 Inhibitor

Synthetic Accessibility Score

Berberine Resveratrol
336.38 228.25
4 3
7 3
1.91 2.78
127.59 60.69
5 1
-4.95 -3.51
299.70 207.24
No Yes
High High
Yes No
No No
Yes No
Yes No
No No
No No
3.29 2.84
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Molecular docking

Nine common targets were selected as potential
targets of berberine and resveratrol in the treatment
of T2D. Their binding affinity with these ligands is
provided in Table 1. Among the selected targets, it was
determined that the GLUT1, GLUT4, and SPHK2
proteins had the best binding energy values of -10.1, -
9.3, and -9.3 Kcal/mol for berberine, respectively.
Additionally, ADIPOR1 (-9.0 Kkal/mol), ADIPOR2 (-
8.1 Kkal/mol), TNF-a (-9.0 Kkal/mol), PTP1B (-8.5

Kkal/mol), IGF-IR (-8.6 Kkal/mol), IGF1 (-8.3
Kkal/mol) andADAMTS9 (-7.4 Kcal/molalso exhibited
significantly high binding energies. However, it was
determined that TNF-a and SPHK2 protein had the
best binding energy, with a value of -8.7 and -9.0
Kcal/mol for resveratrol. In addition, ADIPOR1 (-7.1
Kkal/mol), ADIPOR2 (-7.7 Kkal/mol), GLUT4 (-8.4
Kkal/mol), PTP1B (-7.2 Kkal/mol), GLUT1 (-7.3
Kkal/mol), IGF-IR (-7.5 Kkal/mol), IGF1 (-7.3
Kkal/mol) and ADAMTS9 (-7.1 Kcal/mol) also
exhibited significantly high binding energies (Table 2).

Table 2. Interaction of berberine and resveratrol with target proteins
Cizelge 2. Hedef proteinler ile berberine ve resveratroliin interaksiyonu

Target
Protein

Binding
Affinity
(Kcal/mol)

Cavity
volyme

(A9

Contact residues

Ligand-Molecule Interaction

Berberine

ADIPOR1

-9.0

4297

Chain A: LEU215 ILE216

SER219 PHE220 LEU274

GLY275 GLY278 VAL279

THR282 MET300 PHE303
PHE304 MET306 ALA307
TYR310 HIS351

ADIPOR2

-8.1

440

Chain H: GLN39 SER40
PRO41 GLY42 LLYS43
SER44 VAL93 TYR95
Chain L: ALA9 GLN38
LYS39 GLN40 GLY41
SER85 TYR87 GLY100
GLY101 THR102 LYS103
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TNF-a

-9.0

25422

Chain A: LEU75 ILE97
LYS98 SER99 PRO100
GLU116

Chain C: PRO113 TRP114
TYR115 GLU116

Chain L: TYR49

Chain H: GLY102 TYR103
TRP107

) o L5

27 s99
KoR
/<X p100

PTP1B

-8.5

234

Chain A: TYR46 ASP48
VAL49 ASP181 PHE182
CYS215 SER216 ALA217
GLY218 ILE219 GLY220
ARG221 GLN262

~ R221

v s21e

GLUT1

-9.3

1429

Chain A: PHE26 THR30

GLN161 ILE164 VAL165
ILE168 GLN282 GLN283
ILE287 ASN288 PHE291

ASN317 THR321 SER324
LEU325 VAL328 PHE379
GLU380 GLY384 PRO385
TRP388 PHE389 ASN411
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GLUT4

-10.1

3458

Chain A: PHE38 ILE42
SER96 ILE99 SER153
GLY154 ILE180 GLN299
ASN304 TYR308 TRP404
MET420 ALA421 GLY424
PHE425 ASN427 TRP428
ASN431

1180

N304
AL
el \

s

)
Q2997 _ N431
SN

IGF-IR

-8.6

9791

Chain B: PHE700 SER704
Chain A: PRO5 GLU26
PHE28 HIS30 GLU53
TYR54 LYS80 LEUS81
PHES82 THR316

Chain D: THR29 GLY30
TYR31 GLY32 SER35
ARG37 ALA38

IGF1

-8.3

3062

Chain B: TYR31 GLY32
SER33

Chain D: PRO5 GLU26
GLY27 PHE28 TRP79
LYS80 PHE241 GLU242
PHE266 CYS273 MET274
GLN275

ADAMTS9

-7.4

127

Chain A: GLY1579
LEU1582 ARG1583
SER1586 ASP1587
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ASP1614 GLU1615
ILE1616 LYS1617
ARG1618 LEU1619
PRO1620

SPHK2

-9.3

10611

Chain A: LEU194
PHE197 LEU198 LEU200
ALA201 ALA202 ARG296
LEU300

Chain B: MET190
LEU194 PHE197 LEU198
LEU200 ALA201 ARG296
ALA297 LEU300

Chain C: LEU194
PHE197 LEU198 LEU200
ALA201 ARG296 ALA297
LEU300

Resveratrol

ADIPOR1

-7.1

4297

Chain A: TYR209 SER210
ILE212 ALA213 ILE216
ALA249 ALA253 ARG267
PHE271 LEU274 GLY275
TYR310 ILE311 GLY313
ALA314 PHE340 VAL344

R267 A253
A249 7 1250

/ -
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ADIPOR2

7.7

4654

Chain A: TRP114 ASP117
PHE201 HIS202 TYR205
GLU209 SER212 ARG213
SER216 ASP219 TYR220
ALA270 ARG275 ARG278
TYR328 HIS348

\ 3953587
\ _ F35a4="0

L3_2'8317

TNF-a

-8.7

25422

Chain A: LEU75 LEU76
THR77 ILE97 ASN137
ARG138

Chain L: LEU46 TYR49
LEU54 ALA55 ASP56
Chain H: ALA31 TYR32
TYR33 TYR53 GLU99
ALA100 TYR101 TRP107

7N\, 157
PSS \
xfsgy Y59

g

L 4
e

PTP1B

7.2

234

Chain A: TYR46 ARG47
ASP48 VAL49 ASP181
PHE182 CYS215 SER216
ALA217 ILE219 GLY220
ARG221 GLN262 GLN266
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GLUT1

-7.3

1429

Chain A: PHE26 THR30
SER80 THR137 VAL165
ILE168 GLN282 GLN283
ASN288 PHE291 ASN317
PHE379 GLU380 TRP388
GLY408 ASN411 TRP412
ASN415

N317

\ v N 25
A

-
o=

GLUT4

-8.4

3458

Chain A: PHE38 ILE42
SER95 SER96 ILE99
GLY150 SER153 GLY154
PRO157 GLN299 ASN304
TYR308 TRP404 MET420
ALA421 GLY424 PHE425
ASN427 TRP428 ASN431

Y308

IGF-IR

7.5

1571

Chain B: LYS115

Chain A: ARG482 TYR483
ARG484 TYR488 ARG489
ASP490 ILE492 PHE494
LEU527 PRO528 ALA691
ARG694 GLU698

Chain C: ALAS
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IGF1

7.3

2118

Chain A: TYR498 LYS499
GLU500 ASN518 SER519
ASN521 HIS540 GLY541
LEU542 TYR548

Chain D: PRO674 LYS675
THR676 GLU677 LYS680

ADAMTS9

-7.1

127

Chain A: ASN1577
GLY1579 LEU1580
LEU1582 ARG1583
SER1586 ASP1587
ASP1614 GLU1615
ILE1616 LYS1617
ARG1618 LEU1619
PRO1620

4

R1618
-~ L161

(

K1617
o o
%

P1620

SPHK2

-8.7

26771

Chain A: ARG24 GLY26
LYS27 GLY111 SER112
ASN131 PHE173 ILE174
VAL177 ASP178 GLU180
SER181 LYS183 TYR184
ARG185 ARG186 GLY188
GLU189 PHE192 THR196
LEU198 LEU200 LEU259
LEU268 GLY269 MET272
VAL290 LEU299 LEU300
LEU302 PHE303 MET306
LEU319

Chain B: MET190
PHE192 THR193 THR196
PHE197 GLU271 MET272
PHES303 LEU304 ALA305
MET306 GLU307

Chain C: ARG186

A

~
!'3-3559 L2939

~

N\
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The interactions between berberine and target
proteins were assessed using the AutoDock tool, which
utilizes a scoring function based on binding free
energies to evaluate Dbinding conformations.
Subsequently, the structures of target proteins were
subjected to molecular docking optimization, and the
analysis was conducted using AutoDock 4.2 software
(https://cadd.labshare.cn/cb-dock2/php/blinddock.php).
The cavity volume (A%) value, which represents the size
of the binding pockets in the protein, along with
protein-ligand interactions from the molecular docking
analysis, 1s provided in Table 2. The contact points
between residues and bonds show the amino acids and
binding configurations between ligands and target

SPHEZ

sLCz2a1

ADAMTSO

proteins. The blue dashed lines represent hydrogen
bond interactions, the yellow dashed lines represent
hydrophobic interactions, and the red dashed lines
represent electrostatic interactions (Table 2).

Constructing a Protein-Protein Interaction Network
(PPD)

To explore protein-protein interactions and identify 9
shared targets, we utilized the String database
(https://www.string-db.org/). These interactions were
instrumental in uncovering the functional connections
and associations among the proteins. Next, the data
was imported into Cytoscape v3.7.2 to construct a PPI
network composed of 7 nodes and 10 edges (Figure 3).

ADIPCR2

ADIFORA

PTPN1

H
B
f

Figure 3. Protein interaction network analysis
Sekil 3. Protein etkilesim ag1 analizi

Succession of bioactivities

Bioactivity prediction was performed using the
platform accessible at
"http://www.way2drug.com/passonline/predict.php."
The predictive model for the bioactivity spectrum is
founded on a Bayesian approach. Within this tool,
predictions are generated based on the Pa:Pi (active to
inactive ratio) at three distinct threshold levels: Pa >
30%, Pa > 50%, and Pa > 70%. The results of these
forecasts are presented in terms of Pa (probability of
activity) and Pi (probability of inactivity). Compounds
exceeding a Pa value of 0.7 are considered promising
candidates for the specified biological activity (Table
3).

DISCUSSION

In the present study, the therapeutic effect of
berberine and resveratrol was evaluated in situ for
type 2 diabetes (T2D) using a molecular docking
approach. Molecular docking studies are employed to
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understand how a molecule affects a target protein. In
this study, molecular docking was performed to assess
the binding status of berberine and resveratrol with
the 3D structures of proteins associated with the T2D,
including ADIPOR1 and ADIPORZ2, TNF-a, PTP1B,
GLUT1, GLUTY4, IGF-IR, IGF1, ADAMTS9, SPHK2.
These proteins can influence various processes in T2D,
including insulin signaling, cell death, inflammation,
and cell growth. Therefore, understanding the roles of
these proteins in the pathogenesis and treatment of
T2D is crucial. In the realm of molecular docking
studies, the term "low-energy binding" typically
signifies a robust and stable interaction between a
ligand and a protein, indicating a strong affinity.

Understanding and regulating the function of GLUT1
and especially GLUT4 proteins can play a significant
role in the treatment and prevention of T2D. GLUT1 is
responsible for the uptake of glucose into cells and can
also transport some lipids besides glucose
(Pragallapati and Manyam, 2019). Considering that
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lipid metabolism disorders are common in individuals
with T2D and can increase the risk of cardiovascular
diseases, controlling them is essential (Martin-Timén
et al.,, 2014; Rubino et al., 2016; Petersen and
Shulman, 2018). In addition to GLUT1, GLUT4 is also
a carrier protein located on the cell membrane that
regulates the entry of glucose into the cell. In the case
of T2D, glucose cannot be taken up by GLUT4 proteins,
and the body develops insulin resistance. Overcoming
insulin resistance and ensuring the effective
functioning of GLUT4 proteins are important for
effective treatment. Molecular binding analysis
showed that berberine exhibited the best binding to the
GLUT4 protein (-10.1 Kcal/mol), followed by the
GLUT1 protein (-9.3 Kcal/mol). However, resveratrol,

although less tightly bound compared to berberine, has
binding energies above -7 kcal/mol for both GLUT1 and
GLUT4. Additionally, another significant protein in
the pathogenesis of T2D i1s SPHK2. SPHK2 regulates
cellular responses by modulating lipid signal pathways
in cells, which can affect inflammation and oxidative
stress levels, potentially contributing to the
development of T2D (Qi et al., 2021). The data from
this study showed that berberine and resveratrol
exhibit a high binding affinity with the SPHK2 enzyme
(-9.3 and -9.0 Kcal/mol, respectively). The high binding
affinities of these compounds with this enzyme
demonstrated that they should be considered target
enzymes in advanced studies related to T2D.

Table 3. The prospective biological activity spectrum associated with berberine and resveratrol
Cizelge 3. Berberin ve resveratrol ile iliskilendirilen olasi biyolojik aktivite spektrumu

Activity Pa Pi
Berberine
P-glycoprotein substrate 0.408 0.040
GABA aminotransferase inhibitor 0.424 0.039
Resveratrol
APOA1 expression enhancer 0.923 0.002
JAK2 expression inhibitor 0.912 0.003
Sugar-phosphatase inhibitor 0.835 0.011
Aldehyde oxidase inhibitor 0.831 0.007
Fatty-acyl-CoA synthase inhibitor 0.823 0.004
Glucan endo-1,6-beta-glucosidase inhibitor 0.816 0.006
Glucose oxidase inhibitor 0.799 0.012
Beta glucuronidase inhibitor 0.752 0.003
GABA aminotransferase inhibitor 0.719 0.004
Insulysin inhibitor 0.707 0.008
Gluconate 2-dehydrogenase (acceptor) inhibitor 0.737 0.038

Adiponectin is a hormone secreted from adipose tissue
known for its ability to increase insulin sensitivity in
the body (Khoramipour et al., 2021). In other words,
sufficient production of adiponectin and the effective
functioning of adiponectin receptors can help cells use
insulin more effectively. Adiponectin can reverse this
condition by reducing insulin resistance. Adiponectin
binds to cells through two different receptors, namely
ADIPOR1 and ADIPOR2 (Thundyil et al., 2012). These
receptors facilitate the uptake of adiponectin hormone
into cells and initiate signaling pathways that convey
its effects. The function of ADIPOR1 and ADIPOR2
includes regulating intracellular signal transduction
and contributing to metabolic processes, including
increasing insulin sensitivity (Li et al., 2022). They
have been investigated as potential drug targets for
the treatment and prevention of T2D (Deng et al.,
2023). Medications or therapeutic approaches aimed at
enhancing the activity of these receptors can help
increase insulin sensitivity, thereby assisting in the
management of T2D. The present study showed that
berberine exhibits binding energies of -9.0 Kcal/mol
and -8.1 Kecal/mol with ADIPOR1 and ADIPOR2,
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respectively. On the other hand, resveratrol has
binding energies of -7.1 Kcal/mol with ADIPOR1 and -
7.7 Kcal/mol with ADTPOR2. Berberine binds to these
receptors with lower energy values compared to
resveratrol.

TNF-a can potentially harm insulin-producing beta
cells in the pancreas, leading to a reduction in insulin
production and the progression of T2D (Rehman and
Akash, 2016). Furthermore, TNF-a can negatively
affect insulin receptors on the cell surface, causing
cells to perceive insulin less effectively. Additionally,
TNF-a can disrupt glucose metabolism, contributing to
elevated blood sugar levels (Wondmkun, 2020). In the
treatment of T2D, drugs that aim to reduce the effects
of TNF-a work towards enhancing insulin sensitivity
by controlling inflammation (Li et al., 2023). In this
study, both drug candidates showed nearly identical
binding energies with TNF-a, with berberine at -9.0
Kkcal/mol and resveratrol at -8.7, indicating that both
drug candidates have the potential to modulate
inflammation associated with T2D.
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Druglikeness is a crucial concept in drug research and
development, determining a molecule's potential as a
drug and predicting its pharmacokinetic profile
(Bickerton et al., 2012). Pharmaceutical companies use
various filters, including Lipinski's Rule of Five, the
Ghose filter, the Veber filter, and the Mudgee filter, to
establish drug-likeness criteria for compounds like
berberine and resveratrol. According to Lipinski's Rule
of Five, compounds must meet specific criteria,
including a molecular weight below 500 daltons,
limited hydrogen bond donors and acceptors, and a
suitable log P (octanol-water partition coefficient). The
Ghose filter assesses criteria such as molecular weight,
LogP, atom count, and molar refractivity. The Veber
filter considers rotatable bonds and polar surface area,
while the Mudgee filter examines ring and bond counts
(Kralj et al., 2023). According to SwissADME
properties, both berberine and resveratrol exhibited
drug-like characteristics according to Lipinski's five
rules, Ghose, Veber, Egan, and Muegge filters. Also,
both have high GI absorption and BBB permeability.
Additionally, significant bioactivity analysis indicated
that resveratrol exhibited characteristics such as
enhancing APOA1 expression at 0.923 Pa.
Apolipoprotein Al (APOA1) is an apolipoprotein
associated with High-Density Lipoprotein (HDL), a
lipoprotein. APOAL1 plays a crucial role as a structural
component of HDL, contributing to HDL's functions in
cholesterol transport and metabolism (Mangaraj et al.,
2016). Due to its ability to raise HDL levels and
potentially improve metabolic health and reduce
cardiovascular risk, it is believed that APOA1 may
have the potential to reduce the risk of T2D (Zvintzou
et al, 2023). Higher HDL levels are generally
associated with a lower risk of T2D. Furthermore,
bioactivities with Pa values greater than 0.7, which
may be associated with T2D, are listed in Table 3.
When examining the predicted bioactivity properties of
resveratrol, it is evident that it has a significantly
greater number of activities related to T2D compared
to berberine. Additionally, berberine's bioactivities had
Pa values below 0.7. While the binding energy of
resveratrol to proteins associated with T2D was like
that of berberine in molecular docking analysis, their
predicted bioactivities are quite distinct. Furthermore,
resveratrol has been observed to possess
characteristics such as a sugar-phosphate inhibitor (Pa
0.8305), glucose oxidase inhibitor (Pa 0.799), beta-
glucuronidase inhibitor (Pa 0.752), and insulysin
inhibitor (Pa 0.707).

The results of this study indicate that both berberine
and resveratrol should be considered as potential drug
candidates for T2D treatment. Molecular docking
studies revealed that berberine and resveratrol have
high binding affinities to critical proteins associated
with T2D. Particularly, it is strong binding to GLUT1,
GLUT4, TNF-a, and SPHK2 protein, suggesting that
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berberine and resveratrol modulate inflammation,
glucose intake, and insulin resistance. These findings
emphasize the importance of considering berberine
and resveratrol as drug candidates with multiple
targets for T2D treatment.

CONCLUSION

Swiss ADME data showed that berberine aligns with
favorable bioavailability characteristics, while
resveratrol lacks INSATU compliance. According to
the BOILED-Egg diagram, both compounds
demonstrate high BBB permeability and effective GI
absorption.  Molecular docking studies have
demonstrated the high binding affinities of berberine
and resveratrol to key proteins associated with T2D.
These results underscore the significance of
considering these compounds as promising drug
candidates with multiple targets for the treatment of
T2D. Future research should further investigate the
efficacy of berberine and resveratrol in T2D treatment
through more comprehensive experiments supported
by clinical studies. Additionally, the pharmacokinetics
and safety of berberine and resveratrol should be
explored in greater detail, especially regarding their
potential roles in early T2D diagnosis, treatment
response monitoring, and risk reduction factors.
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ABSTRACT

Colchicum has played a vital role in the field of medicine due to its
inherent properties, with its importance extending from the past to
the present. DNA barcoding is an effective tool for the identification
and conservation of plant species. This study tested the application of
the 7185 rRNA gene for the phylogenetic construction of Colchicum
species. The phylogenetic UPGMA (unweighted pair group method
with arithmetic mean) tree and STRUCTURE analysis were
conducted to assess the consistency of the results for 33 Colchicum
specimens and one outgroup species, utilizing the 78S rRNA partial
gene. The results of the study showed that DNA barcoding using 78S
rRNA was an effective method for identifying Colchicum species, with
97.76% of the tested sequences being successfully determined. This
study contributes to the field of phylogenetic analysis of Colchicum
species by illustrating the wutility of the 185 rRNA gene for
phylogenetic construction, underscoring its significance in advancing
our understanding of plant genetics. The nucleotide sequences
obtained for species identification in this study were uploaded to the
barcode of life data system (BOLD), contributing to internationally
accessible genetic data.

Colchicum Tiirlerinin Filogenisine Iligkin On Bilgiler

OZET

Colchicum, sahip oldugu dogal ozellikleri nedeniyle tip alaninda
6nemli bir rol oynamis olup, 6nemi gec¢misten gunumize kadar
uzanmaktadir. DNA barkodlama, bitki turlerinin tanimlanmas: ve
korunmasi i¢in etkili bir aragtir. Bu ¢alisma, Colchicum tirlerinin
filogenetik  yapisinin  olusturulmasinda 185 rRNA geninin
uygulamasini test etmistir. 33 Colchicum 6rnegi ve bir dig grup tiri
kullanilarak, 78S rRENA kismi geni ile filogenetik UPGMA (aritmetik
ortalama ile agirliksiz cift grup yontemi) agact ve STRUCTURE
analizi yapilmistir. Calismanin sonuclari, 78S rENA kullanilarak
yapilan DNA barkodlamanin Colchicum turlerinin tanimlanmasinda
etkili bir yontem oldugunu ve test edilen dizilerin %97.76's1nin
basarili bir sekilde belirlendigini gostermistir. Bu ¢alisma, 78S rRNA
geninin filogenetik yapr1 olusturmadaki faydasini gostererek
Colchicum tirlerinin filogenetik analizine katkida bulunmakta ve
bitki  genetigini anlama konusunda ilerlememize olanak
saglamaktadir. Tir tanimlamasi i¢in elde edilen niikleotid dizileri,
uluslararasi erigilebilir genetik verilere katkida bulunmak amaciyla
yasam barkodu veri sistemine (BOLD) yiiklenmistir.
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INTRODUCTION primarily due to the presence of alkaloids. In today’s
Colchicum, a genus of herbaceous plants belonging to medical field, 1.t assumes a vital role.ln.addrgssmg
the Liliaceae family, is commonly utilized both as an many global diseases, whether used in isolation or

ornamental species and for its medicinal properties, conjunction with different pharmaceuticals (Toplan et
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al., 2016). In addition to alkaloids, Colchicum species
also include flavonoids, phenolic acids, tannins, and
fatty acids (Hailu et al., 2021). Colchicum species face
several challenges in terms of conservation. The loss of
their habitats due to urbanization and land
development, as well as agricultural activities, poses a
significant threat to their survival. Additionally, over-
harvesting for medicinal purposes has led to a decline
in wild populations, and illegal trade further
jeopardizes rare and endangered Colchicum species.
Climate change also poses a significant threat to their
habitats, with disruptions in precipitation patterns
and extreme weather events affecting their survival
(Chandra, 2016; Rather et al., 2022).

Beyond the preservation of biodiversity, accurate
taxonomic  identification  carries  considerable
significance in the domain of herbal or traditional
medicine (Techen et al., 2014). In response to the
challenges posed by traditional taxonomy, various
genomic methods have been suggested. Among these,
DNA barcoding, initially introduced by Hebert et al.
(2003) has proven highly effective in both the
determination of existing species and the discovery of
unknown ones. DNA Dbarcoding employs short,
uniform, and variable DNA regions (<1000 bp) to
assess and classify species (Savolainen et al., 2005).
Due to its simplicity and greater accuracy compared to
the difficulties and subjectivity involved in
morphology-based taxonomy classification, DNA
barcoding is growing in popularity (Kress, 2017). While
the cytochrome c¢ oxidase 1 (COI) gene in the
mitochondrial genome is widely accepted as a
universal barcode marker for animals, an equivalent
universal barcode for plants remains to be identified
(Kress & Erickson, 2008). In the realm of plant life, the
employment of DNA barcoding is not ideally suited due
to its slow progression and limited variation. As a
result, the search for acceptable plant barcode regions
has shifted to the nuclear and chloroplast genomes,
which have higher substitution rates (Hollingsworth et
al., 2011). Due to their ability to distinguish between
different plant species, various potential regions,
including matK, rbcl, trnH-psbA, trnL-F, ITS, 18S
rRNA, and 56S rRNA, have been extensively studied
(Mishra et al., 2016).

Barcoding efforts focus on the region comprising the V4
hypervariable domain of the 785 rRNA gene, which is
roughly 400 base pairs (bp) in length and is highly
variable, making it useful for species-level
identification. They are widely used markers for plants
concerning their discrimination capacity, and due to
their conserved mnature, and their widespread
availability across plant taxa (Srivastava et al., 2016).
The first 185 rRNA sequences of angiosperms were of
maize (Messing et al., 1984), rice (Takaiwa et al.,
1984), soybean (Eckenrode et al., 1985), and Poaceae
(Hamby & Zimmer, 1988). Also, the study that
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provides a comprehensive comparison of the 185 ENA
and rbcL sequences of various plant species (Nickrent
& Soltis, 1995) and concludes that 185 rDNA
sequences provide an adequate dataset for conducting
phylogenetic analyses at more comprehensive
taxonomic levels within angiosperms (Soltis et al.,
1997) provided a framework for future studies on
selecting the 718rRNA gene for phylogenetic analysis
and DNA barcoding in plants.

UPGMA (unweighted pair group method with
arithmetic mean) is a widely used method in
phylogenetic analysis for constructing dendrograms
based on genetic distance. The utility of the UPGMA
method in phylogenetic and population structure
analyses has been demonstrated in various studies,
underscoring its relevance for diverse plant taxa
(Demirel et al., 2022; Karakan et al., 2024). In this
preliminary study, the UPGMA method was employed
to construct the phylogenetic relationships among 33
Colchicum specimens using nucleotide sequences from
the 185 rRNA gene region, and STRUCTURE analysis
was used to validate the phylogenetic tree data with
population structure. The 18S rRNA gene is chosen for
phylogenetic studies due to its highly conserved
nature, which allows for the comparison of
evolutionary relationships across diverse taxa. Its
relatively slow rate of evolution provides stable and
reliable markers for inferring deeper evolutionary
lineages and relationships among species.

MATERIAL and METHOD
Plant material

In this preliminary study, three individuals from each
of the 11 Colchicum species were collected to provide
an initial insight into the genetic diversity within the
genus. Detailed information on the specimens,
including the season of collection, is provided in Table
1. All specimens were supplied by the Republic of
Turkiye Ministry of Agriculture and Forestry, Ataturk
Horticultural Central Research Institute in Yalova. As
an outgroup, Androcymbium dregei (obtained from
GenBank with the accession number: JQ405011.1)
from the Colchicaceae family was used. The choice of
Androcymbium dregerl as an outgroup was based on its
phylogenetic distance within the family, providing a
robust reference for comparative analysis.

DNA extraction, PCR amplification, and sequencing

Genomic DNA from leaf tissue was extracted using the
CTAB method developed by Doyle & Doyle (1987).
Partial 185 rRENA gene amplifications by the
polymerase chain reaction (PCR) were performed
using 2 ng total genomic DNA as a template in a 25 pL
reaction mixture, consisting of PCR buffer (1 X), 4
mmol/LL MgClz, 0.8 mmol/L each primer, 0,2 mmol/L
each dNTP, and 0.5 U Taq DNA polymerase. Primers
designed using Primer3, flanking the 78S rRNA gene
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regions, are as follows: 185 rRNA Forward: 5- ATT
GTG ACG GAG CCG GGC GAG G -3, 18S rRNA
Reverse: 5- CGG AGT TTG GTG GGG ACG TAC C -3’
The PCR program employed in this study followed
these steps: an initial denaturation step at 94°C for 3
minutes, followed by 39 cycles consisting of
denaturation at 94°C for 1 minute, annealing at 53°C

for 1 minute, and extension at 72°C for 1 minute. The
process concluded with a final extension at 72 °C for 10
minutes. The PCR amplifications were carried out on
a Veriti™ 96-Well Fast Thermal Cycler. The PCR
products were visualized using electrophoresis on
agarose gel (1.5%).

Table 1. Genotype codes and seasonal information of 11 Colchicum species were used in this study.
Cizelge 1. Calismada kullanilan 11 Colchicum tiiriiniin genotip kodlari ve mevsimsel bilgileri.

No Species Genotype Code Season
1 C4803A
2 C. balansae Planchon C4810 Autumn
3 C4821
4 C0730
5 C. baytopiorum C.D. Brickell C0740 Late-autumn
6 C0748
7 C4819
8 C. macrophyllum B.L. Burtt C4822 Autumn
9 C4823
10 C0605
11 C. bivonae Guss. C1412 Autumn
12 C1703
13 C0749
14 C. boissieri Orph. C0751 Autumn
15 C3503
16 C3304
17 C. cilicicum (Boiss.) Dammer C5103 Autumn
18 C5104
19 C2710
20 C. polyphyllum Boiss. & Heldr. C3108 Autumn
21 C3308
22 Co0101
23 C. serpentinum Woron. ex Miscz. C4227 Winter
24 C4601
25 C2802
26 C. speciosum Steven C3701 Autumn
27 C5301
28 C0733
29 C. stevenii Kunth C0735 Late-autumn
30 C0765
31 C2003
32 C. burttii Meikle C4801 Winter
33 C4814

Purification of PCR products was carried out by the
'ChargeSwitch-Pro PCR  Clean-up Purification'
protocol. Cycle sequencing reactions were performed
using the “Big Dye-Kit Standard” protocol. DNA
sequencing was performed with the “ABI 310 Genetic
Analyzer” sequencing system.

Sequence analysis

After the sequencing step, the chromatograms
acquired were subjected to further examination
through Geneious Prime version 2023.2.1. To ensure
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the accuracy of each sequence, a comprehensive
examination of the peaks corresponding to individual
nucleotides was conducted, followed by the generation
of a consensus sequence after eliminating segments of
lower quality. The molecular taxonomic identity of the
resulting consensus sequence was authenticated using
the nucleotide blast tool (BLASTN - basic local
alignment search tool-nucleotide) available at the
National Center for Biotechnology Information
(NCBI). This tool assesses nucleotide/protein
sequences by comparing them to sequence databases,
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determining identities based on percentage similarity, value of  the populations, “STRUCTURE
and considering the E-value. HARVESTER” (Earl & Vonholdt, 2012) software was
The phylogenetic analysis was performed in the “CLC used, and the number of subpopulations was

Genomics Workbench 23.0.2” program by the identified. For the K and AK values obtained for this

“UPGMA” procedure, using the “Kimura 80” model of purpose, the data dg_termines the optimum K value
evolution with confidence measured through 1000 based on the probability value reached (Evanno et al.,
replicates of bootstrap. 2005). The genotypes that have a probability >0.80 are

classified as 'pure lineage', whereas those with a

For population structure analysis based on 185 rNA probability <0.80 are classified as 'mixed ancestry'.

sequence information, the determination of SNPs was
first performed in the “Mega 6” program.
STRUCTURE analysis was conducted using the gggULT?_ ficati d )

software application "STRUCTURE (version 2.3.4)" to amplitication and sequencing

categorize the genotypes based on the approach The PCR products obtained from the amplification of

proposed by Pritchard et al. (2000). During this the 185 rENA gene region were analyzed by agarose

analysis, various models (K=1-10) were tested after gel electrophoresis (Figure 1). Clear bands of
100,000 iterations of the markov chain monte carlo approximately 200 bp were observed for all samples.
(MCMC) algorithm, along with customized statistical These results indicate that the target gene region was
methods, to identify the most suitable population successfully amplified and that the PCR conditions
count. In addition, each model was performed 10 times used in the study were reliable.

with 10.000 length burning period. To calculate the AK

8§ 9 10 11 1213 M 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 NC
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Figure 1. Agarose gel electrophoresis of PCR products for the 185 rRNA gene region of Colchicum specimens (1-33). M:
molecular weight marker (100-3000 bp); NC: negative control.
Sekil 1. Colchicum érneklerinin (1-33) 18S rRNA gen bélgesine ait PCR iiriinlerinin agaroz jel elektroforezi. M: molekiiler
agirlik marker1 (100-3000 bp); NC: negatif kontrol.

The sequence information for 33 Colchicum specimens identified 33 Colchicum specimens, and each was well
is given in Appendix 1. The lengths of the 78S rRNA supported with high bootstrap values (50%-100%). The
sequences used for the analyses ranged from 131 to 145 phylogenetic tree (Figure 3) was grouped by seasonal
bp. GC content is 52.5%. The identification of species state, with each group represented by a specific color.
was carried out through nucleotide blast, where the Additionally, to distinguish individual species, the
highest similarity score reached 97.76%, and the E nogles were color-coded, with each species assigned a
value was minimal at 8e-56. The sequencing data has unique color.

been registered in the BOLD data system under the The phylogenetic tree provided data for the
CSDB project code (www.boldsystems.org). classification of Colchicum species into two primary

groups, labeled as Group I and Group II, with two

Before performing the phylogenetic analyses, a wed i
subgroups within each major group. IA-IB and ITA-IIB,

multiple sequence alignment was conducted to assess

the genetic variation among the Colchicum species, as respectively (Figure' 3) Th? IA subgroup contains C.
shown in Figure 2. This figure presents the multiple bozssz'en Orph., C. cilicicum; the 1B subgroup contains
sequence alignment of various Colchicum species, C. bivonae Guss.; the IIA subgroup contains C.

highlighting the nucleotide variations within the 78S Po]yp]]y]]um BOiSS-. & Heldr.- the IIB group is divided
rRNAregion. This alignment provides insights into the into two branches: IIC and IID. The IIC subgroup

genetic diversity among the species and supports the contains C.. baytopjgrym C'.D. Brickell, C. stetvenzkl' the
efficacy of 185 rRNA as a suitable barcode for species I1ID group is also divided into two branches: The IIE
identification. and IIF. The IIE subgroup contains C. burttii, C.

serpentinum Woron. ex Miscz., the IIF subgroup
contains C. speciosum Steven, C. macrophyllum B.L.

Phylogenetic analysis
Burtt, C. balansae Planchon.

UPGMA tree based on 185 rRNA sequence data
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C balansae(C48034) JANGAIBT GAT - CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC-
C balansas(C4810) M GAGT GAT- CATCAGAGCGGCGGGCGAAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGT
Cbeisnsas(C4a21) A CABT GAT
C baytopiorum(C0730) G TAGT GAT

ACCAAA- CTCCGA-
GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGH
- CATCAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
- CATCAGAGCGGCGGGCGRAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA-
C baytopionmiC0740) @ TABT GAT- CATCAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C baytopionum(C0748) EITABT GAT- CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA-
C macrophyBum(C4819) ANGAGT GAT - CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C macrophyBum(C4322) WGABT GAT - CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C macrophylum(C4623) A GABT GAT - CAT CAGAGCGGCGGGCGAAGCCCGCBT CGOCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC

C boissien(C3503)
C cilcicum(C3304)
C ciicicum(C5103)

ACCAAA- CTCCGA
C bivonas(CO605) B CATGATTCATCAGAGCGGCGGGCGAAGCCCGCEBTCGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCC. - ACCAAA- CTCCGA
ChvonselC1412) == CAT GATTCATCAGAGCGGCGGGCGAAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCC- - ACCAAA- CTCCGA
C bivonas(C1703) S S CATGATTCATCAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCC- - ACCAAA- CTCCGA
CbossieniCordg) SIS CATCBGAGCGGCGGGCGA- GCCCGCBTCGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGT TTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAAACT CCGRA
Cboissied(C0761)  ERSSl. - - . . CATCBGAGCGGCGGGCGA- GCCCGCBT CGOCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT

GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAAACT CCGRA
GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAAACTCCGRA
GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAA- CTCCGBA
GCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAA-

Cant CATCBGAGCGGCGGGCGA- GCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT
B - GCGGCGGGCGM- GCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGT
5 -GCGGCGGGCGA-

o L CTCCGBA
Ccilcicum(Cs104) SRS 5 - GCGGCGGGCGA- GCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGT TTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAA- CTCCGRA
C potyphyllum(C2710) BRI GAT - CAT CIAGAGCGGCGGGCGBAGCCCGCATCGGCCTTTTATCTA- TAAATGCATCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCOR
C polyphylum(C3108) EESST GAT - CAT CAGAGCGGCGGGCGBAGCCCGCATCGGCCTTTTATCTA- TAAATGCATCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C polyphylum(C3308) S 8= =iT GAT- CATCAGAGCGGCGGGCGBAGCCCGCATCGGCCTTTTATCTA GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C serpentinumiC0101) = AGAT GAT - CATCAGAGCGGCGGGCGAAGCCCGCET CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C serpentinumiC4227) AGAT T GAT - CAT CAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C sorpontinum(C4601) AGATIT GAT - CAT CAGAGCGGCGGGCGAAGCCCGCHBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGHA
C speciosumiC2802)  BESS CATCAGAGCGGCGGGCGBAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGR
C spaciosum(C3701) SRS . . . . CATCBGAGCGGCGGGCGBAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGR
C speciosum(C5301) Si==l. - . - . CAT CIGAGCGGCGGGCGBAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGH
C stevenilCO733) B TAGTGAT. CATCAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C stevenilCO735) ETAGTGAT- CATCAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C steveniiCO765) B TAGTGAT- CATCAGAGCGGCGGGCGAAGCCCGCBTCGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C burti(C2003) S AGATGAT- CATCAGAGCGGCGGGCGMAGCCCGCIBT CGGCCTTTTATCTAATAAATGCIBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C bustti(C4801) S AGAT GAT- CATCAGAGCGGCGGGCGAAGCCCGCIBT CGGCCTTTTATCTAATAAAT GCIBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGT TATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGR
C burti(C4814) EAGAT GAT- CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAAT GCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA

Figure 2. Sequence alignment of Colchicum species based on 185 rENA region. The alignment shows conserved regions
shaded, with nucleotide variations marked in yellow.
Sekil 2. 185 rRNA bélgesine dayali Colchicum tiirlerinin dizi hizalamasi Hizalamada korunan bolgeler golgeli olarak
gosterilmig olup, niikleotid varyasyonlari sari ile isaretlenmigtir.
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Figure 3. Phylogenetic tree of 33 Colchicum specimens constructed using UPGMA cluster analysis based on 18S rENA
sequences. Androcymbium dregei from Colchicaceae was used as the outgroup. The color-coded labels indicate the
flowering season of each specimen (Autumn, Late-autumn, Winter, and Unknown). Bootstrap values are provided
at the nodes to support the clustering.

Sekil 3. 33 Colchicum drneginin 185 rRNA dizilimlerine dayali olarak UPGMA kiimeleme analizi kullanilarak olusturulan
filogenetik agaci. Colchicaceae familyasindan Androcymbium dregei dis grup olarak kullanilmistir. Etiketlerde
kullanilan renkler, her bir érnegin c¢iceklenme mevsimini (Sonbahar, Ge¢ sonbahar, Kis ve Bilinmeyen)
gostermektedir. Diigtimler lizerinde yer alan bootstrap degerleri kiimelenme destegini gostermektedir.
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Structure analysis

The model displaying the greatest AK value was
chosen as the optimal model for characterizing the
population. A genetic identity threshold of > 0.80 was
adopted to distinguish genotypes as subpopulation
individuals within the selected best model (K).
Genotypes falling below this threshold were not
included in any specific subpopulation and were
regarded as genetically mixed individuals (Fukunaga
et al., 2005).

In this study, the population structure of the 33
Colchicum specimens with the peak of delta K was
observed at K = 3, indicating the presence of three
main populations (clusters, Q1-Q3) (Figure 4a). 33
Colchicum specimens have membership coefficients of
0.80 and higher and are therefore likely to be pure. The
classification of accessions into populations based on
this model-based structure is shown in Figure 4b. The

STRUCTURE analysis corroborated the findings of the
dendrogram analysis, revealing the presence of three
distinct clusters within the population. Out of the 33
specimens, there were 3 genotypes in the first
subpopulation (19, 20, 21), 12 genotypes in the second
subpopulation (28, 6, 9, 1, 5, 29, 4, 3, 30, 8, 2, 7), and 6
genotypes in the third subpopulation (13, 14, 15, 16,
17, 18). The first subpopulation consists of 10
genotypes (11, 31, 33, 22, 32, 12, 10, 27, 26, 25) and is
a combination of genotypes from both the first and
second populations. The two remaining genotypes in
the second subpopulation, 23 and 24, are a
combination of the genotypes from the first and second
populations. The combination of genotypes from both
the first and second populations includes 10 genotypes
(11, 31, 33, 22, 32, 12, 10, 27, 26, 25), while the
remaining two genotypes, 23 and 24, are also a blend
of genotypes from the first and second populations.

Deltak = mean(|L"(K)|) / sd(L(K))
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Figure 4. Results of the clustering analysis performed using STRUCTURE Version 2.3.4 (a) Delta K values for various assumed
population numbers (K) in the STRUCTURE analysis, and (b) The Q-plot illustrating the clustering of 33 Colchicum
specimens at the K = 3 clustering level using the set of discriminative single-nucleotide polymorphisms (SNPs).
Different subpopulations are represented by distinct colors (first subpopulation: red, second subpopulation: green,

third subpopulation: blue).

Sekil 4. STRUCTURE Versiyon 2.3.4 kullanilarak gerceklestirilen kiimeleme analizi sonuglari (a) STRUCTURE analizinde
varsayilan farkli popiilasyon sayilar: (K) i¢in Delta K degerleri ve (b) Ayirt edici tek niikleotid polimorfizmleri
(SNP'ler) kullanilarak K = 3 kiimeleme diizeyinde 33 Colchicum orneginin kiimelenmesini gésteren Q-plot. Farkli
alt popiilasyonlar farkli renklerle temsil edilmistir (birinci alt popiilasyon: kirmiz, ikinci alt popiilasyon: yesil,

ligtincti alt popiilasyon: mavi).
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DISCUSSION

As in this study, many studies have demonstrated the
effectiveness of the 185 rRNA gene in plant barcoding.
Dong et al. (2003) used DNA sequences from the 55
rRNA spacer, the ITSregion, and the 185 rRNA coding
region to identify the phylogenetic relationships of ten
Astragalus species generally found in China. Their
research indicated the highest sequence similarity
between A. membranaceus and A. membranaceus var.
mongholicus, whereas other Astragalus species
exhibited less significant genetic relationships. Safhi
et al. (2022) demonstrated the efficiency of DNA
barcoding using nuclear regions (/7S and 18S rRNA)
for the identification of C. gileadensis accessions.
Aykut (2020) contributed to the field of DNA barcoding
by highlighting the importance of using rDNA regions
for identifying and evaluating relationships of
taxonomically  problematic  species, specifically
Quercus species in Tiirkiye. The study found that both
regions include intergenic spacer (J/GS), 5S rRNA
genes, and /751, ITS2, 185 rENA, 5.85 rRNA, and 255
rRNA genes, which are useful tools for DNA barcoding
of Quercus species. Based on the study by Bae (2009),
the region containing three genes, including the 185
rRNA gene, of Atractylodes japonica Koidz was
successfully amplified and sequenced, revealing a close
phylogenetic relationship with other members of the
Compositae family. Yang et al. (1999) estimated the
phylogenetic relationships among nine genera in four
tribes of the Brassicaceae family using nuclear
ribosomal DNA sequences, including the 185 rRNA
gene, revealing distinct groupings and suggesting
closer relationships between certain genera. Soltis et
al. (2000) conducted a phylogenetic analysis of 560
angiosperms and seven outgroups using a combined
data set that included the 7185 rDNA gene. Their study
provided the most highly resolved and strongly
supported topology for angiosperms to date.

So far, there has been no study to identify Colchicum
species with 78S rENA gene region. However, there
are identifications of Colchicum species in the
literature by both morphological and molecular
methods. In the differentiation of Colchicum species, it
is seen that markers such as AFLP and RAPD and
gene regions such as 7S, trnl-trnH are frequently
used on a molecular basis. Several studies have
investigated the identification of Colchicum species
using molecular markers. Karakas et al. (2014)
conducted molecular analyses of Colchicum species
using AFLP molecular marker from Tiurkiye,
contributing to a better understanding of genetic
variations within the genus. Persson et al. (2011)
analyzed the phylogenetic relationships among
Colchicum species using trnlL-trnF' IGS, trnL intron,
trnH-psbA IGS, trnY-trnD IGS, atpB-rbcL IGS, and
rpsl6 intron plastid regions, morphological and
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chromosomal  characteristics, and  non-coding
chloroplast DNA sequence data. Sahin et al. (2020)
used the trnL-trnF'chloroplast gene region and the /7S
nuclear gene region to determine the phylogenetic
relationships of 52 Colchicum species. Consistent with
the research findings, the /7S and trnL-trnF analyses
revealed a close relationship between C. baytopiorum
C.D. Brickell, and C. stevenii. Also, the trnL-trnF
phylogenetic tree supported the findings of Persson et
al. (2011) that C. balansae Planchon and C.
macrophyllum B.L. Burtt were close species in the
same clade. Similarly, this analysis revealed the close
relationship of these two species. Tuyel et al. (2020)
assessed genetic variation patterns in 16 Colchicum
species, utilizing RAPD markers and analyzing the
chloroplast DNA sequence t¢rnL-trnF. This study
confirmed conclusions of Tuyel et al. (2020) about the
relationship between C. speciosum Steven and C.
balansae Planchon based on RAPD data. Gandhi et al.
(2023) utilized DNA barcoding to accurately identify
two varieties of Colchicum, specifically Colchicum
autumnale L. and Colchicum Iuteum Baker. The DNA
barcodes used in this study included the rbelL and
psbA-trnH regions, which were effective in
distinguishing between the two species. This method
proved essential in differentiating the species,
especially given the lack of prior literature on the DNA
barcoding of Colchicum luteum Baker.

Sahin et al. (2021) examined the floristic diversity of
the Colchicum genus in Turkiye by analyzing 52
species based on 36 morphological traits using
principal component analysis (PCA). Their study
highlighted significant morphological differences,
particularly in flowering time, perigon tube structure,
and leaf characteristics, aiding 1in species
characterization. They recommended the need for
further investigation to gain a complete understanding
of the biogeography and evolutionary aspects of these
species. Sahin et al. (2021) found the same seasonal
patterns in species grouping in their morphological
characterization analysis utilizing the same samples
as in this study. When comparing this study with
Sahin et al. (2021) in terms of the relationship among
species, it was determined that in both studies, C.
baytopiorum C.D. Brickell and C. stevenir; C. burttii
Meikle and C. serpentinum Woron. ex Miscz.; C.
speciosum Steven and C. balansae Planchon were
found to be closely related to each other. Furthermore,
in both studies, C. polyphyllum Boiss. & Heldr. From
autumn species were found to be closer to C.
baytopiorum C.D. Brickell and C. stevenii Kunth
species from late-autumn species. The findings
demonstrated concurrence between the morphological
and genetic identification approaches.

When comparing the morphological study by Disen
and Siimbiil (2007) on Colchicum species with the
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similarities observed in this study, C. speciosum
Steven and C. cilicicum (Boiss.) Dammer as well as C.
balansae Planchon and C. cilicicum (Boiss.) Dammer
was 1dentified as similar species in their research.
However, in this study, C. cilicicum (Boiss.) Dammer
is grouped distantly from C. balansae Planchon and C.
speciosum Steven, while C. balansae Planchon and C.
speciosum Steven are clustered on the same branch
(ITF). Additionally, while Diisen and Siimbiil (2007)
classified C. serpentinum Woron. ex Miscz and C.
stevenii as closely related species, this study finds
them on the same main branch but in different sub-
branches, with C. serpentinum Woron. ex Miscz in I1IE
and C. steveniiin IIC.

In this preliminary study, analysis of the
complementary phylogenetic tree and STRUCTURE
results revealed that each sample clustered within its
respective species. Furthermore, species occurring in
late autumn and winter formed distinct clusters
corresponding to their seasonal groups. Notably,
autumn species also displayed close clustering, except
C. polyphyllum Boiss. & Heldr., which deviated from
this pattern. In the STRUCTURE analysis, C.
polyphyllum Boiss. & Heldr. (first subpopulation) was
observed to form a distinct group within its species,
independent of the other species. Within the
phylogenetic tree, C. cilicicum (Boiss.) Dammer and C.
boissieri Orph. are closely grouped in group 1A. This
clustering is corroborated by the STRUCTURE
analysis, which identifies these species within the
third subpopulation. C. stevenii Kunth and C.
baytopiorum C.D. Brickell are classified together in
the IIC group on the phylogenetic tree and in the
second subpopulation in the STRUCTURE analysis.
Additionally, the STRUCTURE analysis, which
assigns C. balansae Planchon and C. macrophyllum
B.L. Burtt to the second subpopulation, supports the
close grouping of these species within group IIF in the
phylogenetic tree. This research also highlighted the
close relationships among C. stevenii Kunth and C.
baytopiorum C.D. Brickell; C. balansae Planchon, C.
speciosum Steven, and C. macrophyllum B.L. Burtt;
and C. burttii Meikle and C. serpentinum Woron. ex
Miscz. These findings are consistent with previous
studies on the identification of Colchicum species.

CONCLUSION

This study represents a preliminary effort to elucidate
the phylogenetic relationships among Colchicum
specimens using the 78S rRNA gene region. While the
findings provide valuable initial insights, they also
highlight the need for further research incorporating
additional molecular markers to enhance the
robustness and accuracy of the phylogenetic analyses.
Future studies should consider using multiple barcode
genes, such as matK, and rbcl, to obtain a more
comprehensive understanding of the genetic diversity
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and evolutionary relationships within the Colchicum
genus. This approach will enable more detailed and
reliable reconstructions of species relationships,
ultimately contributing to a more nuanced
understanding of the taxonomy and evolution of this
important plant group.
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ABSTRACT Horticulture
To reduce the impact of rapid temperature changes during transportation
on cut flowers, continuous cooling should be provided throughout the Research Article

process. The frigid transportation conditions required to transport cut
flowers from their production facilities to the point where they will be Article History

marketed are quite expensive. Preliminary applications that can Received 112.02.2024
significantly reduce this cost should be made. One of these applications Accepted $26.09.2024
is the use of symbiotic psychrotolerant bacteria, which thrive at low

temperatures, to improve the transportation and shelf life of cut flowers. Keywords

Cut roses are commercially transported and stored at +2-4°C. In this Apoplast

study, the application of psychrotolerant bacteria isolated from plants Psychrophile bacteria
aims to investigate their effects on the transportation and vase life of cut Vase life

roses under unfavorable transport temperature conditions (+10 °C), Cut flower

aiming to minimize potential quality losses. For this objective, 18 Transport

bacterial strains were isolated from the leaf apoplasts of cold-resistant
wild plants. These strains, which exhibit cold tolerance and the ability to
block ethylene synthesis in plants, were used both separately and in
combination. Bacterial solutions were applied to cut rose leaves (Rosa
hybrida L. cv. Samourai), and all treatment groups were kept in
controlled conditions at +10°C for 9 days. Control 1 and Control 2 were
treatments in which only pure water was sprayed on the green leaves of
cut roses at temperatures of +2 °C and +10 °C, respectively. At the end of
the experiment, the cut roses were evaluated according to vase life, fresh
weight, visual quality, and cold damage (CD). The longest vase life was
determined in D3 (DT-10 isolate-Bacillus cereus), D4 (DT-11 isolate-
Bacillus cereus), M1 (DT-17 isolate-P. proteolytica) and K1+B8 (Bacillus
cereus + S. kitahiroshimense) applications. These applications, which
have obtained the highest vase lifetimes, and B5, B8, D1, D2, K3, C1, C2,
M2, and D1 + C1 applications were in the same statistical group. The D3,
D4, M1, and K1+B8 treatments increased the vase life of cut roses by
55.55% compared to Control 2. Control 1 and D1+C1 treatments showed
the highest relative fresh weight increase in 66.06% and 64.28%,
respectively. Among the groups, the D2 (DT-6 isolate- Bacillus cereus) had
the greatest visual quality score. The lowest CD% was observed in the
application involving the D2 isolate, correlating with the highest visual
quality determined under the same D2 application. The study revealed
that postharvest application of Bacillus cereus isolates (especially DT-6
and DT-10) to cut roses increased their vase life.

Baz1 Bakteriyel Izolatlarin Kesme Giil Cigeklerinin Vazo Omriine Etkileri

OZET Bahge Bitkileri
Kesme cigeklerin, tasima sirasindaki ani sicaklik degisimlerinden daha )
az etkilenmeleri igin tasima silirecinde kesintisiz sogutma yapilmasi Aragtirma Makalesi

gerekmektedir. Kesme ciceklerin lretim yerlerinden pazarlanacaklari
noktaya tasinmasinda gerekli olan soguk tasima kosullari cok maliyetli
olmaktadir. Bu maliyetin azaltilmasinda etkili olabilecek 6n
uygulamalar yapilmalidir. Bu uygulamalardan biri distik sicakliklarda
yasayabilen psikrotolerant bakterilerin kesme ciceklerin taginmasi ve
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sonrasinda raf Omrinin uzatilmasinda uygulanabilmesidir. Kesme Anahtar Kelimeler
giller ticari olarak +2-4°C’de tasinmakta veya depolanmaktadir. Bu Apoplast
calismada, bitkilerden izole edilen psikrotolerant bakterilerin Psikrofil bakteri
uygulanmasinin, kesme gillerin uygun olmayan tasima sicaklig: Vazo 6mri

kosullarinda (+10 °C) tasinmasi ve vazo omril ilizerindeki etkilerini
arastirmak ve olas1 kalite kayiplarini minimuma indirmek
amaglanmigtir. Bunun i¢in soguga dayanikh yabani bitkilerin yaprak
apoplastindan izole edilen, soguga tolerans gosteren ve etilen sentezini
inhibe etme yetenegi gosteren 18 bakteri susu hem ayri1 ayr1 hem de
kombinasyon halinde hazirlanmistir. Daha sonra kesilmis kesme
giillerin (Rosa hybrida L. cv. Samourai) yapraklarina bakteriyel
soliisyonlar uygulandi ve tiim uygulama gruplari 9 giin boyunca +10°C'de
kontrolli kogullar altinda tutulmustur. Kesme giillerin yesil
yapraklarina sadece saf su piiskirtiilen kontrol grubu uygulamalar olan
Kontrol 1 Kontrol 2 uygulamasi, sirasi ile +2 °C ve +10 °C sicaklik
kosullarinda bekletilmiglerdir. Deneme sonunda, kesme giiller vazo
omrii, taze agirhk, gorsel kalite ve soguk hasarina (CD) gore
degerlendirildi. En uzun vazo émrii D3 (DT-10 izolati- Bacillus cereus),
D4 (DT-11 izolati- Bacillus cereus), M1 (DT-17 izolati- P. proteolytica) ve
K1+B8 (Bacillus cereus + S. kitahiroshimense) uygulamalarinda
belirlendi. En yiiksek vazo 6mru elde edilen bu uygulamalar ile B5, B8,
D1, D2, K3, C1, C2, M2 ve D1+C1 (karigtk) uygulamalari aym
istatistiksel grupta yer almistir. D3, D4, M1 ve K1+B8 uygulamalari
Kontrol 2 ile karsilagtirildiginda kesme giillerin vazo omrint %55,55
oraninda arttirmistir. En yliksek bagil taze agirlik artisi Kontrol 1
(%66,06) ve D1+C1 (%64,28) uygulamalarinda tespit edildi. Gruplar
arasinda en yiiksek gorsel kalite puanini bakteriyel uygulama D2 (DT-6
isolate- Bacillus cereus) almistir. En diisiik CD% degeri D2 bakteri
izolatinin kullanildigi uygulamada belirlenmigtir. En iyi gorsel kalite
puani da minimum CD%min goézlemlendigi D2 uygulamasinda
saptanmigtir. Calismada, kesme gullere hasat sonras1 Bacillus cereus
izolatlar1 (6zellikle DT-6 ve DT-10) uygulanmasinin, vazo omrini
artirdig: ortaya koyulmustur.
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INTRODUCTION

Cut flowers, a key commodity in the ornamental plant
industry, rank as the most traded group globally. The
most crucial factor in facilitating the trade of these
products is their ability to be mass-produced and easily
transported (Barlas et al., 2019). The prolonged vase
and/or shelf life significantly influences the pricing of
both cut flowers and potted plants. Disruptions during
transportation, a final stage from sowing to consumer
reach, can lead to a loss of value or render the flowers
less valuable than their production cost. This
disturbance also impacts consumer demand and
satisfaction with cut flowers (Onozaki et al., 2001). It
has been reported that 25% of cut flowers produced in
the world are lost during the transportation and
storage process (Unsal, 2022). In cut flower production
for domestic consumption in our country, it 1is
estimated that the quality loss rate of cut flowers that
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occurs during the transportation and storage process
is around 30-50%, especially due to the inability to
provide a cold chain. However, according to research
conducted with exporters, it was reported that the
highest cost during cut flower production belongs to
transportation costs at 35% (Sénmez, 2012). It has
been reported that the average vase life of different
types of cut flowers decreases by 32% after 4 days of
transportation (Kazaz, 2015).

Studies conducted on various cut flowers have shown
that post-harvest lifespan depends on the respiration
rate, and flower lifespan decreases with increased
respiration. Respiratory speed increases in direct
proportion to temperature. For these reasons, the
temperature after production or harvest must be
reduced to the lowest temperature at which the flower
or plant will not be damaged, and it must be ensured
that the cold chain is not broken during storage and
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transportation throughout all marketing channels.
The temperature just above the freezing point, 0°C, is
the appropriate storage temperature for many
products. Low temperatures can control metabolism,
reduce the consumption of stored compounds and the
amount of water lost through respiration, and limit the
development of pathogens (Da Silva, 2003; Jahnke et
al., 2020). Additionally, low temperatures between 0
°C and 2°C are recommended for storing rose-cut
flowers (Jahnke et al., 2022). Despite all these
justifications and requirements, cut flowers and potted
plants are generally stored or transported at high
temperatures in various marketing channels. This
situation reduces quality by increasing water loss and
accelerating metabolism and ultimately causes
damage to everyone, from the flower producer to the
consumer. Uninterrupted cooling is required for cut
flowers during the transportation process so that they
are less affected by sudden temperature changes
during transportation (Celikel, 2020). The cold
transport conditions required to move cut flowers from
production areas to market points are very costly and
often overlooked. To effectively reduce these costs,
preventive measures that are often deemed necessary
are implemented. One of these measures is the use of
psychrophilic (cold-loving) bacteria in the transport of
cut flowers. These bacteria thrive at low temperatures
(-5 to 15 °C) and exhibit strong adaptations to tolerate
such conditions (Arda, 2000). Some psychrophilic

microorganisms  were isolated from  various
environments such as seas, oceans, soil, fish, and
vegetables (Graumann, 1996). For example,

psychrophilic bacteria isolated from subalpine soil in
the Northwestern Indian Himalayas have been shown
to increase cold tolerance in wheat (Selvakumar et al.,
2008).

Additionally, such bacteria have also been shown to
exist in apoplastic areas of certain plants. The apoplast
is a continuous space in plants formed by inter and
extracellular spaces, cell walls, and dead cells (e.g.
xylem) that lie outside the cell membranes. For a plant,
the apoplast is a dynamic region where most processes
such as growth, nutrition, signal perception, and stress
response regulation occur (Atici & Nalbantoglu, 1999).
Certain psychrophilic bacteria living symbiotically in
the apoplast of some plants can significantly
contribute to the plant's abiotic stress tolerance. For
example, Tiryaki et al. (2019) demonstrated the
success of psychrophilic bacteria isolated from the leaf
apoplasts of 14 cold-tolerant wild plants and 2 different
crops in increasing cold stress tolerance in beans
(Phaseolus vulgaris L.). On the other hand, studies
have reported that bacteria extend vase life, depending
on the type of bacteria present in the vase solution (van
Doorn et al. 1991; Jacob & Kim, 2010; Carlson et al.,
2015). For instance, two strains of Pseudomonas fulva
and Escherichia coli, also known as biocontrol bacteria,
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increased the vase life of cut Zinnia elegans (Carlson
et al., (2015). Naing et al. (2017) also noted that
Enterobacter cloacae was able to extend the vase life of
cloves by 3 days and played an important role in the
biological control of microorganisms causing petal
senescence. According to our knowledge, there is no
existing research attempting to determine the impact
of psychrophilic Plant Growth-Promoting Bacteria
(PGPB) isolated from cold-resistant wild plants on the
vase life of cut flowers in cut flower transportation.

The cold transportation conditions required to
transport cut flowers from their production sites to the
point where they will be marketed are very costly.
Preliminary applications that can be effective in
reducing this cost should be made. One of these
applications is that psychrophile (cold-loving) bacteria,
which can live at low temperatures and have high
adaptations to tolerate this, can be applied to the
transportation of cut flowers. Cut roses are
commercially transported and stored at +2-4 °C. The
main purpose of this research is to examine the effects
of treating cut roses with psychrophile bacteria and
then transporting them under inappropriate
transportation temperature conditions (+10 °C) on the
vase life of cut roses and reducing possible quality
losses. For this purpose, in our study, the effects of 18
different bacterial isolates with psychrophilic
properties isolated from the leaf apoplast
(intercellular) of some cold-resistant wild plants were
investigated in extending the vase life and reducing
quality losses that may occur during the
transportation of cut roses. The results of this study
are believed to contribute to reducing quality and plant
losses during transportation, a crucial issue in the cut
flower sector, while also aiding in lowering
transportation and storage costs and extending the
vase life of cut flowers.

MATERIAL and METHOD
Plant Material

The research was carried out, between April and
December 2022, in the climate chamber and
application laboratory of the Atatiirk University
Faculty of Science Department of Biology. The red
standard type 'Samourai' cut rose cultivar belonging to
the Kosa hybrida L. species was used as plant material.
According to the catalog data of the breeder company,
the petal color of the Samourai variety is red, the
flower stem length is 80-90 cm, the vase life is 10-12
days, the bud length is 5.0-6.0 ¢cm, the number of petals
is 35-40 (Anonymous, 2022). In the world cut rose
trade, the market share of red varieties is 30%. In
Turkey, this rate is 80% (Unsal, 2022). In addition,
since the Samourai cultivar is among the most-grown
rose varieties in Turkey, it was chosen as the plant
material in the research.
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Harvesting Cut Flowers

Cut rose flowers were harvested early in the morning
from the greenhouse of a company that produces
commercial cut roses in Antalya (Turkey) on 11
November 2024, at commercial harvest maturity (as
the petals begin to curl back) (Ueyama & Ichimura,
1998). After harvesting, it was soaked in water for 3-4
hours. The cut roses were given to an agreed bus

Figure 1. The cut roses were packaged in a Wa
during transportation

(placed in perforated cardboard boxes) that will minimize damage

company within the same hours, and they reached us
within 22 hours by road. No cooling conditions are
provided for bus transportation. It was ensured that
the cut roses have as many leaves as possible, their
leaves are not cleaned, and they are packaged in a way
that will minimize damage during transportation
(Figure 1). The experiment was set up by applying the
cut flowers as soon as they arrived.

Sekil 1. Kesilen giiller tasima esnasinda zarar gérmeyecek sekilde (delikli karton kutulara konularak)

paketlenmigtir

Preparation of Bacterial Isolates

In order to isolate psychrophilic bacteria, 14 wild and
2 cultivated plants (Table 1) species resistant to cold
were utilized, collected from Mount Palandoéken in
Erzurum Province, Atatirk University campus
(day/might temperatures of -1°C/-20°C), and the city
center of Erzincan (day/night temperatures of 5°C/-
2°C) (Tiryaki et al., 2019). Bacteria were isolated from
the leaf apoplasts of these plants and after
purification, species identification was made according
to 16S rRNA sequence analysis and Vitek technique.
Twenty plant growth-regulating bacteria (PGPB)
isolates belonging to 10 Dbacterial species were
identified from the leaf apoplast of plants (Table 1).
These are Sphingobacterium faecium (isolates; DT-1,
DT-2, DT-3, DT-9, DT-15), S. kitahiroshimense (DT-4),
Staphylococcus intermedius (DT-5), Bacillus cereus
(DT-6, DT-10, DT-11, DT-12), Pseudomonas fragi (DT-
7, DT-8), P. chloropaphis (DT-14), P. fluorescens (DT-
16, DT-18), P. proteolytica (DT-17, DT-19), Raoultella
ornithinolytica (DT-13), Brevibacterium
frigoritolerans (DT-20) (Tiryaki et al., 2019). These
bacterial isolates were freshly cultured one week
before the cut roses arrived and were prepared
separately in liquid media. The bacterial concentration
of each solution was adjusted to 108 CFU/ml.

Post-harvest Carrying out Pre-Treatment

The flowers, which were harvested at a length of 70 cm
in the producer's greenhouse and brought to the
processing house, were packaged and placed in
perforated cardboard boxes and brought by road to the
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laboratory (Erzurum) where the study would be
carried out within approximately 22 hours. The bottom
parts of the flowers brought to the laboratory were cut
at an angle to a length of 2.5 cm.

Application of Bacterial Solutions

Application groups consisted of 18 bacterial isolates
and 2 control groups (pure water), each with three
repetitions. The solutions from the application groups
were sprayed to fully moisten the green leaves of cut
roses. Applications were made once to the cut roses.
The control-2 received no bacterial application; only
pure water was sprayed on the green leaves, and these
were placed at +10°C in the dark (Figure 2a-f).
Following the completion of the spraying process, the
cut roses were enveloped in paper packages and
positioned in perforated boxes. These boxes were then

situated in a climate chamber adjusted to
environmental conditions (+10°C in the dark) within
the transport vehicle. Concurrently, another

application group was prepared, where roses were kept
in the dark, enclosed in paper packages, and placed in
perforated boxes at 0°C (Celikel, 2020), just above the
freezing point, with pure water sprayed solely on the
leaves (Figure 2a-f). The applications and their
corresponding codes are detailed in Table 2. The roses
earmarked for application were stored in water. For 5
days, cut roses were kept at both temperatures (+10°C
and 0°C). On the fifth day, to initiate the vase life
experiment (Figure 2 g-h), the lower portions of the
flowers were cut at an oblique angle to a length of 2.5
cm, and any remaining leaves in the vase water were
manually removed.



KSU Tarim ve Doga Derg 27 (Ek Say1 2), 361-371, 2024 Arastirma Makalesi

KSU J. Agric Nat 27 (Suppl 2), 361-371, 2024 Research Article
Table 1. Bacteria and the plants from which they were isolated (Tiryaki et al. 2019).
Cizelge 2. Bakteriler ve izole edildikleri bitkiler (Tiryaki ve ark. 2019).
Plant Bacteria Isolate Plant Bacteria Isolate
Onosma isauricum Sp. ]H.ﬂg obacterium DT-1 Fragaria vesca Bacillus cereus DT-11
faecium
Ver{)ascum' ' Spbngobactenum DT-2 T.'araxacum Bacillus cereus DT-12
cherranthhifolium faecium sieheanum
Chenopodium Spbngobactenum DT-3 Galanthus gracilis Rao_u]t.e]]a _ DT-13
botrys faecium ornithinolytica
Chenopodium Sphingobacterium ) . Pseudomonas i
foliousum kitahiroshimense DT-4 Galanthus gracilis chloropaphis DT-14
Mpyosotis alpestris Sta ph y]ocioccus DT-5 Galanthus gracilis Sp]u‘ngobacten um o
sp. Intermedius faecium
Capseltla bursa- Bacillus cereus DT-6 Co]c{ucum Pseudomonas DT-16
pastoris sp. speciousum fluorescens
Arte@JSJa Pseudomonas fragi  DT-T Co]c];zcum Pseudomc?nas DT-17
austriaca speclousum proteolytica
Draba nemorosa Pseudomonas fragi DT-8 Scilla siberica Pseudomonas DT-18
fluorescens
Rapban’us Spbngobactenum DT-9 Spilla siberica Pseudom(?nas DT-19
raphanistrum faecium proteolytica
Trifolium repens Bacillus cereus DT-10 Erodium cicutarium BI.'e Vll?acterlum DT-20
frigoritolerans

a‘_—l

[

-

aviniy g

Figure 2. Spraying the leaves of cut roses with application solutions until they are completely wet, then wrapping
them in paper again and placing them in a dark environment at +10°C (a-f); roses removed on the 5th
day of bacterial treatment and placed in vases in climate chamber conditions (g-h); stage of construction
process determining the % cold damage on leaves (1)

Sekil 2. Kesme glillerin yapraklarina tamamen 1slanacak sekilde uygulama soliisyonlar: pliskiirtiilerek tekrar
kagida sarilarak +10 °C'de (a-f) karanhk ortama hazirlanmasy giiller bakteri uygulamalarinin 5.
glintinde ¢ikarithp iklim odasi kosullarinda vazolara yerlestirildi (g-h); yapraklarda soguktan
kaynaklanan zararin % 'sini belirleme asamasi (1)
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Conditions for Determining Vase Life

The vase life of flowers was assessed under controlled
conditions in a growth chamber with a temperature of
21+2.0°C, relative humidity of 65+5%, light intensity of
1000 lux, and a day length of 12 hours (Ueyama &
Ichimura, 1998; Lii et al., 2010). The vases utilized for
the vase life studies had a volume of 5 liters and were
filled with 3 liters of pure water. Each vase

Table 2. The applications and codes used in the study.
Cizelge 3. Calismada yapilan uygulamalar ve kodlari.

accommodated three cut roses (Figure 2 g-h).

Parameters Examined in Cut Flowers

Vase life (days): Vase life for cut rose flowers are
accepted as the number of days from the day the
flowers are placed in the vase (start) to the day when
the petals begin to fade, and the flower necks begin to
bend (Ichimura et al. 1999; Lii et al. 2010).

Applications Bacteria Temperature / Light

+2 °C

1 Control-1 Darkness
10 °C

2 Control-2 Darkness

3 B1(DT-1 isolate)

4 B3 (DT-2isolate) 10 °C

5  B4(DT-3 isolate) Sphingobacterium faecium Dark

6  B5 (DT-9isolate) arkness

7 B6 (DT-15 isolate)

8 B8 (DT-4isolate) S. kitahiroshimense 10 oC

9 D1 (DT-5 isolate) Staphylococcus intermedius Darkness

10 D2 (DT-6 isolate)

11 D3 (DT-10 isolate) Bacill 10 °C

12 D4 (DT-11 isolate) aciius cereus Darkness

13 K1 (DT-12 isolate)

14 K2 (DT-7 isolate) Pseud fraci 10 °C

15 K3 (DT-8isolate) seudomonas Iragl Darkness

. . 10 °C

16  G1 (DT-14 isolate) P. chloropaphis Darkness

17 €1 (DT-16 isolate) P A 10 °C

18 (€2 (DT-18 isolate) - Huorescens Darkness

19 M1 (DT-17 isolate) p Ivti 10 °C

20 M2 (DT-19 isolate) - proteolytica Darkness

. . Bacillus cereus + S.
21  Ki1+B8 [(DT-12 isolate) + (DT-4 isolate)] Kitahiroshimense 10 °C
22  D1+C1 [(DT-5 isolate) + (DT-16 isolate] gtap hylococcus intermedius + P. Darkness
uorescens

Visual quality: Fading, darkening, bluing, curling
backwards, drying and falling off of the petals of all
flowers, blooming and bending of the flowers, and
yellowing, drying and falling off of the leaves were
taken into consideration and evaluated on a 1-5 scale
(Score 1: very bad, Score 2: bad, Score 3: medium, Score
4: good, Score 5: very good). Visual quality assessment
was made on the 8th day of the flowers' vase life.

Viability Test (Membrane permeability): By
measuring cold damage (%) in control and bacteria-
applied plant leaves, the role of the applied bacteria in
preventing cold damage in the leaves was determined
(Figure 2i). The determination of this parameter was
carried out as follows: 0.1 g of fresh leaf sample was
placed in each of the 20 test tubes. The tubes were
placed collectively in a water bath that could be
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adjusted up to -16°C (alcohol mixed with water was
added to prevent the interior of the bath from freezing)
and all tubes were kept for 10 minutes at each degree
from -1 to -16°C. 4 ml of pure water was put into each
tube taken from the bath and these tubes were kept at
4°C for 24 hours. Later, the amount of ions transferred
to pure water by thawing the frozen leaf in these tubes
was measured with an electrical conductometer and
the values were converted to cold damage according to
the method of Griffith et al. (1992) and Tasgin et al.
(2003).

Fresh weight (FW): Branch weights of the flowers used
in the experiment were calculated daily by taking the
difference between the weights of vases with and
without flowers on a digital scale sensitive to 0.01 g.
During the vase life of the flowers, proportional fresh
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weight measurements were made at 2-day intervals
(Day 1, Day 3, Day 5, Day 7, and Day 9). The following
formula was used to calculate the proportional fresh
weight (He et al., 2006).

FW (%) = (At/At=0) x 100

At: Branch weight on day t (e.g. 1st, 2nd, 3rd, etc.)

At=0: Initial (day 0) weight of the branch

Statistical Analysis

The study was set up with 3 replications according to
the Randomized Plot Trial Design and a total of 189
flowers were used, 3 flowers in each replication. The
numerical data obtained were subjected to analysis of
variance (ANOVA) using the IBM SPSS version 25.0
package program, and the Duncan multiple
comparison method (p<0.05) was used to determine the
differences between the averages.

RESULTS and DISCUSSION

Vase life: In the ornamental plants sector, the vase life
of cut flowers is one of the fundamental criteria for

evaluating quality. The vase life of cut rose flowers is
generally short due to both wilting of flowers and neck
bending (Unsal, 2022). In this research, the necessary
cold transportation conditions were set up (+10 °C) in
the transportation of cut rose flowers from their
production areas to the point where they will be
marketed, and then the bacteria isolated from the leaf
apoplast of the cold-tolerant plants (14 wild and 2
cultivated) were applied to the leaves of cut flowers of
the rose plant (Rosa Aybrida L.'Samourai'). Among the
bacterial applications, the lowest vase life was
obtained from Control 1, B3, and K1 isolates. The
applications with the longest vase life were determined
numerically as D3, D4, M1, and K1 + B8. Both petals
and green leaves maintained their (in D3, D4, M1, and
K1 + B8 applications) vitality until the 9th day when
the vase life period was evaluated. These applications,
which have obtained the highest vase lifetimes, and
B5, B8, D1, D2, K3, C1, ¢C2, M2, and D1 + C1
applications were in the same statistical group (Table
3). When compared to Control 2, D3, D4, M1, and K1
+ B8 applications extended the vase life of cut roses by
55.55%.

Table 3. Effects of the bacterial isolates on vase lifetime (days), visual quality scores, and % cold damage on leaves

of cut roses

Cizelge 4. Bakteri izolatlarinin kesme giil yapraklarinda vazo émrii (giin), gérsel kalite puanlari ve soguk zarar

ylizdesine etkileri.

Applications Vase life (days)

Visual quality (1-5 scale) Damage% (uS)

Control 1 (+2 °C) 1.00+0.000 g *** 1.33 75.55+3.410 »s
Control 2 (+10 °C) 5.00+1.000 ef 3.33 50.424+0.530
B1 6.00+1.000 cde 4.33 33.44+2.340
B3 1.00+0.000 g 4.33 29.83+1.880
B4 5.67+0.577 de 3.00 28.33+1.873
B5 8.00+1.732 ab 3.33 20.13+0.650
B6 4.00+1.000 f 3.33 49.25+0.820
B8 8.67+0.577 ab 2.67 23.26+0.280
D1 8.33+1.154 ab 4.67 40.47+0.480
D2 8.67+0.577 ab 5.00 12.63+1.150
D3 9.00+0.000 a 3.33 30.05+1.040
D4 9.00+0.000 a 4.67 32.20+0.934
K1 2.00+1.000 g 1.67 34.37+0.760
K2 7.00+1.000 bed 3.00 33.62+0.730
K3 8.00+1.732 ab 4.00 24.69+0.730
G1 4.00+1.000 f 1.00 46.39+0.610
C1 8.00+1.000 ab 4.67 35.22+0.660
C2 7.33+0.577 abe 1.67 37.60+1.470
M1 9.00+0.000 a 3.67 25.07+0.270
M2 8.33+0.577 ab 2.67 99.50+0.866
K1+ B8 9.00+0.000 a 4.67 72.02+1.390
D1+ (1 7.67+1.527b 3.33 55.08+0.210
Fvalue F(25.112)= 0.000 F(741.975)= 0.000

ns: insignificant at p>0.05, statistically significant at probability level of ***P<0.001. Note: There is no difference between the

means indicated with the same letter at the 5% significance level.

Some studies have reported that bacteria extend vase
life, depending on the type of bacteria present in the
vase solution (van Doorn et al., 1991; Jacob & Kim,
2010; Carlson et al., 2015). Carlson et al. (2015),
reported that two bacterial strains (Pseudomonas
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fulva and Escherichia coli), also known as biocontrol
bacteria, increased the vase life of cut Zinnia elegans.
Additionally, Naing et al. (2017) reported that
Enterobacter cloacae, a biocontrol bacterium, can
extend the vase life of cloves by 3 days and plays an
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important role in the biological control of
microorganisms that cause petal senescence. Previous
studies were generally carried out by adding beneficial
bacteria to the vase solution. In this context, it was not
possible to directly compare the present research
results because we did not find the relevant literature.

Visual quality: Visual quality, the common day when
deterioration started in all applications, was the 8th
day of vase’s life. Therefore, the wvisual quality
parameter was evaluated on the 8th day of vase’s life.
In the present study, data regarding the visual quality
scores of flowers are given in Table 3. It was
determined that the flowers received 1 to 5 quality
points on the scale created to evaluate the visual
quality of the flowers. Among the applications,
bacteria application D2 received the highest visual
quality score (5 points). D1, D4, C1, K1, and K1 + B8
applications received 4.67 from this rating. In these
applications, deformations began in both flowers and
leaves. In general, cut roses maintained their visual
quality criteria in the vase for 9 days with D2, D1, D4,
C1, K1 and K1 + B8 applications. Control-2 and C2
applications dried out due to the climate chamber
problem before they were taken into vase life trials,
and the flowers belonging to the groups to which B5,
B6, K1, and G1 bacterial isolates were applied started
to bend before they fully opened, and neck bending
continued in the flowers in the following days of vase
life.

Some endophytic bacteria that live symbiotically with
plants contain ACC deaminase (1-aminocyclopropane-
1-carboxylic acid deaminase) enzyme, which prevents
the synthesis of ethylene produced in the plant.
Thanks to this enzyme, these bacteria suppress
ethylene synthesis in the plant, causing positive effects
on delaying senescence and longevity. ACC deminase
activity of bacterial isolates isolated from cold-tolerant
wild plants used in the research was determined as a
result of the research conducted by Tiryaki (2015). It
has been reported that there are differences in ACC
deminase activity among isolates and that the
bacterial isolate with the highest ACC deaminase
activity is K2 [Brevibacterium frigoritolerans (DT-20)]
(Tiryaki, 2015). As a result of the present research, the
applications that received the highest visual quality
scores, D2, D1, D4, C1, K1 and KI1+BS8, contain
Staphylococcus intermedius (D1), Bacillus cereus (D2,
D4), P. fluorescens (C1, K1) and Bacillus cereus + S.
kitahiroshimense (K1 + B8) isolates.

Viability Test: Electrolyte leakage in tissues increases
due to the damage to cell membranes after chilling or
freezing as a result of low temperatures (Jha et al.,
2019). Due to the increase in membrane permeability,
the electrolyte exchange between cells and the external
environment increases. Increased electrolyte leakage
is directly related to chilling or cold damage (CD%) in

368

cells and tissues (Campos et al., 2003). In this research,
18 different endophytic bacteria isolated from the leaf
apoplast of cold-resistant wild plants and containing
enzymes that inhibit ethylene synthesis in the plant
were applied. When the CD% values on green leaves
given in Table 3 are examined, the highest cold damage
was determined in the application of Control 1 (+2 °C).
Leaf application of all bacterial isolates was made at
+10 °C. In this case, the cold damage determined to be
50% and above was determined in Control-2, M2, K1 +
B8, and D1 + C1. The lowest CD% was determined in
the D2 bacterial isolate (Table 3).

The cold damage parameter on leaves is generally used
as a stress parameter. In the study, cold damage levels
in leaves have been analyzed to determine stress
tolerance or degree of protection from stress damage.
In the literature, we have not come across a study that
determines the DH% for a plant that is kept at a low
temperature such as + 10 °C for a certain period after
PGPB is applied to a plant and then kept in a vase at
room temperature conditions. Therefore, it is not
possible to directly compare the data with a similar
study. Studies are determining the effects of PGPBs
applied under low-temperature conditions on plant
%DH (Ait Barka et al., 2006; Turan et al., 2013;
Tiryaki, 2015). However, the present study’s subject
and purpose are different from these studies and
comparisons cannot be made. Psychrophile (cold-
loving) bacteria, which can live at low temperatures
and have high adaptations to tolerate this, have
reproductive temperatures between 0-4°C, and their
enzymes can show activity between —5°C and +20°C
(Arda, 2000). Many researchers have isolated
psychrophile microorganisms from various
environments such as seas, oceans, soils, fish, milk,
meat, and vegetables (Graumann, 1996). It was
concluded that the psychrophile (cold-loving) bacteria
used in the present study, especially D2, has been
reached and can be applied in the transportation of cut
flowers.

It has been shown that psychrophile PGPBs isolated
from cold-tolerant wild plants can increase low-
temperature tolerance in some plants (Selvakumar et
al., 2008). In addition to surviving at extremely low
temperatures, “psychrophiles” also secrete active
biomolecules that can promote plant growth in low-
temperature ranges (Rondén et al., 2019; Yadav et al.,
2016; Balcizar et al., 2015). In the D2 application,
where the minimum CD% was determined, the best
visual quality score was also determined. It is thought
that this practice may have played a role in increasing
tolerance to water loss in cut roses.

Fresh weight (FW): The effect of different bacterial
isolate applications on relative fresh weight and the
weight changes that occurred during the 9-day vase
period are given in Figure 3.
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Figure 3. Effects of the bacterial isolates on the relative fresh weight (%) of cut roses. C1: Control (+2 °C); C2:
Control (+10 °C). (F values: 1st day F(2.023)=0,24; 3vd day F(1.290)=0,233; 5th day F(2.159)=0,016; 7th day
F(1.101)=0,382; 9tk day F(1.225)=0,278). Statistically significant at probability level of P<0.05.

Sekil 3. Bakteri izolatlarinin kesme giillerin bagil taze agirligi (%) tizerine etkileri.

It was determined that the applications were
significantly effective (p<0.001) on the relative FW
change of cut rose. At the end of the first day of vase
life, the highest relative FW increase among the
applications was determined in all applications except
the application groups in which B5 and B6 bacterial
isolates were applied. The lowest relative FW increase
was seen in the B5 application. At the end of the 9th
day of the study, the highest FW weight increase was
detected in Control 1 (66.06%) and D1+C1 applications
(64.28%) (Figure 3).

Researchers reported that the proportional fresh
weight increases in cut roses were first between days
3-9 st and started to decrease after the 9th day
(Ichimura et al., 1999; Alaey et al., 2011; Tuna, 2012).
Ichimura et al. (2002) also reported that the relative
FW of cut roses increased until the 3rd day in control
and until the 6th day in different flower preservatives.
Although the results obtained in the present study are
generally compatible with the above literature, it is
observed that the proportional FW change varies
according to bacterial isolates. It is thought that this
may be due to the variety used and trial conditions. In
the current study, only tap water was placed in the
vases of all application groups as a vase solution. The
flower stems of the cut roses at the beginning of the
experiment were cut to a length of 1-1.5 cm and
included in the experiment. The decrease in fresh
weight ratios has nothing to do with nutritional or vase
solution content. We think that the proportional
changes in FW may be due to +10 °C conditions not
being optimum. Especially Control-2 and (2
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applications suffered from drying damage to petals and
leaves before they were placed in the vase.
Additionally, we think that the shedding of green
leaves, which could not be foreseen before the
experiment, may be misleading in the measurement of
these weights. The present research, in which a
method that has not been done or applied before, is the
first of these important studies. We believe that it can
serve as a guide for future studies.

CONCLUSION

In the current research, bacteria isolated from the leaf
apoplast of 16 different cold-resistant plants were
separately applied to the plant leaves to partially
create the necessary cold transportation conditions for
the transportation of cut rose flowers from the
greenhouse to the point where they will be marketed.
At the same time, two different bacterial formulations
prepared with two binary bacterial strains were
applied. The effects of the applications on the
parameters affecting the vase life of cut roses were
examined and evaluations were made. It has been
determined that applications in which D3, D4, M1, and
K1 + B8 bacterial isolates are used in the
transportation of cut flowers are promising
applications in terms of ensuring less cooling, minimal
loss in cut flower quality, extending vase life, and
reducing cooling costs. In general, with D2, D1, D4, C1,
K1, and K1+B8 applications, cut roses maintained
their visual quality criteria in the vase for 9 days. The
present study is the first to aim to provide less cooling
and extend vase life by using psychrophile PGPBs in
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the transportation of cut flowers. Research should be
continued by enriching the number and content of
studies for this purpose.
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OZET Bahge Bitkileri

Bu c¢alisma, farkli dalga boylarina sahip led lambalar kullanilarak

olusturulan aydinlatma ortamlarinin domates fidelerinin kaliteleri Aragtirma Makalesi
lzerine olan etkilerinin arastirilmasi ve fide ftreticilerinin

teslimatlarinda herhangi bir sebeple meydana gelebilecek gecikmeler Makale Tarihgesi

olmasi durumunda fidelerde boy ve kalite kontroliniin saglanarak Gelig Tarihi @ 31.05.2024

ureticilerin bu sikintilarina bir ¢6ziim bulmak amaciyla yirttulmiistir.
Bu amacla oncelikle iklim odasinda ayni 1s1ik yogunluguna sahip farkh
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dalga boylarinda (kirmizi, mavi, yesil, beyaz-giinisig1 karisimi-kontrol) Anahtar Kelimeler

led lambalar altinda dikim agsamasindan itibaren “Ferguson F1” domates Lycopersicon Iycopersicum
cesidine ait fideler 10 giin siire ile yetistirilmistir. Daha sonra domates Dalga Boyu

fideleri, boy uzamasini baskilamada etkili oldugu belirlenen mavi 1s181n Led Lamba

farkls oranlarda (%100, %50, %25 ve %12.5) kontrol olarak kullanilan
beyaz-giimigig1 karisimi lambalara eklenmesiyle elde edilen 1sik
kosullarina maruz birakilmigtir. Son olarak da farkli oranlarda mavi
15181n  uzun donemdeki etkilerinin kaliciligini ortaya koyabilmek
amaciyla fideler tekrar beyaz-giinigsig1l kosullarina maruz birakilmigtir.
Fide asamasinda kullanilan farkli dalga boylar1 arasindan domates
fidelerinin gelisimini baskilayan dalga boyunun mavi 1sik oldugu
belirlenmigtir. Ayrica, bitki gelisimini tesvik eden ve fide boyunda
artislara neden olan 1s181n ise kirmizi 1sik oldugu ortaya konmustur.
Farkli oranlarda mavi 1s1k kosullar1 altinda yetistirilen domates
fidelerinde mavi 1s1k orani1 azaldikg¢a bitki yas agirliginda ve bitki
boyunda 6nemli seviyede artiglar elde edilmistir. Farkli oranlardaki mavi
15181n fide kalitesi tizerine uzun sureli etkisine bakildiginda uygulama
sonras1t kontrol aydinlatma kosullarina alinan domates fidelerinin
kalitesi tzerinde mavi 15181n etkisinin gecici oldugu ve fidelerde
biuylimenin devam ettigi gorilmustiir. Bu sonuclar fide boyunun
baskilanmasinda %100 mavi 15181n kullanilabilecegini ve mavi 1s181n
etkisinin hazir fide yetistiriciliginde kullanilan kimyasal maddeler gibi
kalica olmadigini géstermistir.

Fide Boy Kontroli

Effects of Different Wavelength-Led Lighting Applications on Seedling Quality in Tomato

ABSTRACT Horticulture

This study was conducted to investigate the effects of lighting

environments created using LED lamps with different wavelengths on Research Article

the quality of tomato seedlings and to find a solution to the problems of . .
Article History

transplant producers in case of any delays in deliveries, by ensuring
control over the height and quality of the seedlings. For this purpose,
seedlings of the “Ferguson F1” tomato variety were first grown for 10 days
under LED lamps with different wavelengths (red, blue, green, white-
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. . . . . . ) Keywords
daylight mix-control) with the same light intensity in a climate chamber LyZ opersicon lycopersicum
from the transplanting stage. Subsequently, the tomato seedlings were Wavelength
exposed to light conditions obtained by adding blue light, which was LD e

determined to be effective in suppressing stem elongation, in different
proportions (100%, 50%, 25%, and 12.5%) to the white-daylight mix lamps
used as control. Finally, to demonstrate the long-term effects and
persistence of different proportions of blue light, the seedlings were once

Seedling Height Control
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again exposed to white-daylight conditions. Among the different
wavelengths used during the seedling stage, blue light was determined
to suppress the growth of tomato seedlings. Additionally, it was found
that red light promoted plant growth and caused a significant increase in
seedling height. Significant increases in plant fresh weight and plant
height were also obtained in tomato seedlings grown under different blue
light conditions as the proportion of blue light decreased. When the long-
term effect of different proportions of blue light on seedling quality was
considered, it was observed that the effect of blue light on the quality of
tomato seedlings transferred to control lighting conditions after
application was temporary and the growth of the seedlings continued.
These results have shown that 100% blue light can be used to suppress
seedling height and that the effect of blue light is not as permanent as
the chemicals used in the transplant cultivation industry.

Atif Sekli:  Havan, A., Kokli-Ardig, $., Havan, R & Korkmaz, A (2024). Isik Kalitesinin Domates Fidelerinin Vejetatif
Gelisimine Etkileri. KSU Tarim ve Doga Derg 27 (Ek Say1 2), 372-384. https://doi.org/10.18016/ ksutarimdoga.
vi.1491999
To Cite : Havan, A., Kokli-Ardig, S., Havan, R & Korkmaz, A (2024).Light Quality Effects on Vegetative Growth of
Tomato Seedlings. KSU J. Agric Nat 2/Suppl 2), 372-384 https'//doi.org/10.18016/ksutarimdoga.vi.1491999
L cevap vermektedir. Fakat lreticinin bazi1 nedenlerden
GIRIS dolay1 yetistiricilik yapilacak olan ort da araziyi
) y1 yetigtiricilik yapilacak olan ortami ya da araziyi
Insan hayatina 1980°li yillarin sonlarinda girmeye zamaninda hazirlayamamasi gibi  durumlarda
baslamis olan ve aydinlatma amaciyla bitki firmalarin teslimat yapamamasindan dolay: fideler,
yetistiriciliginde biiylik avantajlar saglayan led seralarda biiyiime ve gelismeye devam etmektedir.

lambalar; 1990’11 yillarin baginda bitki yetistiriciligi ile
ilgili ¢aligmalar yapan bilim insanlarin merakini
uyandirmis ve yetigtiricilikte 6zellikle aydinlatmanin
yetersiz  kaldigi  durumlarda  kullamilabilirligi
arastirillmaya baslanmistir (Bula ve ark., 1991,
Bayhan & Avci, 2019). Led lambalarin bitki
yetigtiriciliginde kullanmilmasi1 1ile birlikte 6zel
spektrum araliklar1 gelistirilmig; bu da bitkinin
biylume hizi, fotosentez verimliligi, biyokitle tiretimi
ve ¢igeklenme gibi belirli 6zelliklerinin gelistirebilmesi
ya da kontrol edilmesine olanak saglamistir. Boylece
bitkilerde istenen &zellikleri elde etmek ve bitkilerin
kalitesi 1ile verimliligini artirmaya yonelik 15181n
kullanilabilirligi ispatlanmistir (Ouzounis ve ark.,
2015, Caglayan & Ertekin, 2018).

Bitki  yetistiriciliginin hemen  hemen  tim
asamalarinda 15181n dalga boylarinin iretim amacina
uygun olarak kullanilmasi, yetistiriciligin kalitesini
artirmakla birlikte kontrollii bir fide tiretim sistemine
olanak saglamakta ve fide kalitesini artirarak hem
fide Ureticisinin hem de fide alicisimin iyi sonuclar
almasini saglamaktadir. Ginimiuz kogullarinda ise
sebze Ureticileri artik tUretim materyali olarak
kullanilan fideleri genellikle kendisi tretmemekte
bunun yerine hazir Uretilmis sekilde temin
etmektedir. Bu sebeplerden dolay1 hazir fide tiretim
sektorii son yillarda tlkemizde biylik bir gelisme
gostermis ve sayilar1 210un Uzerinde olan uretici
firmalarda yilda yaklagitk 6.5 milyar sebze fidesi
iiretilmektedir (Yetisir & Ellialtioglu, 2022). Hazir fide
ureten firmalar, tohum ekim zamaninm tureticiden
gelen talepler dogrultusunda ayarlayarak istenilen
zamanda teslimat yapmakta ve tireticilerin isteklerine
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Bliyime ve gelismenin devam etmesi, fide boyunun
asirl uzamasina (istenilen hazr fide formunu asmasi)
dolayisiyla fide kalitesinin diismesine yol acmaktadir
(Basak & Demir, 2022, Cakirer Seyrek, 2024). Bu
problemi ortadan kaldirmak amaciyla fide tireticileri
bluytimeyi engelleyici bazi kimyasal maddeler
kullanilmakta fakat bu maddelerin etkisi istenilenden
daha uzun siirelerde devam edebilmekte ve fideler
yetistirme yerlerine dikildiklerinde bile biiyiime ve
gelisme olumsuz etkilenebilmektedir (Uslu, 2002). Su
ana kadar fidelerde boy kontrolii amaciyla
daminozide, butralin, chlormequat, chlorpropham, 3
maleichydrazide ve mepiquat chloride gibi engelleyici
etki gosteren giberellin sentez inhibitérleri ile gece
sicakligini giindiiz sicakligindan yiiksek tutmak gibi
yontemler kullanilmaktadir (Mohamed, 2022).
Giberellin sentez inhibitérleri hem tek yillik hem de
¢ok yillik bitkilerde bitki boy ve slirglin uzamasinin
kontroliinde etkili olmaktadir (Ergun ve ark., 2007).
Ancak, bu kimyasallarin etkileri uygulamadan sonra
uzun siire devam edebilmekledir. Ornegin, patlican
fideleri ile yapilan bir c¢alismada paclobutrazol
uygulamasimin fide gelisimini gereginden fazla
baskiladigi bu ylizden tarlaya dikilen fidelerde gelisme
ve bliyiimenin durmasinin bir siire daha devam ettigi
ve hasatta gecikmeye neden oldugu bildirilmistir
(Gebologlu ve ark., 2015).

Bitkilerin yasamsal faaliyetlerini strdirdigi 1isik
dalga boylar1 insan goziine benzer bir spektrum

araligina sahiptir (Deram, 2013). Arastirmalar,
fotosentez etkinligi i¢cin en 6nemli dalga boylarinin
mavi ve kirmizi dalga boylarinda oldugunu

gostermektedir ve fotosentetik verimliligin optimum
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oldugu zirve noktasi 440 (mavi) ve 670 (kirmizi) nm’de
(+/- 10 nm) bulunmaktadir (McCree, 1971). Bununla
birlikte, 1s181in  kalitesinin  bitki blUylime ve
gelismesinde etkilerinin oldukg¢a degisken oldugu
bilinmektedir. Ornegin, domates fidelerinde yapilan
bir ¢calismada, yetistiricilikte kullanilan 230 ve 300
pmol m2 s 1 PPFD’de mavi 15181n bitki biiyimesini
baskiladig1 ve fide boylarinin uzamasini engellendigi
bulunmustur  (Kaya, 2022). Yine domates
yetigtiriciliginde sadece kirmizi 1s181in kullaniminin
boy uzamasinmi ve yaprak buylmesini tesvik etttigi
fakat fotosentezde rol alan enzimlerin aktivitesini
diisiirdiigii bildirilmistir (Izzo ve ark., 2020). Aym
arastirmada yetistiricilikte kullanilan mavi 1s181n ise
daha kisa boylu kompak yapili fidelerin olusumuna
neden oldugu ve fotosentetik kapasiteyi ise tegvik
ettigi belirlenmigtir. Buna karsilik patlican fideleri
lizerine yapilan bir ¢alismada mavi 1s181n fide boy
uzamasini, yaprak gelisimini ve fotozentetik aktiviteyi
tesvik ettigini ve kirmizi 15181n ise bu parametreleri
baskiladig1 belirlenmistir (Di ve ark., 2021).

Bu calismada, sebze yetistiriciliginde Treticilerin
farkli dalga boylar1 kullanarak bitki boy kontroliinii
kimyasal madde kullanmadan saglayabilme
olanaklar1 arastirilmistir. Bu ¢alismanin tilkemizdeki
sebze fidesi tiretimi ve farkli dalga boylar1 tizerine
etkileri bakimindan ileride yapilacak c¢aligmalar i¢in
de yardimci olmasi amacglanmigtir. Calisma, farkh
dalga boylarina sahip led lambalar kullanilarak
olusturulan ortamlarin domates fidelerinin kaliteleri
uzerine olan etkilerinin arastirilmasi ve fide
uretiminde teslimatinin herhangi bir sebeple
gecikmesi durumunda fidelerde boy ve kalite
kontroliiniin  saglanarak fide dureticilerinin bu
sikintisina bir ¢OzUim bulmak amaciyla
kurgulanmigtir. Bu amaca yo6nelik olarak oncelikle
kullanilan farkli dalga boylari arasinda biytimeyi
baskilayan dalga boyunun ortaya konmasi
amaclanmistir. Daha sonra, biiyimeyi baskilayan
dalga boyundaki lambalarin degisik oranlarda giines
151811 taklit eden beyaz-gin 15181 lambalarla belirli
oranda karigtirilarak elde edilen 1s1k kogullarinda
yetigtirilmesinin fidelerin biylime ve gelismeleri
uzerine etkilerinin belirlenmesi ve boylece hazir fide
yetigtiriciliginde alternatif fide boy kontrolii yéntemi
olarak  kullanilabilme olanaginin arastirilmasi
hedeflenmigtir.

MATERYAL ve YONTEM
Materyal

Calisma Kahramanmaras Siit¢i Imam Universitesi
Ziraat Fakiiltesi Bahge Bitkileri Boliimiine ait tohum
ve sebze fizyolojisi laboratuvarina ait iklim odasinda
yuritilmustir. Arastirmada  materyal olarak
Ferguson F1 domates cesidi (Antalya Tarim, Antalya)
kullanilmigtir. Ferguson F:1 sirik domates c¢esidi,
kaliksi uzun ve kalin olup bogum aralar1 kisadir.
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Bahar dikimlerine uygun olan bu domates ¢esidinin
meyvesi hafif dilimli ve yuvarlak olup 220-240 g aras1
meyve agirligi vardir.

Yontem

Bitkilerin yetistirildigi iklim odasinda farkli dalga
boylarina sahip 100 pmol m?2 s! 1s1k yogunlugunu
homojen bir sgekilde saglayabilen farkli say1 ve
renklerdeki led lambalar (mavi, kirmiz1 ve yesil)
kullanilarak homojen bir 1s1k sistemi kurulmustur.
Kontrol olarak da ayni 1s1ik yogunluguna sahip beyaz
ve giin 15181 karisimi (%50-50 oraninda) led lambalar
kullanilmigtir. Mavi led lambalarin tretici beyam
esasina gore 1s1g¢1n sahip oldugu dalga boyu 456 nm,
kirmizi lambalarin 665 nm, yesil lambalarin ise 510
nm’dir. Kontrol grubu olarak kullanilan beyaz led
lambalarin dalga boyu ise goriinir spektrum (400-700
nm) arahgidir (Caglayan & Ertekin., 2016) ve giin
15181n1n spektrum aralig: ise 360-780 nm dalga boyunu
kapsayan tam spektrumlu i1sik oldugu bildirilmigtir
(Bohar ve ark., 2017). Bitkilerin yetistirildigi iklim
odasinda raflar, farkli dalga boyuna ait led lambalarla
1isiklandirilmis ve 1s18in yandaki ya da karsidaki
bitkilere etki etmemesi i¢in raflarin aralarina ve
onlerine 151k gecirmez levhalar ve ortiiler eklenmistir.

Domates tohumlar1 igerisinde 3:1 oraninda torf ve
perlit bulunduran viyollere ekilmisg ve viyoller sicaklig:
25 oCye ayarlanmig iklim odasina konmustur.
Arastirmada, farkh dalga boyuna sahip led lambalarin
fide kalitesi tuzerindeki etkilerini ortaya koymak
amaciyla asagida belirtilen aydinlatma yoéntemleri
uygulanmigtir.

Fide Asamasinda Farkli Dalga Boylarindaki Isigin
Fide Kalitesi Uzerine Etkisi

Fideler 3-4 yaprakli hazir fide formuna gelene (dikim
asamas1) kadar kontrol uygulamasi (beyaz ve giin 15181
karisimi) altinda yetistirilmistir. Yetistiricilik stiresi
boyunca 2 kez % oraninda Hoagland ¢ozeltisi ve 2 kez
demir sulfat gibrelemesi yapilmistir. Fideler dikim
asamasina ulastiklarinda 10 giin stireyle 100 pmol m-
2 g1 181k yogunluguna sahip farkli dalga boylarindaki
led lambalarla (%100 kirmizi, %100 mavi, %100 yesil
ve %100 kontrol) aydinlatilmis raflara tasinmiglardir.
Her bir uygulama 4 kez tekrar edilmis ve her
tekerriirde 8 adet bitki yer almistir. Belirtilen siirenin
sonunda bitkiler tizerinde asagida belirtilen fenolojik
6l¢imler ve analizler yapilmistir.

Earkh Oranlarindaki Mavi
Uzerine Etkisi

Yukarida belirtilen arastirma sonrasinda bitki boy
uzamasini baskilayan dalga boyunun mavi oldugu
belirlenmistir. Kontrol uygulamasinda kullanilan led
lambalar (beyaz ve giin 15181 karisimi) altinda
yetistirilen fideler 3-4 yaprakl asamaya
ulastiklarinda 10 giin siireyle %0 (kontrol), %12.5,
%25, %50 ve %100 oraninda mavi 151k eklenmig kontrol

Isigin  Fide Kalitesi
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15181  aydinlatma kosullarina alinmiglardir. Butiin klorofil a ve klorofil b pigmentlerinin
uygulamalarda 100 pmol m2 s 1g1k yogunlugu elde konsantrasyonlari, filtre edilmig ekstrakt

etmek i¢in farkl sayida led lamba kullanilmistir. Her
bir uygulama 4 kez tekrarlanmis ve her tekerrirde 8
fide yetigtirilmigtir. Stirenin sonunda bitkiler tizerinde
asagida belirtilen fenolojik Ol¢imler ve analizler
yapilmigtir

Farkli Oranlardaki Mavi Isigin Fide Kalitesi Uzerine
Kalic1 Etkilerinin Arastirilmasi

Yukarida belirtilen 151k kogullarinda 10 giin siiresince
birakilan fidelerin bir kismi Uzerinde asagida
belirtilen fenolojik 6&l¢imler alinmis ve analizler
yapilmigtir. Fide kalitesindeki meydana gelen
degisikliklerin kalici olup olmadigini ortaya koymak
amaciyla daha sonra beyaz i1sik-giin 15181 karisimi
(kontrol) kosullarina alinarak 10 giin daha ortamda
birakilan fidelerde siirenin sonunda asagida belirtilen
fenolojik o6l¢iimler ve analizler yapilmistir. Her bir
uygulama 4 kez tekrarlanmis ve her tekerriurde 8 fide
yetistirilmigtir.

Uygulamalar arasindaki farki ortaya koymak
amaciyla asagida belirtilen 06lgim ve analizler
yapilmigtir.

Fiziksel ol¢gtimler

Fide boyu (cm): Toprak seviyesinden bitkinin biiyiime
ucuna kadar olan mesafe dijital kumpas araciligiyla
tekerriirdeki tiim fidelerde belirlenmigtir.
Fide govde kalinlig1 (cap, mm): Fidelerin gévde cap1
toprak seviyesinde dijital kumpas araciligiyla
tekerriirdeki tiim fidelerde belirlenmigtir.

Ilk gercek yapraga kadar olan govde uzunlugu boyu
(cm): Toprak seviyesinden ilk gercek yapraga kadar
olan mesafe dijital kumpas aracihigiyla tekerriurdeki
tim fidelerde belirlenmigtir.

Fide yas agirhigi (g): Her bir fidenin (toprak tistii kisim)
taze agirligi hassas terazide tartilarak belirlenmigtir.

Fide kuru agirhg (g): Fideler etiivde 72 °C’de 48 saat
stire ile kurutulduktan sonra agirliklar: hassas terazi
kullanilarak belirlenmigtir.

Kék yas agirhg (g): Fideler toprak seviyesinden
kesilmig ve kokler akan su altina yikandiktan sonra
kurutma kagidi ile ylizey kurutma yapilmis ve
agirhiklar: belirlenmisgtir.

Kok kuru agirh (g): Kokler etiivde 72 °C’de 48 saat
stire ile kurutulduktan sonra agirliklar: hassas terazi
kullanilarak belirlenmistir.

Yaprak alani® Bitkilerin yaprak alanlar1 (petiyoller
hari¢) LICOR LI-3000 serisi yaprak alani élcer yardimi
ile her bir tekerriirden rastgele segilen 3 bitki tizerinde
belirlenmisgtir.

Laboratuvar analizleri

Klorofil miktar1: Bitkiler arasindan (her uygulamanin
her bir tekerriiriinden) tesadiifen alinan 0.5 g yaprak
ornegi %80’lik aseton ile ekstrakt edildikten sonra
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soliisyonunun abosorbanslarinin Optima SP-3000 Plus
model spektrofotometrede 645 nM ve 663 nM’de
okunmasindan sonra Gunes ve ark. (2007)’de belirtilen
asagidaki formiile gére hesaplanmigtir.

Klorofil a (mg g ! taze agirhk-TA) = 11.75 x Asss — 2.35
X Asus

Klorofil b (mg g ! taze agirlik) = 18.61 x Agss — 3.96 x
Ascs3

Malondialdehid (MDA) icerigi: Bitki dokularinda
serbest radikallerin olusturdugu hasardan dolay:
olusan bir bozulma Uriiniti olan MDA igerigi Zhang ve
ark. (2005)’'de belirtilen yonteme gore belirlenmistir.
Bunun icin 0.25 g yaprak ornegi (her uygulamada
bulunan her bir tekerriirden) %0.1 trikloroasetik asit
(TCA) ile ezilerek 6000 g'de 5 dk siire ile santrifiij
edilmigtir. Elde edile siipernatanttan 1 mL alinarak
iginde %20 TCA bulunan %0.5lik tiobarbiitrik asit
(TBA)'den 4 mL ilave edilmis ve sonrasinda 100 °C’de
30 dk kaynatildiktan sonra buz banyosuna 5 dk siire
ile konulmustur. Sonrasinda spektrofotometrede 450,
532 ve 600 nM’de absorbans okumalar: yapilmis ve
MDA igerigi asagida belirtilen formiile gore
hesaplanmigtir.

MDA (umol gt TA) = 6.45 x (Ass2 - Asoo) - 0.56 x Auso

H202 (Hidrojen peroksit) icerigi: Yapraklarda stres
sonucu olugsan serbest bir radikal olan H202
miktarinin tayini Alexieva ve ark. (2001)’da belirtilen
yontem kullanilarak gerceklestirilmistir. Bunun igin
0.25 g yaprak oérnegi (her uygulamada her
tekerriiriinden alinmis) buz {izerinde porselen havan
icerisinde 3 mL %0.1’lik TCA ilave edilerek ezilmigtir.
Ornekler pipet ile cekilerek, 2 mL’lik ependorf tiiplere
konmusg sogutuculu santrifiijde 4 °C’de 10.000 ,’de 10
dk santrifiyy edilmistir. Sonrasinda 15 mL hacime
sahip tiplere sirasi ile 75 pL supernatant, 75 pL. K-P
tampon cozeltisi ve 1.5 mL KI (potasyum iyodiir)
konulmus ve vorteks ile 30 sn karigstirildiktan sonra
spektrofotometrede 390 nm’de okunmustur. Kor
numune olustururken supernatant yerine saf su

kullanilmis ve diger islemlerde aym1 gekilde
tekrarlanmigtir. Farklh yogunlukta 1-1000 nmol
yogunluk arahiginda  H202 igeren  ¢ozeltiler

kullanilarak standart egri elde edilmis ve 6rneklerin
H20:2 icerigi standart egriden elde edilen denkleme
gore pmol gt TA olarak hesaplanmagtir.

Istatistik Analizler

Arasgtirma sonucu elde edilen veriler SAS 8.1 istatistik
paket programi kullanarak 4 tekerrurlii olarak tesadiif
parselleri deneme desenine gore tek yonli varyans
analizine tabi tutulmus ve uygulamalar arasindaki
farklilhiklarin belirlenmesinde LSD (asgari &énemli
fark) testi kullamilmistir.
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BULGULAR ve TARTISMA

Farkli dalga boylarindaki 1gsigin domates fideleri
uzerine etkileri

Cizelge 1 incelendiginde 10 giin slreyle mavi 1s18a
maruz birakilan fidelerin boylarnin diger g1k
uygulamalarina kiyasla 6nemli seviyede daha kisa
oldugu ve mavi 1s18in bitki boy uzamas1 lzerinde
engelleyici bir etkiye sahip oldugu belirlenmistir (Sekil

1). Farkli dalga boylarindaki led lambalar altinda
yetigtiricilik yapmanin gévde kalinlhig1 tizerine olan
etkisine bakildiginda, en kalin fidelerin kirmizi i1sik
altinda yetistirilen fideler oldugu ve diger tim 1isik
uygulamalardaki fidelerin 6nemli seviyede daha ince
govde kalinligina sahip oldugu gorulmistir. Isik
kalitesinin domates fidelerinin ilk gercek yapraga
kadar olan uzunlugu ve yaprak sayisi tizerine 6nemli
bir etkisinin olmadig1 belirlenmistir (Cizelge 1).

Cizelge 1. Isik kalitesinin domates fidelerinin ilk gercek yaprak boyu, fide boyu, govde ¢api ve yaprak sayisi

uzerine etkisi

Table 1. The effects of light quality on the distance to first true leaves, seedling height, stem diameter and leaf

number of tomato seedlings.

Ik gercek yaprak Fide Boyu Govde ¢ap1 Yaprak sayisi (adet)
Uygulamalar boyu (cm) (cm) (mm)

Kontrol 5.79+0.17 15.332+ 0.65 2.63»+0.13 4.46 + 0.14
Kirmizi 6.04 £ 0.23 16.142 + 0.30 3.122 +£ 0.05 4.62 £ 0.09
Mavi 5.356+0.41 12.00" + 0.80 2.77° £ 0.08 4.17+0.10
Yesil 5.62+0.13 15.332 + 0.66 2.63+0.13 4.43 +£0.14

p degeri 0.3341 0.0027 0.0193 0.1205
LSD0.05 - 1.95 0.32 -

*: P<0.05 Farkli harflerle gosterilen degerler istatiksel olarak birbirinden farklhidir.

Kontrol

Kirmizi

Mavi Yesil

Sekil 1. Fide asamasinda farkli dalga boyunda 1s1ga maruz kalan domates fideleri
Figure 1. Tomato seedlings are exposed to light of different wavelengths at the seedling stage.

Veriler incelendiginde 1s1k kalitesinin bitki yas ve
kuru agirhigini 6nemli seviyede etkiledigi gorilmiis ve
en yiiksek bitki yas ve kuru agirhig (sirasiyla 17.14 +
0.51 g ve 1.47 = 0.05 g) kirmiz1 151k altinda yetigen
fidelerde olgilmustir. Kirmizi 1sik altinda yetigen
fideleri kontrol ve yesil 1g18a maruz kalan fideler takip
etmis ve mavi 1s1k altinda yetigsen fidelerin ise en
diisiik bitki yas ve kuru agirhigina (sirasiyla 10.90 +
0.24 g ve 0.77 + 0.04 g) sahip oldugu belirlenmistir. Isik
kalitesinin kok yag ve kuru agirhig1 tizerine 6nemli bir
etkisinin ise olmadig1 gézlenmistir (Cizelge 2).

Yukarida bahsedilen sonuglar farkli renkte led
lambalar altinda yetistirilen hazir fide asamasina
ulagsmis domates fidelerinde kirmizi 1518in fide
boyunun uzamasin tesvik ettigini, buna karsilik mavi
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151810 ise fidelerin geligsimlerini ve dolayisiyla boylarini
onemli seviyede baskiladigin1 ortaya koymustur.
Kirmizi 151810 bitki boy uzamasin ve fotosentez hizini
tesvik ettigi bilinmekte ayrica bu dalga boyunun
fizyolojik aktiviteler bakimindan en etkin dalga boyu
oldugu ifade edilmekte ve yetistiricilikte kirmizi 151k
oranin azalmasiyla bitki boylarinin blylimesinin
yavasladig1 rapor edilmistir (Tanaka ve ark., 1998, Jin
ve ark., 2023). Ornegin bir ¢calismada, domates, turp,
soya fasulyesi ve hiyar fideleriyle 200 ve 500 pmol m2
s1 PPFD 1s1ik yogunlugunda yapilan yetistiricilikte,
%100 mavi 15181n bitki boy uzamasimi engelledigi ve
kirmizi 15181n ise bitki boy uzamasini tegvik ettigi
belirlenmistir (Snowden ve ark., 2016).
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Cizelge 2. Isik kalitesinin domates fidelerinin ve kéklerin yas (YA) ve kuru agirhign (KA) iizerine etkileri
Table 2. The effects of light quality on the fresh and dry weight of tomato seedlings and roots.

Fide YA Fide KA Kok YA Kok KA
Uygulamalar (g bitki1) (g bitki) (g bitki) (g bitki')
Kontrol 14.62» + 0.72 0.92b + 0.05 1.94 +0.21 0.21 + 0.03
Kirmizi 17.142+£ 0.51 1.472+ 0.05 2.56+0.15 0.22+0.01
Mavi 10.90¢ + 0.24 0.77¢+ 0.04 1.99+0.16 0.16 + 0.01
Yesil 14.62» + 0.72 0.96% + 0.05 1.94 +0.21 0.16 + 0.02
p degeri 0.0001 0.0001 0.01 0.11
LSD0.05 1.80 0.14 - -

*: P<0.05 Aym sutunda farkl harflerle gosterilen degerler istatiksel olarak birbirinden farklidir.

Benzer sekilde Claypool ve Lieth (2020) yesil 1518a
maruz kalan biber fidelerinde biylimenin olumsuz
etkilenmedigi ve fidelerin boyunun kirmizi ig18a
maruz kalan fidelerle ayni oldugu bildirmistir.

Diger bir ¢alismada, Arabidopsis fidelerinde kirmizi
15121n yaprak alani biylimesini, biyokiitleyi ve net
fotosentez hizim1  tegvik  ettigi, mavi 1s181n
ise karotenoid ve antosiyanin igerigini artirdigi

bildirilmistir (Yavari ve ark., 2021). Mavi 151k
fotoreseptérii cryl’in (kriptokrom) giberellin ve oksin
seviyelerini baskilayarak bitkilerin boy uzamasini
kisitladig: bildirilmistir (Cosgrove, 1994; Folta ve ark.,
2003). Ayrica, kriptokromlarin, hipokotil ve boy
biylumesini baskilamak i¢in biyoaktif giberellinlerin
birikimini engelleyebilecegi belirlenmistir (Zhao ve
ark., 2007). Yine kirmiz1 1518a maruz kalan bitkilerde
goriilen boy uzamasinin giberellin sentezinin tesvik
edilmesinden (Quyang ve ark., 2015) ve mavi 1§181n
neden oldugu boy wuzamasi baskilanmasinin da
giberellin sentezini bloke eden genlerin tegvik
edilmesinden kaynaklandig: bildirilmistir (Matsuo ve
ark., 2019). Ayrica bu arastirma sonuclar: yesil 15181n
domates fidelerinin vejatatif biliyiimesi {izerine
olumsuz bir etkisinin olmadigini ortaya koymustur.

Isik kalitesinin domates fidelerinin klorofil, MDA ve
H20:2 igerikleri tizerine etkileri incelendiginde stres
parametreleri olan MDA ve H:20: igeriklerinin énemli
seviyede etkilendigi fakat Kklorofil iceriginin ise
degismedigi gorulmustir. Bitkilerin H202 igerigi
kontrol grubu fidelerine (0.26 + 0.01 pmol g! TA)
kiyasla kirmizi ve mavi ve 1s1k altinda daha yiiksek
(sirasiyla 0.36 + 0.03 pmol g TA ve 0.36 = 0.02 pmol
g1 TA) bulunmustur. Yine kirmizi 1s18a maruz kalan
fidelerin MDA igeriginin diger uygulamalardaki
fidelerden onemli seviyede daha ylksek oldugu
belirlenmigtir. Bu sonuglar kirmizi ve mavi 18181n
domates fidelerinde strese neden oldugunu ortaya
koymustur (Cizelge 3). Ayrica, 1s18in kalitesinin
domates fidelerinin klorofil igerigini etkilemedigi
belirlenmigtir.

Cizelge 3. Isik kalitesinin domates fidelerinin klorofil, MDAve HzOz icerikleri tizerine etkisi
Table 3. The effect of light quality on the chlorophyll, MDA, and H202 contents of tomato seedlings.

Klorofil MDA H20s2
Uygulamalar (mg g "1 TA) (mg g "1 TA) (mg g 1 TA)
Kontrol 0.094 + 0.002 2.28+0.14 b 0.26+ 0.01
Kirmiza 0.089 £ 0.001 3.322+0.23 a 0.362 + 0.03
Mavi 0.086 + 0.002 2.69*+0.09 b 0.362 £+ 0.02
Yesil 0.088 + 0.003 2.31+0.19b 0.312b + 0.02
p degeri 0.1321 0.0039 0.0208
LSD.05 - 0.53 0.07

*: P<0.05 Ayn1 sutunda farkl harflerle gésterilen degerler istatiksel olarak birbirinden farklidir.

beyaz 1s1k altinda yetistirilen fidelerden daha dustiik
Bu sonuglara gore %100 mavi ve %100 kirmiz1 151k geviyede oldugu bildirilmistir (Ohashi-Kaneko ve ark.,
uygulamalarimin  fidelerde strese neden oldugu  2007). Yine, Camptotheca acuminata bitkilerinde
anlagilmigtir. Arastirmalarda, tek renk 1sik kaynag: yapilan bir ¢calismada, 120 pmol m2 s PPFD’de tek
olarak mavi ve kirmiz1 1s18in  kullamlmasinin renk kaynagl mavi, sary, yesil ve kirmizi 1s18n
bitkilerde strese neden oldugu bilinmektedir. Ornegin, kullanildigr ortamlarda yetigtirilen bitkilerin MDA
1spanak fidelerinde beyaz, mavi, kirmizi ve kirmizi- icerigi en yiiksek mavi 1s1k altinda bulunmustur (Yu
mavi 151k uygulamalarinda yapilan bir ¢calismada 300 ve ark., 2017). Ayrica, domates fidelerinde yapilan bir
nmol m? s PPFD’de mavi, kirmizi ve kirmizi- mavi caligmada ise 30 glin boyunca sadece kirmizi 1g18a
1siklar altinda birakilan fidelerin klorofil igerikleri maruz kalan fidelerde klorofil iceriginin ve yaprak
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kalinliginin sadece mavi ve beyaz 1s1g¢a maruz
kalanlara kiyasla 6nemli seviyede daha diisiik oldugu
dolayisiyla kirmizi 1s181n fidelerde strese neden oldugu
bildirilmistir (Li ve ark., 2021).

Farkli oranlarda mavi fideleri
uzerindeki etkileri

181¢in  domates

Veriler incelendiginde ilk gercek yapraga kadar olan
uzunlugun %50 mavi, %25 mavi ve %12.5 mavi 1sik ile
aydinlatilmis fidelerde kontrol ve %100 mavi 1s18a
maruz kalan fidelere kiyasla daha buyuk oldugu
gorilmustir. Ayrica %100 mavi 1s18a maruz kalan
fidelerin (6.38 + 0.06 cm) en kisa boya sahip oldugu ve
bu fideleri sirasiyla kontrol grubu fideleri (8.01 + 0.31
cm) ile %50 mavi (10.55 + 0.10 cm), %25 mavi (12.36 +
0.20 cm) ve %12.5 mavi 151k (13.62 + 0.29 cm) ile
aydinlatilmig fidelerin takip ettigi gérulmustir. Bu
sonuclar %100 mavi 1s121n fide boy uzunlugu lzerinde

baskilayici bir etkiye sahip oldugunu, ancak kontrol
grubu 1siklandirmasina  eklenen mavi 15181n
miktarinin artmasinin boy uzamasini tegvik ettigini
ortaya koymustur (Sekil 2). Yine kontrol grubu
fidelerinin en kuc¢uk govde cap kalinligi degerlerine
sahip oldugu gorilmiis buna karsilik gévde gapi en
yiksek olan fideler ise %12.5 oranindaki mavi 1s1k ile
aydinlatilmis uygulamadan elde edilmigtir. Yaprak
sayis1 ait verilere bakildiginda kontrol grubu is181na
degigsen oranlarda eklenen mavi 1s181n yaprak sayisi
uzerinde ektisinin 6nemli oldugu goérilmiis ve en
yiksek yaprak sayisina mavi 1sik oraninmin %12.5
olmasi durumunda ulasildigi belirlenmistir. Buna
karsilik yapilan 1isiklandirmanin igerisinde mavi 15181n
oraninin degistirilmesinin yaprak alam tlizerine bir
etkisinin olmadig1 ve tiim uygulamalardaki fidelerin
istatiksel acidan benzer yaprak alanina sahip oldugu
gortilmiistiir (Cizelge 4).

Cizelge 4. Farkli oranlardaki mavi led lambalar ile yapilan aydinlatmanin domates fidelerin vejetatif biiytimesi

uzerine etkileri

Table 4. The effects of lighting with different ratios of blue LED lights on the vegetative growth of tomato seedlings

Ik gercek yaprak Fide Boyu Govde capi Yaprak Sayisi Yaprak alam
Uygulamalar boyu (cm) (cm) (mm) (Adet) (cm?2)
Kontrol 5.600 + 0.36 8.014+0.31 2.70c+ 0.10 2.980 £ 0.06 65.06 + 1.83
%100 Mavi 5.06P + 0.06 6.38¢+ 0.05 2.83b¢ + 0.06 2.92b + 0.07 64.87 +2.25
%50 Mavi 6.672+ 0.30 10.55¢+ 0.10 2.910+ 0.05 3.06" + 0.06 72.45+5.01
%25 Mavi 7.572+ 0.39 12.36" + 0.20 2.79b¢ £ 0.05 3.08> + 0.08 68.80 £ 1.63
%12.5 Mavi 7.632+ 0.29 13.622+0.29 3.132+ 0.05 3.372+ 0.06 69.19 + 2.08
p degeri 0.0006 0.0001 0.0081 0.0072 0.3546
LSD0.05 0.95 0.66 0.20 0.21 -

*: P<0.05 Ayni stitunda farkli harflerle gosterilen degerler istatiksel olarak birbirinden farklidir

%100 Mavi %350 Mawv1

Kontrol

%25 Mavi

%12.5 Mavi

Sekil 2. Farkl oranlardaki mavi 11k altinda yetistirilen domates fideleri
Figure 2. Tomato seedlings were grown under different ratios of blue light.

Ayrica veriler incelendiginde en yliksek yas agirliga
(10.04 + 0.17 g %12.5 oraninda mavi 11k ile
aydinlatilmig fidelerin sahip oldugu buna kargilik en
diisiik fide yas agirhiginin (6.35 + 0.13 g) ise %100 mavi
151tk ile  aydinlatilmig fidelerde elde edildigi
goriilmektedir. Yine benzer bir gekilde bitki kuru
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agirhik degerleri incelendiginde en ylksek fide kuru
agirhga kontrol ve %12.5 oraninda mavi 1sik ile
aydinlatilmig fidelerin sahip oldugu belirlenirken en
diustik kuru agirhgin da yine %100 mavi 1sik ile
aydinlatilmis fidelerin sahip oldugu belirlenmisgtir.
Elde edilen bu sonuclar, %100 mavi 151k altinda
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yapilan domates fidesi yetigtirildiginde toprak tsta dustslere neden oldugu bulunmustur. Kok kuru
yas ve kuru kitle birikiminin azaldigi ve %12.5 agirlik degerleri en diisiik %25 mavi 1s1k (0.08 + 0.002
oraninda kullanilan mavi 1s181in ise bitki vejetatif g) uygulamasinda gézlenmis ve en yiiksek kék kuru

gelisimi ve bliiyyimeyi tegvik ettigi soylenebilir. Kok yas agirhg ise %100 mavi 11tk (0.18 + 0.003 g) ile
agirhik degerleri incelendiginde %100 mavi 1s1k ile aydinlatilmis fidelerde elde edilmistir (Cizelge 5).
yapilan aydinlatmanin fide kok yas agirhiginda ciddi

Cizelge 5. Farkli oranlardaki mavi led lambalar ile yapilan aydinlatmanin domates fidelerinin toprak alt1 ve st
yas ve kuru agirliklar: tizerine etkileri

Table 5. The effects of lighting with different ratios of blue LED lights on the above and below-ground fresh and
dry weights of tomato seedlings

Fide YA Fide KA Kok YA Kok KA

Uygulamalar (g bitki1) (g bitki1) (g bitki1) (g bitki1)

Kontrol 7.20¢+ 0.30 0.772b + 0.05 2.402+0.13 0.132> + 0.001

%100 Mavi 6.354+ 0.13 0.58¢+ 0.03 1.73»+0.14 0.182+ 0.003

%50 Mavi 8.24b + 0.07 0.69bc + 0.01 2.16a+0.14 0.132b + 0.002

%25 Mavi 8.270+0.11 0.68vc £+ 0.06 2.442+0.18 0.08> + 0.002

%12.5 Mavi 10.042 £ 0.17 0.822 + 0.02 2.402 + 0.08 0.142> + 0.001

p degeri 0.0001 0.0086 0.0213 0.05

LSD0.05 0.55 0.12 0.43 0.05
*: P<0.05 Aymi stitunda farkli harflerle gésterilen degerler istatiksel olarak birbirinden farklidir.
Farkli mavi 1sik oranlarina maruz kalan fidelerde belirlenmistir (Wheeler ve ark.,, 1994). Son
en yiiksek klorofil icerigi kontrol grubu bitkiler ile %25 zamanlarda tek renk kaynagi Uzerine yapilan
ve %12.5 oraninda mavi 1sik ile aydinlatilmig calismalarda mavi 1s18in  genellikle bitki  boy
bitkilerde 6l¢tilmiistir. Mavi 151k oraninin arttirilarak uzamasinin ve slurgin agirligini baskiladigi ortaya

%50 seviyesine c¢ikarilmasi yapraklarin klorofil konmustur (Son ve Oh, 2013; Kopsell ve ark., 2015;
iceriginde diiglise neden olmus ve en disik klorofil Wollaeger ve Runkle, 2015). Bu arastirmada %12.5

icerigi ise %100 mavi 151k ile aydinlatilmig fidelerde mavi oranina sahip 1sik ile aydinlatilmis domates
belirlenmigtir. Buna karsilik en yiksek yaprak MDA fidelerinin yaprak sayisinin ve fide yas agirhiginin
icerigi ise %100 oraninda mavi 1s1k ile aydinlatilmig kontrol uygulamasindaki fidelerden daha fazla oldugu,
fidelerde belirlenmig ve mavi 1s1k oraninin azaltilmasi fide kuru agirhiginin ise kontrol bitkileri seviyesinde
yaprak MDA 1igeriginde o6nemli disuslere neden oldugu belirlenmigtir. Hiyar fidelerinde yapilan bir
olmustur. Benzer sekilde uygulamalar arasinda en arastirmada, 100 pmol m-2 sVlik bir PPFD’de mavi
yiksek yaprak H20:2 igerigi %100 oraninda mavi 1s1k 151811 oraninin %75’den %10’a diigtiriilmesiyle birlikte,
ile aydinlatilmis fidelerde oOlg¢iilmiis, diger tum fide boyu ve yaprak alan1 dogrusal olarak arttigi buna
uygulamalarda yaprak H20: igerigi 6nemli seviyede karsilik ise stoma iletkenligi ve klorofil igeriginin ise
daha diigiik bulunmustur (Cizelge 6). azaldig1 bildirilmistir (Hernéandez ve Kubota, 2016).
Sonuclar detayl bir sekilde degerlendirildiginde farkl

oranlarda mavi 1s1k altinda birakilan domates Farkli Oranlarda Mavi Isigin Fide Kalitesi Uzerine
fidelerinde mavi 1181n oraninin azaltilmasiyla fide Kalic1 Etkilerinin Arastirilmas:

boyu arasinda ters bir iligki oldugu gorilmis ve en
disiik mavi 1s1k orani olan %12.5 oraninda en uzun
boylu fideler elde edildigi gorilmustir. Yine bu
arastirmada mavi 1s1k oraninin distrilmesi ile

domates fidelerinin yaprak klorofil iceriginde artiglar, ~ Verier incelendiginde farkh oranlarda mavi 1:12a
MDA ve H:0: iceriklerinde ise diigiisler maruz kalmanin etkilerinin hala siirmekte oldugu ve

gdzlemlenmigtir Benzer sekilde bitki en kisa ilk gercek yapraga kadar olan uzunluga %100
aydinlatmasinda azalan oranda kullanilan mavi 1s181n mavi (5. 144_- 0.“29 “cm) ile aydinlatilmig fidelerin sahip
sardunya ve petunyalarda bitki boyunun uzamasini ve oldugu goriilmiigtiir. Bu uygulamay1 sirasiyla kontrol
: X o .
Klorofil igerigini tegvik ettii bildirilmistir (Park ve  &rubu fideleri (6.14 & 0.19 cm) ve %50 mavi (6.94 +
Runkle, 2019). Mavi 15181n azaltilmas1 yaprak alanini 0.35 cm) 151k ile aydinlatilms fideler tal?1p etm'ls ve ilk
ve govde uzamasini arttirdigi bunun da verimin gergek yapraga kadar en uzun olan fideler ise %25
V)

artirilmasini tesvik edebilecegi bildirilmistir (Gent, (7'99, i 0.23 cm) ve /01,2'5 (8.71 jf 0.08‘cm) O?a?mda
1995). Marul fidelerinde yapilan bir cahsmada mavi ile aydinlatilmig fideler oldugu belirlenmistir.
aydinlatmada kullanilan 1s1k igerisindeki mavi

oraninin dustrilmesiyle biyokiitle veriminin arttig:

Farkli oranlarda mavi 1518a maruz kaldiktan sonra
giin 15181 ve beyaz 151k karigimi (kontrol) kosullarinda
10 giin sureyle yetistirilen domates fidelerine ait
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Cizelge 6. Farkli oranlardaki mavi led lambalar ile yetistirilen fidelerinin klorofil, MDA ve Hz20z iceriklerine etkisi
Table 6. The effect of different ratios of blue LED lights on the chlorophyll, MDA, and H202 contents of the seedlings

Klorofil MDA H20q
Uygulamalar (mg g 1TA) (mg g 1'TA) (mg g 1TA)
Kontrol 0.0782 + 0.004 1.40» + 0.27 0.53> £ 0.01
%100 Mavi 0.057¢+ 0.001 2.262 + 0.34 0.802 + 0.02
%50 Mavi 0.067> + 0.004 2.102> + 0.15 0.59» + 0.04
%25 Mavi 0.072ab + 0.002 1.992> £ 0.19 0.54b £ 0.01
%12.5 Mavi 0.0742> + 0.001 1.44> + 0.20 0.54>+0.01
p degeri 0.0025 0.05 0.0001
LSDo.05 0.009 0.75 0.07

*: P<0.05 Ayni stitunda farkli harflerle gésterilen degerler istatiksel olarak birbirinden farklidar.

Benzer sekilde fide boyu dikkate alindiginda en kisa
boylu fidelerin %100 mavi (8.04 + 0.40 cm) ile
aydinlatilan fideler oldugu belirlenmis en uzun boylu
fidelerin ise %12.5 oraninda mavi (16.12 + 0.70 cm) 151k
ile aydinlatilmig fidelerin oldugu gériillmistiir (Sekil
3). Fidelerin gévde kalinhklar1 dikkate alindiginda
%100 mavi ile aydinlatilmis fidelerin (2.73 = 0.09 cm)
diger tim uygulamalara kiyasla daha ince olduklar:
belirlenmigtir. Farkli oranlarda mavi 1s1k ile yapilan
aydinlatmanin yaprak alani tUzerine oOnemli bir

Kontrol

6100 Mavi

etkisinin oldugu goézlemlenmis fakat yaprak sayisi
uzerinde etkisinin ise 6nemsiz oldugu bulunmustur.
Uygulamalar arasinda en yluksek yaprak alanina %25
mavi, %50 mavi ve %12.5 mavi 151k (sirasiyla 90.75 +
2.79 cm2, 79.87 + 2.22 cm?2 ve 85.69 + 0.85 cm?2) ile
aydinlatilmig fidelerin sahip oldugu gérilmis bu
degerleri kontrol grubu takip etmis ve en dusik
yaprak alani ise %100 mavi 1s18a (54.80 + 0.85 cm2)
maruz kalan fidelerde belirlenmistir (Cizelge 7).

Sekil. 3. Farkli oranlardaki mavi led lambalar ile yapilan aydinlatma sonrasi kontrol 15181 kogullarinda yetistirilen

domates fideleri

Figure 3. Tomato seedlings grown under controlled light conditions after exposure to different ratios of blue LED

lights

En yiiksek fide yas agirligina %12.5 mavi ve %25 mavi
151k (sirasiyla 11.98 + 0.26 g ve 10.91 = 0.44 g) ile
aydinlatilmig fidelerin sahip oldugu bulunmus ve bu
degerleri  sirasiyla %50 mavi ile  kontrol
1isiklandirmasina maruz kalan fideler takip etmigtir.
Fide yas agirliginda en disiik deger ise %100 mavi
15182 maruz kalmis (6.47 + 0.22 g) fidelerde
olgilmiustir. En dugik fide kuru agirhigit %100 mavi
155k (0.69 = 0.08 g) uygulamas1 altinda birakilan
fidelerden elde edilmis ve diger tiim uygulamalardaki
fideler daha yiiksek kuru agirliga sahip olmuslardir.
Ayrica, en yiksek koék yas agirhigr %12.5 mavi 151k
(5.48 + 0.34 g) altinda yetigsen fidelerde goriiliirken bu
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fideleri kontrol, %25 ve %50 mavi 11k altinda birakilan
fideler takip etmis ve en diisik kok yag agirligi ise
%100 mavi (2.37 £0.12 g) 15132 maruz kalan fidelerde
olgilmistir. Kok kuru agirliginda ise yine benzer bir
egilimin oldugu ortaya ¢ikmis ve %100 mavi 1s1k ile
aydinlatilmig fideler en diigik kék kuru agirligina
sahip olurken %12.5 ve %25 mavi 11k ile kontrol grubu
aydinlatmasina maruz kalan fidelerde en yiiksek
degerler elde edilmistir (Cizelge 8).

Farkl oranlarda mavi 1s1k ile yapilan aydinlatmanin
domates fidelerinin Kklorofil igerigi uzerine etkisi
énemli bulunmus ve en yiiksek klorofil icerigi (0.085 +
0.001 pmol g TA) %12.5 mavi 1s1k ile aydinlatilmis
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fidelerde goézlenmis olup bu grubu sirasiyla kontrol
(0.078 £ 0.001 umol gt TA), %25 mavi 151k (0.070 +
0.0008 pmol g1 TA) ve %50 mavi 151k (0.067 + 0.001
pmol g TA) uygulamas: takip etmistir. En diisiik
yaprak klorofil icerigi ise (0.063 + 0.001 pmol gt TA)

saptanmigtir. Farkli oranlarda mavi 1s1ga maruz
kaldiktan sonra 10 giin streyle giinisig1 kosullarinda
yapilan yetigtiriciligin yaprak MDA ve H20:2 icerikleri
uzerine etkileri ise istatistiksel olarak Onemsiz
bulunmustur (Cizelge 9).

%100 mavi 11k altinda yetistirilen domates fidelerinde

Cizelge 7. Farkli oranlardaki mavi led uygulamasi sonrasi kontrol 15181 kogullarinda yetistirilen fidelerin ilk gergek
yaprak uzunlugu, fide boyu, gévde ¢api, yaprak sayisi ve yaprak alani
Table 7. Distance to first true leaf, seedling height, stem diameter, leaf number, and leaf area of seedlings grown
under control light conditions after blue LED light application

Ik gercek Fide Boyu Govde cap1 Yaprak sayisi Yaprak alam

Uygulamalar yapr{fiil\ooyu (cm) (mm) (adet) (cm2)
Kontrol 6.14¢+ 0.19 9.984+0.19 3.082 £ 0.05 3.48 £ 0.07 72.33b +£9.24
%100 Mavi 5.144+ 0.29 8.04¢ + 0.40 2.73b £ 0.09 3.42 £ 0.04 54.80c + 0.85
%50 Mavi 6.94> + 0.35 12.57¢+0.14 3.032+ 0.03 3.35+£0.04 79.87ba + 2.22
%25 Mavi 7.992 £ 0.23 14.11*+ 0.21 3.212+ 0.01 3.40+0.15 90.752 £ 2.79
%12.5 Mavi 8.712+ 0.08 16.12a £+ 0.70 3.142 £+ 0.03 3.40+0.14 85.69ba + 0.85
p degeri 0.0001 0.0001 0.0056 0.9345 0.0017
LSD0.05 0.77 1.21 0.21 - 14.06

*: P<0.05 Aym stitunda farkli harflerle gosterilen degerler istatiksel olarak birbirinden farklidir

Cizelge 8. Farkli oranlardaki mavi led uygulamasi sonrasi kontrol 15181 kosullarinda yetistirilen fidelerin toprak
alt1 ve Usti yas ve kuru agirlik degerleri
Table 8. The above and below ground fresh and dry weight values of seedlings grown under controlled light
conditions after blue LED light exposure

Fide YA Fide KA Kok YA Kok KA
Uygulamalar (g bitki1) (g bitki1) (g bitki?) (g bitki)
Kontrol 9.41¢ £ 0.61 1.172+0.14 3.57° £+ 0.39 0.27ba + 0.03
%100 Mavi 6.474+ 0.22 0.69» £+ 0.08 2.37¢+0.12 0.15¢+ 0.00
%50 Mavi 9.90bc + 0.24 1.132+ 0.05 3.260+ 0.18 0.23b+ 0.01
%25 Mavi 10.91ba + 0.44 1.1324+ 0.05 3.70* + 0.10 0.26va2 + 0.03
%12.5 Mavi 11.982 + 0.26 1.372+ 0.04 5.482+ 0.34 0.342 £+ 0.01
p degeri 0.0001 0.0020 0.0001 0.0028
LSD0.05 1.21 0.25 0.81 0.07

*: P<0.05 Ayni1 stitunda farkli harflerle gésterilen degerler istatiksel olarak birbirinden farklidar.

Cizelge 9. Farkli oranlardaki mavi led uygulamasi sonrasi kontrol 1181 kosullarinda yetistirilen fidelerin klorofil,
MDA ve H20z igerikleri

Table 9. The chlorophyll, MDA, and H202 contents of seedlings grown under controlled light conditions after blue

LED light exposure
Klorofil MDA H20:
(mg g 1TA) (mg g 1'TA) (mg g 'TA)

Uygulamalar

Kontrol 0.078> + 0.001 2.45 + 0.50 0.66 + 0.01
%100 Mavi 0.063¢+ 0.001 3.42+0.11 0.79 £ 0.09
%50 Mavi 0.0674+ 0.001 3.29 = 0.68 0.75 +0.03
%25 Mavi 0.070c + 0.001 3.10 £ 0.46 0.71 +0.02
%12.5 Mavi 0.0852 + 0.001 2.56 + 0.30 0.68 +0.01
p degeri 0.0001 0.4885 0.2721

*: P<0.05 Aynmi stitunda farkli harflerle gésterilen degerler istatiksel olarak birbirinden farklidir.

Elde edilen sonuglar domates fidelerinde mavi 1s1k
oranina gore degismekle birlikte fide boyu ve ilk gergek
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yapraga kadar olan uzunluk agisindan uygulamalar
arasindaki farkhiliklarin  korundugu ama tim
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uygulamalardaki fidelerin geligserek boylarinin arttig:
gozlemlenmistir. Bu sonuglar mavi 1s181in fide boyu
uzerindeki baskilayici etkisinin kalici olmadigi ve
fideler kontrol (beyaz ve giimisig1 karisimi) 1s181
kosullarina alindiginda biiylimelerinin normal gekilde
devam ettigini gostermistir. Literatiirde giberellin
biyosentez inhibitérii c¢esitli kimyasal maddelerin
kullanilmas:1 sonucu fidelerde boy kontroliiniin
saglandig1r fakat ¢ogu zaman kullanilan kimyasalin
dozunun yiiksek olmasi1 halinde fidelerin arazi
kogullarina aktarilmalari sonras1 hala bliiylimelerinin
duraksadig1 ve ciceklenmenin geciktigi hatta Grinin
de olumsuz etkilendigi bildirilmistir (Kofidis ve ark.,
2008; Ozbay ve Ergun, 2015). Bu nedenle tek renk
kaynag1 olarak mavi 1sik kullanilmasinin domates
fidelerinin boylarinin baskilanmasinda
kullanilabilecegi ve elde edilen etkinin ise fidelerin
normal aydinlatma kosullarina doéndiiklerinde kalici
olmadiginin belirlenmesi fide treticileri ag¢isindan
kullanilabilecek bir yontem olarak goérilmektedir.

SONUC ve ONERILER

Bu arastirmada farkh dalga boyunda 1sinim yapan led
lambalar altinda yapilan yetistiricilik sonucunda tek
renk 1s1k kaynagi olarak mavi dalga boyunun
kullanilmasimin fidelerin boy uzamasmi ve fide
agirhgim  biyik oranda baskiladigi dolayisiyla
vejetatif blylimeyi smirladigi gorilmiistir. Buna
karsilik, kirmizi 1g1k altinda yetistirilen fidelerin
boylarinin ve goévde cap kalinhiklarinin arttign ve
dolayisiyla mavi 1s181n aksine fide yas agirligini arttigi
belirlenmigtir. Ayrica mavi ve kirmizi 1sik altinda
yapilan yetistiriciligin bitkilerde MDA ve H:20:
iceriklerini yiikselttigi dolayisiyla strese neden oldugu
belirlenmigtir.

Yine hazir fide formuna gelmis fideler farklh
oranlardaki mavi 1s1k altinda yetistirildiginde %100
mavi 1s5181n fidelerin boy uzamasinmi engelledigi ve
mevcut 151k yogunlugu igerisindeki mavi 1s1k oraninin
azaltilmasiyla dogru orantili olarak fide boy
uzamasinin tegvik edildigi belirlenmistir. Kontrol
uygulamasini olusturan beyaz-ginigigi karisimina en
diisiik oranda (%12.5) eklenen mavi 151k, beklenenin
aksine domates fidelerinin boylarinin ve agirliklarinin
onemli seviyede artmasina neden olmustur. Boylece
arastirmanin  amaglarindan  biri  olan  dogal
aydinlatmaya ya da glines 1s181na ilave olarak fide boy
gelisimini baskilayan renkteki (mavi) led lambalarin
karistirilmasinin fide boy kontroli amacina yonelik
pratikte  kullanilmasinin  miimkin  olmayacag:
belirlenmigtir. Ancak, mavi 1s1k uygulamalarindan
sonra fidelerin beyaz ve giinigig1 karisimindan olugan
kontrol kogullarina transfer edilmesiyle mavi 1s1851n
neden oldugu biiytimedeki gerilemenin kalici olmadigi,
dolayisiyla fidelerin boylarinin uzamaya devam ettigi
belirlenmigtir. Sonug¢ olarak, domates fidelerinde
etkileri kalici olmayan 1s1k dalga boyunun mavi oldugu

382

ve %100 mavi 1181n  fidelerde boy uzamasim
baskilayici bir uygulama olarak kullanilabilecegi
belirlenmigstir. Ancak, mavi 1s18in sebep oldugu
vejetatif bliyime tizerindeki baskilayici etkilerinin
giberellin sentezinin gecici olarak engellenmesi oldugu
distintldigi i¢in bu konunun detayli bir sekilde
arastirilmasinin gerekli oldugu diisiiniilmektedir.
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ABSTRACT

In this study, we determined the feeding preferences of Sitona callosus
Gyllenhal, 1834, S. c¢ylindricollis Fahraeus, 1840, S. humeralis Stephens,
1831, S. longulus Gyllenhal, 1834, S. macularius (Marsham, 1802), S.
obsoletus (Gmelin, 1790), and S. puncticollis Stephens, 1831 species
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belonging to the genus Sitona (Coleoptera, Curculionidae) in alfalfa Received 117.09.2024
(Medicago sativa L.), black medick (M. lupina L.), white clover (Trifolium Accepted 127.10.2024
repensL.), soybean (Glycine max (L.), birdsfoot trefoil (Lotus corniculatus

L.), honey clover (Melilotus albus Medik.), yellow sweet clover (M. Keywords

officinalis (L.), sainfoin milk vetch (Astragalus onobrychis L.), sainfoin Sitona species

(Onobrychis viciifolia Scop.), and liquorice (Glycyrrhiza glabra L.) Fabaceae

(Fabaceae) plants at 25°C+5°C in the laboratory. Plant preference Host plant

experiments were established with 10 replications and as a result of Preference

analysis of variance (P>0.01), plant preference of each species was found
to be significant. As a result, M. sativa and 7. repens (100%) were the
most preferred by Sitona species. Whereas L. corniculatus (91.43%), M.
albus (87.14%), O. viciifolia (81.43%), M. lupina (78.57%), M. officinalis
(60.00%), A. onobrychis (31.43%) followed, respectively. The least
preferred species were G. glabra (7.14%) and G. max (1.43%).

Baz1 Konukcu Bitkilerde Sitona Erginlerinin (Coleoptera: Curculionidae) Beslenme Tercihleri Uzerine

Aragtirmalar
OZET Bitki Koruma
Bu calismada, Sitona cinsine ait Sitona callosus Gyllenhal, 1834, S.
cylindricollis Fahraeus, 1840, S. humeralis Stephens, 1831, S. longulus Aragtirma Makalesi
Gyllenhal, 1834, S. macularius (Marsham, 1802), S. obsoletus (Gmelin,
1790), ve S puncticollis Stephens, 1831tiirlerinin (Coleoptera, Makale Tarihgesi
Curculionidae), yonca (Medicago sativa L.), serbetci otu yoncas1 (M. Gelis Tarihi  :17.092024
lupina L.), ak ¢cgil (Trifolium repens L.), soya fasulyesi (Glycine max Kabul Tarihi :27.10.2024

(L.), Gazel boynuzu (Lotus corniculatus L.), ak tas yoncas1 (Melilotus
albus Medik.), sar1 tas yoncas1 (M. officinalis (L.), korungams1 geven
(Astragalus onobrychis L.), adi korunga (Onobrychis viciifolia Scop.) ve

Anahtar Kelimeler
Sitona turleri

meyan (Glycyrrhiza glabra L.) (Fabaceae) bitkilerinde beslenme Fabaceae
tercihleri laboratuvar ortaminda 25°C+5°C'de belirlenmisgtir. Bitki tercih Konukgu bitki
denemeleri 10 tekrarl olarak kurulmus ve varyans analizi sonucunda Tercih

(P>0.01) her Sitona tiiriiniin bitki tercihleri 6nemli bulunmustur. Sonug
olarak, M. sativa ve T. repens (%100) Sitona tiirleri tarafindan en cok
tercih edilen tiirler olmustur. Bunu sirasiyla L. corniculatus (%91.43), M.
albus (%87.14), O. viciifolia (%81.43), M. lupina (%78.57), M. officinalis
(%60.00), A. onobrychis (%31.43) takip etmistir. En az tercih edilen tiirler
ise G. glabra (%7,14) ve G. max (%1,43) olmustur.
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INTRODUCTION

Within Insecta, the Curculionoidea superfamily of the
Coleoptera order i1s a very important agricultural
group with its high species diversity. The genus Sitona
Germar, 1817, which is very important in terms of
agricultural pests belonging to Curculionidae, is
represented by more than 100 species identified in the
world (Veldzquez de Castro et al, 2007). They
naturally spread in the Nearctic and Palaearctic
regions, but some species have also been distributed in
South Africa, Australia, and New Zealand (Phillips &
Barratt, 2004). Adults of Sitona species feed on shoots
and leaves of leguminous (Fabaceae) and germinating
plants, causing their death. On the other hand, its
larvae, cause serious damage by feeding on both roots
and nodules (Scherf, 1964; Danthanarayana, 1967;
Plaut, 1976; El-Dessouki & El-Awady, 1978;
Aeschlimann, 1980; Syrett, 1992; Murray, 1996;
Cantot, 2001). Various studies have been conducted to
determine the host plants of Sitona species and the
damage they cause (Cantot, 1979; Aeschlimann, 1980;
Minda-Lechowska, 1980; Cmoluch, 1980; Dieckmann,
1980; Palm, 1996; Blaeser-Dieckmann, 1982; Murray
& Clements, 1994). The Leguminosae or Fabaceae
family, food for Sitona species, is the second largest
family of flowering plants in the world with 650 genera
and approximately 18,000 species. They spread on
almost all continents except Antarctica. Species from
this family vary from small grasses of arctic and alpine
vegetation to large trees of tropical forests. The most
characteristic feature of the family is its unique
legume-type fruit and pea-like or bean-like husk.
Additionally, the flower structure is very characteristic
of the family. It is one of the most economically
important families among dicotyledons. Legume seeds
are of high quality in terms of protein content and
because they contain high nutritional value, legumes
are also used for chewing gum, glue, timber, medicinal
purposes, human food, animal feed, and green manure
(Yilmaz, 2007). IRLC (Inverted Repeat-Lacking Clade)
is one of the most derived branches in the
Papilionoideae subfamily of the Fabaceae family and
they are economically important plants (Duan et al.,
2021). IRLC plants can both grow wild in natural
habitats and are also cultivated. Sitona species
usually feed on IRLC plants (Veldzquez de Castro et
al., 2007). Although adults make the host preference,
larval development takes place in plant nodules and
then in roots. Additionally, the flower structure is very
characteristic of the species. This is why, the larvae are
more destructive (Fisher & O’Keeffe, 1979). Cantot
(2001) stated that the presence of different nodule
types and bacterial species can create a barrier for the
larvae. However, the feeding preferences of Sitona
species in root nodules are important, and same way,
the morphological structure and chemical constituents
of the leaf may also be key factors (Velazquez de Castro

387

et al., 2007). Sitona species, which are agricultural
pests by feeding on cultivated legumes, are
oligophagous insects (Scherf, 1964). Many studies have
been conducted to identify the host plants of Sitona
species (Cantot, 1979; Aeschlimann, 1980; Minda-
Lechowska, 1980; Blaeser-Dieckmann, 1982; Murray
& Clements, 1994; Syrett & Emberson, 1997). Studies
were carried out to determine the plant preferences of
some species belonging to the Sitona genus, which are
abundant in nature, under laboratory conditions and
to reveal which Sitona species can cause damage to
which cultivated plants.

MATERYAL and METOD

To determine the host feeding preferences of Sitona
species in laboratory conditions; Melilotus officinalis
(L.), M. albus Medik., Medicago sativa, M. lupina L.,
Trifolium repens, Lotus corniculatus, Astragalus
onobrychis L., Onobrychis viciifolia Scop., Glycyrrhiza
glabra L. and Glycine max (L.) were collected freshly
from the nature. Sitona obsoletus Gmelin, S
cylindricollis Fahraeus, S. callosus Gyllenhal, 5.
humeralis Stephens, S. puncticollis Stephens, S.
macularius Marsham, and S. Jongulus Gyllenhal
adults, which were collected from nature in
September-October in sufficient numbers, were
brought to the laboratory for the experiments. They
were separated in terms of species and gender. After
the selected adults were starved for 48 hours in 100 ml
jars, 2 individuals (19 + 13) were released into 9 cm x
2 cm petri. Plants with 3-4 leaves, the stems of which
were tightly wrapped with wet cotton, were placed in
each petri dish, and moisture was maintained
throughout the experiment (Wightman, 1986). The
individuals included in the experiment were checked
daily and the experiment was terminated after 72
hours. In the evaluations, if at least 3 bites or 1/3 of a
leaf were eaten, it was accepted as the food of the insect
(Figure 1). Experiments were set up in a randomized
plot design with 10 replications for each species at
25°C + 5°C under laboratory conditions. Variance
analysis was performed by subjecting the obtained
findings to angle transformation in the JMP Pro 13
statistical package program. A student’s test
(LSDO0.05) was used to group the significant data.

RESULTS AND DISCUSSION

In this study, 7 Sitona weevils, which are common in
nature and in agricultural fields, the host feeding
preferences were investigated on 10 plant species
belonging to Papilionoideae (Fabaceae). According to
these results, M. sativa and 7. repens (Trifolieae tribe)
(100%) were the most preferred by Sitona species. The
other results include L. corniculatus (Loteae) (91.43%),
M. albus (87.14%) (Trifolieae), O. viciifolia (81.43%)
(Hedysareae), M. lupina (78.57%), M. officinalis
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(60.00%), (Trifolieae), A. onobrychis (31.43%)
(Galegeae). The least preferred species were G. glabra
(7.14%) (Hedysareae) and G. max(1.43%) (Phaseoleae)
(Figure 2h). As a result of variance analysis in the host

. A i

plant feeding preference experiments of Sitona

(Coleoptera, Curculionidae) species, it was found to be
important (P>0.01) in terms of plant preference (Table
1.

Figure 1. Feeding behavior experiments of Sitona species on host plants in the laboratory.
Sekil 1. Laboratuvarda Sitona tiirlerinin konukg¢u bitkide beslenme davranisi ¢alismalari.

Table 1. The host plant feeding preferences of Sitona species in the laboratory condition.

Cizelge 1. Laboratuvar kosullarinda Sitona tiirlerinin konukg¢u bitki besleme tercihleri.

Host species Sitona species*

S.ob S.cy S.ca S.hu S.pu S.ma S.lo Mean
Melilotus officinalis 30 df 100 a 20 eg 100 a 50 cd 40 ce 80 ab 60,00 e
Melilotus albus 60 bc 100 a 90 a 100 a 100 a 60 bc 100 a 87,14 be
Medicago sativa 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100,00 a
Medicago lupina 100 a Og 100 a 100 a 100 a 50 cd 100 a 78,57 d
Trifolium repens 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100,00 a
Lotus corniculatus 100 a 100 a 100 a 40 ce 100 a 100 a 100 a 91,43 b
Astragalus onobrychis 20 eg Og 20 eg 30 df 100a  40ce 10 fg 31,43 f
Onobrychis viciifoli 20 eg 100 a 100 a 100 a 100 a 100 a 50 cd 81,43 cd
Glycyrrhiza glabra 10 fg Og Og Og 10 fg 20 eg 10 fg 7,14 g
Glycine max Og Og Og Og Og 10 fg Og 1,43 g
Mean 54d 60 cd 63 be 67b 76 a 62 be 65 bc 63,86

CV(%)13.78, LSDos=Plant 8,22**, Species 6,88**, Host plant feeding X Sitona species 21,76** **=(P<(0.01)level is important.
*S.0b: S.obsoletus, S.cy: S.cylindricollis, S.ca S.callosus, S.hu’ S.humeralis, S.pu: S.puncticollis, S.ma' S.macularius, S.1o: S.longulus

In the experiments, S. Callosus individuals were fed in
M. sativa, M. lupina, T. repens, L. corniculatus, O.
viciifoli (100%) and M. albus (90%). It was determined
that A. onobrychis (20%) and M. officinalis (20%)
species were less preferred, while G. glabra and G. max
species were not preferred (Figure 2a). In nature Lodos
etal. (1978), S. callosus Astragalus sp. while Velazquez
de Castro et al. (2007) Medicago pointed out that it
feeds on plants belonging to the genus Onobrychis,
Ononis. S. cylindricollis individuals were fed on M.
sativa, M. albus, M. officinalis, T. repens, L.
corniculatus, O. viciifoli (100%). M. lupina, A.
onobrychis, G. glabra and G. max were not fed on
(Figure 2b). Although S cylindricollis has been
reported to feed on Melilotus (Bright & Bouchard,
2008), this genus has not been recorded as a host plant
of S. cylindricollis (Rim et al., 2019). However, in our
laboratory studies, it was observed that S
cylindricollis fed on M. officinalis and M. albus. Bird
(1947) reported that S. cylindricollis caused serious
damage by feeding on sweet clover (M. officinalis). S.
humeralis individuals were found to be fully fed on
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(100%) M. sativa, M. lupina, M. officinalis, M. albus, T.
repens and O. viciifolia plants. It was observed that L.
corniculatus (40%) and A. onobrychis (30%) species
were less preferred, while G. glabra and G. max plants
were not preferred (Figure 2c). Aeschlimann (1984)
reported that S. humeralis is very abundant in
perennial species of Medicago in the Mediterranean
region, but not in annual species. S. humeralis has
been reported to be found on 7rifolium and Melilotus
(Koch, 1992), Ononis repens L., Lathyrus aphacca L.,
T. repens, and Pisum sativum L. (Hoffmann, 1950;
Scherf, 1964; Nasredinov, 1975; Koch, 1992).
According to Veldzquez de Castro et al. (2007),
Medicago and Trifolium plants are the host plants of
S. humeralis.

In this experiment, it was seen that S. humeralis
adults were fed with the leaves of L. corniculatus and
A. onobrychis among these plants. In addition, it is
known that S. humeralis feeds on cultivated M. sativa
and causes economic damage (Tanasijevic, 1974;
Kivan, 1995; Atanasova, 2012; Arbab & McNeill, 2014;
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longulus, e-Sitona macularius, f-Sitona obsoletus, g-Sitona puncticollis, h- Tercih edilen bitkiler).

Figure 2. Host feeding preferences of Sitona species (a- Sitona callosus b- Sitona cylindricollis, c- Sitona humeralis, d-Sitona
longulus, e-Sitona macularius, f-Sitona obsoletus, g-Sitona puncticollis, h-Prefered plants).
Sekil 2. Sitona tiirlerinin konuk¢u beslenme tercihleri (a- Sitona callosus b- Sitona cylindricollis, c- Sitona humeralis, d-Sitona
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Goziacik et al., 2021). Sitona longulus Gyllenhal
individuals fully (100%) fed on M. sativa, M. lupina, T.
repens, L. corniculatus, M. albus and M. officinalis
plants. It was determined that O. viciifoli (50%) was
moderate, A. onobrychis and G. glabra (10%) were very
few and G. max was not preferred (Figure 2d). Lodos
et al. (2003), the plants on which S. Jongulus is found
are M. sativa, Astragalus sp. Veldzquez de Castro et
al. (2007) reported that it feeds on plants belonging to
Lathyrus, Medicago, Vicia genus. S. macularius
individuals preferred M. sativa, T. repens, L.
corniculatus, and O. viciifoli (100%) much, M. albus
(60%), M. Iupina (50%), and M. officinalis (40%)
moderate, and G. glabra (20%) and G. max (10%) very
little (Figure 2e). Lodos et al. (1978), M. sativa and
Vicia spp. plants may be hosts of .S. macularius and,
Veldzquez de Castro et al. (2007) reported that it feeds
on plants belonging to the genera Lupinus, Lens,
Medicago, Onobrychis, Trifolium, Pisum, Vicia. Hariri
(1981) and Solh et al. (1986) stated that .S. macularius
is the main pest of lentil plants in West Asia and North
Africa. Tahhan and Hariri (1982) reported that this
species is the most abundant Sitona species with a rate
of 95% among the lentils found in northern Syria. S.
obsoletusindividuals preferred M. sativa, M. lupina, T.
repens, and L. corniculatus species (100%) and M.
albus (60%), while M. officinalis (30%), A. onobrychis (
20%), O. viciifoli (20%) and G. glabra (10%) species
were found to be less preferred, while they did not
prefer G. max (Figure 2f). It has been reported that .S.
obsoletus feeds on white clover (7. repens) and red
clover (7. pratense) in temperate meadows (Brudea,
1982; Murray & Clements, 1994; Gerard et al., 2005).
Gerard et al. (2007) reported that S. obsoletus larvae
are the main pest of 7. repens in New Zealand,
reducing yield by 34-35%, and doing the most damage
in spring. S. puncticollis individuals prefer M. sativa,
M. lupina, M. albus, T. repens, A. onobrychis, O.
Viciifoli and L. corniculatus (100%), M. officinalis
(50%) moderately, G. glabra at very low rates (10%),
and did not prefer G. max (Figure 2g). Veldzquez de
Castro et al. (2007) expressed that S. puncticollis, feeds
on species belonging to Lotus, Lens, Medicago,
Melilotus, Trifolium, and Vicia genus as the hosts.

In this study, it was determined that Sitona species
preferred some Fabaceae plant species that are
abundant in nature and cultivated as their food. These
plants were preferred by Sitona adults M. sativa> T.
repens > L. corniculatus > M. albus > O. viciifoli > M.
lupina > M. officinalis > A. onobrychis > G. glabra
respectively. It has been determined that although the
species is not the main host of most of the plants it
feeds on, it can also feed on other alternative host
plants from the same family in order to survive. The
presence of several species on the same plant in nature
was better understood by this study.
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OZET Bitki Koruma

Akdeniz meyve sinegi, Ceratitis capitata Wied. (Diptera: Tephritidae)

bircok meyve turinde ekonomik kayiplara sebep olan ¢nemli bir Aragtirma Makalesi
zararlidir. Bu calisma, Akdeniz meyve sineginin Sanliurfa ilinin

Akgakale, Haliliye, Karakopri ve Surug ilgelerindeki nar bahgelerinde Makale Tarihgesi
popilasyon gelisiminin ve bulasiklik oraninin belirlenmesi amaciyla Gelis Tarihi:13.05.2024
2020-2021 yillarinda yurutilmustir. Calismada zararlinin popiilasyon Kabul Tarihi:02.10.2024
gelisimini belirlemek i¢cin her bahcgeye tlicer adet eseysel ¢ekici feromon

tuzagi asilarak haftalik olarak takip edilmigtir. Zararlinin nar Anahtar Kelimeler

bahgelerindeki bulasiklik oranini belirlemek i¢in hasat esnasinda her Ceratitis capitata
bah¢ede 10’ar agacin farkli yonlerinden alinan 100 meyvede zarar Poptlasyon
belirtisi ve larva kontrolii yapilmigtir. Calisma sonucunda zararlinin Bulagiklik
Sanliurfa ilindeki nar bahcelerinde ilk olarak agustos ayi itibariyle Feromon

gorulmeye baslandigi, 2020 yilinda diisik olan populasyonun 2021 Nar
yilinda ylkseldigi belirlenmistir. Zararlinin popilasyonunun yaz
aylarinda dusik iken ozellikle Akcakale ve Surug¢ ilgelerindeki
bahgelerde Ekim ve Kasim aylarinda yiliksek dalgalanma gosterdigi
belirlenmigtir. Zararli 2020 yilinda en fazla Suruc¢ il¢esindeki nar
bahg¢esinde 16 Ekim tarihinde 17 ergin/tuzak ile yakalanirken 2021
yilinda en yliksek ergin yakalanmasi Akcakale ilgesinde 19 Kasim
tarihinde 565 ergin/tuzak, Suruc¢ ilgesinde 25 Eylul tarihinde 216
ergin/tuzak ile gerceklegsmistir. Zararlinin yillar ve lokasyonlara gore
degismekle beraber Agustos ile Aralik aylar: arasinda iki tepe noktasi
olusturarak dogada 1 ile 5 ay arasinda aktif bulundugu belirlenmisgtir.
Dogada aktif oldugu bu stire i¢erisinde tuzaklara yakalanan toplam ergin
sayilar1 2020 ve 2021 yillarinda sirasiyla Karaképri ilgesinde 21 ve 312,
Suruc ilgesinde 125 ve 1353, Akcakale ilgesinde 26 ve 1226 ve Haliliye
ilgesinde 29 ve 259 ergin/tuzak olarak tespit edilmistir. Calisma
sonucunda zararlinin Haliliye ve Karakopri ilgelerindeki nar
meyvelerinde zarar meydana getirmedigi tespit edilmis olup Surug
ilgesindeki nar bahgesinde 2020 yilinda bulasiklik yok iken 2021 yilinda
%2 oraninda meyve bulagikligi belirlenmistir. Calismanin her iki yilinda
da en fazla bulagiklik Akc¢akale ilgesinde ve sirasiyla %1 ve %4 olarak
belirlenmigtir.  Zararlimin ilk ergin ucusunun yaz aylarinin sonuna
dogru gergeklesmesi ve popllasyonun sonbaharda yiikselmesi Sanliurfa
kogsullarinda kig1 geciremedigi sonucunu dogurmustur. Sonu¢ olarak,
zararlinin Sanlhurfa ili nar bahcelerinde hentliz ekonomik anlamda zarar
meydana getirmedigi ancak 2021 yilinda popiilasyon yogunlugunda
meydana gelen artisin gelecekte ekonomik anlamda bir zararh
konumuna gelebilecegini diisiindirmektedir. Bu nedenle nar
ureticilerinin, teknik elemanlarin ve ilgili paydaslarin egitim ve yayim
faaliyetleri ile zararli konusunda bilgilendirilmeleri mutlak 6nem arz
etmektedir. Nar treticilerine nar hasadinin geciktirilmemesi ile agagta
kalan ve yere diusen bulagitk nar meyvelerinin toplanarak imhasi
onerilmelidir.
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Population Development and Infestation Rate of Mediterranean Fruit Fly [Ceratitis capitata Wied.
(Diptera: Tephritidae)] in Pomegranate Orchards in Sanliurfa, Tiirkiye

ABSTRACT

Mediterranean fruit fly [ Ceratitis capitata Wied. (Diptera; Tephritidae)]
is an important pest responsible for significant economic losses in several
fruit species. This study determined the population development and
infestation rate of Mediterranean fruit flies in pomegranate orchards
situated in Akcakale, Haliliye, Karakoprii, and Suru¢ districts of
Sanliurfa province during the years 2020-2021. Three sexually attractive
pheromone traps were hanged in each orchard and monitored weekly. A
total of 100 fruits from randomly selected ten trees in each orchard were
collected during harvest and examined to record the damage symptoms
and larvae of the pest. The first flight of the pest was recorded in August
and a lower population was noted during 2020 compared to 2021. The
population was low in the summer, while it was high in the autumn
months, particularly in Akgakale and Suru¢ districts. The highest
population (17 adults/traps) during 2020 was recorded on October 16th in
the Surug orchard while it reached 565 adults/traps on November 19th in
Akgakale and 216 adults/traps on September 25t in the Surug district.
Although varied across years and locations, two population peaks were
recorded with an active period of 1-5 months between August and
December. The total number of adults caught in the traps during the
active period was 21 and 312 adults/trap in Karakopri, 125 and 1353
adults/trap in Surug, 26 and 1226 adults/trap in Akcakale, and 29 and
259 adults/trap in Haliliye during 2020 and 2021, respectively. The
infestation rate was 0% and 1% in Suru¢ and 1% and 4% in Akgakale
during 2020 and 2021, respectively. The pest did not exert any damage
to the pomegranate orchard in the Haliliye and Karakopri districts
during both years. The adult flight of the pest was recorded at the end of
summer and population increase during autumn indicated that the pest
could not overwinter in Sanliurfa. Hence, the pest did not exert any
economic damage to the pomegranate orchards of Sanliurfa, however,
higher population density during 2021 suggests that it could become an
economic pest in the future. For this reason, pomegranate producers
must be informed about the pest through training and extension
activities. Pomegranate producers should be advised to harvest
pomegranate without delay and collect and destroy infested fruits on the
trees and fallen on the ground.
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GIRIS

Diinyada ekonomik anlamda yetistiriciligi yapilan
onemli meyve tiirlerinden biri olan nar [(Punica
granatum L. Myrtales: Punicaceae)l, subtropik ve
tropik iklim bolgelerine adapte olmustur. Narin
kiltire almisinin Pakistan ve Afganistan oldugu,
daha sonra Iran ve Mezopotamya'ya gectigi
bilinmektedir. Mezopotamya’da 4500 yil 6ncesine ait

eserlerde nar meyvesinden bahsedilmektedir (Onur,
1982; Glozer & Ferguson, 2008; Kaygisiz, 2009; Oguz
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ve ark., 2011; Unal, 2011). Ginimiizde Avrupa’nin
Giiney kesimleri, Afrikanin kuzey bolgelerinde, Iran,
Hindistan, Cin, Afganistan, Arjantin, Suudi
Arabistan, Sili, Amerika ve Meksika’da yogun olarak
tarimi gerceklestirilmektedir (Ozbek, 1977;
Dokuzoguz & Mendilcioglu, 1978; Onur, 1983).

Nar, taze tiiketiminin yaninda meyve suyu, nar eksisi,
nar pekmezi, nar konsantresi, marmelat, sirke,
hayvan yemi, ilag, boya ve sitrik asit gibi farkh
alanlarda degerlendirilmektedir (Kingsly ve ark.,
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2006). Potasyum, demir ve C vitamini agisindan
zengin olan narin gii¢li bir antioksidan oldugu kanser
ile kalp hastaliklarini énledigi bildirilmistir (Lansky
ve ark., 1998; Teniente ve ark., 2023). Bu iistiin
ozelliklerinden dolay1 narin diinyada en fazla tercih
edilen on meyve tlriinden biri oldugu kabul
edilmektedir (Canakci, 2010).

Turkiye, narin gen merkezlerinden biri olup en fazla
Hicaznar, Wonderful, Alata, Oguzeli, Devedisi, Zivzik,
Surug, Katine ve Tirbey cesitleri yetistirilmektedir
(Onur, 1982; Ercan ve ark., 1991; Yilmaz & Ozgiiven,
2009; Mamay, 2013). Tirkiye’de en fazla Akdeniz,
Giineydogu Anadolu ve Ege bolgelerinde 1000 metre
yukseklige sahip rakimlara kadar olan alanlarda
yetistiriciligi yapilmaktadir (Onur, 1988; Unal ve ark.,
1995; Sahin, 2006; Ozgiiven & Yilmaz 2000; Unal,
2011). Tirkiye’nin toplam nar {iretiminin %56’s11
Akdeniz Bolgesi (304 039 ton), %31’ini Ege Bélgesi
(166 430 ton) ve % 11’ini ise Giineydogu Anadolu
Bolgesi (57 935 ton) karsilamaktadir (TUIK, 2021).
Turkiye nar tiretiminde Antalya 160.621 ton ile ilk
sirada yer alirken; Sanlurfa, Tirkiye genelinde
11.681 tonluk tretimi ile 9. sirada yer almaktadir.
Ulkemizin 6nemli tiretici illeri arasinda bulunan
Sanliurfa’min nar tretim alami son on yilda 4.831
dekardan, 15.708 dekara, meyve veren agag¢ sayisl
48.655 adetten, 711.551 adede ve uretim miktar: 778
tondan, 11.681 tona yiikselmistir. (TUIK, 2021).
Sanliurfa’da genel olarak nar bahcgeleri Hicaz, Surug
ve Katine (Siverek) cesitleri ile tesis edilmistir
(Mamay ve ark., 2014; Tkinci & Dursun, 2021).

Nar dureticileri gerek turetim asamasinda gerekse
depolama sirasinda ciddi oranlarda verim ve kalite
kaybina sebep olan c¢ok sayida zararli ile miicadele
etmek zorundadir. Nar yetistiriciligini olumsuz yonde
etkileyen  baglica  zararhlar, Harnup  giivesi
(Ectomyelois ceratoniae Zell.), Portakal giivesi
(Cryptoblabes gnidiella Milliére), Akdeniz meyve
sinegi (Ceratitis capitata Wied.), Nar yaprakbiti
(Aphis punicae Passerini), Turuncgil unlubiti
(Planococcus citri Risso), Nar beyazsinegi (Siphoninus
phillyreae  Haliday), Nar yaprakuyuzu (Aceria
(Eriophyes) granati C.&M.) ve Agac sarikurdu
(Zeuzera pyrina L.)dur (Oztiirk ve ark., 2005; Oztiirk
& Ulusoy, 2009; Ulug & Demirel, 2009; Mamay ve ark.,
2014; Mamay ve ark., 2016; Mamay, 2021).

Nardaki 6nemli zararlilardan biri olan C. capitata,
Diptera takimin Tephritidae familyasina mensup olup
viicut rengi sarims1 kahverengi, kanatlarinda ise
kahverengimsi-siyah bantlar mevcuttur (Bergsten ve
ark., 1999; De Meyer, 2000; Thomas ve ark., 2004).
Disilerin abdomen sonunda 1-1.5 mm uzunlugunda
ovipozitér bulunmaktadir. (De Meyer, 2000; Thomas
ve ark., 2004). Yumurtalar: silindirik, hafif kivrik ve
mekik seklinde, yaklasik olarak 1 mm boyunda ve
parlak beyaz renkli, larvalar: bacaksiz, beyazimsi sari
renkte, 4-8 mm boylarinda, caput kisminin abdomen
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sonuna kiyasla daha ince ve hafif kivriktir. Pupalar:
ise kahve renkli olup fic1 tipinde ve 4-4.5 mm
biiytikligindedir (Elekcioglu, 2009). Ceratitis capitata
larvalarinin ~ konukc¢u bitki meyvelerinin  etli
bélumlerinde tineller acarak beslendigi ve tug¢ larva
dénemi gecirmesinin ardindan ¢ogunlukla
meyvelerden c¢ikarak pupa olmak amaciyla topraga
atladiklar1 ancak konukc¢u bitki meyvelerinde pupa
déneminde kislayabildikleri de kayitlidir (Bergsten ve
ark., 1999; Thomas ve ark., 2004). Akdeniz iklimi
hakim olan bélgelerde pupadan ergin bireylerin
¢itkmas1 mart-nisan doénemlerinde olmakta ve c¢ikig
yvapan C. capitata ergin bireyleri ¢evredeki bitkilerin
tatlimsi sivi maddeleriyle beslenerek daha sonra cinsel
olgunluga ulastizn  belirtilmigtir  (Ileri, 1961;
Elekcioglu, 2009; Tiring, 2015; Satar ve ark., 2016).
Disi bireylerin ¢iftlesmenin ardindan yumurtalarini
olgunlagmis meyvelere yumurta birakma borusuyla
a¢gmis olduklar1 agikliga 90-110 adet olmak {tizere
kiimeler seklinde biraktiklar1 belirtilmigtir. Digi
bireylerin yasam siliresince 350-1250 adet yumurta
birakabildigi ve ergin 6mrinin ortalama 40-50 giin
oldugu ifade edilmistir (Bergsten ve ark., 1999;
Thomas ve ark., 2004; USDA, 2024). Zararlinin
Akdeniz Bolgesi’'nde yilda 6-8 dol, Ege Bolgesi'nde ise
4-5 nesil verebildigi ifade edilmistir (Oztop, 2008;
Baspinar ve ark., 2009; Tiring ve ark., 2016).

Akdeniz meyve sinegi, turuncgiller ile sert ve yumusak
cekirdekli meyveler gibi bir¢ok 6nemli tiurde Urin
kayiplarina yol agmakta olup 300 civarinda konukgusu
bulunan ve c¢ok genis alanlarda yayilim gosteren
onemli bir zararlhidir. Nar, turuncgiller, nektarin,
seftali, incir, kayisi, Trabzon hurmasi ve elma gibi
bircok meyve tur ve cesitlerinde zarara sebebiyet
vermesl, C. capitatayr o6nemli seviyede ekonomik
degere haiz bir organizma konumuna oturtmustur
(Demirdere, 1961; Elekcioglu, 2009). Zararlinin
dinyada farkli meyvelerde verim ve kaliteyi olumsuz
etkileyen en onemli zararlilardan biri oldugu kabul
edilmektedir (Fimiani, 1989; White & Elson-Haris,
1992). Akdeniz meyve sineginin asil zarari larvalar
yapmakta olup ihrac edilen triinlerdeki toleransi sifir
olan énemli bir dig karantina zararhsidir (Liquido ve
ark., 1991; Thomas ve ark., 2004; Kasap & Aslan,
2016).; Tiftikei, 2020).

Zararlinin konukc¢u agaglarin altindaki toprakta pupa
olarak ki1 gecirebildigi (White & Elson-Haris, 1992),
kayis1 ve geftalide haziran ve temmuzda (Christenson
& Foote, 1960) narda ise bu tarihin agustosa denk
geldigi (Demirel, 2014; Demirel ve ark., 2018)
kayithdir. Larvalarin nar meyvelerinde beslenmesi
sonucu, meyvelerin bozuldugu, sekonder zararhlar ile
saprofit bakteri ve funguslarin bulasarak pazar
degerini tamamen diistirdiigii bildirilmistir (White &
Elson-Haris, 1992; Bergsten ve ark., 1999).

Akdeniz meyve sineginin biyolojisi, popiilasyonu, zarar
oranmi ve miucadelesi 1ile ilgili farkli konukgular
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tuzerinde Turkiye'nin bircok bélgesinde ¢ok sayida
calisma yurutilmis olmasina ragmen Sanliurfa’da
zararlinin popilasyon gelisimi ve bulasiklik orani ile
ilgili herhangi bir calisma yiiriitilmemistir (Baspinar
& ark., 2007; Elek¢ioglu, 2009; Yildirnm & Baspinar,
2011; Elekg¢ioglu, 2013; Demirel, 2014; Cardak, 2015;
Kasap & Aslan, 2016; Tilid, 2019; Ucpmar & Unli,
2019; Bugday & Kececi, 2020; Giilctioglu & Basgpinar,
2020; Tiftikei, 2020; Elitas, 2022; Tamer & Yildirim,
2023). Bu nedenle, Sanhurfa ilinde yetistiriciligi
yapilan meyve tirleri i¢erisinde 6n siralarda yer alan
nar alanlarinda zararli ile ilgili en temel
calismalardan olan popiilasyon gelisimi ve bulagiklik
oraninin belirlenmesi mutlak 6nemlidir.

Sanliurfa’min Akcakale, Haliliye, Karakoprii ve Surug

ilgelerinde nar alanlarinda Akdeniz meyve sineginin
popilasyon  gelisimi ve  bulasikhlk  oraninin

belirlenmesi bu c¢alismada amaclanmigtir. Bu
kapsamda zararlinin ilk ergin ugusu, popiilasyonun
yogun oldugu donemleri ifade eden tepe noktalari,
dogada aktif oldugu siire, son ergin ugusu ve nar
meyvelerindeki bulagiklik orani gibi temel veriler elde
edilerek nar dreticilerine zararlinin miicadelesine
yonelik yol gosterici bilgiler saglanmigtir.

MATERYAL ve METOD

Aragtirmanin ana materyalini; C. capitata, Sanliurfa
ili nar bahcgeleri, delta tipi eseysel ¢ekici feromon
tuzaklar1 ve bulagik nar meyveleri olusturmaktadir.
Calisma, Sanhurfa ilinin Akcakale, Haliliye,
Karakopru ve Surug¢ ilgelerindeki birer adet nar
bah¢esinde yuriutulmustir. Calismalarin yuritaldagia
nar bahcgelerine ait bilgiler c¢izelgede verilmigtir
(Cizelge 1).

Cizelge 1. Calismanin yurutildigi nar bahgeleri ve 6zellikleri
Table 1. Characteristics of the pomegranate orchards where the studies were carried out

' Alan (da) Agag sayis1 Rakim
Ilge Koy Cesit Yas (Area) (adet) Koordinatlar (m)
(District) (Village) (Variete) (Age) (decar) (Tree number) (Coordinates) (Altitude)

. 36°54' 08"K

Akcakale Koruklu Hicaz 35 8 330 38°55' 19"D 379
- . 37°09' 44"K

Haliliye Sirrin Hicaz 20 25 1000 38°51' 07'D 485
—_ . 37°04' 01"K

Karakopri Akinc Hicaz 20 13 1000 38°30' 11"D 647
- 37°01' 25"K

Surug Aligér Surug 30 6 400 38°96' 19"D 513

Ceratitis capitatamn Popiilasyon Geligiminin
Belirlenmesi

Zararlinin popililasyon gelisiminin belirlenmesi, 2020
ve 2021 yillarinda Sanlhurfa ilinin Akgakale, Haliliye,
Karakopri ve Surug ilgelerindeki birer adet nar
bahgesinde yuritilmustur. Ceratitis capitatanin
popllasyon gelisiminin belirlenmesi amaciyla her bir
bahceye iicer adet delta tipi eseysel cekici feromon (2 g
Trimedlure,) tuzag1 (Russel IPM, Flintshire, Ingiltere),
mart aymmin ortalarinda 50’ser metre ara ile yerden
1.5-2 metre yiksekliginde, agaclarin giiney yoniine
astlmistir (Sekil 1).

Tuzaklar, ilk ergin ugusu belirleninceye kadar g
giinde bir, ilk erginin yakalanmasindan sonra son
ergin ugusuna kadar haftada bir kez ve ayni giin takip

edilmigtir. Feromon  kapsiilleri aylhk olarak
yenilenmistir. Yapiskan tablalar yapigskanlik 6zelligini
kaybedince yenisi ile degistirilmigtir. Feromon

tuzaklarinda yakalanan C. capitatanin ergin (erkek)
sayillar1 haftalik olarak kaydedilerek tuzak bagina
ortalama seklinde grafiklere iglenmigtir. Calismada
her bir bahgeye asilan ti¢ tuzakta yakalanan ergin
bireylerin ortalama sayilar1 kullanilarak zararlinin
popllasyon egrileri elde edilmistir. Sonuc¢ olarak,
zararlinin 6nemli popiilasyon parametrelerinden; ilk
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ergin ucusu, popllasyonun yogun oldugu dénemler,
tepe noktalari, populasyon gelisimi, dogal sartlarda
tahmini dol sayisi, son ergin ucgusu gibi popiilasyon
dinamikleri belirlenmisgtir.

Ceratitis capitatanin Nar Bahgelerindeki Bulagiklik
Oraninin Belirlenmesi

Ceratitis capitata’hin nar meyvelerindeki bulagiklik
oranini belirlemek i¢in, hasat esnasinda her bahcede
en az 10’ar agacin farkli yonlerinden alinan 100 meyve
zarar belirtisi ve larva agisindan kontrol edilmistir.
Meyveler saglam ve bulagik seklinde kaydedilerek
bulagiklik orani % olarak asagidaki formil ile
hesaplanmigtir

Bulasik meyve sayisi
Kontrol edilen meyve sayisi

Bulasiklik orani = *100

BULGULAR ve TARTISMA

Calisma, 2020-2021 wyillarinda Sanliurfa ilinin
Akgakale, Haliliye, Karakopri ve Surug ilgelerindeki
nar bahcgelerinde yurutiilerek zararlinin poptlasyon
geligimi ve bulagiklik orani belirlenmistir.
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Sekil 1. Calismalarda Ceratitis capitatanin popiilasyon takibinde kullanilan delta tipi eseysel ¢ekici feromon
tuzaklari
Figure 2. Delta-type sexual attractant pheromone traps are used in the studies to determine the population
development of Ceratitis capitata

Ceratitis capitatamin Popiilasyon Geligimi capitatahin 2020 ve 2021 yillarindaki popilasyon
Sanlurfa Ili Karakopri ilgesindeki nar bahg¢esinde C. gelisimi Sekil 2’de verilmistir.
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Sekil 2. Karakopri ilgesindeki nar bahgesinde Ceratitis capitatanin 2020 ve 2021 yillarindaki populasyon geligimi
Figure 2. Population development of Ceratitis capitata in pomegranate orchards in Karakopri district in 2020 and
2021 years
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Karakopru ilgesindeki nar bahgesinde ilk ergin ugusu
2020 yilinda 28 Agustos tarihinde, 2021 yilinda ise 10
Eylul tarihinde gercgeklesmistir. Bu tarihlerde
ortalama sicaklhigin yillara goére sirasiyla 32.8°C ve
28.3°C, nem degerlerinin ise sirasiyla %40.1 ve %39.2
olarak o6l¢iildiigii kaydedilmistir (Sekil 3). Zararlinin
her iki yilda da birer tepe noktasi olusturdugu
belirlenmigtir. Zararlimin 2020 ve 2021 yillarinda
olusturdugu tepe noktalari sirasiyla 16 Ekim tarihinde
sirasiyla 8 ve 94 ergin/tuzak ile gerceklesmistir (Sekil
2). Tepe noktasinin olustugu tarihte sicaklik
ortalamasi 11.2°C ve nem ortalamasi ise %30.6 olarak
Olculmiustir. Yil boyunca tuzak basina 2020 yilinda

40
35
30
25
20

15

2020

Ortalama sicakhk (°C)

Ortalama sicakhk (°C)

ortalama 21 ergin yakalanirken 2021 yilinda 312 birey
yakalanmistir (Sekil 10). Bu durum zararlinin yillara
gore popllasyonunda artig gosterecegi isareti olarak
algilanmigtir. Zararlinin son ergin ugusu 2020 ve 2021
yillarinda sirasiyla 20 Kasim (ortalama sicaklik: 10.2
°C, ortalama nem: %67.6 ) ve 3 Aralk (ortalama
sicaklik: 6.9°C, ortalama nem: %48.1 ) tarihlerinde
gerceklesmigtir. Bu verilere gore zararlinin dogada
yvaklagik 3 ay aktif olarak ucgtugu belirlenmistir.
Sanhurfa Ilinin Karaképrii ilgesinin 2020 ve 2021
yillarina ait ortalama sicaklik ve nem verileri Sekil
3’te verilmistir.
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Sekil 3.Karakdépri ilgesinin 2020-2021 yillarindaki ortalama sicaklik ve nem degerleri

Figure 3. Average temperature and relative humidity values of Karakoprii district for 2020 and 2021 years

Surug ilgesindeki nar bahgesinde C. capitata 'min ilk
ergin ucusu her iki yilda da 28 Agustos tarihinde
gerceklesmistir (Sekil 4). Bu tarihte sicaklik ve nem
degerlerinin 2020 ve 2021 yillarinda sirasiyla 27.8°C ve
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%47.9 ile 30.5°C ve %41.6 oldugu gorilmistir (Sekil
5). Zararhh 2020 yilinda belirgin bir tepe noktasi
olusturmazken 2021 yilinda ilk ergin ugusundan sonra
zararlinin populasyonu yiikselise gegerek mevsim
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sonuna kadar dalgali bir seyir izlemis ve belirgin iki
tepe noktasi olusturmustur. Zararlinin tuzak basina
en fazla ergin yakalanmasi 2020 yilinda 16 Ekim
tarihinde 17 ergin/tuzak ile gergeklesirken bu tarihte
6lctlen sicaklik ve nem degerlerinin sirasiyla 21.7°C ve
%45.5 oldugu belirlenmigtir. Calismanin ikinci yilinda

600
550
500
450
400

Ergin sayis1 (Adet/Tuzak)

21 Agustos
28 Agustos
4 Eyliil

11 Eylul
18 Eylul
25 Eylil

2 Ekim

9 Ekim

16 Ekim

Tarih

23 Ekim

tepe noktalarini temsil eden 25 Eylil ve 30 Ekim
tarihlerinde sirasiyla 216 ve 121 ergin/tuzak ile C.
capitata ergin bireyleri yakalanmistir (Sekil 4). Tepe
noktalariin olustugu bu tarihlerde 6l¢iilen ortalama
sicaklik ve nem degerlerinin 18.8°C-%35 ve 16.1°C-%
60.7 oldugu kaydedilmistir (Sekil 5).

30 Ekim
6 Kasim
13 Kasim
20 Kasim
27 Kasim
4 Arahk
11 Arahk

Sekil 4. Surug ilgesindeki nar bahgesinde Ceratitis capitatanin 2020 ve 2021 yillarindaki popiilasyon geligimi
Figure 4. Population development of Ceratitis capitata in pomegranate orchards in Surug district in 2020 and 2021

years

Surug ilgesindeki nar bahgesinde son ergin ugusunun
ilk yil kasim aymnin tuginci haftasinda oldugu
(ortalama sicaklik: 8.6°C, ortalama nem: %61.3), ikinci
y1l ise aralik ayimin ilk haftasinda (ortalama sicaklhik:
5.7°C ve ortalama nem: %58.9) gerceklestigi
belirlenmigtir. Bu verilere gore zararlinin dogada 4 ay
aktif olarak ugtugu belirlenmigtir. Surug ilgesinde nar
bahcgesinde yurutilen bu ¢calismada feromon tuzaklari
tarafindan yillara gore toplam 125 ve 1353 adet
Akdeniz meyve sinegi ergini yakalanmistir (Sekil 10).
Bu veriler, zararlinin popiilasyonunun caligmanin
ikinci yilinda oldukga yiikseldigini gostermistir.
Sanliurfa ilinin Surug ilgesinin 2020 ve 2021 yillarina
ait ortalama sicaklik ve nem verileri Sekil 5’te
verilmigtir.

Sanliurfa ilinin Akg¢akale ilgesindeki nar bahgelerinde
C. capitatanin 2020 ve 2021 yillarina ait popilasyon
gelisimi Sekil 6’da verilmistir.

Akgakale ilgesindeki nar bahgesinde 2020 yilinda ilk
ergin ugusu 8 Ekim tarihinde gorilirken
(s1caklik:16.5°C; nem: %50.9) 2021 yilinda ise 30
Temmuz tarihinde (sicaklik: 33.7°C; nem: %30.7)
gerceklesmigtir. Tuzaklara ilk ergin yakalandiktan
sonra zararlinin poptlasyonu 2020 yilinda 6nemli bir
artig gostermezken, 2021 yilinda ylkselise gecerek
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dalgali bir seyir izlemig olup 2 tepe noktasi
olusturmustur. Zararlinin 2021 yilinda olusturdugu
tepe noktalar: 15 Ekim (sicaklik: 23.2°C; nem: % 42.2)
ve 19 Kasim (sicaklik: 10.1 °C; nem: % 79) tarihlerinde
sirasiyla 116 ve 565 ergin/tuzak yakalanmasi ile
gerceklesmistir. Son ergin ucusunun yillara sirasiyla
26 Kasim (sicaklik: 10.8°C; nem: %85.8) ve 17 Aralk
tarihinde (sicaklik: 10.3°C; nem: %65.5) oldugu tespit
edilmigtir. Bu veriler dogrultusunda zararlinin 2020
yilinda 1.5 ay kadar aktif olurken 2021 yilinda ise
farklilik gostererek dogada yaklagik 5 ay aktif olarak
uctugu belirlenmigtir. Akcakale ilgesinde feromon
tuzaklarinda 2020 ve 2021 yillarinda sirasiyla toplam
26 ve 1226 adet Akdeniz meyve sinegi ergini
yakalanmistir (Sekil 10).

Sanhurfa ilinin Akcakale ilgesine ait 2020 ve 2021
yillarina ait ortalama sicaklik ve nem verileri Sekil
7’de verilmigtir.

Sanlhurfa ilinin Haliliye ilgesindeki nar bahgesinde
2020 ve 2021 yillarina ait C. capitatanin eseysel ¢ekici
feromon tuzaklariyla belirlenen popiilasyon geligimi
Sekil 8de verilmigtir. Haliliye il¢esindeki nar
bahgelerinde Akdeniz meyve sineginin ilk ergin ugusu
2020 yilinda 24 Eylil tarihinde goérilirken, 2021
yilinda ise 10 Eylil tarihinde gorilmiugtir.
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Sekil 5.Surug ilgesinin 2020-2021 yillarindaki ortalama sicaklik ve nem degerleri
Figure 5. Average temperature and relative humidity values of Surug district for 2020 and 2021 years
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Sekil 6. Ak¢akale ilgesindeki nar bahgesinde Ceratitis capitatanin 2020 ve 2021 yillarindaki popiilasyon geligimi
Figure 6. Population development of Ceratitis capitata in pomegranate orchards in Akgakale district in 2020 and 2021 years
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Sekil 7.Akg¢akale il¢esinin 2020-2021 yillarindaki ortalama sicaklik ve nem degerleri
Figure 7. Average temperature and relative humidity values of Ak¢akale district for 2020 and 2021 years

Bu tarihlerde sicaklik ve nem degerleri sirasiyla 19.6°C
ve %49.3 ile 26.8°C ve %47.5 olarak kaydedilmigtir.
Tuzaklara ilk ergin yakalandiktan sonra 2020 yilinda
popiilasyon belirgin olmasa da 1 tepe noktasi, 2021
yilinda dalgali bir seyir izlemis olup 2 belirgin tepe
noktasi olusturmustur. Zararhnin 2020 yilinda
olusturdugu tepe noktast 30 Ekim tarihinde 7
ergin/tuzak ile gerceklegirken 2021 yilinda ise 22 Ekim
ve 5 Kasim tarihlerinde sirasiyla 52 ve 31 ergin/tuzak
ile gergeklesmistir. Calismanin ikinci yilinda bu tepe
noktalarinin olustugu tarihlerde olgiilen sicaklik ve
nem degerleri sirasiyla 20.2°C-%28.4 ve 21.3°C-% 37.4
olarak kaydedilmistir (Sekil 9).
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Zararhinin Haliliye ilgesi nar bahgesindeki son ergin
ucusu 2020 yilinda Kasim ayinin son haftasi (sicaklik:
10.6°C; nem: %72.5) 2021 yilinda ise Aralik ayinin
ortalarina (sicaklik: 10.4°C; nem: %63) kadar devam
etmigtir. Bu sonuglar degerlendirildiginde zararlinin
yillara gore dogada aktif olarak 2-3 ay uctugu tespit
edilmigtir. Calisma sonucunda feromon tuzaklar:
tarafindan toplam 2020 yilinda 29 adet, 2021 yilinda
ise 259 adet Akdeniz meyve sinegi ergini
yakalanmigtir.

Sanlurfa Ilinin Haliliye ilgesinin 2020-2021 yillarina
ait ortalama sicaklik ve nem verileri Sekil 9da
verilmistir.
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Figure 9. Average temperature and relative humidity values of Haliliye district for 2020 and 2021 years

Sekil 9.Haliliye ilgesinin 2020-2021 yillarindaki ortalama sicaklik ve nem degerleri
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Her bir ilgeye ait popllasyon verilerinin ayri ayri
verildigi yukaridaki grafikler birlikte
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yakalanan ergin sayilar1 Sekil 10°da verilmistir.

22020 =2021
312 .
259
21 29
KARAKOPRU HALILIVE

Sekil 10. Sanliurfa ilinde 2020 ve 2021 yillarinda nar bahgelerinde feromon tuzak basina yakalanan Ceratitis

capitatanin toplam ergin sayilari

Figure 10. Total number of Ceratitis capitata adults caught per pheromone trap in pomegranate orchards in

Sanliurfa Province in 2020 and 2021 years

Sekil 10 incelendiginde tuzaklara yakalanan toplam
ergin sayilar1 Karakopri ilgesinde 2020 yilinda 21 iken
2021 yilinda yaklasitk 14 kat artarak 312, Surug
ilgesinde 2020 yilinda 125 iken 2021 yilinda yaklasik
10 kat artigla 1353 ergin olmustur. Benzer sekilde,
Akcakale ilgesinde 2020 yilinda toplam 26 ergin
yakalanirken 2021 yilinda yaklasik 47 kat artigla 1226
ve Haliliye il¢esinde ise 2020 yilinda yakalanan toplam
ergin sayisi 29 iken 2021 yilinda 8 kat artigla 259 ergin
olarak tespit edilmistir.

Sekil 10’daki veriler ilceler bazinda aylara gore
degerlendirilerek zararlinin popiilasyonunun hangi
aylarda yogunluk gosterdigini incelemek amaciyla bir
Chord Diagram olusturulmustur (Sekil 11).
Calismanin yurutildagi lokasyonlarda zararlinin
2020 ve 2021 yillarindaki popiilasyonlar: bagimsiz t-
testine tabi tutuldugunda biitiin ilgelerde zararlinin
iki yilhk popiilasyonu arasinda fark oldugu
goriilmiistiir (Cizelge 2).

Cizelge 2. Tlgelere gore Ceratitis capitata Ceratitis
capitata sayilari

Table 2. Ceratitis capitata‘ Ceratitis capitata’ numbers
by districts

ilce SD t degeri p degeri*
Akcakale 24 2.089 0.02
Haliliye 24 2.678 0.006
Karakoprii 24 2.487 0.01
Surug 24 3.668 0.0006
*p degeri 0.05ten kucuk olan satirdaki lokasyonda

zararhinin 2020 ve 2021 yillarindaki populasyonlar: arasinda
fark vardir.
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Calismanin yuratildigia ilgelere ait popiilasyon
verileri birlikte degerlendirildiginde zararlinin en
fazla Ekim ayinda tuzaklarda yakalandigi ve onu
Kasim aymin takip ettigi anlasilmaktadir (Sekil 11).
Akdeniz meyve sinegi erginleri aylara gore en fazla
sirasiyla 1288, 1268, 586, 144 ve 64 ergin/tuzak ile
Ekim, Kasim, Eylul, Aralik ve Agustos aylarinda
yakalandigr belirlenmigtir. Bu sonuglara gore
zararlinin Agustos ayindan 6nce Sanliurfa ilindeki nar
bahgelerinde 6nemli bir popililasyon olusturmadigi
anlagilmigtir.

Ceratitis capitata min Nar Bahgelerindeki Bulagiklik
Orani

Sanliurfa ilinin farklh ilgelerindeki nar bahcelerinde
2020 ve 2021 yillarinda belirlenen Akdeniz meyve
sinegi bulagiklik oran1 Cizelge 3’de verilmistir.

Cizelge 3. Sanliurfa ilinde nar bahgelerinde Ceratitis
capitata min 2020 ve 2021 yillarindaki bulagiklik orani
Table 3. Infestation rate of Ceratitis capitata in
pomegranate orchards in Sanliurfa in 2020 and 2021
years

' Bulagiklik Orani (%)
Ilge Koy (Infestation Rate)
(District)  (Village) 2020 2021
Surug Aligor 0 2
Akgakale Koruklu 1 4
Karakopri Akinci 0 0
Haliliye Sirrin 0 0
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Sekil 11. Sanhurfa Ilinde nar bahgelerinde ilgeler bazinda 2020-2021 yillarinda aylara gére feromon
tuzaklarinda yakalanan toplam Ceratitis capitata ergin sayisi

Figure 11. Total number of Ceratitis capitata adults caught by pheromone traps in pomegranate orchards based
on counties in Sanliurfa by months in 2020-2021 years

Akdeniz meyve sineginin nar meyvelerindeki
bulagiklik oranini belirlemek amaciyla yapilan
calismalar neticesinde 2020 ve 2021 yillarindaki
bulagiklik oranlarinin sirasiyla Surug ilgesinde %0 ve
%2, Akcakale ilgesinde %1 ve %4 olarak belirlenirken
Karakopru ve Haliliye ilgelerinde her iki yilda da
bulagiklik saptanmamigtir. Bu veriler zararlinin
hentz ekonomik anlamda zarar meydana getirmedigi
sonucunu dogurmustur. Ancak yillar itibariyle gerek
popllasyon yogunlugunda gerekse bulagiklik oraninda
bir artis oldugu ve gelecekte Sanhurfa ili nar
bahcelerinde ekonomik anlamda bir zararh
olabilecegini distindiirmektedir.

Sanliurfa ilinin Akcakale, Haliliye, Karakoépra ve
Suruc ilcelerindeki nar bahcelerinde C. capitatanin
popllasyon geligimi ile ilgili elde edilen iki yillik
veriler birlikte degerlendirildiginde; zararlinin
Sanliurfa kogullarinda ilk ergin ugusunun Akdeniz ve
Ege bélgelerimiz ile kiyaslandiginda oldukga ge¢ bir
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tarith sayillan Agustos ay1 itibariyle bagladig:
belirlenmistir. Nitekim Tiring ve Satar (2017),
Cukurova bolgesinde C. capitatahin ilk erginlerinin
seftali ve incir bahgelerinde Mayis ay1 baglarinda
yakalandigin1 bildirmiglerdir. Yapilan bagka bir
¢alismada zararlimin kayisi bahgelerinde ilk ergin
ugusunun Malatya ilinde 2017 yilinda Agustos ayi
sonunda, 2018 yi1linda ise Haziran sonunda géraldigi
ancak Elazi1g Il merkezinde 2018 yilinda 28 Haziran
tarihinde cikis yaptig1 bildirilmistir (Bugday & Kececi,
2020). Benzer sekilde Giilciioglu ve Bagpinar (2020),
Aydin Ilinde hiinnap bahgelerinde C. capitatainin ilk
olarak 3 Haziran tarihinde goruldiguna
bildirmiglerdir. Ayni sekilde Papadopoulos ve ark.
(2001), Yunanistan’da en erken olgunlasan kayisi
bahgelerinde ilk ergin ugusunun 24 Haziran tarihinde
gergeklestigini bildirmiglerdir. Atifta bulunulan bu
¢alismalara gore zararlinmin Sanlhurfa ilinde nispeten
gec ortaya ¢iktigl anlasilmaktadir. Ancak Sanliurfa ili
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nar bahcelerinde elde edilen verileri destekleyen
calismalar da yapilmistir. Nitekim Elitas (2022) Bursa
Ilinde Trabzon hurmasi, seftali ve armut bahcelerinde
zararlinin ilk ergin ugusunun 23 Agustos tarihinde
gerceklestigini, Yildirrm ve Bagpmar (2011) Aydin
Ilinde nar bahgelerinde C capitataiun ilk ergin
ugusunun 2009 yilinda Ekim basinda, 2010 yilinda ise
Eylil aymin ik  haftasinda  gerceklestigini
bildirmiglerdir. Yapilan ¢aligmalarda zararlinin ilk
ergin ucgusunun farkli tarihlerde gergeklegsmesinin
farkli ekolojik kosgullar ve farkli konukgulardan
kaynaklandig: dugtnilmektedir. Yukaridaki
arastirmalar farkli iklim gartlarinin haiz oldugu ve
farkli trtn desenlerine sahip bélgelerde farkli meyve
turlerinde yurtutuldagi icin elde edilen sonuglari bu
yargimizi gliglendirmektedir.

Yirutilen bu ¢alisma sonucunda C. capitatanmn ilk
ergin ucusundan sonra disik bir populasyonda
seyrettigi ve ancak Eylil ayindan sonra tepe noktalar:
olusturmaya basladigi, en yiiksek populasyonun ise
Ekim ve Kasim aylarinda meydana geldigi
belirlenmigtir. Do6rt ilgenin popiilasyon egrisi goz
o6ntinde bulunduruldugunda Sanlhurfa sartlarinda 2
tepe noktasi olusturdugu icin teorik olarak 2 dol
verebilecegi disiniilmektedir. Ancak zararlinin ilk
ergin ugusunun yaz aylarinin ortalarindan sonra hatta
sonuna dogru gerceklesmesi Sanhurfa kosullarinda
kigs1 geciremedigi fikrini akla getirmektedir. Bu
calismanin aksine; Elekcioglu (2013), zararlinin
popllasyonunun Tirkiye turunggil alanlarinda
yiksek oldugunu, ihracatimiz acgisindan o6nemli
problemlere sebep oldugunu ve yilda 4-8 dol verdigini
bildirmistir. Benzer sekilde Kasap (2016), Adana ilinin
Seyhan ilgesinde farkli nar gesitlerindeki Akdeniz
meyvesineginin  popllasyon  gelisimi ve nar
meyvesindeki zarar oranini belirlemis olup Wonderful
ve Hicaz nar ¢esitlerinde 7-8 d61 ve Acco nar ¢esidinde
6-7 dol verdigini bildirmistir. Yuruatilen bu
calismadan farkli sonuclarin elde edilmesi Akdeniz
bélgesinin subtropik ikliminden dolay1r zararlinin
rahathkla kig1 gecirmesi, erken kigslamadan cikmasi,
ara konukc¢ularin yogunlugu ve uygun yaz
mevsiminden kaynaklandig distintilmektedir.
Cunki, bu calismanin yuratildigi Sanhurfa’nin
farkli ilgelerindeki kig iklimi verilen sicaklik ve nem
grafiklerinden de anlagildig: tizere, Akdeniz Bélgesine
gore daha soguk ve uzun, yaz mevsiminin ise hem ¢ok
sicak ve uzun hem de nispi nem ¢ok diigiik oldugundan
kurak ge¢cmektedir. Dol sayisi ile ilgili farkliligin diger
bir sebebi de bu ¢alismanin yiritildigi bolgede tirtin
deseninde tarla bitkileri yetistiriciliginin yaygin
olmasi ve C. capitatanin konukcgusu olabilecek meyve
bahgelerinin bulunmamasi oldugu diisiiniilmektedir.

Akdeniz meyve sinegi poptiilasyon yogunlugunun takip
edildigi 4 farkhh ilgede gorilen en fazla ergin
yakalanmasi 2020 yilinda Karakoprii ilgesinde 16
Ekim (8 ergin/tuzak), Surug ilcesinde 16 Ekim (17
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ergin/tuzak), Akcakale ilcesinde 13 Kasim (8
ergin/tuzak) ve Haliliye ilcesinde 30 Ekim (7
ergin/tuzak) tarihinde gerceklesmistir. 2021 yilinda
ise Karakoprii ilcesinde 15 Ekim (94 ergin/tuzak),
Surug ilgesinde 25 Eyliil (216 ergin/tuzak), Akcakale
ilcesinde 19 Kasim (565 ergin/tuzak) ve Haliliye
ilcesinde 22 Ekim (52 ergin/tuzak) tarihinde en yiiksek
popilasyon yogunlugu goérilmiustir. Tuzaklara
yakalanan toplam ergin sayilari 2020 ve 2021
yillarinda sirasiyla Karakopri ilgesinde 21 ve 312,
Surug ilgesinde 125 ve 1353, Akcakale ilgesinde 26 ve
1226 ve Haliliye 29 ve 259 ergin/tuzak olarak tespit
edilmigstir. Bu verilere gore zararlinin popiilasyonunun
calismanin  ikinci yilinda oldukga yikseldigi
belirlenmistir. Tiftikgi (2021), kayis1 bahcesinde
zararlinin ergin bireylerinin 10 Ekim 2016 tarihinde
tuzak basina 630 ergin birey, 24 Ekim 2017 tarihinde
tuzak basina 3 ergin birey, 12 Eylil 2018 tarihinde
tuzak basina 581 ergin birey, 24 Ekim 2019 tarihinde
ise tuzak bagina 20 ergin birey ile tepe noktalarim
olusturdugunu tespit etmistir. Diger bir c¢alismada,
Yildirim ve Bagpinar (2011), nar bahgelerinde Akdeniz
meyve sineginin hem 2009 hem de 2010 yilinda en
yiksek popilasyonunun Ekim-Kasim aylarinda
gorildiginin, 2009 yilinda en yiiksek belirlenen
popiilasyonun 185 ergin/tuzak iken 2010 yilinda ise
380 ergin/tuzak oldugunu belirtmiglerdir. Ayni sekilde
Cardak (2015), Osmaniye ilinin Hicaznar bahcelerinde
zararhinin en fazla ergin bireyinin 2012 yilinda 26
Ekim tarihinde 168 ergin/tuzak olup 2013 yilinda ise
10 Kasim tarihinde 274 ergin/tuzak olarak
gerceklestigini bildirmistir. Yine kayisi bahcgelerinde
yurutilen bir c¢alismada 2017 yilinda tuzaklara
yakalanan en fazla ergin sayisinin Malatya ilinde 17
Kasim tarihinde 365 ergin/tuzak oldugu, 2018 yilinda
ise 31 Agustos tarihinde 804 ergin/tuzak yakalandig:
kaydedilmigtir. Aynm1 calismada, Elazig ili merkez
ilcesinde 2018 yilinda 2 Agustos tarihinde 250
ergin/tuzak oldugu, Baskil il¢esinde ise 13 Eylil
tarihinde 486 ergin/tuzak ile en yiksek yogunluga
ulasgtig1 bildirilmistir (Bugday & Kegeci, 2020). Ayrica
Akyol (2014), Hatay Ilinde Satsuma cesidi mandarin
bahgesinde 2011 yilinda toplam 8968 adet Akdeniz
meyve sinegi ergininin yakalandigini, en fazla ergin
bireyin Ekim ayinda 6396 adet oldugunu belirlemigtir.
Ikinci yilinda ise tuzaklara toplam 1307 ergin birey
yakalandigini, tuzaklara en fazla erginin Eylil ayinda
420 adet oldugu bildirilmistir. Ayni sekilde Elitag
(2022) seftali, armut ve Trabzon hurmasi bahcelerinde
tuzaklara yakalanan toplam ergin sayisinin sirasiyla
660, 678 ve 1402 adet oldugunu gozlemlemigtir.
Goruldagn tzere yaptigimiz ¢alismaya paralel olarak
farkli lokasyonlarda ve farklh konukgularda zararh
yillara ve aylara goére farkli popiilasyon geligimi
gosterebilmekte ve farkli popiilasyon yogunluklarinda
tepe noktalari olusturabilmektedir. Bu ¢aligmada,
yillar itibariyle zararlhinin popiillasyonunun mevsim
basinda diisiik kalmasi ve sonbahara dogru yukselige
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gecerek artirmasi ise bolgede ara konukcu yetersizligi
ile asim  sicak ve kurak yaz sicaklarindan
kaynaklandig1 distiniilmektedir. Bu durum stphesiz
zararlinin dol sayisini da etkilemektedir.

Yapilan bu ¢aligsma neticesinde C. capitatanin yillar ve
lokasyonlara gore Agustos-Aralik aylar1 arasinda
olmak tlizere 1-5 ay arasinda farkli strelerle dogada
aktif bulundugu belirlenmistir. Giilciioglu ve Bagpinar
(2020) bu calismay1 destekleyen sonuclar elde etmis ve
C. capitatamin Aydin ili Cine il¢esinde bulunan
hiinnap bahgelerinde 2017-2018 yillarinda yaklasik 5
ay aktif oldugunu bildirmiglerdir.

Zararlinin nar bahcelerindeki bulasiklik orani ile ilgili
yapilan ¢alismalar neticesinde zararlinin Sanhurfa ve
ilgelerinde yillara ve lokasyonlara gore %0-4 arasinda
bulasikliga sebep oldugu belirlenmistir. Yildirim ve
Baspinar (2011), nar bahcelerinde C. capitatanin
meyvedeki zarar oraninin 2009 yilinda %1.9-2.20,
2010 yilinda ise %0.77-%0.43 oraninda oldugunu
bildirmistir. Benzer olarak Martinez Ferrer ve ark.
(2012), klemantin bahcelerinde Akdeniz meyve
sineginin meyvedeki zararmin %0.5 seviyelerinde
oldugunu belirtmiglerdir. Gulciioglu ve Bagpinar
(2020) ise Akdeniz meyve sineginin Hiinnap
meyvesindeki en yuksek zararinin %45.7 en dusik
zararinin ise %16.7 oldugunu belirlemiglerdir. Zararl,
ayn1 meyve tliriine ait farkli cesitlerde farkli oranlarda
zarar meydana getirebilmektedir. Bunu teyit eder
sekilde farkl nar ¢esitlerindeki meyve kabuk kalinlig:
ve catlama oranimin Akdeniz meyve sineginin
bulagikligini  dogrudan etkiledigi kaydedilmigtir
(Kasap, 2016; Giiler, 2022).

SONUC ve ONERILER

Bu ¢alisma, Sanhurfa ilinin nar bahgelerinde zararlh
olan C. capitatanin popilasyon geligimi ve bulagiklik
oraninin belirlenmesi amaciyla 2020-2021 yillarinda
Akcakale, Haliliye, Karakoprii ve Surug ilgelerinde
yuratilmustir. Akdeniz meyve sineginin butin
lokasyonlardaki popiilasyon gelisimi ile ilgili veriler
degerlendirildiginde zararlinin nar bahgelerinde ilk
olarak agustos ay1 itibariyle gériilmeye basladigi, 2020
yilinda dusik olan popilasyonun 2021 yilinda
yikseldigi belirlenmigtir. Zararlinin popiilasyonunun
yaz aylarinda diisiik iken 6zellikle Akgakale ve Surug
ilgelerindeki bahgelerde sonbahar aylarinda yliksek
dalgalanma gosterdigi belirlenmistir. Zararhinin
poptilasyon seyri incelendiginde 2020 yilinda ergin
popilasyonunun en fazla goruldugu ilge Surugta 16
Ekim tarihinde 17 ergin/tuzak oldugu buna karsin
2021 yilinda en yiiksek ergin yakalanmas1 Akcgakale
ilgesinde 19 Kasim tarihinde 565 ergin/tuzak olarak
gerceklesmistir. Zararhinin yillar ve lokasyonlara goére
degismekle beraber Aralik aymna kadar tuzaklara
yakalandig1 ve 1 ile 5 ay arasinda farkli strelerle
dogada aktif bulundugu belirlenmisgtir.

Calisma sonucunda zararlinin nar meyvelerindeki
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bulagiklik oraninin iki yillik ortalamaya gére Surug
ilgesinde %1 ve Akgakale ilgesinde %2.5 oldugu tespit
edilmis olup her iki yilda da Haliliye ve Karakopri
ilgelerinde meyvede bulasiklik olmadigi belirlenmisgtir.
Calismanin yurituldagi dort ilgenin popililasyon egrisi
gbz 6nunde bulunduruldugunda Sanhurfa sartlarinda
2 tepe noktasi olusturdugu i¢in teorik olarak 2 dol
verebilecegini diisindirmektedir. Ancak zararlinin ilk
ergin ugusunun yaz aylarinin ortalarindan sonra hatta
sonuna dogru gerceklesmesi Sanhiurfa kosullarinda
ki1 geciremedigi fikrini akla getirmektedir. Bu
nedenle zararlinin Sanliurfa kogullarinda kiglama
biyolojisi basta olmak {izere biyoekolojisinin
arastirilmasi gerekmektedir.

Calisma kapsaminda elde edilen tiim veriler birlikte
degerlendirildiginde zararlinin hentiz ekonomik
anlamda zarar meydana getirmedigi sonucunu
dogurmustur. Ancak yillar itibariyle gerek poptilasyon
yogunlugunda gerekse bulagiklik oraninda bir artig
oldugu ve gelecekte Sanliurfa ili nar bahcelerinde
ekonomik anlamda bir zararli olabilecegini
diustindirmektedir. Bu nedenle nar ureticilerinin
teknik elemanlar tarafindan zararl ile ilgili egitim
yayim faaliyetleriyle bilgilendirilmeleri mutlak 6nem
arz etmektedir. Zararlidan kaynakli kayiplarin
azaltilmas1 i¢cin nar hasadinin geciktirilmemesi,
agacta kalan ve yere diisen bulasik nar meyvelerinin
toplanarak imhasi konusunda tireticiler uyarilmalidir.
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MM c¢alismayi tasarlamis, CG ¢alismay: yiratmis, CS
arazl calismalarinda gorev almigtir. Tim yazarlar
makale yaziminda katki saglamis olduklarini beyan
ederler.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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OZET Entomoloji
Malatya ilinde kayisi yetigtiriciliginin yogun olarak yapildig:

ilcelerde, Sphaerolecanium prunastri (Boyer de Fonscolombe) Aragtirma Makalesi
(Hemiptera: Coccidae)nin yayilist ve bulasma oranlarinin

belirlenmesi amaciyla 2018 ve 2019 yillarinda sorvey calismasi Makale Tarihgesi
yapilmistir. Arastirmanin sonucunda Malatya ili Akcadag, Gelis Tarihi
Battalgazi, Darende, Dogansehir, Hekimhan, Kale, Merkez, Yazihan Kabul Tarihi

ve Yesilyurt ilceleri kayis1 alanlarinda S. prunastrinin yayilis

gosterdigi belirlenmistir. Yapilan o6rnekleme alanlarina gore Anahtar Kelimeler

bulagikligin en yiiksek Battalgazi ilgesinde oldugu belirlenmistir.
Malatya ili Akc¢adag ilgesinde ti¢ farkl koydeki insektisit kullanilan
ve kullanilmayan tucer adet kayisi bahgesinde nisan ve kasim
aylarinda duzensiz araliklarla yapilan gézlemler ile S. prunastrihin
populasyon yogunlugu arastirilmistir. Calisma sonucunda insektisit
kullamilmayan bahcgelerde zararlinin popilasyon yogunlugunun
insektisit kullanilan bahcgelere gore daha yiiksek oldugu
belirlenmigtir.

Sphaerolecanium prunastri
Coccidae

Kayis1

Malatya

Distribution and infestation rates of the Plum scale, Sphaerolecanium prunastri (Boyer De
Fonscolombe) (Hemiptera: Coccidae) in apricot orchards of Malatya province and the effects of chemical
control on the population density of the pest

ABSTRACT Entomology

A survey study was conducted in 2018 and 2019 to determine the

distribution and infestation rates of Sphaerolecanium prunastri Research Article
(Boyer de Fonscolombe) (Hemiptera: Coccidae) in the districts where

apricot cultivation is intensively carried out in Malatya province. As a Article History
result of the survey, it was determined that S. prunastriis widespread Received :
in apricot areas of Akcadag, Battalgazi, Darende, Dogansehir, Accepted
Hekimhan, Kale, Merkez, Yazihan and Yesilyurt districts of Malatya

province. According to the sampling areas, the highest level of Keywords

infestation was determined in the Battalgazi district. Population
density of S. prunastri was investigated in three apricot orchards with
and without insecticides in three different villages in Ak¢adag district
of Malatya province with observations made at irregular intervals
between April and November. As a result of the study, it was
determined that the population density of the pest was higher in
orchards where insecticides were not used than in orchards where
insecticides were used.

Sphaerolecanium prunastri
Coccidae

Apricot

Malatya
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De Fonscolombe) (Hemiptera: Coccidae)nin Yayilis Alanlari, Bulasma Oranlar1 ve Kimyasal Miicadelenin
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GIRIS

Anavatanm Orta Asya, Bat1 Cin ve Iran-Kafkasya olan
kayis1 (Prunus armeniaca)nin, basta Akdeniz iilkeleri
olmak lzere, birgok ulkede yetigtiriciligi
yapilmaktadir (Anonim, 2024). Birlesmis Milletler
Cida ve Tarim Orgiti (FAO) verilerine gére, 2022
yilinda yaklagik 56 bin hektar alanda 3,9 milyon ton
kayis1 iiretimi gerceklesmistir (FAO, 2024). Tiirkiye
hem kayis1 tretim alani hem de uretim miktar
bakimindan diinyada birinci sirada yer almakta olup,
Turkiye Istatistik Kurumunun verilerine gore (TUIK),
Turkiye’'de 2022 yilinda 141851 hektar alanda, 803 bin
ton kayisi tretimi gerceklesmistir (TUIK, 2024).
Malatya 1li yaklagik 878 bin dekar alanda, 304 bin ton
kayisi tiretimi ile Turkiye’de en ¢ok kayis: Giretilen ildir
(Anonim, 2024). Tirkiye tarimsal iiretiminde en
onemli urinlerden biri olan kayis1 bitkisi tizerinde
farklhi takim ve familyalardan c¢ok sayida zararh
bulunmaktadir. Malatya ilinde kayisi yetistiriciligi
yapilan alanlarda 63 zararli tira tespit edilmigstir
(Ozturk ve ark., 2004). Bu zararhlarin en
onemlilerinden biri de erik kosnili olarak bilinen
Sphaerolecanium prunastri (Boyder de Fonscolombe)
(Hemiptera: Coccidae)’dir. S. prunastrinin
Turkiye'nin de iginde bulundugu Palearctic ve
Nearctic Zoo-cografi bélgelerde bulunan 38 tilkede
yayilis gosterdigi bildirilmektedir (Garcia Morales ve
ark., 2016). S. prunastri Tirkiyenin tiim cografik
bolgelerinde saptanmistir (Bodenheimer, 1953;
Soydanbay, 1976; Onciier, 1977; Ulgentiirk & Toros,
1999; Karsavuran ve ark., 2001; Ulgentirk ve ark.,
2001; Oztirk ve ark., 2004; Kaydan ve ark., 2007;
Hazir & Ulusoy, 2009; Ozgen & Bolu, 2009; Aksit &
Kaya Apak, 2013; Yigit & Tunaz, 2015; Develioglu ve
ark., 2018). Zararli basta Rosaceae familyasi ve
Prunus cinsi olmak tizere, 5 familya ve 9 cinse ait en
az 20 konukcu bitkide beslenmektedir (Garcia Morales
ve ark.,, 2016). S. prunastri konukcu bitkilerin
dallarinda ve govdesinde koloniler olusturup, hem
bitkilerde 6zsuyu ile beslenmekte, hem de yogun bir

sekilde balli madde salgilamasi nedeniyle fumajin

zararina neden olmakta, sonu¢ olarak da
konukgularinda o6nemli verim kayiplari meydana
gelmekte, hatta oOnlem alinmayan agaclarda

kurumalara neden olmaktadir.

Bu calismayla, S. prunastrimin Malatya ilindeki
yayilis alanlari, bulasma oranlari belirlenmigtir.
Calismada ayrica, pestisit uygulamalarinin zararlinin
poptilasyon yogunluguna olan etkileri arastirilmig, bu
amacgla Malatya ili Akc¢adag il¢esindeki ti¢ koéyde
pestisit uygulanan ve uygulanmayan birer adet kayisi
bahgesinde S. prunastrinin bulasma oranlar
karsilastirilmigtir.

MATERYAL ve METOD

Malatya Ili Kayis1 Bahgelerinde Sphaerolecanium
prunastr/nin Yayihg Alanlar1 ve Bulagma Oranlar

Sphaerolecanium prunastrinin yayiligi ve bulasma
oranlarinin belirlenmesi amaci ile, 2018 ve 2019
yillarinda Malatya’da kayis1 yetistiriciliginin yaygin
olarak yapildig1r Akgadag, Battalgazi, Darende,
Hekimhan, Kale, Merkez, Yazihan ve Yesilyurt
ilgelerine sorveyler diizenlenmis, zararlinin yayilisi ve
bulagsma oranlar1 belirlenmigtir. Calisma, bolgenin
iklim kosgullarin1 da g6z online alarak nisan-ekim
aylarinda genellikle hafta sonlar1 olmak {izere,
diizensiz arazi cikiglar: seklinde yapilmistir (Cizelge
1). Sérvey calismalarinda orneklemeler Erkam
(1981)1n Lazarov ve Grigorov (1961)u esas alarak
diizenledigi sérvey metoduna gére yapilmigtir.

1-20 agac olan bahg¢enin tamama,

21-70 agac olan bahg¢ede 10-30 agac,
71-150 agac olan bahceden 31-40 agag,
151-500 aga¢ olan bah¢eden 41-80 agag,
501-1000 agag olan bahgenin % 151 ve

1000’den fazla agag¢ olan bahgenin
incelenmisgtir.

ise % 51

Cizelge 1. Malatya ili 2018 ve 2019 y1l1 meteorolojik verileri
Table 1. Meteorological data of Malatya province for 2018 and 2019

Yil I‘l;éf:;: Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos Eylil Ekim Kasim Aralik
(0N} 0.2 1.8 6.2 151 184 23.9 26.2 26.3 19 131 75 3.2
2018 OMMS 46 69 115 251 26.8 33.1 35.3 35.1 26 20 12.5 7
OMNS -3.8 -2.6 0.6 5.1 11.1 14.4 17.1 17.5 12 11.9 2.5 -0.6
TY 324 333 288 54 67.1 25.2 5.4 2.9 18 27.8 188 34.2
(0N} 0.5 34 7 11.4 19.9 25.4 25.5 26.4 20 159 6.68
2019 OMMS 4.4 9 129 179 285 34.7 34.2 35.1 29 241 147
OMNS -34 -21 1.1 51 10.3 15.5 16.9 17.7 11 7.8 -14
TY 553 46.1 44.1 76.7 5.9 12.3 0 1.4 31 262 1.9

*0OS: ortalama sicaklik, OMMS: ortalama maksimum sicaklik, OMNS: ortalama minimum sicaklik, TY: toplam

yagis
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Bulagiklik yogunlugunun saptanmasinda Ozgen ve
Bolu (2009)’nun uyguladig1 yénteme gore, bahgelerin
her iki kégsegeni boyunca ylriinerek, yukarida verilen
aga¢ sayisina uygun olarak her aga¢ 4 yonden
incelenmis ve genel durum dikkate alinarak S.
prunastri populasyon yogunlugu “az”, “orta” ve
“yluksek” olarak degerlendirilmistir. Bir agacin gévde
kalin dallarinin herhangi birinde zararli tek tek
goruluyorsa “az”, kimelesme goriluyorsa “orta”,
agacin tek bir dalinda veya goévdenin sadece Dbir
yonlnde bile sivama bulagiklik goruluyorsa “yiiksek”

olarak kabul edilmistir.

Akcadag Ilgesine Baghh Ug Koyde Pestisit Uygulanan
ve Uygulanmayan Kayis1 Bahgelerinde
Sphaerolecanium prunastrihin Bulagsma Oranlar
Calisma, Malatya’nin kayisi yetistiriciliginin yaygin
olarak yapildigi Akcadag ilgesinde organik ve
konvansiyonel turetim yapilan tUger adet bahcede
yuratilmustir. Bu amacgla Akcadag ilgesine bagh
Egin, Yagmurlu ve Sahil koylerinde, pestisit
uygulanan ve uygulanmayan birer bahgede, nisan-
ekim aylarinda ve genellikle hafta sonlari olmak tizere,
diizensiz arazi c¢ikiglar1 diizenlenerek o6rneklemeler
yapilmistir. Secilen bu bahgeler yukarida belirtilen
yoéntemle, Erkam (1981)1mn Lazarov ve Grigorov
(1961)'u esas alarak diizenledigi sérvey metodu ve
Ozgen ve Bolu (2009)'nun uyguladig: skala yontemine
gore yapilmigtir.

BULGULAR ve TARTISMA
Malatya Ili Kayisi Bahcelerinde Sphaerolecanium
prunastr/nin Yayihs Alanlar1 ve Bulagsma Oranlar

Malatya ilinde gerek 2018 ve gerekse 2019 yillarinda
yapilan soérvey calismalari kapsaminda, zararlinin,
Malatya’nin yaygin olarak kayisi Uretimi yapilan

Akcadag, Battalgazi, Darende, Dogansgehir,
Hekimhan, Kale, Merkez, Yazihan ve Yesilyurt
ilgelerinde bulunan kayis1 bahgelerinde yayilig

gosterdigi tespit edilmistir (Sekil 1).

2018 yilinda yapilan sérvey ¢calismalarinda, en yiiksek
bulagiklilk oraninin Battalgazi (% 82.12) ve %
Akcadag (80.40) ilcelerinde oldugu, en diisiik
bulasiklilik oranlarinin ise Hekimhan (2.09) ve
Dogansehir (4.67) ilgelerinde oldugu tespit edilmistir
(Cizelge 2). Zararlinin genel olarak organik bahgelerle
bitisik ve orantili nemin ylksek oldugu bahcgelerde
yogun oldugu gézlemlenmistir. Ozellikle, Battalgazi
ilgesindeki bu yogunlugun bahgelerin genellikle baraja
yakin olmasi ve bélgenin ortalamanin iizerinde bir
dizeyde nemli olmasindan kaynaklanabilecegi
distinilmektedir. Digiik bulagikhilik durumunun,
Hekimhan (1.122 m) ve Dogansehir (1.225 m)
ilgelerinin rakiminin yiksekliginden dolay1
olabilecegi, ayrica zararlinin bu ilgelerdeki kayisi
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agacglarina son yillarda bulagmig olabilecegi ile ilgili
oldugu diistiniilmektedir. Bununla birlikte, zararlinin
popilasyon yogunlugunun izlenen skala’ya gore,
“yiksek” olarak gozlemlendigi ilcenin Darende
(%36.58) oldugu kaydedilmistir.

N

Arapkir

w0\ )
g ( (
o \ Hekimhan \ Arguvan \
) )
. il s
/ / / \ /
Darende ‘ // Yazihan
:‘) Sz R =
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Sekil 1. Sphaerolecanium prunastrinin Malatya ilindeki
yayilis1 (Isaretli alanlar).

Figure 1. Distribution of Sphaerolecanium prunastri in
Malatya province (Marked areas)

2019 yilinda yapilan sorvey calismalari sonucunda,
sorvey yapilan hi¢ bir ilgede zararlimin yiiksek
populasyonuna rastlanmazken, en yiksek toplam
bulagiklihigin Battalgazi (%13.00) ilcesinde, en diisiik
toplam bulagikliligin ise Dogansehir (%3.24) ilcesinde
oldugu oldugu belirlenmistir (Cizelge 3).

Turkiye’de dogrudan S. prunastrinin yayginlik ve
bulagikligr ile iligkili sadece birkag c¢alisma
yapilmigstir. Bunlardan birinde zararlinin Afyon,
Burdur ve Isparta illerinde gesitli konukg¢u bitkiler
tzerindeki yayiliglari ve popiilasyon yogunluklari
hakkinda bilgiler verilmistir (Ulgentiirk ve ark., 2001).

Bir diger calisma Aydin’da, zararlinin erik agaglarinda
ki yayginhg ile ilgilidir (Aksit & Kaya Apak, 2013).
Diger iki calisma ise Malatya’da yurtitalmistir. Bu
caligmalardan Ozgen ve Bolu (2009) tarafindan 2003-
2004 yillarinda Malatya ilinde kayis1 bahgelerinde
yurutilen ¢calismada, S. prunastrinin Malatya ilinde;
Battalgazi, Kale, Merkez, Yazihan ve Yesilyurt
ilgelerinde yayilig gosterdigi bildirilmistir.
Aragtiricilar, Yazihan ilgesinde bulagikliligin diger
ornekleme alanlarina goére daha ylksek dizeyde
oldugunu, Akc¢adag, Darende ve Hekimhan 6rnekleme
alanlarinin ise temiz oldugunu Dbildirmiglerdir.
Malatya’da daha sonraki yillarda Yigit ve Tunaz
(2015) tarafindan yapilan bir bagka sérvey
calismasinda ise, ¢alisma alami Akcadag, Battalgazi,
Hekimhan, Kale, Merkez, Yazihan ilceleri ile
simirlandirilmig, zararlinin sérvey yapilan bolgedeki
kayis1 bahcelerinde farkl: oranlarda (az, orta, yiiksek)
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bulundugu bildirmistir. Arastiricilar ayrica, erik
kognili'nin en yuksek %55.4’liik oranla Merkez ilgede,
en disik ise %1.29'luk oranla Hekimhan ilgesinde
gorildigini ve zararlinin Malatya geneli yayginlik
oraninin %23.5 oldugunu saptamiglardir (Yigit &
Tunaz, 2015). Yapilan bu c¢alismada ise, erik
kognilinin Malatya ilinde dokuz ilgede yayilis
gosterdigi, yayilis alanlarin  yillar ilerledikge
genigledigi ve zararlinin kayis1 bahgelerindeki
bulagikliliginin arttig1 belirlenmistir. Ayrica, yapilan
sorvey calismalarinda, 2018 ve 2019 yillarinda
zararlinin ~ populasyon  yogunlugunda  6nemli

Research Article
farkliliklar saptanmigtir. 2019 yilinda yapilan
calismada elde edilen verilere gore zararh

poptilasyonunun 2018 yilina gore az olmasinin sebebi,
2019 yilinda kig-bahar aylarinin siirekli yagisli olmasi
nedeniyle (Tablo 1), gerek siddetli yagisin ve gerekse
ortaya c¢ikan surekli ve ylksek nemin zararh
popilasyonu Uzerinde olumsuz bir etki yapmis
olabilecegi diisiiniilmektedir. Sonug olarak elde edilen
veriler, zararlinin popiilasyon yogunluklarinin farkl
yillarda ortaya g¢ikan iklimsel sartlara gére onemli
derecede  degisiklikler  goGsterebilecegini  ortaya
koymustur.

Cizelge 2. 2018 yilinda Malatya ili kayis1 alanlarinda Sphaerolecanium prunastrinin bulasma oranlar: (%)
Table 2. In 2018, infestation rates of Sphaerolecanium prunastri in apricot fields in Malatya province (%)

Incelenen Incelenen Bulasiklilik Oran (%)
ilceler agag sayisl
Temiz Az Orta Yiksek

Akcadag 102 19.60 30.39 30.39 19.60
Battalgazi 123 17.88 31.70 33.33 17.07
Darende 164 38.41 9.75 15.24 36.58
Dogangehir 150 95.33 3.33 1.33 0.00
Hekimhan 144 97.91 1.38 0.69 0.00
Kale 154 85.71 9.74 3.89 0.64
Merkez 81 65.43 29.62 4.93 0.00
Yazihan 109 67.88 6.42 11.01 14.67
Yesilyurt 112 27.67 22.32 29.46 20.53

Cizelge 3. 2019 yilinda Malatya ili kayis1 alanlarinda Sphaerolecanium prunastrinin bulagma oranlar: (%)
Table 3. In 2019, infestation rates of Sphaerolecanium prunastri in apricot fields in Malatya province (%)

Incelenen Incelenen Bulagiklilik Orani (%)
ilgeler agac sayisl
Temiz Az Orta Yiksek

Akcadag 81 90.12 7.40 2.46 0.00
Battalgazi 123 86.99 9.75 3.25 0.00
Darende 102 90.19 6.86 2.94 0.00
Dogangehir 123 96.74 2.43 0.81 0.00
Hekimhan 123 95.94 3.25 0.81 0.00
Kale 123 91.06 6.50 2.44 0.00
Merkez 81 90.12 7.40 2.47 0.00
Yazihan 112 91.07 7.14 1.79 0.00
Yesilyurt 102 93.13 4.90 1.97 0.00

Akgadag Tlgesine Baglh Ug Koyde Pestisit Uygulanan
ve Uygulanmayan Kayis1 Bahgelerinde
Sphaerolecanium prunastrinin Bulagma Oranlari

2018 yilinda Malatya ili Akgadag ilgesinde yuritiilen
calismalarin sonucunda S. prunastrinin yogunlugu,
secili 6 bahgede yapilan incelemelerle belirlenmistir.
Yapilan goézlemlerde genel olarak insektisit
uygulanmayan bahgelerdeki zararhh yogunlugunun
insektisit uygulanan bahgelere goére daha yiliksek
oldugu tespit edilmigtir. En yiksek =zararh
yogunlugunun % 85.46 oran ile Egin kéylinde kimyasal
uygulanmayan bahgede oldugu, en dusik zararh
yogunlugunun ise % 14.37 oran ile kimyasal
uygulanan Yagmurlu koylinde oldugu saptanmigtir
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(Cizelge 4).

2019 yilinda bahgelerde yapilan gézlemlerde de genel
olarak bir 6nceki yila benzer sonuglar elde edilmis,
kimyasal uygulanmayan  bahcelerdeki zararh
yogunlugunun kimyasal uygulanan bahcelere gore
daha yuksek oldugu belirlenmigtir. En diisik zararh
yogunlugunun yine Yagmurlu koylindeki kimyasal
uygulanan bahcede (%11.94) oldugu, her ¢ koydeki
kimyasal uygulanmayan  bahcelerdeki zararh
yogunluklari birbirine yakin olsa da, en yliksek zararh
yogunlugunun Sahil kéytundeki kimyasal
uygulanmayan bahcede (%47.00) oldugu tespit
edilmistir (Cizelge 5).
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Cizelge 1. 2018 yilinda Malatya’nin Akgadag ilgesinin kéylerinde, kimyasal uygulanan ve uygulanmayan
bahcelerde Sphaerolecanium prunastrinin yogunlugu (%)
Table 4. Density (%) of Sphaerolecanium prunastri in chemical treated and non-chemical treated orchards in

villages of Ak¢adag district of Malatya in 2018

Ak(}gdgg Kimyasal Incelenen
Ilgesinin . Bulasiklilik Oran (%)
Koyleri uygulamas Agag sayisi
Temiz Az Orta Yiiksek
Egin Uygulanan 110 60.90 29.09 8.18 2.72
Uygulanmayan 165 14.54 39.39 26.66 18.78
Yagmurlu Uygulanan 341 85.63 12.90 1.46 0.00
Uygulanmayan 110 32.72 28.18 20.00 19.09
Sahil Uygulanan 110 58.18 31.81 9.09 0.90
Uygulanmayan 110 41.81 29.09 18.18 11.81

Cizelge 5. 2019 yilinda Malatyanin Akcadag ilgesinin koylerinde, kimyasal uygulanan ve uygulanmayan
bahcelerde Sphaerolecanium prunastrinin yogunlugu (%)
Table 5. Density (%) of Sphaerolecanium prunastri in chemical treated and non-chemical treated orchards in

villages of Ak¢adag district of Malatya in 2019

Akcadag

Ilcesinin Kimyasal Irvlcelenen Bulasiklilik Oram (%)
Koyleri uygulamasi Agag sayis1
Temiz Az Orta Yiksek
Esin Uygulanan 100 76.00 23.00 1.00 0.00
g Uygulanmayan 150 58.00 28.66 9.33 4.00
Yasmurlu Uygulanan 310 88.06 10.96 0.96 0.00
g Uygulanmayan 100 56.00 34.00 9.00 1.00
Sahil Uygulanan 100 79.00 21.00 0.00 0.00
Uygulanmayan 100 53.00 32.00 10.00 5.00
Malatya’da  Ureticiler tarafindan erik  kosnili etkinin % 53.46'nin altinda kaldigini bildirmiglerdir.

micadelesinde farkli etken maddeleri igeren ¢ok
sayida kimyasal preparat kullamilmaktadar.
Ureticilerle yapilan gériismelerde, S prunastrinin
mayis aymin ilk haftasi1 ve haziran ayinin ortasina
kadar ki siiregte balli madde salgisinin yliksek olmasi

nedeniyle, ureticilerin haftada bir insektisit
kullanarak balli madde durdurmaya yoénelik yogun
ila¢lamalar yaptiklari gorilmistir. Ayrica,

ureticilerin bu ilaglar1 genellikle uygulama dozundan
daha yuksek ve birgok farkli pestisit ve yaprak
giibresini  karigtirnp  kullandiklar1  saptanmagtir.
Yapilan yogun ilaglamalar nedeniyle pestisit
uygulanan bahcelerde zararlinin popiilasyonunun
kimyasal uygulanmayan bahgelere gére daha disik
oldugu tespit edilmistir. Bununla birlikte, yogun
kimyasal uygulanan bahgelerde dogal diisman
aktivitesinin az oldugu, 1ilaclama yapilmayan
bahgelerde kognil popililasyonlar1 tizerindeki dogal
diisman aktivitesinin daha yogun oldugu
gozlemlenmistir. Aksit ve Kaya Apak (2013), S
prunastriye karsi uyguladiklar farkl preparatlardan,
glinumiizde yasakli carbosulfan igeren preparatin
yiiksek 6ldiiriicii etkiye sahip oldugunu (2008'de etki
% 91.90 ve 2010°’da % 88.09), diger etkili maddelerde
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SONUC ve ONERILER

Malatya ili kayis1 alanlarinda bulunan S
prunastrinin kayisilarda daha énce yapilan caligmalar
da gbéz 6nine alindiginda, il genelinde ki yayilimini
arttirdig1 ve ilgelere gére bulagiklihiginin degismekle
birlikte, il genelinde 6nemli derecede zarar yaptigi
gozlemlenmigtir. Gerek bu ¢alisma ve gerekse bolgede
onceki yillarda yapilan c¢alismalar bir arada
distintldigiinde, bu egilimin gelecek yillarda da
stirecegl ongorilmektedir. Bu nedenle, Malatya kayisi
alanlarinda en 6nemli zararlhilardan biri haline gelen
erik kognilinin devamli gézlem altinda tutulmasi, yeni
yayillan ilgelerde yayilmasinin engellenmesi igin
ureticilerin bilin¢lendirilmesi, bulagsma yollarinin
engellenmesi, 1iklimsel degisikliklerin zararlinin
poptilasyon tizerinde etkilerinin siirekli takip edilmesi
ve dogal disman aktivitesi de gbéz Onine alinarak,
zararhya kars1 yapilacak miicadelenin zamaninda ve
entegre miicadele yaklagimi gergevesinde ele alinmasi
gerektigi  disinilmektedir. Bolgede  ireticiler
zararhya karsi ilaglamalar1 genellikle diger ilaglarla
karistirarak ve subat-mart (kayisinin tomurcuklanma
dénemi), nisan sonu-mayis basi (3. nimf-disi dénemi)
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ve mayis sonu-haziran ortasi (yumurta agilimi ve 1.
nimf donemi) olmak ftizere ii¢c farklh doénemde
yapmaktadirlar. Bununla birlikte, erken ilk bahar
ilaclamalarininin yerine o6zellikle kis miicadelesinin
yapilmadigi bahgelerde, 1. dénem nimf
popilasyonunun gorildigi mayis sonu-haziran ortasi
doneminde yapilacak dogru bir ilaglama ile zararh
popiulasyonunun etkili bir sekilde baskilanabilecegi
distinilmektedir.
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ABSTRACT Entomology
This study was conducted to determine the Curculionoidea species on .
weeds found in non-agricultural areas in Kahramanmaras Province, Research Article

Tirkiye between 2021 and 2022, weekly from late March-early April } }
until the end of September after the weeds begin to germinate, and at Article History

fifteen-day intervals when the weeds start to dry towards the end of Received - 06.02.2024
September. As a result of this study, one genus belonging to the Accepted - 18.08.2024
subfamily Brentidae of the family Apionidae of the superfamily

Curculionoidea, eleven genera belonging to the family Curculionidae, Keywo?ds ;

Lixinae Schoenherr, 1823, Hyperinae Marseul, 1863, Curculioninae Curculionoidea

Latreille, 1802, Baridinae Schoenher, 1836, Ceutorhynchinae Bedel, Brentidae

1881, Entiminae Schoenherr, 1823 subfamilies and fifteen species Weed

belonging to these genera were identified. A total of eight species, Host plant
including Hypera striata (Boheman, 1834), Rhinusa (Gymnaetron) Kahramanmaras
bipustulata (Rossi, 1792), Smicronyx jungermanniae (G. C. Reich, 1797),

Aulacobaris picicornis (Marsham, 1802), Baris analis (Olvier, 1790)

Gyllenhal, 1837, Glocianus distinctus (C. Brisout, 1870) and

Rhopalapion longirostre (Olivier, 1807), are new records for

Kahramanmarag Province. In addition, fifteen weed species were

identified as new host plants for the identified Curculionoidea species.

Kahramanmarag Ilindeki Baz1 Yabanc: Otlar Uzerinde Saptanan Curculionoidea (Insecta: Coleoptera)
Tiirleri Kisim IT

OZET Entomoloji

Bu calisma Kahramanmaras ilinde 2021-2022 yillar1 arasinda tarim }

dig1 alanlarda bulunan yabanci otlar tizerindeki Curculionoidea Aragtirma Makalesi
turlerini belirlemek amaciyla yabanci otlarin ¢imlenmeye baglamasini

takiben mart sonu-nisan ayr baslarindan eylil aymin sonuna kadar Makale Tarihgesi

haftalik olarak, eylil ayinin sonuna dogru yabanci otlarin kurumaya Gelis Tarihi  :06.02.2024
baglamasiyla 15 gunlik araliklarla arazi ¢alismalar1 yuratilmustir. Kabul Tarihi :18.08.2024
Yiuriutilen bu c¢alisma sonucunda Curculionoidea st familyasinin

Brentidae familyas1 Apioninae alt familyasina bagli 1 cins, Anahtgr K(?limeler
Curculionidae familyasi, Lixinae Schoenherr, 1823, Hyperinae Marseul, Curculionoidea

1863, Curculioninae Latreille, 1802, Baridinae Schoenher, 1836, ~ Drentidae
Ceutorhynchinae Bedel, 1881, Entiminae Schoenherr, 1823 alt Yabanci Ot‘ )
familyalarina bagh 11 cins ve bu cinslere ait 15 tiir tespit edilmistir. Konukgu bitki
Tespit edilen tiirlerden Hypera striata (Boheman, 1834), Rhinusa Kahramanmarag
(Gymnaetron) bipustulata (Rossi, 1792), Smicronyx jungermanniae (G.

C. Reich, 1797), Aulacobaris picicornis (Marsham, 1802), Baris analis

(Olivier, 1790), Ceutorhynchus picitarsis Gyllenhal, 1837, Glocianus

distinctus (C. Brisout, 1870) ve Rhopalapion longirostre (Olivier, 1807)

olmak iizere toplam 8 tiir Kahramanmaras Ili icin yeni kayit

niteligindedir. Ayrica belirlenen Curculionoidea tiirleri igin 15 yabanci

ot tiirti yeni konukgu bitki olarak belirlenmistir.

Ataf Sekli: Gozibenli, Z.S., Aslan, M.M. & Sabanci, K. (2024). Kahramanmaras ._ilindeki Baz1 Yabanci Otlar Uzerinde
Saptanan Curculionoidea (Insecta: Coleoptera) Tiirleri Kisim II. KSU Tarim ve Doga Derg 27 (Ek Say1 1),
416-433. https://doi.org/10.18016/ksutarimdoga.vi.1432756.
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INTRODUCTION belonging to these genera were identified.

One of the most important factors affecting crop
production is weeds. Weeds survive in the same
environment as crops and compete with them for
water, nutrients, and light, negatively affecting the
qualities of the agricultural products, and also
causing a loss of approximately $ 7.6 billion
worldwide (Pacanoski, 2007).

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

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

In this study, weeds are plants that are adapted to
different climatic conditions and soil structures and
serve as intermediate hosts for many living
organisms due to their ability to withstand difficult
ecological conditions and create their own population
diversity in the ecosystem. For this reason, one genus
belonging to the subfamily Apioninae of the family
Brentidae of the superfamily Curculionoidea, which
has a very important place among weeds in non-
agricultural areas of Kahramanmarag Province,
Curculionidae family, Lixinae Schoenherr, 1823,
Hyperinae Marseul, 1863, Curculioninae Latreille,
1802, Baridinae Schoenher, 1836, eleven genera
belonging to the subfamilies Ceutorhynchinae Bedel,
1881, Entiminae Schoenherr, 1823 and fifteen species

417

MATERIAL AND METHOD

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

Material

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

Method
Field and Laboratory Studies

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

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

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

Dieckman (1977), Giltekin (2008a), Morris (2008),
Erbey (2010), Caldara (2014), and Erbey & Bolu
(2021) were used to determine the morphological
characteristics of the species belonging to the
superfamily Curculionoidea. Identifications of insect
specimens belonging to the superfamily
Curculionoidea. Associate. Prof. Dr. Mahmut ERBEY
(Kirsehir Ahi Evran University, Faculty of Science
and Letters, Department of Molecular Biology and
Genetics) and Dr. Sci. Andrei Aleksandrovich Legalov
(Institute of Systematics and Ecology of Animals,
Laboratory of Phylogeny and Faunogenesis) and
identifications of weeds by Associate. Prof. Dr. Tamer
USTUNER (Kahramanmarag Stit¢ii Imam University
Faculty of Agriculture, Department of Plant
Protection) was done.

RESULT and DISCUSSION

In this study conducted in Kahramanmaras Province,
one genus belonging to the Apioninae subfamily of the
family Brentidae of the superfamily Curculionoidea,
11 genera belonging to the family Curculionidae,
subfamilies Lixinae Schoenherr, 1823, Hyperinae
Marseul, 1863, Curculioninae Latreille, 1802,
Baridinae Schoenher, 1836, Ceutorhynchinae Bedel,
1881, Entiminae Schoenherr, 1823 and 15 species
belonging to these genera were identified (Figure 1).
A total of 8 species, including Hypera striata
(Boheman, 1834), Rhinusa (Gymnaetron) bipustulata
(Rossi, 1792), Smicronyx jungermanniae (G. C. Reich,
1797), Aulacobaris picicornis Marsham, 1802), Baris
analis (Olivier, 1790), Ceutorhynchus picitarsis
Gyllenhal, 1837, Glocianus distinctus (C. Brisout,
1870), Rhopalapion longirostre (Olivier, 1807), are
new records for Kahramanmaras  Province.

Furthermore, 15 weed species were identified for the
first time as new host plants for the identified
Curculionoidea species (Table 1).

Bangasternus orientalis Capioment, 1873

418

Hypera postica (Gyllenhal, 1813)
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Hypera striata (Boheman, 1834) Cionus olivieri Rosenschoeld, 1838

Rhinusa acifer Caldara Rhinusa asellus (Gravenhorst, 1807)

-
2

Rhinusa tetra (Fabricius, 1792) Smicronyx jungermanniae (G. C. Reich,
1797)
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»

Aulacobaris picicornis (Marsham, 1802) Baris analis (Olivier, 1790)

¢
=

Ceutorhynchus picitarsis Gyllenhal, 1837 Sitona puncticollis Stephens, 1831
~
-l/‘_. %
Rhinusa (Gymnaetron) bipustulata (Rossi, Glocianus distinctus (C.Brisout, 1870)
1792)
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Rhopalapion longirostre (Olivier, 1807)
Figure 1. Curculionoidea (Insecta: Coleoptera) species detected on the weeds in Kahramanmarag Province
Sekil 1. Kahramanmarasg Ili yabanci otlar iizerinde tespit edilen Curculionoidea (Insecta: Coleoptera) tiirleri

Table 1. Curculionoidea (Inse;ctai Coleoptera) species and their host plant detected in Kahramanmaras Province
Cizelge 1. Kahramanmaras Ilinde tespit edilen Curculionoidea (Insecta’ Coleoptera) tiirleri ve konukc¢u bitkileri

Species Host Plant References

Bangasternus orientalis Amygdalus communis Ter-Minassian, 1978
Carduus acanthoides ™ Maddox et al., 1991
Carduus nutans* Bolu & Legalov, 2008
Centaurea calcitrapa Gultekin, 2008b
Centaurea iberica Anonymous, 2022b

Centaurea solstitialis
Centaurea virgata
Pistacia vera

Hypera postica Amygdalus communis Hoffman, 1963
Centaurea sp. Fick, 1976
Cirsium arvense" Anay & Kornosor, 2000
Cirsium sp. Lodos et al., 2003
Medicago maritimus Bolu & Legalov, 2008
Medicago sativa Moradi-Vajargah et al., 2011
Melilotus sp. Bolu, 2016
Onopordum sp. Shrestha et al., 2020; Frangois et al.,
Quercus sp. 2021
Trifolium sp.

Trigonella sp.
Verbascum sp.

Vicia sp.
Hypera striata Lens esculenta Hoffman,1954
Plantago coronopus Smreczynski, 1968
Vicia sp. Angelov, 1978
Vicia sativa Tempere & Pericart, 1989
Quercus macranthera Koch, 1992
Trifolium repens” Pehlivan et al., 2005a; Skuhrovec,
2003a; 2006
Ghahari et al., 2009
Cionus olivieri Buddleje sp. Hoffman, 1958
Limosella sp. Smreczynski, 1976
Verbascum densiflorum Read, 1977
Verbascum longiflorum Rather, 1989

Verbascum nigrum Verbascum Balalaikins et al., 2011; Akrawi &
phlomoides Verbascum sinuatum Mahmoud, 2019

Verbascum songaricum Kostal & Caldara, 2019; Baviera &
Scrophularia sp. Caldara, 2020; Jiang et al., 2020
Verbascum sp.

Verbascum speciosum Verbascum
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thaplus
Rhinusa acifer Verbascum sinuatum Aslan & Candan, 2018
Rhinusa (Gymnaetron) asellus Alcea calvardis® Hoffman, 1958

Verbascum gaillardotii
Verbascum nigrum
Verbascum phlomoides
Verbascum pulverulentum
Verbascum sinuatum
Verbascum sp.

Verbascum speciosum
Verbascum thapsoides
Verbascum thapsus
Verbascum virgatum

Halperin & Fremuth, 2003; Caldara
et al., 2010; Fernandez, 2012

Vinolas et al.,2012

Caldara, 2014

Abad et al., 2015, 2016; Akrawi &
Mahmoud, 2019; Digirolomo et al.,
2019

Bolu et al., 2023

Rhinusa (Gymnaetron) bipustulata

Alcea calvardis*
Verbascum sinuatum®
Althaea officinalis
Scrophularia aquatica
Scrophularia canina
Scrophularia canina
Scrophularia nodosa
Scrophularia olympica
Scrophularia sp.
Scrophularia striata

Lodos et al., 2003
Skuhrovec, 2004
Gosik, 2010

Abad et al., 2015
Forbicioni et al., 2019

Scrophularia variegata
Scrophularia nervosa
Rhinusa tetra Alcea calvardis® Haplophyllum Hoffmann, 1958

perforatum

Juniperus sp.

Medicago sativa
Mentha sp.

Onopordum sp.
Phlomis sp.

Pinus sp.

Prunus domestica
Verbascum sp.

Quercus sp.

KRosa sp.

Salvia sp.

Scrophularia auriculata
Scrophularia canina
Scrophularia sp.

Silene spergulifolia
Sinapis sp.

Styrax sp.

Triticum sp.

Verbascum blattaria
Verbascum boerhavii
Verbascum creticum
Verbascum gaillardoti Verbascum
sinuatum®

Verbascum lychnitis
Verbascum nigrum
Verbascum phlomoides
Verbascum phoeniceum
Verbascum pulverulentum
Verbascum speciosum
Verbascum thapsiforme

Anderson, 1973

O'Brien & Wibmer, 1982

Lodos et al., 2003

Karaca et al., 2006

Caldara et al., 2010; 2012; Legalov et
al., 2010

Bosmans, 2012

Balalaikins, 2012

Pesic, 2012

Caldara, 2014

Abad et al., 2015

Doganlar & Uremis, 2014; Ozgen et
al., 2016

Forbicioni et al., 2019

Bolu et al., 2023
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Verbascum thapsus
Vicia ervilia

Smicronyx jungermanniae

Amygdalus communis
Carduus nutans*
Citrus unshiu
Cuscuta campestris
Cuscuta epithymum
Cuscuta europaea
Cuscuta sp.

Triticum sp.

Gertz, 1928

Porta, 1932

Hoffman, 1951-1958
Hoffman, 1958
Marikovskiy & Ivannikov, 1968
Tyurebaev, 1977

Lodos et al., 1978

Bargagli, 1883
Anonymous, 1987

Tempere & Pericart, 1989
Bayer & Winkelmann, 2005
Teodosie et al., 2004
Colonnelli, 2016

Erbey & Bolu, 2021

Aulacobaris picicornis

Crambe orientalis’
Reseda lutea

Colonnelli, 2004
Dedyukhin, 2014

Baris analis

Pulicaria dysenterica Crambe
orientalis*

Rubus sp.

Verbascum sp.

Lodos et al., 2003
Forbicioni et al., 2019

Ceutorhynchus picitarsis

Alnus  glutinosa  Sisymbrium
loeselil Brassica napus
Anchusa arvensis®
Barbarea vulgaris
Brassica oleifera

Brassica oleracea

Brassica rapa

Crambe orientalis®
Diplotaxis tenifollia

FEruca pinmatifida

Isatis tinctoria
Lonchophora capiomontana
Medicago sativa

Quercus sp.

Rapistrum rugosum

Rubus sp.

Sinapis sp.

Triticum sp.

Verbascum sp.

Hoffmann, 1954
Scherf, 1964
Dieckmann, 1972
Gultekin, 2001

Lodos et al., 2003
Yoshitake et al., 2017
Anita, 2018
Keyhanian et al., 2020
Ozder & Altin, 2020
Giltekin, 2020

Glocianus distinctus

Calendula arvensis”
Crepis sp.

Crepis virens
Hieracium sp.
Hypochoeris maculata
Hypochoeris sp.
Lactuca serriola
Lactuca sp.

Picris sp.

Taraxacum officinale
Taraxacum sp.

Hoffman, 1954
Teodor, 2011
Ryaskin, 2019

Sitona puncticollis

Amygdalus communis

Astragalus sp.

Hypericum perforatum Rubia
tinctorum

Trifolium sp.

Meyer, 1941

Lodos et al., 2003

Phillips & Barratt, 2004

Bagheri & Isfahani, 2008; Castro et
al., 2010
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T. repens

T. pratense
Melilotus albus
Medicago sp.
M. sativa
Melilotus sp.

Lotus corniculatus

Lens culinaris
Pinus sp.

Vicia sp.

V. villosa

V. faba
Quercus sp.

Delbol & Lempereur, 2014; Gozuagik
et al., 2021a; 2021b
Bolu & Legalov, 2008

Alcea rosea
Alcea sp.

Rhopalapion longirostre

Althaea officinalis

Althea rosea

Amygdalus communis

Gossypium sp.
Malva sp.

Malva sylvestris ssp. mauritiana

Ter-Minnasyan, 1972

Ehret, 1990

Reavey & Lawton, 1991; Schmitz &
Maczey, 1993

Pupier, 1997

Mazur, 2007

Bolu & Legalov, 2008

Krivan & Stejskal, 2009; Wilhelm et
al., 2011

Valentin et al., 2011

Bolu, 2016

Wanat et al., 2016

Alekseev et al., 2021

*New host plant

Superfamily: Curculionoidea

Family: Curculionidae

Subfamily: Lixinae Schoenherr, 1823

Tribus: Lixini Schoenherr, 1823

Genus: Bangasternus Gozis, 1886

Species: Bangasternus orientalis Capiomont, 1873

Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Siitgi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 9, 2022
(number of insect samples: 7); May 17, 2019 (number
of insect samples: 15); May 24, 2022 (number of insect
samples: 11), on Centaurea solstitialis; May 9, 2022
(number of insect samples: 2), on Carduus nutans
(new host plant), Kahramanmaras, Pazarcik, Sarierik
Village, N37°20'50,503/E37°6'16,540, May 11, 2022
(number of insect samples: 2), on Carduus
acanthoides (new host plant).

Distribution in Tiirkiye: Adana, Ankara, Antalya,
Aydin, Batman, Bilecik, Bitlis, Cankiri, Diyarbakir,
Elazg, Eskisehir, Gaziantep, Hatay, Icel, Izmir,
Kahramanmarag, Karabik, Karaman, Kayseri, Kilis,
Konya, Kirgehir, Manisa, Mardin, Mugla, Nigde,
Osmaniye, Sivas, Trabzon, Yozgat (Lodos et al., 1978,
2003; Sert, 1995; Pehlivan et al., 2005a; Bolu &
Legalov, 2008; Erbey, 2010; Yilmaz, 2015).

Subfamily: Hyperinae Marseul, 1863
Tribus: Hyperini Marseul, 1863
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Genus: Hypera Germar, 1817
Species: Hypera postica (Gyllenhal, 1813)

Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Slt¢i Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 9, 2022
(number of insect samples: 2), on Circium arvense
(new host plant).

Distribution in Tirkiye: Adana, Afyonkarahisar,
Antalya, Agri, Aksaray, Amasya, Ankara, Artvin,
Aydin, Balikesir, Bartin, Bilecik, Bitlis, Bolu, Bursa,

Canakkale, Corum, Denizli, Diyarbakir, Edirne,
Elazig, Erzincan, Erzurum, Eskisehir, Gaziantep,
Hakkari, Hatay, Isparta, Igdir, Igel, Izmir,
Kahramanmaras, Kars, Kayseri, Kirikkale,

Kirklareli, Kirsehir, Kilis, Kocaeli, Konya, Kiitahya,
Malatya, Manisa, Mardin, Mersin, Mugla, Mus,
Nevsehir, Nigde, Osmaniye, Sakarya, Samsun, Siirt,
Sinop, Sivas, Sanliurfa, Sirnak, Tekirdag, Tokat,
Trabzon, Usak, Van, Yozgat, Zonguldak (Lodos et al.,
1978, 2003; Sert, 1995, Anay & Kornosgor, 2000;
Pehlivan et al., 2005a; Bolu & Legalov, 2008; Erbey,
2010; Gurler, 2014; Yilmaz, 2015; Bolu, 2016; Ireg,
2017).

Species: Hypera striata (Boheman, 1834)

Material examined: Kahramanmaras, Onikisubat,
Kahramanmaras Sut¢i Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 9, 2022
(number of insect samples: 2), on Trifolium repens
(new host plant).
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Distribution in Tirkiye: Ankara, Izmir, Kilis, Mersin,
Nigde (Pehlivan et al., 2005a; Erbey, 2010; Giirler,
2014), Kahramanmaras (new record).

Subfamily: Curculioninae Latreille, 1802
Tribus: Cionini Schoenherr, 1825

Genus: Cionus Clarville, 1798

Species: Cionus olivieri Rosenschoeld, 1838

Material examined: Kahramanmaras, Dulkadiroglu,
Sekamer, N37°35'28,975/E37°3'30,066, May 11, 2022

(number of insect samples: 1), on Verbascum
sinuatum.

Distribution in Tiirkiye: Adana, Afyonkarahisar,
Ankara, Antalya, Bitlis, Cankiri, Eskigehir,

Gaziantep, Hatay, I¢el, Kahramanmaras, Kastamonu,
Kayseri, Kirikkale, Kirgehir, Konya, Mersin, Mugla,
Nevsehir, Nigde (Lodos et al., 1978; 2003; Erbey,
2010; Gurler, 2014; Yilmaz, 2015; Bolu, 2016;

Kapucu, 2019).
Tribus: Mecinini Germar, 1824
1829

Genus: Rhinusa (Gymnaetron

Schoenherr, 1825)
Species: Rhinusa acifer Caldara

Stephens,

Material examined: Kahramanmarag, Onikisubat,
Kahramanmarag Silit¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, June 24, 2016
(number of insect samples: 18), on Verbascum
sinuatum.

Distribution in Tirkiye: Adiyaman, Antalya, Denizli,
Elazig, Gaziantep, Kahramanmaras, Kayseri
(Caldara, 2014; Aslan & Candan, 2018).

Species: Rhinusa (Gymnaetron) asellus (Gravenhorst,
1807)

Material examined: Kahramanmaras, Turkoglu,
Uzunsogit Village, N37°23'36,403/E36°58'54,046,
May 11, 2022 (number of insect samples: 1), on Alcea
calvardis (new host plant); Kahramanmaras,
Dulkadiroglu, Kozludere Village,
N37°36'51,871/E37°6'27,905, April 28, 2022 (number
of insect samples: 1), on Verbascum sinuatum;
Kahramanmaras, Dulkadiroglu, Sekamer,
N37°35'28,975/E37°330,066, April 11, 2022 (number
of insect samples: 2), on Verbascum sinuatum;
Kahramanmaras, Onikisubat, Kahramanmaras Stit¢l
Imam University Avsar Campus,
N37°35°14,400/E36°48'42,179, May 16, 2022 (number
of insect samples: 1); May 9, 2022 (number of insect
samples: 2); May 24, 2022 (number of insect samples:
2), on Verbascum sinuatum.
Distribution in Tiirkiye:

Aksaray, Ankara,

Adana, Afyonkarahisar,
Antalya, Aydin, Bitlis, Bolu,
Cankiri, Denizli, Diyarbakir, Edirne, Eskigehir,
Gaziantep, Isparta, Icel, Izmir, Kahramanmaras,
Karabiik, Karaman, Kayseri, Kirikkale, Kirklareli,
Kirgehir, Kilis, Konya, Kutahya, Manisa, Mersin,
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Mugla, Nevsehir, Nigde, Osmaniye, Usak, Yozgat
(Lodos et al., 1978, 2003; Sert, 1995; Erbey, 2010;
Sert et al., 2013; Guirler, 2014; Yilmaz , 2015; Kapucu,
2019; Bolu et al., 2023).

Species: Rhinusa (Gymnaetron) bipustulata (Rossi,
1792)

Material examined: Kahramanmaras, Turkoglu,
Uzunsogut Village, N37°23'36,403/E36°5854,046,
May 11, 2022 (number of insect samples: 1), on Alcea
calvardis (new host plant); Kahramanmaras,
Dulkadiroglu, Kozludere Village,
N37°36'51,871/E37°6'27,905, April 28, 2022 (number
of insect samples: 1), on Verbascum sinuatum (new
host plant).

Distribution in Tirkiye: Afyonkarahisar, Dizce,
Karabiik, Kirikkale, Mersin, Nigde, Tekirdag (Lodos
et al., 1978; 2003; Erbey, 2010; Sert et al., 2013),
Kahramanmaras (new record).

Species: Rhinusa tetra (Fabricius, 1792)

Material examined: Kahramanmaras, Turkoglu,
Uzunsogiit  Village, N37°2336,403/E36°58'54,046,
May 11, 2022 (number of insect samples: 4), on Alcea
calvardis (new host plant); Kahramanmaras,
Dulkadiroglu, Sekamer, N37°3528,975/E37°3’30,066,
May 2, 2022 (number of insect samples: 2), on
Verbascum sinuatum (new host plant);
Kahramanmaras, Onikisubat, Kahramanmaras Sttcu
Imam University Avsar Campus,
N37°35°14,400/E36°48'42,179, May 24, 2022 (number
of insect samples: 1), on Alcea calvardis.

Distribution in Tirkiye: Adana, Afyonkarahisar,
Ankara, Antalya, Aydin, Balikesir, Bilecik, Bitlis,

Bolu, Canakkale, Cankiri, Corum, Denizli,
Diyarbakir, Edirne, Eskisehir, Elazig, Gaziantep,
Hatay, Isparta, Igel, Izmir, Kahramanmaras,

Karabiik, Karaman, Kayseri, Kirikkale, Kirklareli,
Kirgsehir, Kitahya, Konya, Manisa, Mersin, Mugla,
Nevgehir, Nigde, Osmaniye, Tekirdag, Usak,
Zonguldak (Lodos et al., 1978; 2003; Karaca et al.,
2006; Erbey, 2010; Avgin & Colonnelli, 2011; Vera,
2011; Doganlar & Uremis, 2014; Giirler, 2014;
Yilmaz, 2015; Ozgen et al., 2016; Kapucu, 2019; Bolu
et al., 2023).

Tribus: Smicronychini Seidlitz
Genus: Smicronyx Schoenherr, 1843
Species: Smicronyx jungermanniae (G.C.Reich, 1797)

Material examined: Kahramanmaras, Onikisubat,
Kahramanmaras Sut¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 9, 2022
(number of insect samples: 2), on Carduus nutans
(new host plant).

Distribution in Tirkiye: Burdur, Edirne, Elazg,
Konya, Mugla, Nevsehir (Lodos et al., 1978; 2003;
Kaplan & Yicel, 2014; Tolga & Yoldas, 2020; Erbey &
Bolu, 2021), Kahramanmaras (new record).
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Subfamily: Baridinae Schoenher, 1836

Tribus: Baridini Schoenherr, 1836

Genus: Aulacobaris Desbrochers, 1892

Species: Aulacobaris picicornis Marsham, 1802)

Material examined: Kahramanmarag, Onikisubat,
Kahramanmaras Sut¢ci Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 15, 2019
(number of insect samples: 2), on Crambe orientalis L.
(new host plant).

Distribution in Tiirkiye: Ankara (Giirler, 2014),
Kahramanmaras (new record).

Genus: Baris Germar, 1817
Species: Baris analis (Olivier, 1790)

Material examined: Kahramanmarag, Onikisubat,
Kahramanmarag Silit¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 9, 2022
(number of insect samples: 2), on Crambe orientalis L.
(new host plant).

Distribution in Tiirkiye: Diizce, Gaziantep (Lodos et
al., 2003), Kahramanmaras (new record).

Subfamily: Ceutorhynchinae Price, 1881

Tribus: Ceutorhynchini Germar, 1824

Genus: Ceutorhynchus Germar, 1823

Species: Ceutorhynchus picitarsis Gyllenhal, 1837

Material examined: Kahramanmarag, Onikisubat,
Kahramanmarag Siit¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 23, 2019
(number of insect samples: 1); May 15, 2019 (number
of insect samples: 3), on Crambe orientalis (new host
plant); April 27, 2022 (number of insect samples: 2),
on Anchusa arvensis (new host plant).

Distribution in Tiirkiye: Ankara, Antalya, Artvin,
Bartin, Canakkale, Edirne, Erzurum, Igel, Istanbul,
Izmir, Karaman, Kastamonu, Kayseri, Kars,
Kirikkale, Kirsehir, Konya, Mersin, Nigde, Sivas,
Tekirdag, Trabzon, Yozgat (Lodos et al., 1978; 2003;
Sert, 1995; Sert & Cagatay, 1999; Gultekin, 2001;
Erbey, 2010; Aydin, 2013; Girler, 2014; Yilmaz, 2015;
Hacet & Colonnelli, 2019; Ozder & Altin, 2020;
Giiltekin, 2020), Kahramanmaras (new record).

Genus: Glocianus Reitter, 1916
Species: Glocianus distinctus (C.Brisout, 1870)

Material examined: Kahramanmaras, Onikisubat,
Kahramanmaras Sut¢i Imam University Avsgar
Campus, N37°35'14,400/E36°48'42,179, April 27, 2019
(number of insect samples: 3), on Calendula arvensis
L. (new host plant).

Distribution in Turkiye: Edirne, Istanbul, Tekirdag,
(Aydin, 2013; Hacet &  Colonnelli, 2019),
Kahramanmaras (new record).

Subfamily: Entiminae Schoenherr, 1823

Tribus: Sitonini Gistel, 1856
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Genus: Sitona Germar, 1824
Species: Sitona puncticollis Stephens, 1831

Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Slt¢i Imam University Avsar
Campus, N37°3514,400/E36°48'42,179, May 9, 2022
(number of insect samples: 6); May 24, 2022 (number
of insect samples: 4), on Trifolium repens.

Distribution in Tiirkiye: Adana, Afyon, Ankara,
Antalya, Bartin, Bolu, Canakkale, Corum, Denizli,

Edirne, Elazig, Erzurum, Hatay, Igdir, Izmir,
Kahramanmaras, Kayseri, Kirklareli, Kirsgehir,
Manisa, Mugla, Nigde, Sinop, Usak, Zonguldak

(Lodos et al., 1978; 2003; Ozbek, 1986; Bolu &
Legalov, 2008; Erbey, 2010; Gurler, 2014; Yilmaz,
2015; Tolga & Yoldas, 2020; Gozuacik et al., 2021a;
2021b).

Family: Brentidae

Subfamily: Apioninae

Tribus: Malvapiini Alonso-Zarazaga, 1990
Genus: Rhopalapion Schilsky, 1906

Species: Rhopalapion longirostre (Olivier, 1807)

Material examined: Kahramanmaras, Onikisubat,
Kahramanmarag Slt¢gi Imam University Avsar
Campus, N37°35'14,400/E36°48'42,179, May 24, 2022
(number of insect samples: 3), on Alcea sp..
Distribution in Tirkiye: Agri, Bingol, Denizli,
Diyarbakir, Elazig, Izmir, Mardin, Siirt, Zonguldak
(Bolu & Legalov, 2008; Tezcan et al., 2011; Bolu,
2016), Kahramanmaras (new record).

CONCLUSION

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

Bu calismada, yonca bitkisinde zararli bir tir olan Hypera postica

(Gyllenhal 1813) (Coleoptera: Curculionidae)mnin zarari, larva, pupa ve Aragtirma Makalesi

ergin gelisim morfolojisi, stereomikroskop ve taramali elektron

mikroskobu kullanilarak incelenmistir. H. postica yumurtalar: sarimsi Makale Tarihgesi

renkte ve nispeten kucuktur. H. postica larvalarimin basi ovaldir. Gelig Tarihi @ 24.07.2024
Larvalar sarimsi-yesilimsi renktedir. Larvalarin sirtinda uzunlamasina Kabul Tarihi :10.11.2024
beyaz bir serit vardir. Larvalarin vicudu segmentlidir ve Uzerinde

setalar vardir. Larvalar, larva asamasindan prepupal asamaya kadar Anahtar Kelimeler
sarimsi-yesilimsi renkten kahverengiye dontiglir. Bu asamada C gseklinde Ergin

bir goriinime sahiptir. Bas ve viicudun diger kisimlarinda ¢ok sayida Larva

seta ayirt edilir. H. postica pupalar sar1 renklidir. Kokon yapis1 seffaf ve Pupa

agsidir ve farklh kalinliklarda i¢ ige ge¢mis delikli bantlar seklinde Stereomikroskop

gorunir. H. postica erginlerinin vicut rengi parlak ve kontrastl gérunitr. Taramali elektron mikroskobu

Ergin H. postica'min viicut yapisi setalarla kapli olup iki farkl: seta yapisi
bulunmaktadir. H. postica  dinyanin birgok bolgesinde yoncanin
verimini, kalitesini disturmekte olup ekonomik kayiplara neden
olmaktadir. Bu ¢aligsma ile yonca zararlisi olan ve ekonomik 6neme sahip
bu bocegin gelisim morfolojisinin belirlenmesi ve bu zararliya karsi daha
etkin miucadele yontemlerinin gelistirilmesine katki saglanmasi
amaglanmigtir.

Adult development morphology and pupae, larval and damage of Alfalfa Weevil Hypera postica
(Gyllenhal 1813) (Coleoptera: Curculionidae)

ABSTRACT Entomology
In this study, adult developmental morphology and the pupal, and larval
of Hypera postica (Gyllenhal 1813) (Coleoptera: Curculionidae), which is Research Article
a harmful species in alfalfa, and its damage in alfalfa were investigated
using stereomicroscope and scanning electron microscope. H. postica eggs
are yellowish in color and relatively small. The head of H. postica larvae
is oval. Larvae are yellowish-greenish in color. The larvae have a
longitudinal white stripe on the back. The body of the larvae is segmented Ke d
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and has setae on it. Larvae change from yellowish-greenish to brown in Adult
the larval to the prepupal stage. At this stage, it has a C-shaped
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L . Larval
appearance. Numerous setae are distinguished on the head and other B
parts of the body. H. postica pupae are yellow. The cocoon structure is e

transparent and reticulate, appearing as intertwined perforated bands of
different thicknesses. The body color of H. postica adults appears bright
and contrasting. The body structure of adult H. postica is covered with
scales, and two different scales were found. H. postica reduces the yield
and quality of alfalfa in many parts of the world and causes economic
losses. This study aimed to determine the developmental morphology of
this economically important alfalfa pest and contribute to the
development of more effective control methods against this pest.

Scanning electron microscope
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INTRODUCTION subgenus Hypera.

Curculionidae family is a group of insects, commonly
known as the chambrel bugs, and are widespread
throughout the world. The family is one of the largest
families of insects, with approximately 83,000
described species (Oberprieler et al., 2007). In addition
to causing structural and nutritional damage to
various plants, some species of Curculionidae also play
a role in spreading plant diseases (Parker et al., 2016).

The alfalfa weevil, Hypera postica (Gyllenhal, 1813)
(Curculionidae), is a destructive pest of alfalfa
(Medicago sativa L.), the world's most important
cultivated plant (Hoffmann, 1963). Damage caused by
larvae consists of defoliation, which reduces the yield
and quality of forages and causes economic losses in
many regions of the world (Goosey, 2012; Saeidi &
Moharramipour 2017; Soroka et al., 2020). H. postica
is an oligophagous insect that feeds exclusively on
leguminous plants of the genus Medicago. However, it
can feed on several species of related genera, such as
Melilotus, Trifolium, and Trigonella, in most alfalfa-
growing regions worldwide. Heavily infested fields
may appear silver or white as most leaves are
destroyed or completely consumed. Severe pest
pressure can destroy crops (Fick, 1976). The alfalfa
weevil, H. postica (Coleoptera, Curculionidae), was
studied to determine some biological characteristics in
nature. It was found that females lay eggs on alfalfa
stems in November, spend the winter in both egg and
adult stages, and from mid-February, when the
average temperature is above 9 °C, the adults migrate
back into the field, mate, and start laying eggs. At the
same time, it was determined that larvae emerged in
early March from the eggs laid in the fall (Goziiagik &
Irec, 2019).

The family Curculionidae has a legless (apod) larva
type. Larvae are generally seen in a "C" shape. The free
pupal type is seen in the Curculionidae family. There
are distinct wing marks on the pupa. The pupal period
is spent in the soil or on the host plant (Lodos, 1960).

Studies on the morphology of larvae, pupae, and adults
of Curculionidae are as follows. The morphology of
immature larvae, pupae, and adults of Hypera
temperei (Curculionidae) and Phloeosinus tacubayae
(Curculionidae) were studied (Germann, 2021;
Cervantes-Espinoza et al., 2023). The larvae and
pupae were examined in Phelypera supply (Boheman,
1834) (Curculionidae) Gymnetron species
(Curculionidae), Smicronyx smreczynskii Solari, 1952
(Curculionidae), (Vanin et al., 2012; Skuhrovec et al.,
2022; Sprick, & Gosik, 2023). Skuhrovec (2006), H.
postica explained its periods wusing chaetotaxy.
Skuhrovec (2004) also described mature larvae of the
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Studies on this subject are quite limited and no study
has been conducted on H. postica, an important
species. Therefore, in this study, larval, pupal, and
adult developmental morphology of H. postica and the

damage caused by it on alfalfa plants were
investigated.
MATERIAL and METOD

Stereomicroscopy (SM)

In this study, AH. postica was collected from alfalfa
fields (Medicago sativaL.) from Bingél, Turkey, in May
2022. Adult, pupa, and larvae of H. postica were
photographed under an Olympus SZX7 SM.

Scanning electron microscopy (SEM)

For scanning electron microscopy (SEM), adult, larva,
and pupae specimens were fixed in 2.5%
glutaraldehyde (pH 7.2, phosphate buffered), rinsed
three times with phosphate buffer, and separately
dehydrated 15 min by using an ethanol progressive
series (70%, 80%, 90%, and 100%). The tissues were
transferred to hexamethyldisilazane, and then
samples were dried with air. They were mounted on
SEM stubs and coated with a gold sputter coater
(Polaron SC 502). The samples were then
photographed SEM (JEOL JSM 6060 LV).

RESULTS and DISCUSSION

H. postica adult females lay their eggs in groups on the
stem parts of the clover plant. The eggs are yellowish
and quite small (Figure 1a). Figure 1b shows newly
hatched greenish and C-shaped larvae. The newly
hatched larvae move to the terminal leaves and feed,
causing small holes as they feed. Larvae and adults
cause the plant to dry out (Figures 1c-h).

Larvae

Larvae when they first hatch, their heads are dark
black and their bodies are off-white. In the second
period of the larvae, the body color is light yellow-
greenish. Larvae (L); 1st (L1) and 2nd (L2) stages are
similar to each other. 3rd (L3) period. In larvae, the
body is greenish. The 4th (I4) instar is also light green.
From the third instar onwards, the dorsal and lateral
parts of the larvae are white lines (Anonim, 2008). The
fourth instar (mature) larva is 8 mm long the body is
greenish, with a distinct white line running along the
dorsal area present. Larvae go through 4 stages
(Goziacik, 2022).
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Sekil 1. (a).Yonca zararlisinin yumurta kiimesi. (b). Yonca zararhsinin ikinci dénem larvalari. (c-f). Larvalarin Medicago
sativa iizerindeki zarar1. (g, h). Yonca zararlisi ergin bireyleri ve Medicago sativa iizerindeki zarari.

Figure 1. (a). Egg mass of Alfalfa weevil. (b). Second instars larvae of Alfalfa weevil. (c-f). Damage of Alfalfa weevil larvae on
Medicago sativa. (g, h). The adult individual and damage of Alfalfa weevil on Medicago sativa.
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The head of H. postica larvae is oval. 4th instar larvae
of H. postica, yellowish-greenish in color (Figure 2a).
The larvae have a longitudinal white stripe on their
back (Figure 2a). The larvae body is segmented
(Figures 2b-d) and has setae on it (Figures 2c, d). The
body surface is soft and flexible. Larvae move worm-
like by contracting and relaxing. The head, thorax, and
abdomen gradually become prominent in the
developing larvae (Figure 2b). H. postica, spiraculum
on abdominal segments I-VIII positioned above the
dorsopleural lobe (Skuhrovec, 2004). In the transition

Z2081m

18kV

from larva to prepupa, the larvae change color from
yellowish-greenish to brown (Figure 3a). After this
stage, they molt and begin to form the outline of the
adult form. At this stage, it has a C-shaped appearance
(Figure 3b). Two different setae, long and short, were
found on the head of H. postica larvae. When SEM
photographs are examined, we see the posterolateral
and distal setae (Figure 3c). Numerous setae are
distinguished on the head and other parts of the body
(Figures 3b-f). Mouthparts on the head are

distinguishable (Figure 3e).

18kV

Sekil 2. (a). Sirtta beyaz seritli (St) ve sarimsi-yesilimsi renli 4. dénem larva H. posticamin genel goriintimii (b). 4.
Instar olgun larvanin lateral goriiniimiiniin SEM gériintiileri. T-toraks, A1-A8-abdominal segmentler (c).
H.postica larvasinin bas kisminin SEM goriintiisii. (d) Larvalarin son abdominal segmentleri (SEM).

Figure 2. (a). General view of H. postica 4th instar larva yellowish-greenish in color with a white stripe on the back
(St) (b). SEM images of lateral view of mature larvae at 4th instar. T-thorax, A1-A8-abdominal segments
(c). SEM images of the head of H.postica larvae. (d) The last abdominal segments of larvae (SEM).

Larvae of another species, Lignyodes bischofti
Blatchley, 1916 (Curculionidae) and L. enucleator
(Curculionidae), unlike planned H. postica larvae,
have white to whitish-yellow thorax and abdominal
segments. The setae on the body are thin, orange, and
distinct (Gosik et al., 2017).

Metadonus vuillefroyanus (Curculionidae), as for the
larvae, the head changes from dark brown to black. All
thorax and abdominal segments are greenish with
longitudinal white stripes on both parts of the body.
However, it has a thick long yellow stripe on its back
and pink and purple stripes with small black stripes
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inside. All hairs are thorn-like and are located on
distinct black protrusions in skinny white transverse
stripes (Skuhrovec & Bogusch, 2016).

While the caudal spines in the larvae of H. postica
show growth in the first stage towards later stages,
there is a decrease in P. tacubayae (Curculionidae)
(Cervantes-Espinoza, et al., 2023). Adosomus roridus
(Curculionidae) has a brown or dark brown head when
mature larvae are examined. All thoracic and
abdominal segments are white, with a long light brown
stripe only on the dorsal part of the protonum (Trnka
et al., 2015).
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Sekil 3. (a-f). Larvadan prepupaya gecis. (a) Larvadan prepupaya gecisin genel goriniimii (SM). (b-f) H. postica
larvasinin abdominal segmentlerin SEM goriintiileri (ds: distal setae, ps: postero-lateral setae).

Figure 3.(a-f). Transition from larva to prepupa. (a) General view of transition from larva to prepupa (SM). (b-f)
SEM images of the abdominal segments of H. postica larva (ds- distal setae, ps- postero-lateral setae).

We observed that the abdominal segments in H.
postica consist of eight segments. Similarly, H. arator
(Linné, 1758), H. denominanda (Capiomont, 1868), H.
jucunda (Capiomont, 1868), H. nigrirostris (Fabricius,
1775), H. plantaginis (De Geer, 1775), In H. suspiciosa
(Herbst, 1795), H. venusta (Fabricius, 1781) and H.
viciae (Gyllenhal, 1813), the abdominal segments were
reported to consist of eight segments (Skuhrovec,
2004).

Skuhrovec (2006), stated that H. postica larvae have
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one seta in the first instar, 3 in the second instar, and
3 setae in the abdominal regions in the third and
fourth instars.

Pupae

Figures 4a-d show the skin change of H. postica as it
transitions from the prepupa stage to the pupa stage.
Pupae is the period known as dormancy. H. postica
pupae are yellow (Figures 4e, f). Pupae of another
species, A. roridus (Curculionidae), have a different
color from whitish to yellow (Trnka et al., 2015). P.
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tacubayae (Curculionidae) pupae (Cervantes-Espinoza
et al., 2023) are similar to H. postica pupae. The color
of the pupae of M. vuillefroyanus (Curculionidae) is

yellow on the body and greenish on the abdomen
(Skuhrovec, & Bogusch, 2016).

Sekil 4. (a-f). H. postica'da prepupadan pupaya gecisin SM fotograflar:.
Figure 4. (a-f. SM photographs of the transition from prepupa to pupa in H. postica.

Adult

The cocoon structure is a transparent and reticulated
layer and appears as intertwined perforated bands of
different thicknesses (Figures 5a-h). The pupal cocoons
in P. schuppeli (Curculionidae) are spherical, cage-like,
and translucent white (Vanin et al., 2012). The stage
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of the last larval instar of H. temperei (Curculionidae)
built a net cocoon, whose colour reached from
transparent-whitish to slightly brownish (Germann,
2021). As the prepupa inside the cocoon matures, its
color changes from yellow to brown (Figures 5a, b).
SEM photographs show the structure of the cocoon
fibers woven by the last-stage larvae (Figures 5¢-h).
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Sekil 5. (a,b). H. posticamnin kokon icindeki prepupasi (SM). (c). Kokonun genel gériiniimii (SEM). (d-h). Son dénem
larvasi tarafindan ériilen kokon liflerinin mikro yapisi (SEM).

Figure 5. (a,b). Prepupa of H. postica in a cocoon (SM). (c). Genel view of cocoon (SEM). (d-h). A microstructure of

the cocoon fibers spun by a last instar larva (SEM).

~
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In Figure 6a, a pupa is seen inside the cocoon. The free
pupa is seen in H. postica (Figure 6b). Figure 6¢ shows
the transition from prepupa to adult. At this stage,
white setae are distinguished on the elytra (Figure 6c).
The body of H. postica adults ultimately acquires a
bright brownish color. The instrestium in the dorsal
part of the elytra also consists of a series of points
(Figure 6d). In SEM photographs of adults of H.
postica, the lateral and ventral parts can be seen, and
their body lines are clear. Adults have a rostrum on
their heads that starts from the eyes (Figures 6e, f). H.
postica rostrum is “short and robust”, but H. temperei
(Curculionidae) rostrum is “long and slender”
(Germann, 2021). The body structure of H. postica is
covered with scales, and two different scales were
found (Figures 6g, h). The first one shows a thick

18kU
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sword-like structure at the base and becomes thinner
towards the tip. The second one resembles a tulip and
is forked. Both flake types have parallel lines on their
surfaces (Figure 6h).

The shape and patterning of the scales on the elytra
varies from species to species. In Cionus hortulanus
(Curculionidae), the scales are elongated and parallel-
sided, the apical part is serrated, the lateral side is
smooth, and has large holes on the surface (Erbey, &
Candan, 2015). In the Cionus opens (Curculionidae),
the scales are long and elliptical; the apical part is
sharpened; the surface of the scales has two or three
longitudinal protrusions; the serrated part of the
interstrain on the lateral side near the apical part has
a series of clearly erect scales (Erbey, & Candan, 2015).

GUFEF @
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Sekil 6. (a). Pupanin kokon i¢indeki genel gériiniimii. (b). Serbest pupanin genel gériiniimii (SM). (c). Prepupadan
ergine gecis (SM). Elytra iizerinde beyaz setalar. (d). Gelisimini tamamlamis ergin (SM). (e, f)
Yetiskinlerin SEM goriintiileri yanal ve ventral wiev. (g, h). Elytrasindaki pullarin SEM gériintiileri

(*:1ale benzeri pullar, ®:kili¢c benzeri pullar).

Figure 6. (a). General view of the pupa inside the cocoon. (b). General view of the free pupa (SM). (c). Transition
from prepupa to adult (SM). White setae on elytra. (d). Fully developed adult (SM). (e, ) SEM images
lateral and ventral view of adults. (g, h). SEM images of scales in the elytra (*: tulip-like scales, sword-

like scales).

The larva, pupa, and adult forms of this alfalfa pest, H.
postica, have been described in detail, and the
similarities and differences with other species are
explained and contribute to taxonomic methods. It also
forms the basis for studies on biological control against
this species. Chemical residues in the plant, serious
damage to non-target organisms, and the risks posed
to the environment and human and animal health
have very serious consequences. As a result, the pest
biology, economic damage threshold natural enemies
existence, alternative methods of struggle and all these
should be handled within the framework of 'Integrated
Struggle'is considered useful to be taken (Géziiacik,
2022).
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OZET Fitopatoloji

Citrus yellow vein clearing virus (CYVCV; Potexvirus citriflavivenae)

diinyada ilk kez Pakistan’da ardindan Hindistan’da tespit edilmigtir. Aragtirma Makalesi
Turkiye'de ise 2000’11 yillarda bu hastaligin varlhigi yeni bir turunggil

viral etmeni olarak bildirilmistir. Bu donemde virtistin ilk belirlendigi il Makale Tarihgesi

olan Adana ilinde eradikasyon iglemi gerceklestirilerek enfekteli agaclar Gelig Tarihi @ 12.08.2024
kesilmigtir. CYVCV'nin tek sarmal pozitif RNA yapisinda oldugu 2012 Kabul Tarihi :19.11.2024
yilinda ortaya konmustur. CYVCV'nin Cukurova Bolgesi'ndeki

durumunu aragtirmak, etmenin enfeksiyon durumunu belirlemek ve Anahtar Kelimeler
izolatlar arasindaki farkliligi molekiiler olarak saptamak amaciyla bu CYVCV

calisma yurutilmustir. Sérvey caligsmalar: 2016-2022 yillar1 arasinda Turkiye

Hatay, Adana ve Mersin illerini kapsayacak sekilde giidimli sérvey Turunggil

calismasi olarak gergeklestirilmigtir. Caligma basta limon olmak tizere RT-PCR
portakal, greyfurt ve turung cesitlerini kapsamigtir. Toplamda 150
turuncgil bahcesi ve 10 farkli fidan tiretim alaninda CYVCV’nin varligina
bakilmis ve 100 6rnek RT-PCR yontemiyle testlenmistir. Orneklerin
toplanmas1 etmenin karakteristik yaprak simptomlari goéz oOntine
alinarak yapilmistir. Alinan 6rneklerden TNA ekstraksiyonu CTAB
tampon kullanilarak gerceklestirilmigtir. RT-PCR ¢alismalar: sonucunda
elde edilen amplifikonlar sekans analizine gonderilmis, elde edilen baz
dizilimleri NCBI veri tabaninda BLAST metoduyla secilen kayitl
CYVCV izolatlar ile karsilagtirilmigtir. Toplamda 35 6rnegin CYVCV ile
enfekteli oldugu belirlenmigstir. Enfekteli olarak belirlenen bu 6rneklere
eradikasyon islemi uygulanmigstir. Calisma sonucunda izolatlarin
benzerlik oranlarinin yiiksek oldugu (%97-99.8) tespit edilmistir.

Investigating the Citrus Yellow Vein Clearing Virus (CYVCV; Potexvirus citriflavivenae) in the
Cukurova Region's Citrus Production Areas and Analyzing the Identity Rates Between Isolates

ABSTRACT Phytopatholgyt
Citrus yellow vein clearing virus (CYVCV; Potexvirus citriflavivenae)
was first detected in Pakistan and then in India. In Tiirkiye, this disease Research Article
was reported as a new citrus viral disease in the 2000s. In Adana : :
province, where the virus was first detected, eradication was carried out Artlc}e Hlstory'
and infected trees were cut down. In 2012, the single-stranded positive Received ) 2L 2l
RNA structure of CYVCV was identified. The purpose of this Accepted +19.11.2024
investigation was to assess the current state of CYVCV in the Cukurova Ke d
. . . . . . ywords
Region, ascertain the agent's current infection status, and identify CYVCV
molecular differences between the isolates. The survey studies were Tiirkiye
conducted between 2016 and 2022, including the provinces of Hatay, Citrus

Adana, and Mersin. The study focused on lemon and included grapefruit, RT-PCR
orange, and sour orange species. CYVCV was investigated using the RT-
PCR method in 150 citrus parcels and 10 different seedling production
locations, as well as 100 different samples. Samples were collected by
taking into account the characteristic leaf symptoms of the agent. CTAB
buffer was used to extract total nucleic acids from the samples. The
sequence analysis of the amplicons obtained from RT-PCR analyses was
conducted and the resulting base sequences were compared with the
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registered CYVCVs chosen using the BLAST method in the NCBI
database. A total of 35 samples were revealed infected with CYVCV.
These samples that were found to be contaminated underwent an
eradication procedure. As a result of the study, it was determined that
there was a high similarity between the isolates (97-99.8%).
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GIRIS

Turunggil sar1 damar acilmasi hastaligl, viris
tarafindan olusturulan ve ilk olarak 1988 yilinda
Pakistan’da bildirilen bir hastaliktir (Catara ve ark.,
1993). Daha sonra hastaligin varlign Hindistan,
Turkiye ve Cin’de turuncgil yetistiricilik alanlarinda
belirlenmistir (Onelge 2002; Alshami ve ark., 2003;
Chen ve ark., 2014). Viriisiin varlig1 en son Iran’da ve
Amerikanin  Kaliforniya eyaletinde bildirilmigtir
(Hashmian & Aghajanzadeh, 2017; EPPO, 2022).
Loconsole ve ark., (2012) yapmis olduklar: ¢alismada
hastalik etmeninin Alphaflexividae familyas1 i¢inde
yer alan Mandariviriis cinsine ait citrus yellow vein
clearing virus (CYVCV; Potexvirus citriflavivenae)
oldugunu belirlemiglerdir. Etmen pozitif yapida tek
sarmal RNA (+ssRNA) virtisi olup 7.5 kb
biiyiikligiinde ve 6 adet acik okuma bélgesine (ORFs)
sahiptir (Loconsole ve ark., 2012). Etmen tim
turuncggil c¢esitlerini enfekte edebilmekte ancak
bunlarin pek ¢ogu etmeni simptomsuz tagimaktadir.
Ozellikle limon (Citrus Iimon) ve anac¢ olarak
kullanilan turuncg (C. aurantium) cesitleri etmenin en
belirgin simptomlar1 olan; bitki yaprak damarlarinin
sar1 renkte acilmasi, yaprak deformasyonlari, yaprak
arka yiizeyinde damarlarda su emgisi lekelerin
olusumunu gostermektedir. Geng yapraklarda oldukg¢a
belirgin olan hastalik simptomlar1 olgun yapraklar
tzerinde de kalici olmakta, yapraklar 1si1ga
tutuldugunda simptomlar belirgin sekilde
gozlenmektedir (Onelge, 2002). CYVCV, enfekteli
uretim materyali, mekanik olarak ve vektor béceklerle
tasinabilmektedir. CYVCYV, otsu indikator bitkilerden
fasulye (Phaseolus vulgaris), boriillce (Vigna
unguiculata), kazayag (Chenopodium  quinoa)
bitkilerine mekanik olarak (Catara ve ark., 1993;
Onelge ve ark., 2011; Zhou ve ark., 2016), enfekteli
limondan fasulye bitkilerine Aphis craccivora ve A.
spiraecola (Onelge, 2002) ile ayrica enfekteli limondan
limona A. spiraecola ve Dialeurodes citri (Zhang ve
ark., 2018) ile taginabilmektedir. Zhou ve ark., (2016)
Cin’de yapmis olduklar1 c¢alismada Turkiye'deki
izolatlara benzer olarak etmenin farkli RNA
izolatlarin1 RT-PCR yoéntemi ile incelemigler ve
Turkiye izolat1 ile %97.2 oraninda benzer oldugu
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bildirmiglerdir. Cukurova Boélgesinde CYVCV tespit
edildikten ve etmen 2012 yilinda karakterize
edildikten sonra bélgede eradikasyon c¢alismasi
baglatilmis ve enfekteli bahcelerin kontrollii olarak
sokiimine 2022 yilina kadar gidilmistir. Ancak 2020-
2022 yillarinda 6zellikle Zagara Bianca limon ¢esidi ve
farkli mandarin c¢esitlerinden gelen oOrneklerde
CYVCV’nin makroskobik simptomlar:1 gézlenmistir.
Bu nedenle etmenin bélgedeki durumunu giincellemek
amaciyla turunggil bahgelerinde ve fidanhiklarda
sorvey calismalari  gerceklestirilerek; hastaligin
durumunun belirlenmesi ve etmenin értii proteini baz
alinarak genetik gesitliligin arastirilmasi
amaglanmigtir.

MATERYAL ve METOD
Sorvey Caligmasi ve Arazi Gézlemleri

Sorvey ¢calismasi Cukurova Bélgesi’nde 6nemli fidanlik
ve turuncgil yetistiricilik alanlarini kapsayan Hatay,
Adana ve Mersin illerinde 2016-2022 yillar1 arasinda
yurutilmustir. Toplamda 150 turuncggil bahgesi ve 10
farkli fidanhkta bulunan portakal (C.sinensis),
greyfurt (C.paradis) turunc (Caurantium), limon
(C.Iimon) turlerini kapsayacak sekilde
gerceklestirilmistir (Cizelge 1). Sorvey calismasi
giidiimlii 6rnek alimi seklinde yiirttilmiistir (Hewitt
& Gifford, 1956; Bovey 1965). Orneklerin
toplanmasinda CYVCV etmeninin yapraklarda
olusturdugu sari1 renkli damar acilmasi1 ve yaprak
deformasyonlari, yaprak arka ylizeyinde damarlarda
su emgisi lekelerinin olusumu esas alinmigtir.

Cizelge 1. Sorvey calismasi yapilan iller ve toplanan 6rnek

sayilari
Tablel. The field survey and number of samples collected.
Bahcge Fidanhk

Adana Mersin Hatay | Adana Mersin Hatay
Mandarin 10 - - - - -
Portakal 10 - -
Turung 10 10 10
Greyfurt 10 - - - -
Limon 15 5 10 5 5
Toplam 55 15 20 5 5
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Total Niikleik Asit Ekstraksiyonu (TNA) ve RT-PCR
Caligmalar:

CTAB temelli total ntkleik asit ekstraksiyonu Murray
ve Thompson (1980)'a gore gerceklestirilmistir. Elde
edilen TNA’lar Cizelge 2'de yer alan CYVCV’nin

Cizelge 2. RT-PCR c¢alismasinda kullanilan primerler
Table2. Primers used in the RT-PCR study

spesifik Ortii protein primerleri kullanilarak Ters
Transkripsiyon Polimeraz Zincir Reaksiyonu (RT-
PCR) ile taranmistir (Loconsole ve ark., 2012). Adana
ilinden 55, Mersin ilinden 20 ve Hatay ilinden 25 6rnek
etmen agisindan incelenmisgtir.

Primer Primer dizilimi (5'-3")

Uriin buyiikliga (bp)

7081 forward 7560 reverse
(Loconsole ve ark., 2012)

1 forward 921 reverse
(Loconsole ve ark., 2012)

5'- ACCTCACGATGGACCACGTT-3
5- CAGAAAATGGAAACTGAAAGCCTG -3

5- GAAAAGCAAACAGTAACAAACACACCC -3
5- GGGCAAGAGCATTTGGGTATCT -3’

479 bp

921 bp

Elektroforez Orneklerin

Gortintilenmesi

RT-PCR c¢alismalari sonucunda elde edilen DNA
ornekleri elektroforez cihazinda, %1.5°lik agaroz jelde,
110 miliamperde yuriutilmis ve UV 1sik altinda
amplikonlarin var olup olmadigina bakilmigtir.

Calismalar1 ve

Sekans Analizleri
Agaroz jel gorintiileme sonrasi1 pozitif bulunan
izolatlar sekans analizi i¢in hizmet alimina

gonderilmigtir. Sekans analizi sonucu elde edilen baz
dizilimleri, NCBI veri tabaninda BLASTn metoduyla
secilen kayitli CYVCYV izolatlar ile karsilagtirilmigtir.
Soy agaci Mega X programi ve Neighbour Joining
yontemi ile 1000 bootstrap tekrarli olarak
gerceklestirilmistir. Sequence Demarcation Tool
Version 1.2 (SDTv1.2) yéntemi kullanilarak ortii
proteinine  ait  nukleotid benzerlik  oranlar:
belirlenmigtir.

BULGULAR ve TARTISMA
Soérvey Caligmalari ve Fidanlik Gozlemleri

CYVCV etmeninin Adana ilinde ilk bildiriminden
sonra eradikasyon iglemi gergeklestirerek ticari
bahgelerin sokiimiine gidilmis ve Tarim ve Orman
Bakanligi bu etmeni karantinaya tabi etmen olarak
bildirmistir (EPPO, 2022). Bu calismada Mersin ve
Hatay illerinde yer alan turuncgil fidanliklarinda
sorvey calismasi gergeklestirilerek fidanlikta bulunan

bitkiler CYVCV hastaliginin makroskobik
simptomlar1 agisindan degerlendirilmistir. Hastaligin
baglica  karakteristik simptomu olan yaprak

damarlarinda sar1 renkli agilmalar1 ve klorotik lekeler
gosteren bitkilerin enfekteli olabilecegi dustintilerek
ornek alimina gidilmigtir. CYVCV etmeninin
molekiiler tanisi1 yapildiktan sonra fidanlik sahiplerine
durum bildirilmis ve bu fidanlarin imha edilmesi
gerektigl belirtilmistir ve enfekteli bitkilerin imhasi
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gerceklestirilmistir. Fidanhklarda en fazla simptom
gbozlenen turler limon ve turung cesitleri olmustur.
Ozellikle Hatay ve Mersin ili fidanlhklarinda Kitdiken
ve Zagara Bianca limon ¢esidinde hastalik etmeninin
makroskobik simptomlari belirgin sekilde
gozlenmistir (Sekil 1). Fidanliklarda gozlenen baslica
simptomlar daha énce Bozdogan ve Onelge (2016)'nin
bildirdigi simptomlarla benzerdir. Limon
yapraklarinin kenarlarinda defomasyonlar, yaprak
damarlarinda sari renkli c¢izgi formunda renk
acilmalari, yaprak ylzeyinde ceplenmeler ve yapragin
arka ylzeyinde damarlarda su emmis gibi lekelerin
olusumu go6zlenen simptomlardir. Bu simptomlar
hastaligin bildirildigi Hindistan ve Pakistan’da
belirtilen simptomlarla da benzerdir (Catara ark.,
1993; Alshami ve ark., 2003). Ayrica Cin’ de Zhou ve
ark., (2017) CYVCV etmeni i¢in benzer simptomlar
bildirmiglerdir.

Turuncgil Bahgesi Gézlemleri

Bu ¢calismada Adana, Mersin ve Hatay illerinde toplam
150 turuncgil bahgesi gorsel olarak incelenmigtir.
CYVCV etmeni ile enfekteli olabilecek 90 ornek
toplanmigtir. Limon bahcelerinde de fidanhiklarda
gbzlenen simptomlara benzer sekilde yapraklarda sari
renkli acilmalar, yaprak deformasyonlari, gondol
yaprak olusumlari, yapragin normalden daha ki¢tuk
gelismesi ve yaprak arka ytizeyinde su emgisi lekelerin
bulunmasi belirlenen simptomlar olmustur (Sekil 2).

Sorvey yapilan bu bahgelerin bitigsiginde ve yakininda
bulunan bahgeler goézlenerek benzer simptomlarin
varhigina  bakilmigtir. Bazilarinda CYVCV’nin
makroskobik simptomlar1 gézlenirken bazi bahgelerde
yine turunggil virtis hastaligi olan citrus chlorotic
dwarf virus (CCDaV; Citlodavirus citr1)’iiniin
makroskobik simptomlar1 gézlenmistir. Bu iki viris
farkli genetik yapiya sahiptir. Ancak bu virtsin
olusturdugu simptomlarin pek ¢ogu birbirine oldukc¢a
benzerdir (Onelge ve ark., 2011).
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Sekil 1. a) Sérvey yapilan ve RT-PCR ¢alismasi sonucu CYVCV etmeni ile enfekteli bulunan turuncgil fidanhgi, b)
fidanlikta bulunan limon yapraklarinda deformasyonlar, yaprak arka yuzeyinde damarlarda su emgisi
lekelerinin olusumu, ¢) yaprak yiizeyinde sari renk acilmalar:.

Figure 1. a) Citrus nursery that was surveyed and found to be infected with CYVCYV as a result of RT-PCR study,
b) deformations on lemon leaves in the nursery, formation of water soaked spots on the veins on the back
surface of the leaf, ¢) yellow discoloration on the leaf surface.
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Sekil 2. Sorvey yapilan ve RT-PCR c¢alismasi sonucu CYVCV etmeni ile enfekteli bulunan limon agaci
yapraklarinda gézlenen simptomlar, a) yapraklarda sari1 renk acilmalari, b) yaprak arka yiizeyinde su
emgisi leke olusumu, c) yaprak deformasyonlari, gondol yaprak olusumu, yapragin normalden daha
kicik gelismesi.

Figure 2. RT-PCR investigations revealed symptoms on lemon tree leaves that were checked and confirmed to be
CYVCV-infected, a) yellow discoloration on leaves, b) water-soaked spot formation on the back surface of
the leaf, ¢) leaf malformations, smaller-than-normal leaf development, and gondola growth of leaves.

CYVCV etmeni ile enfekteli limon agaglarinin kaldig1 belirtilirken (Zhang ve ark., 2019), Pakistan’da

yakininda yer alan mandarin ve greyfurt agaglarindan baz1 portakal c¢esitlerinde etmenin hafif yaprak
da oOrneklemeler yapilmigtir. CYVCV etmeni beneklenmesi simptomu olusturdugu bildirilmigtir
ulkemizde mandarin ve greyfurtlarda simptom (Catara ve ark., 1993). Ancak bu calisma kapsaminda
olusturmamakta ancak latent olarak RT-PCR calismalariyla enfekteli olarak belirlenen
bulunabilmektedir (Onelge, 2002). Cin’de yuriitiilen portakal ve greyfurt bahcelerinde herhangi bir
bir calismada da etmenin portakallarda latent olarak makroskobik simptoma rastlanmamagtir.
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RT-PCR Caligmalan tanesinin CYVCV ile enfekteli oldugu belirlenmistir.
Arazi gézlemleri sonucunda Adana, Mersin ve Hatay Enfekteli bulunan izolatlardan 8 tanesi fidanhk, 27
illerinden toplanan 100 bitki o6rneginden TNA’lar tanesi ise bahc¢eden alinan izolatlardir. Adana ilinden

bitkisel dokulardan ayrigtirilmistir. Elde edilen toplanan 55 Ornegin 20 tanesi 479 nikleotid
TNA’lar RT-PCR ¢aligmalarinda kullanilmigtir. Ortii seviyesinde bant olusturmustur. Mersin ilinde 10
protein bolgesine ait iki farkli primer c¢iftinin ornek, Hatay ilinde ise 5 6rnek hastalikla enfekteli
kullanildig1 c¢alismada arastirilan 100 érnekten 35 olarak belirlenmistir (Sekil 3).

M~ 8- -9 _ 40 1 teriCa—it

BAAD

Sekil 3. Test edilen 6rneklerin %1.5 agaroz jel goriintiileri, a) M; 100 bp DNA markér, RT-PCR calismas1 sonucu
pozitif bulunan ve sekans analizi icin secilen CYVCV izolatlar: (1-2: Mersin, 3-4: Adana, 5-6: Hatay), K-
Negatif kontrol, K+: Pozitif kontrol, b) M: 1 kb DNA markér, 7-8: Hatay ili Zagara Bianca limon izolatlari,
9-10: Mersin ili Kutdiken limonu fidanlik izolatlari, 11: Mersin ili Zagara Bianca limonu fidanlik izolata,
K-: Negatif kontrol, K+: Pozitif kontrol.

Figure 3. 1.5% agarose gel pictures of the examined samples. a) M: 100 bp DNA ladder, CYVCYV isolates found
positive as a result of RT-PCR study and selected for sequence analysis (1-2: Mersin, 3-4: Adana, 5-6:
Hatay), K- Negative control, K+: Positive control, b) M- 1 kb DNA ladder, 7-8° Hatay province Zagara
Bianca lemon 1solates, 9-10° Mersin province Kiitdiken lemon nursery isolates, 11° Mersin province
Zagara Bianca lemon nursery isolate, K-' Negative control, K+ Positive control.

RT-PCR ¢alismalar: sonucunda makroskobik simptom Information (NCBI) veri tabaninda kayith izolatlarla
gostermeyen portakal ve greyfurt agaglarinda da viriis kargilagtirilmigtir. Bu ¢alismada elde edilen orti
etmeninin latent olarak kalabildigi gérilmustiir. Bu proteinine ait niikleotid dizilimleri Cizelge 3’de
durum enfekteli agaglarin inokulum kaynag: belirtilen farkl CYVCV etmenleri ile
olabilecegini ve 6zellikle vektor biceklerle taginan bir karsilagtirildiginda %97nin lzerinde bir oranla
etmen olan CYVCV etmeninin yayilmasinda etkili benzerlik gosterdigi belirlenmistir.

olabilecegi sonucunu ortaya koymaktadir. Nitekim Neighbor-jouning metodu ile 1000 tekrarli bootstrap
Cukurova Bolgesinde 1980°1i yillarda ortaya c¢ikan degeri uygulanarak olusturulan soy agacinda Adana,
CCDaV etmenin vektori olan Parabemisia myricae on Mersin ve Hatay illerinden elde edilen Zagara Bianca
yil gibi kisa bir stirede tim Mersin ve Adana ili limon ¢esidine ait 6rneklerin oldukg¢a birbirine benzer
yetistiricilik alanlarina yayilmistir (Korkmaz ve ark., oldugu, ayni kiimede Hindistan’dan izole edilen
1994; Bozan & Omelge 2018). CYVCV etmeninin CYVCV etmenine ait limon ve mandarin izolatlariyla
tasiyici vektorlerinden olan A. gossypiive A.craccivora bir arada bulundugu ortaya gikmistir. Adana ilinden
bélgemizde oldukg¢a yaygin olarak bulunmaktadir. Bu alinan turung izolati NCBI verilerinde kayitli olan
durum etmenin yayillmasinda o6nemli bir rol turung izolat1 (MT646455) ile aym1 kiimede yer
oynamakta ve eradikasyon iglemlerine ragmen almigtir. Bu ¢alismada greyfurt ve portakaldan elde
etmenin varliginin tehlikesini gostermektedir. Her tg¢ edilen CYVCYV izolatlar soy agacinda Cin’in iki farklh
ilde de enfekteli bulunan limon ¢esidi Zagara Bianca turung izolatiyla ayni kiume iginde gruplanmigtir
limonu olmustur. Bu cesit hem arazide hem de (Sekil 4).

fidanlikta enfekteli olarak belirlenmis ve hemen Sequence Demarcation Tool Version 1.2 (SDTv1.2)
imhasi gerceklestirilmistir. Enfekteli olarak belirlenen yontemi kullanilarak, bu c¢alismada elde edilen
35 izolattan 6 tanesi 479 bp’da amplifikon olusturan izolatlar ile NCBI’dan secilen CYVCV izolatlar
primer ¢ifti  kullanilarak RT-PCR yontemiyle arasindaki ortli proteinine ait niikleotid benzerligi
cogaltilarak sekans analizine gonderilmigtir. yaklasik %97 iizerinde oldugu belirlenmistir (Sekil 5).

Genel olarak degerlendirdigimizde Hindistan,
Pakistan ve sonrasinda tilkemizde belirlenen CYVCV
etmeni enfekteli ag1 g6zl yaninda vektoér olarak
afidlerle (A. craccivora ve A. Spiraecola) ve beyaz

Sekans Analizleri
Sekans sonuglar1 elde edilip baz dizilimleri BLAST
analizi ile National Center for Biotechnology
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sinekle (D. citr) tasinabilen turuncgil ve yabanci otlar:
enfekte edebilen bir hastalik etmenidir (Zhou ve ark.,

86%
86%

76%

59%

100%
83% {

2017; Onelge ve ark., 2016).

KT696515.1 Hindistan Mandarin

MT780546 Cin Limon

1' PQ563183 Mersin Limon ZB

1 PQ563178 Adana Limon ZB

PQ563182 Hatay Limon ZB

51%

63% 28%

28%

KT696516.1 Hindistan Limon

‘[ PQ563179 Turunc
59% - MT646455 Turkiye Turunc
MT395314.1 Turkiye Aphis gossypii

MT501518 Turkiye Asma

MWEB00324.1 Iran limon

54%

PQ563179 Greyfurt

54%

17%

“— KJ787641.1 Potato virus X _] outgroup

P
5

ON496455.1 Cin Turunc

— PQ563180 Portakal

KJ859679 Cin Turunc

Sekil 4. CYVCV izolatlarinin genom niikleotid dizilerinin MEGAX programinda Neighbor-jouning metodu ile 1000
tekrarh bootstrap degeri uygulanarak olusturulan filogenetik agac.
Figure 4. Phylogenetic tree constructed from genome nucleotide sequences of CYVCYV isolates using the Neighbor-
Jouning method using MEGAX. Bootstrap values for 1,000 replicates are indicated at the main branches.

Bu c¢aligmada ele alinan izolatlar farkli turunggil
tirlerine ait olup dort farkli tlkeyi kapsamaktadir.
Turkiye’de CYVCV vektori olarak afidlerden elde
edilen ve NCBI'ya kaydedilen MT395314 no’lu izolat
Iran limon izolatiyla aym kiimede yer alip %97
benzerlik géstermistir (Hashmian ve ark., 2017). Tiim
izolatlarin birbiri ile olan benzerlikleri yaklagik
%97 nin Uzerindedir. Elde edilen bu sonu¢ etmenin
arastirilan kismi gen bélgesi bakimindan g¢ok biyilik
bir farklihk go6stermedigini ortaya koymaktadir.
Benzer sekilde Zhou ve ark., (2017)larn CYVCV

etmeninin sekans analizlerini degerlendirdikleri bir
calismada kendi izolatlar: ve Adana ilinden elde edilen
izolatin (JX040635.1) ayni kiimede yer aldigim
belirtmiglerdir ve %97 oraninda birbiri ile benzer
oldugunu bildirmiglerdir (Zou ve ark., 2017). Bu
calismada da Cin izolat1 (ON496455) Adana ilinden
elde edilen ve nikleotid dizilimi belirlenen greyfurt
izolatiyla %98 benzerlik gostermigtir. Bu sonuglarda
CYVCV etmeninin 6rti protein agisindan caligilan
bolgede biiyik farkhiliklar gostermedigini ortaya
koymaktadir.
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Cizelge 3. Calismada kullanilan NCBTI’da kayith farkli CYVCYV ve dig grup olarak segilen izolatlar ve erigim numaralar:.
Table 3. Different CYVCYV 1solates and outgroup isolate accession numbers registered in NCBI in this study.

NCBI Erisim Numarasi Izolat

KT696516.1 Hindistan (limon)
MW600324.1 Iran (limon)

MT780546.1 Cin (limon)

MT646455.1 Tirkiye (turuncg)
ON496455.1 Cin (turung)

KJ859679.1 Cin (turunc)

KT696515.1 Hindistan (mandarin)
MT501518.1 Tiirkiye (asma)

MT395314.1 Tiirkiye (Aphis gossypii)
KJ787641.1 Potato virus X (dis grup)
PQ563183 Mersin limon ZB (bu ¢alisma)
PQ563182 Hatay limon ZB (bu calisma)
PQ563178 Adana limon ZB (bu calisma)
PQ563179 Adana turunc (bu calisma)
PQ563179 Adana greyfurt (bu calisma)
PQ563180 Adana portakal (bu calisma)

NT501518_Turkiye_Asma
PQS63179_Turunc
NTB48455_Turklye_Turunc
PQ563179_Greyfurt
KT696516.1_Hindstan_Limon
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PQ563182_Hatay_Lmon_2B
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Sekil 5. Sequence Demarcation Tool Version 1.2 (SDTv1.2) yéntemi kullanilarak, bu calismada elde edilen izolatlar ile
NCBTI'dan segilen CYVCYV izolatlar: arasindaki 6rtii protein gen bélgesine ait niikleotid dizilim benzerlikleri.

Figure 6. Nucleotide sequence similarities of the coat protein gene region between the isolates obtained in this study and
CYVCYV isolates selected from NCBI using the Sequence Demarcation Tool Version 1.2 (SDTv1.2) method.
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SONUC ve ONERILER

CYVCYV ilkemizde yaklasik 20 yil 6nce bildirilmis ve
hastalikla enfekteli agaclara eradikasyon iglemleri
gerceklestirilmigtir. Ancak gunimizde ¢ok yogun
olmasa da baz turunggil yetistiricilik alanlarinda ve
fidanhiklarda hastaligin varhigr gézlenmektedir.
Yuritilen bu g¢alisma sonucunda etmenin limon,
turung ve latent olarak portakal ve greyfurt
cesitlerinde varhigr belirlenmistir. CYVCV'nin orti
proteinine ait nikleotid dizilimleri ve NCBI
kayitlarinda yer alan diger ulkelere ait 6rti protein
dizilimleri dogrultusunda yuriitilen SDT 1.2 analiz
sonucunda etmenin kendi arasinda ve diger ulkelerden
bildirilen izolatlarla nukleotid benzerliginin %97 ve
uzerinde oldugu ve yiiksek bir benzerlik oranina sahip
oldugu belirlenmigtir. Virtiis hastaliklarinda erken
tanilama olduk¢a 6nemlidir. Ozellikle eradikasyon
programina alinmis etmenlerin rutin sorveylerinin

gerceklestirilmesi, RT-PCR gibi hizli tanilama
yontemlerinin kullanilmasi1 ve saptanan enfekteli
orneklerin hizla eradike edilmesi etmenlerin

yayilmasinmi onlemede basari saglamaktadir. Ayrica
CYVCYV gibi turunggillerde vektor ile taginan virtsler
acisindan vektor micadelesi yaninda mekanik de
taginabilen bu gibi etmenlerde alet ve ekipmanlarin
sterilizasyonu da olduk¢a 6nemlidir. Bu ¢alisma 2016-
2022  wyillarm  arasinda  toplanan  izolatlarla
gerceklestirilmistir. Ornek alinan ticari bahce ve
fidanliklarda RT-PCR sonucunda enfekteli bulunan
agaclar ve fidanlar eradike edilmistir. Belirli
araliklarla fidanlik ve bahce gozlemleri sonucunda
enfekteli olabilecek bitki materyalleri incelenmekte
Tarim ve Orman Bakanligi'nda konu ile ilgili birimler
bilgilendirilerek, eradikasyon iglemleri rutin olarak
saglanmaktadar. Saghkli ve sertifikali tretim
materyali ile yeni turunggil bahgelerinin tesis edilmesi
ve karantina 6nlemlerinin yeterince alinmasi vektor
ile taginan bu etmenin epidemisi ac¢isindan oldukca
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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OZET Tarimsal Mekanizasyon
Gegit iklim kugsaginda yer alan Tokat sartlarinda yurutilen ¢calismada
ikinci Urinde ekim kalitesi belirlenmigstir. Geleneksel toprak isleme Aragtirma Makalesi

sistemi (M1), azaltilmis toprak isleme sistemi-1 (M2), azaltilmis toprak
isleme sistemi-2 (M3) ve dogrudan ekim (M4) sistemleri Makale Tarihgesi
karsilastirilmigtir. Ekim kalitesi tarla filiz ¢ikis derecesi, kabul edilebilir Gelig Tarihi @ 25.06.2024

bitki araligi, ikizlenme orani, bogluk orani, ekim indeksi, verim ve ekim Kabul Tarihi :01.11.2024
derinligine gore belirlenmigtir. Toprak igsleme sistemlerinin 6nemli bir

etkisinin olmadig tarla filiz ¢ikis derecesinin en diisik ve en yiiksek Anahtar Kelimeler
degerleri sirasiyla M4 (%64.53) ve M1 (%76.53) sistemlerinde elde Ekim kalitesi

edilmigtir. Toprak isleme sistemleri kabul edilebilir bitki araligi ile Silajlik misir

ikizlenme orani degerlerini P<0.01 ve bosluk oranmi degerlerini P<0.05 Bogluk orani

seviyesinde istatistiksel olarak onemli bir sekilde etkilemigtir. Kabul Ikizlenme orani

edilebilir bitki araligi, ikizlenme ve bogluk oranlar1 degerleri bakimindan Yesil ot verimi

M1, M2 ve M3 toprak isleme sistemleri arasinda istatistiksel olarak
onemli bir farklilik gérilmemektedir. Toprak isleme sistemleri ikizlenme
orani bakimindan degerlendirildiginde M1 sisteminin iyi, M3 sisteminin
orta ve M2 ile M4 sisteminin yetersiz oldugu goérulmustir. Ekim
kalitesinin bir diger gostergesi olan bosluk orani degerlerine gore M1 ile
M2 sistemlerinin orta ve M3 ile M4 sistemlerinin ise yetersiz oldugu
belirlenmistir. Calismanin sonuc¢lar1 bolgedeki tarimsal tiretimin
stirdirilebilirligine 6nemli katk: saglayacaktir.

Evaluation of Soil Tillage and Direct Sowing Systems for Sustainable Production in Tokat Kazova in
Terms of Sowing Quality

ABSTRACT Agricultural Mechanization
In the study carried out in Tokat conditions, located in the transition )
climate zone, the sowing quality of the second crop was determined. Research Article

Conventional tillage system (M1), reduced tillage system-1 (M2), reduced

tillage system-2 (M3), and direct seeding (M4) systems were compared. Artch < H1story‘

. . . . Received : 25.06.2024
The sowing quality was determined according to the percentage of A d £ 01.11.2024
emerged seedlings, the quality of feed index, multiple index, mass index, S e
planting index, yield, and sowing depth. The lowest and highest values of Keywords

the percentage of emerged seedlings where soil tillage systems did not
have a significant effect, were obtained in the M4 (64.53%) and M1
(76.53%) systems, respectively. Soil tillage systems significantly affected
the quality of feed index and multiple index values at P<0.01 and miss
index values at P< 0.05 levels. There was no statistically significant
difference between the M1, M2, and M3 tillage systems regarding the
miss index, multiple index, and quality of feed index values. When soil
tillage systems were evaluated in terms of multiple index, it was observed
that the M1 system was good, the M3 system was medium, and the M2
and M4 systems were inadequate. According to the miss index values,
which is another indicator of sowing quality, it was determined that M1
and M2 systems were medium and M3 and M4 systems were inadequate.
The study's results will significantly contribute to the sustainability of
agricultural production in the region.

Sowing quality
Silage maize
Miss index
Multiple index
Green grass yield



KSU Tarim ve Doga Derg 27 (Ek Say1 2), 453-462, 2024
KSU J. Agric Nat 27 (Suppl 2), 453-462, 2024

Arastirma Makalesi
Research Article

Atif Sekli:

Giil, E.NN., Ozgéz, E. & Mutlu, N. (2024). Tokat Kazova'da Siirdiiriilebilir Uretim Igin Toprak Isleme ve

Dogrudan Ekim Sistemlerinin Ekim Kalitesi Yéniinden Degerlendirilmesi. KSU Tarim ve Doga Derg 27 (Ek
Say1 2), 453-462. https://doi.org/10.18016/ksutarimdoga.vi.1504127

To Cite :

Giil, E.N., Ozgoz, E. & Mutlu, N. (2024). Evaluation of Soil Tillage and Direct Sowing Systems for Sustainable

Production in Tokat Kazova in Terms of Sowing Quality. KSU J. Agric Nat 27 (Suppl 2), 453-462.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1504127

INTRODUCTION

Sowing is placing and closing the seeds in the seedbed
at a certain depth to the requirements of the seed with
a proper distribution in the horizontal and vertical
plane (Karayel and Ozmerzi, 2005). The main purpose
of the precision planter is to plant the seeds in a way
that provides the most suitable environment for their
homogeneous emergence. Proper placement of the seed
is essential to provide sufficient moisture, which is one
of the most important criteria for germination and
improving conditions that affect germination
(Grassbaugh and Bennett, 1998). The benefits of
sowing maize seeds with precision planter seed savings
include fewer working hours, sowing depth,
homogeneous row spacing, and, as a result, a more
consistent yield (Turan et al.,, 2014). The planting
process should result in the expected seed distribution
and homogeneous emergence in the unit area. The
most common methods used to assess planter
performance include uniformity of plant distribution
and emergence rate (Staggenborg et al., 2004).
Precision maize sowing is aimed to achieve high
efficiency by ensuring a certain plant output per unit
area. For this reason, uniform seed sowing should be
done to reduce the competition of plants for soil
moisture and nutrients (Yazgi, 2016).

The most critical factor in obtaining maximum
efficiency from the unit area is precision planting
technology. By distributing the seeds evenly in the
seedbed, the competition of the plants with each other
for water, light, nutrients, and air is reduced, and the
yield obtained from the unit area is increased (Liu et
al., 2012; Wang et al., 2012). Sowing maize seeds at
irregular intervals reduces the yield by 5% to 10%
(Searle et al., 2008). In 2023, approximately 524860.9
hectares of silage maize was planted in Turkey. The
production amount is 28653531 tons. The yield is
54670 kg/a (TUIK, 2023). Using the 2023 average
sales price of 0.15 US Dollars per kilogram (TOBB,
2023), a 10% decrease in yield means 829.57 US
Dollars per hectare and a 434824283.56 US Dollars
income decrease in the production amount in Turkey.
Doerge et al. (2002) stated that the yield could increase
by 84 kg ha! with every centimeter decrease in the
standard deviation of the row distance. Nielsen (2001)
found that when the standard deviation was greater
than 5 cm, corn grain yield decreased by an average of
62 kg hal for every cm increase in the standard
deviation of plant spacing.

Precision Planting of the United States developed the
20/20 SeedSense monitoring system using WaveVision
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sensors (Anonymous, 2024a). The Sistema Full Semina
precision planting system, developed by MC in Italy,
can electronically monitor the sowing of medium-sized
and large seeds (Anonymous, 2024b). Ozgoz et al.
(2020) used the statistical process control approach
when determining sowing quality, and Dursun and
Dursun (2000) used the sticky bant system made in the
laboratory environment to assess the uniformity of
distribution on the row in sowing machines. Mean and
standard deviation of seed or plant row spacing (Parish
et al., 1991; Hollowell, 1992), miss index, multiple
index (Brooks and Church, 1987), and coefficient of
variation (Jasa and Dickey, 1982; Hofman, 1988) are
used to determine the performance of the planter
(Singh et al., 2005; Kus, 2014).

The general objective of this study was to evaluate the
sowing quality depending on the seedbed
characteristics created by different soil tillage systems
compared to utilizing the vegetation period effectively
in the transition climate zone. In this study, the effect
of different tillage and sowing systems on sowing
quality was investigated for sustainable production
during the silage maize vegetation period (July 2022-
October 2022) following a five-year rotation (winter
wheat + second crop silage maize, triticale-vetch
mixture + second crop silage maize) on a clay loam soil
under transition climate zone conditions. For this
purpose, the percentage of emerged seedlings, the
quality of feed index, multiple index, miss index,
planting index, green grass yield, and sowing depth
were determined.

MATERIAL and METHOD
Experimental Area

The study was conducted as a continuation of the
TAGEM project titled "Comparison of Soil Properties,
Yield, and Energy Efficiencies in Main and Second
Crop Rotations of Different Soil Processing Methods"
conducted by Afacan et al. (2023) between 2017 and
2021.

The soil tillage, crop rotations, and cultural operations
of the project continued. In this study, primary crop
silage triticale-vetch mixture + second crop silage
maize rotation was carried out in the same
experimental plots.

The study was carried out in Tokat-Kazova, located in
the transition climate zone between the Eastern Black
Sea and Central Anatolia regions, on the land of the
Middle Black Sea Transitional Zone Agricultural
Research Institute (Figure 1). The soil of the
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experimental area is clay loam and homogeneous. soils before the experiment are given in Table 1.
Some chemical properties of the experimental area

e

Figure 1. Experimental area
Sekil 1. Calisma alam

Table 1. Some chemical properties of the experimental area soils before the experiment
Cizelge 1. Caligma alam topraklarinin ¢aligma 6ncesi bazi1 kimyasal 6zellikleri

Soil tillage system ?epth g:ﬁfgﬂlstalln w  Total o Lime AvailableP:Os Available KeO zigt:::c

cm) (mmhos /cm) Salt (%) (%) (kg ha™) (kg ha™) )
M1 0-10 1.14 0.04 7.69 10.85 48.8 733.6 2.02

10-20 1.13 0.04 7.70 10.59 44.4 754.8 2.05
M2 0-10 0.95 0.04 7.87 10.98 52.0 803.6 2.24

10-20 1.05 0.04 7.77 10.85 40.2 674.8 2.06
M3 0-10 0.85 0.03 7.90 10.59 55.7 832.0 2.32

10-20 1.04 0.04 7.89 11.11 60.9 684.5 2.06

0-10 0.86 0.04 7.84 10.98 86.4 915.1 2.60
M4 10-20 0.81 0.03 7.81 10.98 18.7 665.2 2.11
M1: Conventional soil tillage, M2: Reduced tillage-1, M3: Reduced tillage-2, M4: Direct sowing.
Climate Characteristics Experimental Design, Soil Tillage Systems, and
According to the climate data of the province for many Cultural Treatments
years (1929-2023), the maximum temperature is 18.8 The experiment was established with three
°C, the minimum temperature is 7.2 °C, the average replications according to the randomized block design
temperature is 12.5 °C, the average monthly total and the plots were 50 m x 5.6 m in size. The space
rainfall is 435 mm, and the average sunshine duration around the study plots is 2 meters. Some technical

is 5.8 h (MGM, 2024). Climate data for the silage maize details of the soil tillage and sowing machines used in

vegetation period (July 2022-October 2022) are shown the experiment are given in Table 3. Four different
in Table 2. tillage and sowing systems were carried out in the

study:
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Table 2. Climate data for the silage maize vegetation period (July 2022- October 2022) (MGM, 2022)
Cizelge 2. Silajlik misir vejetasyon siiresine ait iklim verileri (Temmuz 2022- Ekim 2022) (MGM, 2022)

Climate data

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

July 0.0 20.7 34.1 8.5 69.5

August 4.7 24.9 38.2 13.4 68.4

September 27.4 19.4 38.8 3.5 67.9

October 35.3 13.3 30.4 -1.1 76.2

Table 3. Some technical details of the soil tillage and sowing machines used in the experiment (Afacan et al., 2023)
Cizelge 3. Denemede kullanilan toprak isleme ve ekim makinalarinin baz teknik 6zellikleri (Afacan et al., 2023)

Machines Number of units Working width Working Depth Weight
(cm) (cm) (kg
Moldboard plough 4 120 20-25 470
Chisel plow 7 210 20-25 400
Vertical axis rotary cultivator 16 blades 200 15-20 900
Disc harrow 18 200 10-15 930
Sprlgg tlr}e cultivator and rolling harrow 29 300 10-15 900
combination
Pneumatic precision seeder 4 rows with 290 5 845
axe
Pnegmatlc precision seeder for direct 4.rows with 210 5 1000
seeding disc

M1- Conventional soil tillage: Moldboard plough + disc
harrow + spring tine cultivator and rolling harrow
combination,

M2- Reduced tillage-1: Chisel plow + disc harrow,

M3- Reduced tillage-2: Vertical axis rotary cultivator
and

M4- Direct sowing: No tillage is done on the plots in
this application. Sowing was performed with a direct
seeder.

First crop triticale-vetch mixture + second crop silage
maize rotation were carried out. The data on the
second crop silage maize rotation was used in this
study. Soil tillage was done on July 05, 2022, sowing
on July 06, 2022, and harvest on October 27, 2022.
Sowing was done at 70 cm between rows and 16 cm in-
row at a depth of 5 cm. With the sowing, 200 kg ha'l
DAP was applied, and on August 10, 2022, Nitropower
(33N%) was used at 220 kg ha'! (Upper). Before sowing,
3000 ml ha'! of total herbicide was applied directly to
the sowing plots. When the plant height is 20-25 cm,
Ghibli (220 g 11! Dicamba + 50 g 11 Nicosulfuron)
Mospilan 20 SP (20%) Acetamiprid) was administered

Determination of Sowing Quality

The percentage of emerged seedlings (PES), an
important parameter used to evaluate sowing success,
was determined according to Equation 1 (Onal, 2006).

wj *100 (1)
N

i

PES:{

Where Nx is the total number of all plant spacing at a
given row length, No is the total number of intervals
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less than 0.5*Z, Ni is the theoretical total number of
plants, and Z is the seed distance within the row.

To determine the seed distribution uniformity in the
rows of silage maize, the distances between plants
were measured in 3 rows of 10 m in length, randomly
chosen over the rows immediately after germination.
The in-row plant distribution homogeneity was
determined using the values obtained from these
measurements (Karayel and Ozmerzi, 2005). The
multiple index, the miss index, and the quality of the
feed index, which indicate the evenness of distribution
over the row were determined according to Table 4.
The uniformity of plant distribution on the row was
evaluated by considering the criteria (Anonymous,
1999) shown in Table 5.

Table 4. Evaluation of plant distribution evenness on rows
(Aykas et al., 2013)

Cizelge 4. Sira tzeri bitki dagilim dizginliginin
degerlendirilmesi (Aykas ve ark., 2013)
Plant spacing in rows  Definition
<0.5 Z/PES Multiple index
(0.5-1.5) Z/PES Quality of feed index (QFI)
>1.5 Z/PES Miss index

PES: Percentage of emerged seedling

The planter index developed by Jasa and Dickey (1982)
was used to evaluate seed spacing uniformity. The
percentage error value was assigned an intermediate
value from 0 to 5. 5 indicates less than 10 percent error.
More than 50 percent of errors were assigned a value
of 0. Both multiple and miss indexes have a value of 0.
The index assignment is summarized in Table 6.
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Table 5. Evaluation of quality of feed index, multiple index, miss index (Aykas et al., 2013)
Cizelge 5. Kabul edilebilir bitki araligi, ikizlenme oranlari ve bogluk oranlarinin degerlendirilmesi (Aykas ve ark.,

2013)
QFI (%) Multiple index (%) Miss index (%) Evaluation
>98.6 <0.7 <0.7 Very good
>90.4 <98.6 >0.7-<4.8 >0.7-<4.8 Good
>82.3-90.4 >4, 8-<7.7 >4, 8-<10 Middle
<82.3 >7.7 >10 Insufficient

QFI: Quality of feed index

Actual distance—Ideal spacing

(2)

Percent miss from ideal spacing (Ie)= (

Table 6. Evaluation of planter index (Jasa and Dickey, 1982)
Cizelge 6. Ekim indeksinin degerlendirilmesi (Jasa ve
Dickey, 1982)

Percent error in seed placement
0-10

10.1-20.0

20.1-30.0

30.1-40.0

40.1-50.0
>50

Planting index

O~ DN Wk ot

The sowing depth was observed with 20 seedlings in
each plot, which seedlings were pulled out carefully
and their root depths remained in the soil and were
close to white measured. According to Onal (2006), the
coefficient of variation (%) in the sowing depth
distribution was accepted as a reference value as not
being more than 20%. During the sowing process, the
tractor's forward speed was determined as 6.69km h'1.

For silage maize yield, plants in 3 strips of 6 m length,
randomly selected from the experimental area, were
cut 5 cm above the soil surface, weighed, and
calculated as green grass yield per hectare.

Statistical Analysis

Before starting statistical analyses, a normal
distribution test (Shapiro-Wilk) was applied to the
data sets. Appropriate transformation procedures were
performed to transform non-normally distributed data
sets into normal distributions (Webster, 2001).
Analysis of variance (ANOVA) and DUNCAN, a
multiple comparison test, were used to compare the
data obtained for sowing quality and to determine
similar tillage systems. Statistical analyses of the
relevant parameters were performed using the SPSS
17.0 software (SPSS, 2017).

RESULTS and DISCUSSION

Determination of Second Crop Silage Maize Sowing
Quality

In the study, descriptive statistics were performed on
the data sets obtained by using the measurements
made in the field. The maximum, minimum, and mean
values, standard deviation, coefficient of variation,

Ideal spacing
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)*100

variance, skewness, and kurtosis values, which are
accepted as indicators of normal distribution, are given
in Table 7.

After germination, the distance between plants in 3
rows of 10 m length randomly determined in each plot
was evaluated to determine the homogeneity of seed
distribution in each row. The evaluation of in-row
plant distribution uniformity, quality of feed index,
miss index, multiple index, and were made according
to Tables 4 and 5. The percentage of emerged seedling,
quality of feed index, multiple index, miss index,
planter index, and yield values for silage maize are
given in Table 8; percentage of emerged seedling,
quality of feed index, miss index, multiple index,
planter index and yield values for second crop silage
maize are given in Table 9.

The soil tillage systems did not show a statistically
significant effect on the percentage of emerged
seedlings. The minimum and maximum values of the
percentage of emerged seedlings were obtained in the
M4 (64.53%) and M1 (76.53%) systems, respectively
(Table 8). Korucu and Arslan (2009) received the
minimum percentage of emerged seedling rate of
80.3% in direct sowing and the maximum percentage
of emerged seedling rate of 88.0% in modified direct
sowing (2) for second crop silage maize. As a result of
their study, they reported that tillage alone did not
affect the degree percentage of emerged seedlings; they
pointed out the similar performances of conventional
tillage and direct sowing systems. Karaaga¢ and Barut
(2007) determined that the effect of different tillage
and sowing methods on emergence percentage in
second crop silage maize was statistically significant at
P<0.01 level, and the maximum percentage of emerged
seedlings was 100% in the conventional tillage system
and the minimum percentage of emerged seedling was
72% in direct sowing system. The results found in this
study support this study.

Soil tillage systems significantly affected the multiple
index and quality of feed index values at p<0.01 and
miss index values at P<0.05 levels. There is no
statistically significant difference between M1, M2,
and M3 tillage systems regarding the multiple index,
quality of feed index, and miss index values (Table 8).
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Table 7. Descriptive statistics of sowing quality parameters
Cizelge 7. Ekim kalitesi parametrelerine ait tanimlayici istatistik bilgiler

STS SQpP N Minimum Maximum Mean gtapdalard Coe{fﬁ?lent of Skewness Kurtosis
eviation variation
PES 6 70.40 81.60 76.53 4.22 5.51 -0.32 -1.17
M1 QFT 6 78.26 98.04 88.24 6.84 7.75 -0.07 0.10
MUI 6 0.00 6.52 3.09 2.91 94.17 0.010 -2.25
MI 6 1.96 15.22 8.67 4.56 52.60 -0.10 0.17
PI 6 2.38 3.24 2.70 0.37 13.70 0.84 -1.56
GGY 6 59000 112500 96250 21127.59 21.95 -1.40 1.11
PES 9 51.20 78.40 68.09 9.16 13.45 -0.78 -0.38
M2 QFT 9 64.71 91.67 80.77 8.50 10.52 -0.50 0.22
MUI 9 2.08 20.59 9.30 5.54 59.57 0.86 1.13
MI 9 3.85 15.38 9.92 3.71 37.40 -0.02 -0.35
PI 9 1.18 3.26 2.34 0.63 26.92 -0.26 0.60
GGY 9 63000 132500 89444.44 19687.31 22.01 1.24 2.61
PES 9 56.00 81.60 69.16 10.30 14.89 -0.35 -1.75
M3 QFT 9 69.44 92.31 83.62 7.17 8.57 -0.93 0.54
MUI 9 1.92 16.67 6.09 4.96 81.44 1.37 1.50
MI 9 5.77 14.29 10.29 3.28 31.88 -0.11 -1.41
PI 9 1.29 2.79 2.21 0.54 24.43 -0.54 -1.05
GGY 5 69000 104000 94300 14294.23 15.16 -2.12 4.61
PES 6 56.00 75.20 64.53 8.51 13.19 0.15 -2.53
M4 QFI 6 51.43 80.00 63.88 12.22 19.13 0.32 -2.33
MUI 6 8.00 27.03 17.34 8.28 47.75 0.13 -2.59
MI 6 10.53 22.86 15.16 4.73 31.20 1.03 -0.22
PI 6 1.65 2.91 2.29 0.51 22.27 -0.17 -2.00
GGY 9 67000 122000 98111 15551.88 15.85 -0.52 1.56

STS: Soil tillage systems, M1: Conventional Soil Tillage. M2: Reduced tillage-1, M3: Reduced tillage-2, M4: Direct sowing, SQP:
Sowing quality parameters, PES: Percentage of emerged seedling (%), QFI: Quality of feed index (%), MUI: Multiple index (%),
MI: Miss index (%), PI: Planting index, GGY: Green grass yield (kg ha')

Table 8. Percentage of emerged seedling, quality of feed index, miss index, multiple index, planter index, and
yield values for second crop silage maize

Cizelge 8. Ikinci tiriin silajlik misir i¢in tarla filiz ¢cikis, kabul edilebilir bitki araligi, bosluk orani, ikizlenme
orani, ekim indeksi ve yesil ot verimi degerleri

Percentage Quality of feed Multiple index Miss index Planter Green grass
STS ofemerged ;g0 (%) %) %) Index ield (kg ha?)

seedling (%) 0 > > . sl
M1 76.53+4.22 88.24+6. 84a 3.09+2.91b 8.67+4.56b 2.70+£0.37 96250+21127.6
M2 68.09+9.16 80.77+8.50a 9.30+5.54b 9.92+3.71b 2.34+0.63 89444+19687.3
M3 69.16+10.30 83.62+7.17a 6.09+4.96b 10.29+3.28b 2.21+0.54 94300+14294.2
M4 64.53+8.51 63.88+12.22b 17.34+8.28a 15.16+4. 73a  2.29+0.51 98111+15551.9
F value 2.04nrs 9.19** 7.34%* 3.17*% 1.08ns (0.38ns

STS: Soil tillage systems, M1: Conventional Soil Tillage, M2: Reduced tillage-1, M3: Reduced tillage-2, M4: Direct sowing. **
Significant at P< 0.01 level, * Significant at P < 0.05 level, ns: Insignificant value. There is no statistical difference between the
values shown with the same letter in the columns.

Table 9. Evaluation of quality of feed index, miss index, and multiple index
Cizelge 9. Kabul edilebilir bitki araligi, ikizlenme ve bogluk oranlarinin degerlendirilmesi

STS Quality of feed index (%) Multiple index (%) Miss index (%)
M1 Middle Good Middle

M2 Insufficient Insufficient Middle

M3 Middle Middle Insufficient
M4 Insufficient Insufficient Insufficient

STS: Soil tillage systems, M1: Conventional soil tillage, M2: Reduced tillage-1, M3: Reduced tillage-2, M4: Direct sowing.
In respect of the quality of the feed index, M1 and M3 in terms of multiple index, it was observed that the M1

systems are moderate, while M2 and M4 systems are system was good, the M3 system was average, and the
insufficient. When the tillage systems were evaluated M2 and M4 systems were inadequate. According to the
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miss index values, another indicator of sowing quality,
it was determined that M1 and M2 systems were
moderate and M3 and M4 systems were inadequate
(Table 9). These results indicate that precautions
should be taken regarding the sowing process.
Karaaga¢ and Barut (2007) compared different tillage
and sowing methods in second-crop silage maize. They
determined the miss index as 2.37%, 5.84%, and
37.73% in conventional, reduced tillage system and
direct sowing, respectively, and the multiple index as
1.59%, 5.84%, and 0.00%, and the quality of feed index
as 96.04%, 94.17% and 62.07%, respectively. Karayel
and Ozmerzi (2002), in their study on the effect of
tillage systems on the sowing quality (uniformity) of
maize, stated that the multiple index and miss index
rates were not significantly affected by tillage systems.

It was determined that the effect of tillage systems on
green grass yield was statistically insignificant (Table
8). Tillage systems were ranked as M4>M1>M3>M2
regarding silage maize yield. Some researchers have
stated that equal plant spacing does not increase grain
yield (Ehrbach et al., 1972; Muldoon and Daynard,
1981). Liu et al. (2004) determined in their
experiments in different locations that maize grain
yield was not affected by the variability in plant
spacing. The results found by the researchers support
this view. Buehring et al. (2002) reported that when
the inter-row distance is lower than the appropriate
value, the seeds compete with each other; that is,

multiple index occurs, and when the distance 1is
increased, the number of foreign plants increases due
to the miss index between the rows. Korucu and Arslan
(2009) reported that the yield of second-crop silage
maize was the lowest (8590 kg ha!) in direct sowing
and the highest (9016 kg hal) in the conventional
tillage system. Karaagac and Barut (2007) reported
that the highest second-crop silage maize green grass
yield was obtained in a reduced tillage system, while
the minimum yield was obtained in a banded tillage
system. These results show the importance of
determining the appropriate soil tillage system for
sustainable production. Due to the protection and
development of natural resources and economic
advantages, sufficient effort and sensitivity should be
shown to be successful in the application of direct
sowing (Giltekin et al., 2017).

The four different systems applied do not affect the
planter index values statistically significantly. The
minimum and maximum values of the planter index
were obtained in the M3 (2.21) and M1 (2.70) systems,
respectively (Table 8). In the planter index developed
by Jasa and Dickey (1982) to evaluate plant spacing for
different tillage systems; they reported that even the
best planters make 20% to 30% errors in seed
placement and that the effect of the tillage system on
the seeding index is quite small. They determined that
the average measured planter index was 2.41, and
sowing index values ranged from 1.21 to 4.22.

6
5.08 Adjusted sowing depth
5 V
=4 % 3.40 331
&3 % 2.67
=t
g2 /
: /
5]
1 /
0 é
M1 M2 M3 M4

Soil tillage system

Figure 2. Adjusted and measured average sowing depth values
Sekil 2. Ayarlanan ve 6l¢lilen ortalama ekim derinligi degerleri
(M1: Conventional soil tillage. M2: Reduced tillage-1, M3: Reduced tillage-2, M4: Direct sowing)

The treatments did not affect the measured sowing
depth values at a statistically significant level. The
measured sowing depth values were 5.08 cm, 3.40 cm,
3.31 cm, and 2.67 cm for M1, M2, M3, and M4
treatments, respectively (Figure 2). When the average
sowing depth values measured in the plots are
compared with the sowing depth values set on the
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seeder before sowing, it is seen that the actual sowing
depth is lower. The conventional tillage system was the
only system in which the measured value was close to
the set value. Da Silva et al. (2004) stated that sowing
depth is one of the vital factors affecting vegetative
development and emergence homogeneity in maize
(Zea mays L.). Korucu and Arslan (2009) reported that
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soil tillage systems had an effect of P < 0.01 on sowing
depth in second-crop silage maize (Zea mays L.) and
that the best sowing depth was realized in
conventional tillage (5.99 cm) and the lowest sowing
depth was realized in direct sowing system (2.90 cm).
This result supports the sowing depth values
determined in this study.

The coefficient of variation values of sowing depth for
M1, M2, M3, and M4 treatments were 35.89%, 25.64%,
36.42%, and 34.03%, respectively. According to Onal
(2006), the coefficient of variation in the sowing depth
distribution was accepted as a reference value as not
being more than 20%. According to these reference
values, all soil tillage systems are above the reference
values. Karayel and Ozmerzi (2001) reported that seed
distribution in the vertical plane was related to sowing
depth.

CONCLUSION

Depending on the characteristics of the seedbed
created with different tillage systems, the systems
were also evaluated in terms of sowing quality to use
the vegetation period effectively in the second crop,
especially in the study area located in the transitional
climate zone. In respect of the quality of the feed index,
M1 and M3 systems are moderate, while M2 and M4
systems are insufficient. When the tillage systems
were evaluated in terms of multiple index, it was
observed that the M1 system was good, the M3 system
was average, and the M2 and M4 systems were
inadequate. According to the miss index values,
another indicator of sowing quality, it was determined
that M1 and M2 systems were moderate and M3 and
M4 systems were inadequate. These results indicate
that measures should be taken regarding the sowing
process. On the other hand, it was determined that the
data on the values of the sowing quality parameters
were Dbetter in the conventional tillage system
compared to the different systems. It was concluded
that tillage practices should be continued, and the
changes that will occur in the long term should be
monitored, along with taking necessary measures to
improve the quality of cultivation. It is known that if
the plant spacing on the row is smaller than the needs
of the plants, the competition between plants for
nutrients in the soil, water, and sunlight increases. In
addition, this situation can limit the root system of the
plants and negatively affect growth. On the other
hand, if the plant spacing on the row is wide, it can
make land use inefficient and cause soil erosion. It also
causes a decrease in yield. Considering all these,
attention should be paid to issues such as the
homogeneity of the plant spacing on the row (missing
index and multiple index), seeder working speed, feed
quality index, percentage of emerging seedlings, and
slippage. This study will contribute significantly to the
sustainability of agricultural production in the region.
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ABSTRACT Crop and Pasture Waste Water
This study was carried out to determine the effect of advanced biological Use
treated domestic wastewater on the agronomic properties and nutritional

content of some forage crops, as a result of the increasing interest in using Research Article

treated wastewater in agriculture. The study of diluting biologically

treated domestic wastewater with varying amounts of pure water 25%, Article History

50%, and 75% pure water, and applied to crested wheatgrass (Agropyron Received :23.01.2024
cristatum Geartn), orchard grass (Dactylis glomerata L.) and alfalfa Accepted :01.07.2024
(Medicago sativa L.) at field capacity. The trial plants used were alfalfa,

orchard grass, and crested wheatgrass. The application of the diluted Keywords

wastewater influenced the height of all three plants. After the first Effluent

cutting, both alfalfa and orchard grass had increased green and dry Alfalfa,

weights per pot, with the most significant increase observed in alfalfa. Salinity,

The application of wastewater resulted in an increase in nutrient and Nutrients,

metal concentrations in all three plants. Additionally, the concentration Grass.

of selenium decreased in alfalfa and crested wheatgrass. The diluted
wastewater did not affect the calcium concentration in alfalfa. However,
it had a positive effect on the relationship between orchard grass and all
elements, except for selenium which had a negative effect. Moreover, the
application of wastewater led to an increase in soil organic matter and
electrical conductivity, while decreasing the pH with increasing
wastewater ratio. Moreover, the application of wastewater led to an
increase in soil organic matter and electrical conductivity, while
decreasing the pH with increasing wastewater ratio. The concentration
of nutrients and metals was significantly affected by the application of
diluted domestic water. This was due to the increased uptake of plant
elements, which in turn was associated with responses in soil organic
matter and electrical conductivity. It may be advisable to conduct long-
term field studies to determine the dilution rate at which the salinity risk
threshold can be established.

Tleri Biyolojik Evsel Atik Suyunun Bazi Yem Bitkilerinin Tarimsal Ozellikleri ve Element Igeriklerine
Etkisi

OZET Bitki Atik Su Kullanim
Bu calisma, aritilmig atik sularin tarimda kullanimina olan ilginin

artmasina sonucunda, evsel ileri biyolojik atik suyunun bazi yem Aragtirma Makalesi
bitkilerinin tarimsal ve besin icerigine etkisini belirlemek amaciyla

yurtutulmustiur. Biyolojik iglemlerle aritilan evsel atik su, saf su ile Article History
seyreltilerek otlak ayrig1 (Agropyron cristatum Geartn), domuz ayrig: Gelig Tarihi  :23.01.2024

(Dactylis glomerata L.) ve yoncanin (Medicago sativa L.) bazi tarimsal
ozellikleri ve element icerikleri tizerine etkileri arastirilmigtir. Atik su

Kabul Tarihi :01.07.2024

%25, %50 ve %75 oranlarinda saf su ile seyreltilerek tarla kapasitesine Keywords

gore saksilara uygulanmistir. Seyreltilmis atik su uygulamasinin otlak Aritma suyu
ayrigl, domuz ayrig1 ve yoncanin bitki boyuna etkisi 6nemli olmustur. Ik Yonca,

bigmeden itibaren yonca ve domuz ayriginin saksi1 basina yesil ve kuru Tuzluluk,
agirliklar: artmis, en belirgin artis ise yoncada belirlenmigtir. Seyreltik Besin elementleri,
aritma suyu oranlari U¢ bitkide de besin elementi ve metal Bugdaygil.
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konsantrasyonlarinin artmasina neden olurken, yonca ve otlak ayriginda
Se konsantrasyonunun azalmasina neden olmustur. Her iki bugdaygil
turtinden farkl olarak atiksu orani yonca Ca konsantrasyonunu énemli
Olcide etkilememigtir. Seyreltik atik su domuz ayriginin tim
elementlerle iligkisini 6nemli ve pozitif olarak etkilerken, Se ile negatif
yonde etkilemigtir. Atik su seyreltme oranlarinin artmasiyla topragin
organik maddesi ve elektriksel iletkenlik ile toprak pH’s1 dismustiir.
Seyreltilmis evsel su uygulamasi, topragin organik maddesi ve
elektriksel iletkenlik tepkileriyle iligkili olarak bitki elementi aliminin
artmasina aracilik ederek besin ve metal konsantrasyonlarinda énemli
rol oynamigtir. Tuzluluk risk esiginin belirlenebilecegi sulandirma orani

i¢in, uzun streli arazi calismalarinin yapilmasi gerekmektedir.

Atif Sekli:

Arvas, 0., & Tasli, 1., (2024). Ileri Biyolojik Evsel Atik Suyunun Baz Yem Bitkilerinin Tarimsal Ozellikleri

ve Element Iceriklerine Etkisi KSU Tarim ve Doga Derg 27 (Ek Say1 2), 463-474. https://doi.org/10.18016/

ksutarimdoga.vi.1404764
To Cite :
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INTRODUCTION

Due to the rapid development and population growth
in Turkey, there has been an increase in industrial,
urban, and agricultural activities. As a result,
pollutants from these activities have contaminated
water sources (Khan & Avari, 2014). The country's
population exceeded 85 million in 2023 (TUIK, 2023),
which presents a significant challenge in meeting the
demand for drinking, utility, and agricultural water.
According to recent research conducted by Phasinam
et al. (2022) and Wu et al. (2022), it has been found
that more than 70% of the world's water resources are
utilized for irrigation purposes. As agricultural
activity continues to grow, globally water resources is
also increasing, both on a global scale and within our
country. The World Economic Forum has identified
the water crisis as one of the five most significant
global risks. Currently, it is a fact that a quarter of
the world's population faces significant water stress
(WRI, 2019). If water consumption continues at the
current rate, it is predicted by Du et al. (2022) that
two-thirds of the global population will live in regions
with severe water stress by 2050. Therefore, the use
of treated wastewater for agricultural irrigation has
become increasingly important, as highlighted by
Perez et al. (2015) and Asik & Ozsoy (2016). Local
administrators and policymakers have made efforts
to use recycled water for irrigation instead of
discharging it into natural receiving environments,
as noted by Rahman et al. (2016). This approach can
contribute to the health of freshwater ecosystems.
According to FAO (2017), the annual amount of N, P,
and K used in agriculture globally was 186.67 million
tons in 2015, and it is expected to reach 201.66
million tons by the end of 2020. The impact of treated
wastewater on plant growth is influenced by the
chemical properties of the water and the type of plant
(Erdogan et al.,, 2009; Shahrivar et al.,, 2019).
Additionally, it is worth noting that treated
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wastewater can serve as a viable alternative to
chemical fertilizers, particularly in terms of
macronutrients such as nitrogen, phosphorus,
potassium, calcium, magnesium, and sodium, which
have both economic and ecological importance (Arvas
& Celebi, 2023). However, it is worth noting that
domestic wastewater treatment may result in higher
soil salt and Na concentrations compared to other
cations, which could potentially have a negative
impact on plant growth and yield (Becerra-Castro et
al., 2015; Arvas et al., 2022; Ngara et al., 2012; Levy
et al., 2013).

To investigate the impact of the environmental
pollutants of wastewater treatment facility water
mixed with certain proportions of distilled water, as
an alternative to chemical fertilizers with high cost,
this study examined various dilute wastewater rates
(25%, 50%, and 75%) on crested wheatgrass, orchard
grass and alfalfa.

MATERIAL and METHOD
Trial Plants

Alfalfa (Medicago sativa L. ‘Bilensoy 80’ cultiv.) is a
perennial forage legume plant that is resistant to
winter, drought, and lodging except in the year of
planting, and can be harvested in the first week of
June under Anatolian conditions. Having the ability
to grow after mowing increases the number of
mowings. (TIGEM, 2024)

Orchard grass (Dactylis glomerata L. ‘Amba’ cultv.)
is a long-life, drought-resistant cool seasonal grass
forage plant and the best in terms of vegetative and
generative shoots length, number of shoots/bush, and
foliar area/shoot. (Corches & Moisuc, 2010).

Crested Wheatgrass (Agropyron cristatum L.
(gaertn) ‘Fairway’ cultv.) is a long-lived with a deep
root system, drought-resistant cool seasonal grass
forage plant. It is used extensively for reclamation,
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stabilization and erosion control. introduced/released (BTDW) discharge point after removal of carbon,
1983, from Ankara Turkey. (Great Basin Seed, 2024). nitrogen, and phosphorus at the Ministry of
Biological Treated Domestic Wastewater Environment and Urbanization, Housing

Development Administration (TOKI) housing located

The wastewater used in the research was taken from at 340 59' 14.30" E and 420 53 265.20" N (Table 1).

the Biologically Treated Domestic Wastewater

Biological process

Screen Grit Primary ¢ " Rnaerobic _ Anoxic Aerobic -: Final Optional advanced
removal seftling H tank tank  tank H clarifier treatment
— > —> el i
Influent - A ! - L1 ! - Effiuent
becccccccccccccccan- 4

Figure 1. The flow of chart biologically treated process wastewater treatment (Van Metropolitan Municipality,
VASKI, Arvas et al., 2022) ’

Sekill. Atiksu aritma tesisinin biyolojik aritim islemi akis semas: (Van Biiyiik Sehir Belediyesi, VASKI, Arvas et
al, 2022).

Table 1. Some characteristics and limit values for wastewater and soil in the research
Cizelge 1. Calismada kullanilan toprak ve atiksuyun bazi 6zellikler ve sinir degerler

Measurement Soil Wastewater Limit value”
Texture class Loamy

Sand (%) 29.20

Clay (%) 42.80

Silt (%) 28.0

pH 8.45 7.81 6-9

EC (dS/m) 0.285 0.654 0.250-3
Organic matter (%) 1.27

Nitrate (ppm) - 226.27 5-20

Ca (%) 0.627 0.013 75-200
Mg (%) 0.147 0.006 50-150
Na (%) 0.045 0.013 0.025

Fe (ppm) 102.2 0.004 0.3-1

Cu (ppm) 0.113 4.41 0.2-5

Zn (ppm) 0.213 8.84 2-10

Mn (ppm) 2.471 9.02 0.2-10
Mo (ppm) nd** nd** 0.01-0.05
Se (ppm) nd** nd** 0.02-0.2
As (ppm) 0.116 0.891 0.1-2

Pb (ppm) 0.026 0.159 5-10

“Regulation Amending the Regulation on Surface Water Quality Management, April 15, 2015, and Official
Gazette No. 29327 of Turkish Republic, converted from the European Union legislations.
**nd: non detected

Plant Growth Condition water) according to the volume calculation (Kacar &
The experiment was carried out in three repetitions Katkat, 2009). Clover, crested wheatgrass, and
in pots with a height of 22.5 cm, a base diameter of orchard grass were sowed separately in each pot and
7.5 cm, and a top diameter of 10 cm, according to the thinned to five plants per pot after emergence. The
randomized plot design. The soil used for the pots was pots were subsequently moved to a climate-controlled
obtained from a field that had previously been used room, where the temperature was set to 22/18 °C
for alfalfa production, at a depth of 0-30 cm. (day/might), the humidity was maintained at 65%,
Wastewater (WW) was diluted by 75%, 50%, and 25% and a 16/8-hour day/mnight photoperiod was
with distilled water (DW). 30 kg N ha! and 80 kg established. After the wastewater taken from the
P20s ha'! were applied to the control pot (100% pure discharge point was diluted with distilled water, it

was applied to the potting soil with 20% field capacity
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with 400 ml at 8-day intervals. Since the aim of the
study was accumulating nutrients and the vegetative
development of the species, the vernalization process
has been neglected. The buds formed in the root
crown of grasses form more vegetative parts without
being vernalized. Plant morphology was affected by
vernalization via a decrease in biomass resulting
from a reduced tiller number, the time to panicle
emergence and the number of leaves on the main
stem were reduced by the chilling treatment in the
field and greenhouse experiments (Chauvel et al,
2002).

The mowing was started one month after sowing and
then repeated at 15-day intervals. Plant height was
measured, and then plants were cut to a height of 3
cm to simulate grazing by sheep. The total green
weight of the plant was measured in the pot, and then
the plant was dried at 65 °C until a fixed weight was
reached. The dry weight was calculated as g/pot
(Zhao et al., 2020). The trial lasted for four months,
during which nutrient and heavy metal
concentrations in the potting soil were identified
before and after the trial.

Physical and chemical analysis of plants and soil

After soil samples were dried in the open air and
passed through 2 mm sieves, the soil reaction
(McLean., 1983), electrical conductivity (EC)
(Richard, 1954), and composition (Bouyoucos, 1951)
were identified. The total macro and microelements
and metals were extracted from soil and plant
samples using a mixture of 67-70% nitric acid
(HNO3) and 70% HNOB3/4HclO4 perchloric acid
(HclO4) (Khan et al., 1983). Due to the low
concentration of molybdenum (Mo) in filters, it was
converted to ppm after being detected with ICP-MS
(X II SERIES). The concentrations of other elements
such as phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), iron (Fe), copper (Cu), zinc (Zn),
manganese (Mn), selenium (Se), arsenic (As) and lead
(Pb) were detected using ICP-OES (ICAP6300 DUO).

Wastewater analysis

Wastewater samples were collected separately for
each irrigation and stored at a temperature of -18°C
for analysis. The pH and electrical conductivity of the
wastewater were measured using the methods
described by McLean (1983) and Richard (1954),
respectively. At the end of the trial, the collected
wastewater samples were mixed and diluted 8 times
and element content was determined via ICP-MS and
ICP-OES. Due to low concentration, Mo was
converted to ppm after being detected with ICP-MS
(X II SERIES). The concentrations of nitrate (NO3),
Ca, Mg, sodium (Na), Fe, Cu, Zn, Mn, Se, As, and Pb
in solution were determined with ICP-OES
(ICAP6300 DUO).
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Statistical Analysis

Statistical analyses were conducted using IBM SPSS
Statistics Version 22.0 software (IBM corp.). The data
obtained was presented as mean + standard deviation
and analyzed using analysis of variance (ANOVA).
Differences between means were determined using
the Duncan Multiple Range Test. Pearson correlation
coefficients were used to identify the correlation
between wastewater ratio and element contents.

RESULTS AND DISCUSSION
Plant Height

The study found that the impact of dilute wastewater
and the number of cuts, as well as their interaction,
had a significant effect (P<0.01) on the plant height
of alfalfa, crested wheatgrass, and orchard grass.
Crested wheatgrass had the highest plant height
measured with 50%DW+50%WW irrigation in the
first cutting period (22.0 cm). According to the
experiment results, orchard grass had the highest
height when irrigated with a combination of
50%DW+50%WW, measuring 20.00 cm during the
eighth cut. The control group, which was irrigated
with 100%DW, had the lowest plant height at the
first cut. As for alfalfa, the highest plant height was
observed during the 2rd and 7th cuttings when
irrigated with 50%DW+50%WW, measuring 16.67
cm and 15.33 cm, respectively. On the other hand, the
lowest plant height was observed when irrigated with
25%DW+75%WW, measuring 5.00 cm at the first cut
(Table 3). According to Arvas et al. (2022) and Lv et
al. (2023), it was found that high nitrate content in
wastewater had a positive effect on the plant height
of alfalfa and orchard grass. Additionally, Altin et al.
(2009) suggested that the lack of difference in crested
wheatgrass for cuts after the 1stand 2nd cuts was due
to slower emergence, emplacement, and development
periods after planting.

Green Weight

The dilute wastewater significantly increased the
green weight of the crested wheatgrass, orchard
grass, and alfalfa plants (P<0.01). Additionally, the
interaction between the number of cuts and
wastewater proportions was also found to be very
significant (P<0.01). For the control irrigation
(chemical fertilizer + distilled water) and later cuts of
crested wheatgrass, the green weight significantly
reduced, while the weight increased with increasing
wastewater proportions. The highest green weight for
crested wheatgrass was observed during the 2nd cut
with the use of 50% DW+50%WW and 25%
DW+75%WW applications (Table 3).

Green weight increased significantly at all irrigation
rates and in subsequent cuttings of orchard grass.
The highest mean weight was observed for the 25%
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DW+75%WW irrigation at the 3rd and 8th cuts
(0.130 and 0.126 g/pot, respectively).

The dilute wastewater had a more significant effect
on increasing the alfalfa green weight compared to
the other two plants. Despite frequent cutting, there
was a progressive increase in green weight with
progressive cuts, with the highest increase observed
for all irrigation applications at the 8th cut (0.100,
0.270, 0.361, and 0.334 g/pot, respectively). This
increase is attributed to the variable cations (K, Ca,
Mg, Na) found in wastewater which encourage the
development of alfalfa (Arvas et al., 2022). In general,
frequent mowing and irrigation are the two main
factors that cause low yield and withdrawal of alfalfa.
Repeated mows once a month led to a stepped
increase in the yield of the alfalfa in the planting
year, while subsequent cutting in the second year
caused a reduction in yield (Erbeyi, 2022). This result
supports our findings. In the interaction of mowing
numbers and wastewater rates, the highest alfalfa
green weight was at the 8th mowing of 50% DW +
50% WW application (0.361 g/pot) and the average
highest green weight (0.185 g/pot) was 75% WW +
25%DW application.

Significant weight increases were determined in
orchard grass and alfalfa plants with diluted
wastewater ratios in subsequent mowing (Table 2).
The increase in plant height increased the weight per
plant and height is accepted as a measure of yield and
weight of pasture and forage (Avcioglu, 1996). The
findings of this study are consistent with previous
research on orchard grass. Ko¢ and Goékkus (1996)
found that good care conditions and abundant leaves
led to good development. Similarly, Avei and
Dogruséz (2012) observed that frequent and deep
cuts resulted in abundant spikelets and increased
weight with height.

Dry Weight

The effects of wastewater and mowing on the dry
weight of crested wheatgrass, orchard grass, and
alfalfa plants were significant(P<0.01).

The results show that crested wheatgrass reached its
highest dry weight during the 214 cut when irrigated
the 50% DW+50%WW irrigation (0.013 g/pot).
Conversely, the lowest mean weight was observed for
the control group (100%DW) and 25% WW+75%DW
irrigations. For orchard grass, all cuts had increases
in dry weights, with the highest dry weight observed
during the 4th and 8t mows when irrigated with
25%DW+75%WW irrigation (0.043 and 0.042 g/pot,
respectively). The lowest weight (0.05 g/pot) was
obtained for the 1st cut with 75%DW+25%WW
irrigation. The effect of irrigation on the dry weight
of orchard grass was significant, with the highest
average dry weight (0.028 g/pot) obtained with
25%DW+75%WW irrigation.
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The effect on alfalfa was more pronounced compared
to the other two grass plants, with all irrigations
having weight increases in the 8th mows compared to
previous mows. As the number of mowing increased
in the alfalfa, more Duncan groupings formed. The
highest dry weight was obtained from the 8th mow
with 50%DW+50%WW irrigation (0.120 g/pot), with
the lowest dry weight at the 1t mow with
25%WW+75%DW irrigation. Municipal wastewater
was reported to increase dry matter significantly for
alfalfa, corn, elephant grass, and oxtail millet
(Aghtape et al., 2011; Matheyarasu et al., 2017).

Nutrients and Heavy Metal Content of Species

The concentrations of nutrients and metals examined
were significant in terms of plants and irrigation
water ratios (P<0.01). The highest P, Fe, Cu, Mn, and
Pb concentrations in alfalfa were obtained with
25%DW+75%WW irrigation, and the highest Mg, Zn,
Mo, and As concentrations were obtained with
50%DW+50% WW and 25%DW+75%WW
applications, respectively (Table 3). However, the
highest Se concentrations were determined in the
control (100%DW+chemical NP). The lowest P, Mg,
Fe, Mn, and As concentrations were obtained with
control and 75%DW+25%WW irrigations. The lowest
Zn, Cu, Mo, and Pb were obtained with the control
irrigation. Diluted wastewater ratios did not affect
the Ca concentration in alfalfa, but numerically.

For crested wheatgrass, the highest P, Mg, Cu, Zn,
Cu, and Pb concentrations were identified with
25%DW+75%WW  irrigation. There were no
differences between 50%DW+50%WW and
25%DW+75%WW irrigations for Ca, Fe, Mn, and As
concentrations. The highest Se concentration was
detected with the control irrigation and
75%DW+25%WW. The lowest P and Mg were with
the control and 75%DW+25%WW irrigations. The
Lowest Ca, Fe, Zn, Cu, Mo, Mn, As, and Pb
concentrations were obtained from control and
75%DW+25%WW application. The wastewater did
not affect the Se concentration of crested wheatgrass.

Diluted wastewater and chemical fertilizer (control)
applications to orchard grass affected the
concentration of all elements in the plant by
significant levels, apart from selenium. The highest
Mg, Fe, Zn, Cu, Mn, As, and Pb concentrations were
determined with 25%DW+75%WW irrigation, with
the highest P, Ca, and Mo concentrations determined
with  25%DW+75%WW and 50%DW+50%WW
irrigations.

The lowest P and Mg concentrations were determined
with control and 75%DW+25%WW irrigations, with
the lowest Ca, Fe, Zn, Cu, Mo, Mn, As, and Pb from
the control.
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Table 2. The effects of wastewater rates and mowing numbers on some agronomic properties of crested wheatgrass, orchard grass and alfalfa (mean =+
sd)*.

Cizelge 2. Aritma suyu oranlar1 ve bigim sayilarinin otlak ayrigi, domuz ayrigr ve yoncanin bazi tarimsal 6zellikleri tizerine etkisi (mean + sd)”.

Plant height (cm) Green weight (g pot'1) Dry weight (g pot)
Bitki Boyu (cm) Yas agirhik (g saks1l) Kuru agirlik (g saks1'l)
WR MN A cristatum D. glomerata M. sativa A. cristatum D. glomerata M. sativa A. cristatum D. glomerata M. sativa
1 20.66+1.532 10.00+4.58¢ 6.00+£1.73P 0.016+0.00¢ 0.023+0.004 0.036+0.01¢ 0.005+0.000¢  0.008+0.004 0.012+0.00e
2 20.33+3.062 13.67+2.89b¢  11.33+1.53ab  (0.018+0.00P 0.022+0.004 0.048+0.11¢ 0.006+0.000>  0.007+0.004 0.016+0.00¢
3 13.00+3.00P 16.00+£1.732b  7.67+0.582b 0.022+0.002 0.045+0.00P 0.039+0.00¢ 0.007+0.0002  0.015+0.00P 0.013+0.00e
4 10.33+2.31b 13.67+0.58c  8.00+2.652b 0.007+0.004 0.023+0.004 0.059+0.00P 0.002+0.000¢  0.008+0.004 0.020+0.00P
Wi 5 9.00+2.00p 14.33+0.58c  8.00+4.362b 0.007+0.004 0.032+0.00¢ 0.047+0.00¢d  0.002+0.000¢ 0.011+0.00¢ 0.016+0.00¢<d
6 10.33+0.58b 16.67+1.162>  7.67+2.082b 0.006+0.004 0.041+0.00P 0.045+0.01¢d  0.002+0.000¢ 0.014+0.00P 0.015+0.00¢<d
7 9.67+1.15b 19.00+£2.002 10.00+4.362>  0.005+0.004 0.043+0.00P 0.057+0.01P 0.002+0.000¢  0.015+0.00P 0.019+0.00P
8 9.00+2.00P 15.33+2.312>  9.00+1.73a2b 0.006+0.004 0.069+0.012 0.100+£0.012 0.002+0.000¢  0.023+0.002 0.033+0.002
Mean 13.71+4.56¢ 12.79+1.354 8.25+2.07¢ 0.011+0.00¢ 0.037+0.02¢ 0.054+0.024 0.003+0.00¢ 0.013+0.01¢ 0.018+0.01d
1 21.67+4.51a 13.00+£1.00bcd  5.67+1.534 0.022+0.002 0.016+0.004 0.026+0.00e 0.007+0.002 0.005+0.004 0.009+0.00e
2 18.33+0.58a 11.33+1.164 12.67+1.532 0.022+0.002 0.021+0.00¢ 0.084+0.01>¢  0.007+0.002 0.007+0.004 0.028+0.00¢
3 12.00+2.00P 15.00+1.002>  7.67+1.53¢cd 0.019+0.002 0.041+0.00bc  0.068+0.00¢¢  0.006+0.002 0.014+0.00>  0.023+0.00¢d
Wo 4 9.67+1.16 13.33+1.16bcd  8,67+3.06bcd 0.011£0.00c  0.037+0.00>c  0.082+0.00cd  0.004+0.00*c  0.012+0.00*c  0.027+0.004c
5 9.33+1.16P 12.67+1.53¢d  7.33+2.52d 0.008+0.00¢ 0.036+0.00>  0.054+0.004 0.003£0.00¢ 0.012+0.00>  0.018+0.004
6 8.67+2.08P 13.33£0.58bcd  9.00+3.00abed  0.005+0.004 0.035+0.00¢ 0.068+0.00<d  0.002+0.004 0.012+0.00V 0.023+0.004dc
7 12.00+1.00P 13.67+1.16¢  11.33+1.53abc  (0.007+0.00¢ 0.047+0.00P 0.144+0.02P 0.002+0.004 0.016+0.00p 0.048+0.01P
8 11.67+0.58P 16.67+1.532 12.00+1.002>  0.013+0.01P 0.070+0.022 0.270+0.032 0.004+0.00V 0.023+0.012 0.090+0.012
Mean 13.04+3.88d 13.63+1.56¢ 9.50+2.52b 0.013+£0.01b 0.038+0.02¢ 0.100+0.07¢ 0.004+0.00¢ 0.013+0.01¢ 0.033+0.02¢
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Table 2. Continuation of the table
Cizelge 2. Cizelgenin devami
1 22.00+1.732 10.33+2.52¢ 5.33+0.58¢ 0.025+0.01°b 0.030+0.00¢ 0.079+£0.00¢  0.008+0.00>  0.010+0.00¢ 0.026+0.004
2 20.67+1.532 15.33+4.163¢  16.67+3.062 0.039+0.002  0.031+0.00¢ 0.066+0.01¢  0.013+0.002  0.010+0.00¢ 0.022+0.004
3 12.67+2.08b 17.33+4.042>  9.67+2.08b 0.025+0.00° 0.066+£0.00>  0.118+0.01¢ 0.008+0.00>  0.022+0.00>  0.039+0.00¢
Wa 4 11.33+0.58P 14.00+4.582b¢  9.67+2.08P 0.017+0.00¢ 0.048+0.00¢d  0.080+0.00¢  0.006+0.00¢° 0.016+0.00¢¢  0.027+0.004
5 10.00+3.46P 13.33+2.8bc 9.33+3.51b 0.008+0.00¢  0.040+0.009¢  0.083+0.02¢  0.003+0.004  0.014+0.00%¢  0.028+0.014
6 14.00+9.53 17.33+0.582>  12.67+0.58%>  (0.009+0.00¢  0.046+0.02¢d  0.133+0.02¢ 0.003+0.00¢  0.015+0.01¢d  0.044+0.01¢
7 12.00+1.00> 19.00+2.652>  15.33+2.522 0.011+0.00¢¢  0.059+0.00Pc  0.181+0.02b 0.004+0.00°¢  0.020+0.00bc  0.060+0.01b
8 11.67+1.16>  20.00+3.612 15.00+1.002 0.013+0.00¢¢  0.100+0.012  0.361+0.022 0.004+0.00¢¢  0.032+0.002  0.120+0.01a
Mean 14.63+4.522 14.46+2.40P 11.384+3.172 0.019+0.01a 0.052+0.02P 0.138+0.09" 0.006=+0.00P 0.017+0.01b 0.046+0.03P
1 20.00+6.002 10.67+4.04b 5.00+1.00b 0.019+0.00¢¢  0.045+0.02¢  0.091+0.00e 0.007+0.00°¢  0.015+0.01¢  0.030+0.00e
2 20.00+6.002 13.33+3.51a>  13.33+2.082 0.032+0.002  0.086+0.02¢ 0.133+£0.02¢  0.011+0.002  0.029+0.01¢ 0.044+0.014
3 17.00+£1.002>  16.67+1.53ab  11.33+0.582 0.021+0.00Pc  0.130+0.00a  0.170+0.01¢ 0.007+0.00b¢  0.043+0.002  0.057+0.00¢
Wa 4 10.67+3.21¢ 13.67+1.5632>  9.67+5.51ab 0.018+0.00¢d  0.081+0.00¢ 0.131+0.014  0.006+0.00¢d  0.027+0.00¢ 0.044+0.004
5 9.67+2.88¢ 15.33+3.22ab  11.00+£2.652>  0.009+0.00f 0.050+0.01¢  0.190+0.02¢ 0.003+0.00f 0.017+0.00¢  0.063+0.01¢
6 9.33+2.08¢ 17.67+3.062 9.00+3.462b 0.014+0.00¢ 0.056+0.014  0.138+0.01cd  0.005+0.00¢ 0.019+0.00¢  0.046+0.004
7 12.00+£3.61%  17.670+3.062 14.33+4.932 0.017+0.00¢  0.104+0.01>  0.2910.02+b 0.006+0.00¢  0.035+0.00>  0.097+0.01b
8 10.00+2.65¢ 17.67+4.162 13.67+2.082 0.022+0.002  0.126+0.002  0.334+0.02@  0.007+0.002  0.042+0.002  0.111+0.002
Mean 14.13+4.58b 15.75+1.622 11.67+2.992 0.019+0.01a  0.085+0.032  (.185+0.082  0.006+0.00=  0.028+0.012  0.062+0.032

* Means with different letters in the same column are significantly different (P <0.05), based on Duncan’s multiple range test.
“*W: Water ratios; Wi Control; Wa: 25 % WW +75 % DW; W3 50 % WW + 50 % DW; W4 75 % WW + 25 % DW
*WW: Wastewater; DW: Diluted Wastewater

“*MN: Mowing Number
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Table 3. The effects of wastewater rates on the some nutrient and metal (ppm) contents of crested wheatgrass, orchard grass and alfalfa (mean + sd)*.

Cizelge 3. Aritma suyu oranlarinin otlak ayrigi, domuz ayrig1 ve yoncanin bazi besin elementleri ve metal igerigine etkisi (mean + sd)”,

Factors

P

Ca

Mg

Fe

Zn

Cu

Mo

Se

Mn

As

Pb

w1
W2
W3
W4

18589.00+166.1¢
18846.33+113.5¢
19405.67+178.4P
19877.00+190.52

44587.67+279.8
44958.67+328.9
44848.00+120.8
44921.67+57.5

21927.67+364.1b
21918.33+60.0P
222176.33+356.82b
22810.00+58.42

0.28+0.01¢
0.29+0.00¢
0.32+0.01P
0.39+0.012

35.78+0.78¢
50.19+0.81P
59.58+0.722
60.95+0.892

56.86+0.174
62.89+0.19¢
67.62+0.33P
71.67+0.302

0.01+0.00¢
0.02+0.002
0.01+0.00P
0.02+0.002

0.73+0.052
0.64+0.01P
0.62+0.01P
0.65+0.01P

318.10+4.49¢
311.50+1.44¢
338.80+5.91P
363.57+5.132

2.39+0.14b
2.51+0.16P
2.92+0.122
2.87+0.112

0.01+0.004
0.39£0.01¢
0.44+0.01P
0.49+0.012

Mean

19179.50+536.02

44829.00+245.12

22233.08+435.52

0.321+0.04P

51.62+10.52

64.76+5.8¢

0.01+0.00¢

0.66+0.052

332.99+21.6

2.67+0.262

0.33+0.19P

w1

W2
CW

W3

W4

15708.00+327.14
16451.67+315.5¢
17477.33+338.2P
18410.33+455.22

31374.33+155.1¢
32618.33+104.2P
32987.67+11.02
33198.67+67.82

15734.00£77.8¢

15854.00+148.3¢
17585.00+270.5P
18969.67+334.92

0.29+0.01¢
0.34+0.01P
0.74+0.032
0.71+£0.012

31.43+0.414
33.20+0.68¢
45.28+0.39P
48.72+0.342

61.66+0.334
69.58+0.17¢
73.44+0.47°
78.53+0.132

0.01+0.00
0.02+0.00
0.02+0.00
0.02+0.00

0.47+0.032
0.47+0.012
0.43+0.00P
0.45+0.01b

310.50£1.00¢
317.17+0.55>
366.20+£1.572
363.43+3.372

2.12+0.05P
2.26+0.05P
2.69+0.062
2.74+0.112

0.01+0.004
0.46+0.02¢
0.54+0.01P
0.67+0.0122

Mean

17011.83+1112.5¢

32544.75+743.2b

17035.67+1408.5¢

0.519+0.212

39.66+7.8¢

70.80+6.42

0.02+0.00P

0.45+0.02P

339.33+26.8

2.46+0.28P

0.42+0.262

w1

W2
oG

W3

W4

16966.33+168.0P
17186.67+168.3P
18323.33£176. 92
18325.67+587.72

30364.67+203.4°¢
31228.67+82.7°
32596.33+122.22
32684.67+90.72

18521.00+161.0¢
18707.00+£323.8¢
19530.00+£231.1P
21743.67+£158.92

0.30+0.004
0.37+0.02¢
0.57+0.03P
0.67+0.022

32.32+0.87d
38.65+0.11¢
50.21+0.79>
58.99+0.972

59.61+0.134
62.66+0.11¢
68.80+0.27°
74.77+0.222

0.01+0.00¢
0.02+0.00P
0.02+0.002
0.02+0.002

0.42+0.01
0.39+0.01
0.41+0.01
0.40+0.01

321.90+1.004
327.53+£2.51¢
337.83+1.14b
348.30+1.222

2.37+0.054
2.47+0.05¢
2.66+0.01P
2.91+0.062

0.01+0.004
0.44+0.01¢
0.57+0.02b
0.66+0.022

Mean

17700.50+714.3P

31718.58+1021.3¢ 19625.42+1351.9> 0.479+0.162

45.04+10.7°

66.460+6.1°

0.02+0.002

0.41+0.01¢

333.89+10.6

2.60+0.222

0.42+0.262

*Means with different letters in the same column are significantly different (P <0.05), based on Duncan’s multiple range test.
“W: Water ratios; Wit Control; Wz: 25 % WW +75 % DW; W3 50 % WW + 50 % DW; W4 75 % WW + 25 % DW
“*WW: Wastewater; DW: Diluted wastewater

= At Alfalfa; CW: Crested Wheatgrass; OC: Orchard Grass

* ok

Table 4. Pearson’s Correlation Coefficients (r) for diluted wastewater nutrients and metal concentration in crested wheatgrass, orchard grass and alfalfa *

Cizelge 4. Aritma suyunun otlak ayrigi, domuz ayrigi ve yoncadaki besin maddeleri ve metal konsantrasyonu i¢in Pearson Korelasyon Katsayilar: (r) ***

Plants P Ca Mg Fe Zn Cu Mo Se Mn As Pb

Agropyron cristatum .959™ 918 .948™ .896™ .956™ .988™ .602* -.132™ .905™ .926™ .926™
Dactylis glomerata .853™ 952" .906™ .976™ 993" .990™ 877 .132™ .983™ .964™ .928™
Medicago sativa .964™ .425 .800" .943* .943* .995™ .680*" -.570 .886™ .825™ .883*

*Correlation is significant at the P<0.05 level, **Correlation is significant at the 0,01 level.
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When the species are assessed together, the highest P,
Ca, Mg, Zn, Se, and As concentrations were in alfalfa,
with the highest Cu concentration in crested
wheatgrass and the highest Mo and As in orchard
grass. The highest Fe and Pb concentrations were
identified in crested wheatgrass and orchard grass.
Findings related to the content of calcium, magnesium,
zinc, and selenium in alfalfa are consistent with
results of the study by researchers reported that two-
year wastewater irrigation of barley increased the
macro and micronutrient element and heavy metal
contents (Frame, 2005 & Rusan et al., 2007).
Wastewater increases the nutrient and metal contents
of alfalfa and grasses (Osman, 2017).

The insignificant correlation for different proportions
of dilute wastewater with the Ca content of alfalfa,
with high cation exchange capacity, is attributed to the
high Na concentration of wastewater limiting the
uptake of Ca (Siebe, 2017). There was a negative and
insignificant relationship of wastewater with Se
concentration (r=-0.507), but positive with Ca
concentration (r=-0.425). However, the relationship of
wastewater with other elements was significant for
alfalfa (P<0.01). The relationship between dilute
wastewater with crested wheatgrass Se concentration
(r=-0.132) was negative and significant, but with
orchard grass was positive and significant (P<0.01).
However, for crested wheatgrass and orchard grass,
the relationship between the concentration of other

elements and wastewater was positive and very
significant (P<0.01), whereas for crested wheatgrass
Mo concentration was significant (P<0.05). It is
estimated that the positive response of orchard grass
to irrigation is higher than the other two plants,
causing the relationship of the studied nutrient
concentration with wastewater to be positive and very
important (Table 4).

Some Physical and Chemical Features of Soil After
Trial

In the potting soil after the experiment, the highest
EC, organic matter, Fe, Cu, As was determined in
25%DW+ 75%WW irrigation, the highest Mn in three
ratios of diluted wastewater, and the highest pH in the
control pot. While the concentrations of Mo and Se
could not be detected, the effect of irrigation on Pb
concentration was insignificant.

Researchers reported that the use of wastewater for
irrigation increased soil salinity (Gao et al., 2021;
Yerli, 2023). It has been reported that soil pH changes
towards neutral after 20 days of wastewater irrigation
(Agrawal et al., 2014). Some researchers also found
that wastewater reduced soil pH and increased EC and
organic matter (Mojiri, 2011). The Fe, Cu, Zn, Mn, and
As concentrations increased with the increasing
wastewater proportions, while the Pb concentration
was not affected (Table 5).

Table 5. Effect of different rates of wastewater on nutrients, heavy metals, pH, organic matter and EC

concentration in pot soil after trial*.

Cizelge 5. Aritma suyunun deneme sonrasi saksi topraginin besin maddeleri, agir metaller, pH, organik madde ve

EC konsantrasyonu tizerine etkisi*.

Property Control 75%DW+25%WW  50%DW+50%WW 25%DW+75%WW
pH 8.43a 8.36b 8.10¢ 8.07¢
EC ((dS/m) 0.229d 0.362¢ 0.441b 0.5052
Organic Madde (%) 1.613P 1.62b 1.62b 1.64a
Iron (Fe) 88.764 96.73¢ 102.16b 103.80=
Copper (Cu) 0.1064 0.113¢ 0.116b 0.1212
Zinc (Zn) 0.18¢ 0.21ba 0.222 0.21b
Manganese (Mn) 2.24b 2.37a 2.362 2.392
Molybdenum (Mo) nd™ nd™ nd™ nd*™
Selenium (Se) nd™ nd*™ nd™ nd™
Arsenic (As) 0.10¢ 0.11b 0.11a 0.112
Lead (Pb) 0.02 0.02 0.02 0.02

* Different letters in the same row are significantly different (P<0.05), ** nd: non detdected

CONCLUSION

Diluted biologically treated domestic wastewater
caused an increase in the height of alfalfa and the two
grasses. After the first mow, there was a reduction in
the height of crested wheatgrass in the subsequent
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mows, which is due to the slow seedling development
of crested wheatgrass. Having a higher plant height of
orchard grass than the other two plants is since it is
more resistant to frequent irrigation and rapid
development after mowing. In addition, the
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significance of the wastewater relationship with all the
examined elements can be attributed to the water
consumption and rapid development of the orchard
grass feature. The wastewater ratio increased the
green and dry weight of alfalfa gradually compared to
the grass. However, the increasing number of mows at
all wastewater ratios and in control irrigation reduced
the green and dry weights of crested wheatgrass.
Based on the wastewater ratio, apart from selenium,
there were increases in nutrients and heavy metals in
all three plants. The exchangeable cation of Ca
significantly increased in both grasses depending on
the wastewater ratio, while it did not change in alfalfa.
While wastewater provides a positive result by
reducing alkaline soil pH and increasing its organic
matter, it also causes an important risk by increasing
salinity.

In conclusion, the development of treatment systems
that remove or at least reduce will resolve salinity risk.
If biologically treated domestic wastewater is used for
irrigation purposes, it must be diluted by 75%.
However, to obtain more reliable results, it 1is
recommended to investigate dilute wastewater
irrigation under field conditions for many years.
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ABSTRACT

This research estimated the poverty status among ginger women farmers

Agricultural Economics

in Kaduna State, Nigeria. Primary data were used based on a well- Research Article

designed questionnaire. Data were analyzed using descriptive statistics, : :

Foster, Greer and Thorbecke (FGT) poverty index, Tobit regression Artlc.le H1story.

model, and principal component model. The outcome shows that the Received :24'06'2024
average age, years of farming experience, and educational level Accepted +05.09.2024
approximate 48 years, 9 years, and 11 years respectively. The poverty Keywords

line is approximately 4, 172.06 Naira (1 USD = 1 104 Naira). The poverty

.. . ; Poverty Status
incidence (P,) approximately 0.5298, 95% CI [0.4575, 0.6021] this

Ginger Farmers

corresponds to 52.98% of ginger women farmers are poor, from the Women
sampling population, this adds up to the fact that 63 ginger women Kaduna State
farmers are poor, while 57 ginger women farmers were non-poor. Nigeria

Approximately 4.7 million of the entire population were poor, while 4.2
million were non-poor. The poverty depth (P;) which explains that the gap
between the poor ginger women farmers and the poverty line is calculated
as 0.2876, 95% CI [ 0.2465, 0.3287] this implies that it will take the poor
ginger women farmers (28.76% X 4, 172.06 Naira) the amount of 1, 199.88
Naira to cover up or make up for the poverty gap. The severity of poverty
(Pz) which measures the squares of the poverty gap relative to the poverty

line was calculated at 0.1967, 95% CI [ 0.1575, 0.2359], this means that
19.67% of the ginger women farmers were severely poor. The educational
level, years of ginger farming, income from ginger farming, off-farm
income, and membership of cooperative were different significantly from
zero in influencing poverty status among ginger women producers. The
major limitations were a lack of credit facilities, a lack of access to land,
and a lack of farm inputs. The ginger women farmers should join
cooperative associations as this will enable them to share ideas, and
information on new farm techniques and access credit at single digit
interest rates to increase productivity and reduce poverty.

To Cite:  Oladele, A.O., Maharazu, I., Alabi, 0.0. & Aluwong, S.J. (2024). Estimating the Poverty Status Among Ginger
Women Farmer in Kaduna State, Nigeria KSU J. Agric Nat 27Suppl 2), 475-482. https://doi.org/

10.18016/ksutarimdoga.vi.1504498

INTRODUCTION

Ginger (Zingiber officinale) has a medicinal value and
significant valuable export commodity in Nigeria with
90% of what is produced being exported and 10% is
consumed locally (Nextzon, 2018). Ginger is produced
in 6 states in Nigeria, but Kaduna State stands out as
the main ginger-producing state (Nextzon, 2018).
Ginger is cultivated for its rhizome, and dried ginger is
more desirable for export. Ginger from Nigeria is
progressively sought because of its oil and pungency.

Ginger is useful in the following industries; food
processing, pharmaceuticals, confectionaries, and
beverages. The most ginger producing-countries are
India, China, Nepal, Indonesia, and Nigeria(Nextzon,
2018). The main importing countries include the
United States Saudi Arabia, Russia, Netherlands,
Germany, France, Italy, Denmark, Belgium,
Switzerland, and Greece (Nextzon, 2018). According to
FAO (2024), in 2021 and 2022, the production of ginger
in Nigeria approximates 707,100 tonnes and



KSU Tarim ve Doga Derg 27 (Ek Say1 2), 475-482, 2024
KSU J. Agric Nat 27 (Suppl 2), 475-482, 2024

Arastirma Makalesi
Research Article

743,527,47 tonnes respectively. In 2021 and 2022, the
area harvested for ginger approximates 102320 ha and
96120 ha respectively (FAO, 2024). In 2021 and 2022
the world production of ginger approximates
4855031.84 tonnes and 4874216.17 tonnes respectively
(FAO, 2024). This estimate corresponds that Nigeria
produces 14.56% and 15.25% of world ginger
production in 2021 and 2022 respectively. The world
area harvested for ginger in 2021 and 2022
approximates 465,821ha and 450,64 7ha respectively.

In sub-Saharan Africa, Nigeria inclusive, women
accounted for 70% of agricultural labour, 60% of
agricultural production, and 80% of food production
(Alabi et al., 2021). There are no quantitative and
qualitative data on the role of women in sub-Saharan
agriculture and rural development (Lawal et al., 2017).
There is an absence of statistical information on the
performance and status of all farmers in Africa
including women farmers (Lawal et al., 2017). All
farmers including women farmers in Africa are poor,
food insecure, no adequate nutrition, have no access to
clean water, and lack basic needs of well-being. The
illiteracy of women in Africa is two times higher than
men which confirms their disadvantaged position
(Lawal et al., 2017). Rural women in Nigeria faced
poverty, food insecurity, and the right to survive was
not assured. Food poverty is the inability to have
access to food or afford food that makes up a healthy
diet. Food insecurity is rooted in poverty and has long-
term measures on the country’s communities to
develop prosper and grow or on the ability to farm
(FAO, 2004). In rural areas in Nigeria, poverty is
severe and this affects the farming households where
social services and infrastructures are limited or non-
existent. When discussing nutrition and food security
in sub-Saharan Africa, rural women farmers are very
significant (Lawal et al., 2017). Rural women
producers had difficulty of access to agricultural
information even with the advent of ICTs (Information
and Communication Technologies). Agricultural
information is needed by rural women producers on
market prices, credit, early warning systems on flood,
drought, pest infestations and diseases, new farming
technologies, storage, marketing, processing, and
financing (Ofuoku et al, 2008). Agricultural
information is needed by rural women producers to
obtain the highest agricultural yields, increase income,
and reduce poverty. Women’s performance is very vital
to the overall success of work directed towards remote
area development for enhanced agricultural
productivity (Ali et al., 2017). If the income of women
is enhanced they will have more access to resources
and invest in healthcare, children’s education, and
nutrition (Ogunlela and Mukhtar, 2009). In Africa,
women are excluded from inheriting farmland like
their male counterparts due to traditional and cultural
practices (Moore et al., 2015). Women are prone to have
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lesser access to agricultural productive factors than
men counterparts due to gender-specific limitations,
they have less power, less control, and less decision-
making power over productive agricultural resources
than men (FAO, 2011). Women in Africa also have less
access to extension services and lower access to credit,
they use fewer inputs such as improved seeds,
fertilizers, and mechanical equipment (Lawal et al.,
2017). This disparity negatively influences the
productivity of women farmers, researches have shown
that women are efficient as men and significantly
contribute to agricultural productivity (FAO 2010;
World Bank, 2008; Deere and Doss, 2006). Conflict and
insecurity have continued to be the drivers of food
insecurity with an estimated 11% rise in poverty in
2018 (World Food Program, 2018). Farmersherdsmen
conflict has remained the most significant resource —
use conflict in Nigeria (Ajuwon, 2004., Fasona and
Omojola,2005). The conflicts have demonstrated a high
potential to increase the insecurity, food crisis, and
poverty, particularly in rural communities where most
of the conflicts are localized with devastating
consequences nationwide (Adisa, 2012).
Farmersherdsmen have contributed serious threats to
the means of survival and livelihood which have
resulted in large-scale destruction of lives and
properties (Solomon, 2021). According to Ogunyemi
(2019), the farmersherdsmen conflict has not only
heightened the level of insecurity but has also
demonstrated high potential to increase the food crisis
in Nigeria due to the loss of farmers’ lives, animals,
crops, and valuable properties.

Folorunso et al. (2018) analyzed food security and
poverty status among agro—pastoralists in Barkin Ladi
local government area, Plateau State, Nigeria using
the Foster, Greer, and Thorbecke (FGT) food security
index. The poverty line was estimated at 7, 599.26
Naira. The poverty incidence (P,), poverty depth (P,),
and poverty severity (P,), were estimated at 0.50,0.39,
and 0.15, respectively.

Omonona et al. (2006) in their report titled Urban
People’s Perception and Causes of Poverty in Nigeria
documented that farming experience, off-farm income
are significant factors influencing poverty status,
while household size was not a significant factor
influencing poverty status.

Omonona and Agoi (2007) analyzed the food security
situation among Nigerian urban households, evidence
from Lagos State, Nigeria. The food security index was
employed. The food insecurity line was defined as two—
thirds of the mean per capita food expenditure of the
total households. The households whose per capita
expenditure falls below 7,967.19 Naira are designated
food insecure, while the households whose mean per
capita food expenditure equals or is greater than 7,
967.19 Naira are food secure. The food insecurity
incidence for the household is found to be 0.49.
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Igbalajobi et al. (2013) determined poverty incidence
among rural farmers in Ondo State, Nigeria. The data
were analyzed using the Foster—Greer—Thorbecke
(FGT) poverty measure. Approximately 59.3% of the
respondents were actually poor, while 27.6% of the
poverty line (580.42 USD) was needed to get out of
poverty.

The objective of the study is to estimate the poverty
status among ginger women farmers in Kaduna State,
Nigeria. Specifically, the objectives include:

(i) estimate the poverty status of ginger women
farmers,

(i) evaluate the factors influencing the poverty status
of ginger women farmers,

(iii) determine the constraints faced by ginger women
farmers.

EMPIRICAL and LITERATURE REVIEWS

Oyekale et al. (2021) determined the poverty status
among farming households in the Odogbolu local
government area, Ogun State, Nigeria. The data were
analyzed using descriptive statistics, Foster—Greer
and Thorbecke (FGT), and the Tobit regression model.
The outcome shows that 26.7% of the households were
poor. The female-headed households were poorer (42%)
than the male-headed households (21%). The Tobit
regression model result shows that age, household
size, and land size were significant factors influencing
the poverty status of farming households.

Aguibiade and Oke (2019) examined the poverty status
and factors influencing the poverty profile of cassava
farming households in Osun State, Nigeria. Data were
analyzed using the Foster—Greer—Thorbecke index and
Tobit regression model. The result of FGT analysis
reveals that poverty incidence was 28.9%, poverty
depth was 5.3%, and poverty severity was 1.5%. The
Tobit regression model result shows that household
size, farming experience, and revenue generated from
cassava farms were factors influencing the poverty
profile of the farming households.

Ahmed et al. (2019) examined the poverty status of
women in rural farming households in the Iwo local
government area, Osun state, Nigeria. Data were
analyzed using descriptive statistics, Foster—Greer—
Thorbecke, and Logit regression analysis. The FGT
analysis showed that the headcount index, poverty gap
index, and poverty severity index were 0.580,0.331 and
0.132, respectively. The Logit regression analysis
revealed that age and household size had a negative
influence on poverty status, while household
expenditure and farming experience had a positive
influence on poverty status.

Olorunsanya et al. (2012) evaluated the poverty status
of rural farming households in Osun State,
Southwestern, Nigeria. Data were analyzed using
descriptive statistics, the Foster—Greer—Thorbecke
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(FGT) index, and the Tobit regression model. The
result of the poverty indices shows that 35% of the
farmers’ beneficiaries of the empowerment program
were poor, while 55%of the non—beneficiaries of the
program were non—poor. The Tobit regression result
shows that household size, amount of credit utilized,
and annual farm income were factors influencing the
poverty status of rural farming households.

Alabi et al. (2021) evaluated smallholder rural women
rice farmers’ decision-making process, agricultural
intensification, and poverty status in Abuja, Nigeria.
Data were analyzed using descriptive statistics,
Heckman—2-stage model, Foster—Greer—Thorbecke
(FGT) poverty model, and Logit regression model. The
FGT result shows that poverty incidence, poverty
depth, and poverty severity were 0.5178, 0.2866, and
0.1956, respectively. The significant factors
influencing poverty status include educational level,
access to credit, membership of cooperatives, and farm
income.

Hussaini et al. (2020) examined investment in rice-
value addition activities among farmers in Kebbi state,
Nigeria. Data were analyzed using the Foster—Greer—
Thorbecke (FGT) index and Logit regression model.
The result revealed that 58.3% of rice farmers were
poor, while 42.7% were non—poor. The marginal effect
of income from parboiling, winnowing, drying,
destoning, and bagging value addition was negative
and statistically significant in influencing poverty
status.

MATERIALS and METHOD

This study was conducted in Kaduna State, Nigeria.
The population of the entire state as of 2021 is 8.9
million (NPC, 2022). A multi-stage sampling design
was used to select 120 ginger women producers. In the
first stage, the purposive sampling method was used to
select Kaduna State, the major producer of ginger in
Nigeria. Second stage, two local government areas
were randomly chosen. In the third stage, three
villages in each local government area were randomly
chosen making a total of six villages. In the fourth
stage, a proportionate-random sampling method was
used to select 120 ginger women farmers. The total
sample frame of ginger women farmers was 171.
Primary data were used based on a well-designed
questionnaire. The sample number of ginger women
producers was based on the established Yamane (1967)
formula given as:
N _ 171
T 1+N(e?)  1+171(0.05)2

Where,
n = The Sample Number

N = The Sample Frame of Ginger Women Producers

The data were analyzed using descriptive and
inferential statistics as follows:
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FGT (Foster, Greer and Thorbecke)
This follows Adekoya (2014) and it is expressed as:

q
1 Z-Y)"
PV
i=1
Where,

P = Foster, Greer, and Thorbecke Index (0 < P < 1)

N Total Number of Ginger Women Farmers
(Number)

q = Number of Ginger Women Farmers below the
Poverty Line

)

Z = Poverty Line (Naira)

Y, = Per Capital Household Expenditure of the Ginger
Women Farmers

a = Non-Negativity Aversion Parameter (0, 1, or 2)

The estimation of poverty status can be decomposed to
Prevalence of Poverty (PO), Poverty Depth (Pl), and

Severity of Poverty (Pz)' The model is expressed as:

Py = % (if € =0) ... (3).
q

1 Z-Y)
P, = ﬁz [T] (ifa=1) e (d

i=1
q
1 Z-Y)P?
P, = ﬁz [T] (ifa=2) . (5)
i=1

The Construction of Poverty Line
The poverty line is defined as:

pL = ; « MPCHE ..............(6)
MPCHE = THPHE 7
= e (7)

Where,

MPCHE = Mean Per Capital Household Expenditure
(Naira)

TNR = Total Number of Respondents

THPHE = Total Household Per Capital Expenditure
(Naira)

PL = Poverty Line

Tobit Dichotomous Regression Model
The model is explicitly stated as:

Y, =P, =B, +p,P,+B,P, +B,P3+ B,P,+ B.Ps
+ BgPe + 1 e e v (8)
y Z{P,*, if P >0ie(Z>l)}
0,if P <0ie(z<I)
Where,

478

Y; = The Dependent Variable, it is Discrete when the
households are not Poor, and Continuous when they
are Poor.

P} = Poverty Depth defined as [%]

Z = Poverty Line

I = Mean Households Food Expenditure per Adult
Equivalent

B, = Constant Term

B, - B = Regression Coefficients

P, = Educational Level (Years)

P, = Age in Years

P; = Years of Ginger Farming

P, = Income from Ginger Farming (Naira)
Ps = Off-Farm Income (Naira)

P, = Membership of Cooperatives (1, Member; 0,
Otherwise)
= Noise Term

PCM (Principal Component Model)

The constraints faced by ginger women producers were
submitted to PCM, the model will reduce many
interrelated constraints to a few unrelated ones. The
principal Component Analysis is stated thus:

x = (%1, %5, X3, ...,xp) 9
ag = (alk, Aapr A ...apk) (10)

p
j=1

Var = [al X] is Maximum (12)
Subject to:
arag =1 (13)

and

covalX—alX]1=0 (14)
The variance of each of the principal components are:

Var[afX] =2, (15)

— X -X)X =X (16)

X=X (X —X)T (1)

_ 1

n-1

S

Where,

X= Vector of p Random Variables
ay, = Vector p Components

Ax = Eigen Value

T = Transpose

S = Covariance Matrix

RESULTS and DISCUSSION
Summary Information of Factors of Interest

The summary estimates of variables of interest are
presented in Table 1. The mean age, years of ginger

farming  experience, and educational level
approximates 48 years, 9 years, and 11 years
respectively. Similarly, 98% of respondents are
married, 58% are members of cooperative

organizations, while 45% have access to credit. In
addition, the respondents have an average household
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size of 9 persons, and they are smallholder farmers
with an average farm size of 0.95ha. This
communicates that the ginger women farmers are
young, energetic, and resourceful. They are
smallholder farmers with less than 5 hectares of ginger
farms. About 0.02% of ginger women farmers are not
married while 55% of them have no access to credit. In

Table 1. Summary estimates of variables of interest

addition, 42% of ginger women farmers do not belong
to any cooperative organizations. This outcome is in
accord with the result of Nwaiwu et al. (2022) who
documented that the average age of vegetable rural
women farmers is 44 years, and 75.56% of them had no
access to credit in Imo State, Nigeria.

Variables Unit of Measurement X, SD
Age Years 48 14.56
Household Size Number 9 2.72
Marital Status 1, Married; 0, Others 0.98 0.73
Cooperative Members 1, Member; 0, Others 0.58 0.47
Years of Farming Years 9 4.36
Experience

Farm Size Hectares 0.95 0.27
Access to Credit 1, Access; 0, Others 0.45 0.17
Educational Level Years 11 4.07

Source: Field Survey (2024)

Poverty Status of Ginger Women Farmers

The poverty status of ginger women farmers is
presented in Table 2 and Table 3. The poverty line is
estimated from MPCHE. Two-thirds (4, 172. 06 Naira)
MPCHE 1is used as the poverty line as documented by

Omonona et al. (2007). The poverty incidence (PO),

poverty depth (P1)’ and severity of poverty (Pz) were
calculated using the Foster, Greer, and Thorbecke
(FGT) index approximation (0 <P <1). The (P,) is
estimated as 0.5298, 95% CI[ 0.4575, 0.6021] this
represents that 52.98% of ginger women farmers are
poor, from the sampling population, approximately 63
ginger women farmers are poor while 57 ginger women
farmers were non—poor. The entire population reveals
that 4.7 million people were poor, while 4.2 million
people were non—poor. The (Pl) which estimates the

Table 2. Poverty Status of Ginger Women Farmers

depth of an average poor ginger women farmer from
the poverty line is calculated as 0.2876, 95% [0.2465,
0.3287]. This implies that an average ginger woman
farmer would require 28.76% of the poverty line
[(28.76% x 4,172.06 Naira)] which was estimated at
1,199.88 Naira to get out of poverty. The(Pz) which

measures the squares of the poverty gaps relative to
the poverty line was calculated at 0.1967, 95%
CI[0.1575, 0.2359] this expresses that 19.67% of the
ginger women farmers were severely poor. The PCE is
calculated at 11, 205.22 Naira (1 USD = 1, 104 Naira)
for non-poor, and 1, 884.64 Naira for poor ginger
women farmers. This outcome is in consensus with
Folorunso et al. (2014) who estimated the poverty line
of 7, 599.26 Naira among respondents in Plateau State,
Nigeria.

Poverty Per Capital Household Expenditure Total Household Expenditure
Status
Non-Poor Poor Total Non-Poor Poor Total
Mean 11, 205.22 1, 884.64 6, 258.09 81 440.79 19, 840.71 52, 176.76
Min 4,222,23 195 195 17, 150 1, 950 1950
Maximum 30, 807.78 3,844 30, 807.78 433, 860 111 860 433, 860
Poverty Line = 4, 172.06 Naira
FGT CI Upper Bound CI Lower Bound

Poverty Incidence (Py) = 0.5298 0.4575 0.6021
Poverty Depth (P,) = 0.2876 0.2465 0.3287
Poverty Severity (P,) = 0.1967 0.1575 0.2359

Source: Field Survey (2024) 1 USD =1, 104 Naira, CI = Confidence Interval

Table 3. Distributions of Poverty Indices
Producers Frequency Percentage
Poor (Per Capital Income< 4, 172.06 Naira) 63 52
Non—Poor (Per Capital Income >4, 172.06 Naira) 57 48
Total 120 100.00

Source: Field Survey (2024) 1 USD =1, 104 Naira
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Factors Influencing Poverty Status among Ginger
Women Farmers

The MLEs of the factors influencing poverty status
among ginger women producers using the Tobit
regression model are presented in Table 4. About five
(5) factors were included in the model, and all the
factors have negative coefficients and this is in
conformity with a priori expectations. The education
level and membership of the cooperative are different
significantly from zero at p =0.000 probability level,
respectively. In addition, the years of ginger farming,
income from ginger farming, and off-farm income are
different significantly from zero at p=0.038 probability
level respectively. The coefficient of income from ginger
farming is -0.2713, 95% CI[-0.2523, -0.2903] and the
marginal effect is -0.3043, this shows that a 1%

increase in income keeping all other factors fixed will
give rise to 30.43% decrease in poverty status among
ginger women farmers. Similarly, the coefficient of off-
farm income is -0.1621, 95% CI [-0.1501, -0.1741] and
the marginal effect is -0.1708, this approximates that
a 1% increase in off-farm income keeping all other
stimuli fixed will give rise to 17.08% decrease in
poverty status among ginger women farmers. The
Pseudu R square value is 0.8709, this denotes that
87.09% of the poverty status is explained by the
stimulus included in the model. The LLF (The
Likelihood Function) (-142.72) is different significantly
from zero at the p=0.000 probability level. This is
evidence that the data and model are of good fit. This
outcome is in accord with Omonona and Agoi (2007)
and Igbalajobi et al. (2013).

Table 4. The MLEs (Maximum Likelihood Estimates) of the Factors Influencing Poverty Status among Ginger
Women Producers using Tobit Dichotomous Regression Model

Variables Parameters Coefficient Standard t-Value ME
Error

Constant B, -0.7216%** 0.1449 -4.98 -0.0736
Educational Level B -0.3851%** 0.0557 -6.91 -0.2903
Years of Ginger Farming 1 -0.1472%* 0.0593 -2.48 -0.2412
Income from Ginger Farming B, -0.2713%* 0.1076 -2.52 -0.3043
Off Farm Income By -0.1621** 0.0672 -2.41 -0.1708
Membership of Cooperatives B, -0.2101%** 0.0334 -6.28 -0.2704
Diagnostic Statistics Bs
Sigma 0.19743
LR 2 (5) 96.45%**
Pseudo R2 0.8709
LLF (Log Likelihood) 4272
Prob > 2 0.00000

Source: Field Survey (2024), ME=Marginal Effect

*Significant at (P < 0.10)., **Significant at (P < 0.05), ***Significant at (P < 0.01).

Table 5. The Challenges Faced by Ginger Women Producers
Constraints Eigen- Difference  Proportion Cumulative Rank

Value

Lack of Credit Facilities 9.4714 5.7570 0.3474 0.3474 1st
Lack of Access to Land 3.7144 0.7871 0.1196 0.4670 2nd
Lack of Farm Inputs 2.9273 0.4121 0.1022 0.5692 3rd
Farmers/ Herders Clash 2.5152 0.1810 0.1005 0.6697 4th
Poor Market Linkages 2.3342 0.2489 0.1002 0.7699 5th
Poor Prices of Commodity 2.0853 1.0981 0.0105 0.7804 6th
Bartlett Test of Sphericity
X2 3579.13%**
KMO 0.839
Rho 1.00000

Source: Field Survey (2024), KMO — Kaiser-Meyer-Olken

The Challenges Encountered by Ginger Women
Producers

The challenges faced by ginger women farmers are put
through analysis of PCM (Principal Component
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Model). The PCM has the capacity to withhold
unrelated limitations that have Eigenvalues of more
than one, and discard limitations that have
Eigenvalues of less than one. Approximate 6
limitations were reserved by the model. The criteria for
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selecting those challenges that were retained are
explicitly those with Eigenvalue greater than one (1).
The first limitation is the lack of credit facilities with
an EKigenvalue approximately 9.4714 which explains
about 34.74% of all restraints included in the model.
The second limitation is the lack of access to farmland
with an Eigenvalue of approximately 3.7144 which
explained 11.96% of all hindrances included in the
model. The third limitation is the lack of farm input
with Eigenvalue of approximately 2.9273 which
explains about 10.22% of all impediments included in
the model. All the limitations withheld by the model
explained 78.04% of all the restraints identified by the
ginger women farmers. The chi-square value (3579.13)
is different significantly from zero at the p=0.000
probability level, this confirmed the use of the PCM for
the estimation (Table 5).

CONCLUSION and RECOMMENDATIONS

The study estimated the poverty status among the
ginger women producers in Kaduna State, Nigeria. A
multi-stage sampling design was employed. Primary
data were utilized based on a well-structured
questionnaire. Descriptive and inferential statistics
were employed for data analysis. The outcome of the
research shows that the average age of ginger women
farmers was 48 years. The mean years of farming
experience was 9 years. On average, the ginger women
farmers had 11 years of school education. Similarly,
about 98% of ginger women farmers were married.
Approximately 58% of respondents were members of
cooperative organizations, while 45% had access to
credit. The poverty line is approximately 4, 172.06
Naira (1 USD = 1 104 Naira). The poverty incidence
(PO), poverty depth (P1)’ and severity of poverty (Pz)
were estimated using Foster, Greer, and Thorbecke
(FGT) index approximating (0 <P <1). The (P)) is
approximated at 0.5298, 95% CI [ 0.4575, 0.6021] this
corresponds to 52.98% of ginger women farmers are
poor, from the sampling populations, this adds up to
the fact that 63 ginger women farmers are poor, while
57 ginger women farmers were non-poor.
Approximately 4.7 million of the entire population
were poor, while 4.2 million were non—poor. The (Pl)

which explains that the gap between the poor ginger
women farmers and the poverty line is 0.2876, 95% CI
[0.2465, 0.3287], it will take the poor ginger women
farmers [28.76% x 4, 172.06 Naira) the amount of 1,
199.88 Naira to cover up or make up for the poverty
gap. The(PZ) which expresses the distance of each poor
ginger women farmer to one another was calculated at
0.1967, 95% CI [ 0.1575, 0.2359] this stands for that
19.67% of the ginger women farmers were severely
poor. The educational level, years of ginger farming,
income from ginger farming, off-farm income, and
membership of cooperative were different significantly

481

from zero in influencing poverty status among ginger
women producers. The major limitations faced by
ginger women producers were lack of credit facilities
(15t), lack of access to land (2nd), and lack of farm inputs
(3rd), Established on the outcomes of this research, the
following recommendations were made:

(i)Credit (finance) at single digit interest rate, devoid
of cumbersome administrative procedures should be
made available to ginger women producers to purchase
agrochemicals, fertilizers, and other farm inputs at
appropriate times, this will increase productivity and
reduce poverty.

(ii)) The government should in terms of policy
formulations allow ginger women farmers easy access
to farmland, this will increase productivity and reduce
the level of poverty.

(iii)) Farm inputs such as improved varieties,
fertilizers, and agrochemicals should be provided for
ginger women farmers at subsidized prices to increase
income and productivity.

(iv) Ginger women farmers should form themselves
into cooperative organizations for easy access to farm
inputs, credit, and bulk sales of produce.

(v)Access to market linkages is necessary for the ginger
produce to be sold at appropriate prices.
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ABSTRACT Agricultural Economics
The main purpose of this stud.ly was tq anglyze dairy farmers' Ifeelings of e n Avealld

safety about the future of dairy farming in the northern region of Iraq

and to investigate how environmental factors and demographic Article History
characteristics of dairy farms impact their sense of security. Primary Received 1 03.04.2024
data were collected from 280 dairy farmers in four provinces of northern Accepted 1 04.10.2024
Iraq: Erbil, Sulaymaniyah, Dohuk, and Halabja. Descriptive statistics,

the Chi-square test, and binary logistic regression were employed for Keywords

analysis. The results of binary logistic regression analysis indicated that Dairy farm

age, gender, marital status, education, experience, and household size Milk production
significantly influenced farmers’ perceptions of whether dairy farming Government policy

could secure their future. Moreover, the binary logistic analysis revealed Security

that five elements of dairy farming — technology, dairy farm structure, Iraq

government policy, marketing, and extension — were significantly

associated with farmers' perceptions of future security through dairy
farming. However, the study concludes that to promote agricultural
development at the macro level, it is essential to prioritize the provision
of support services to farmers in policy formulation so that farmers can
effectively leverage these services to enhance farm production and income
levels.
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OZET Tarim Ekonomisi
Bu (;ahsmanlnv temel amacl, Kuzey Ira"k ta §ut sigirciligl 1sletmeler1n1n e —
stit hayvanciliginin gelecegine iligkin glivenlik duygularin1 analiz etmek

ve 1gsletmelerin c¢evresel faktorlerinin ve demografik 6zelliklerinin e

giivenlik duygularimi nasil etkiledigini arastirmaktir. Birincil veriler,
Irak'in kuzey bolgesindeki doért ildeki (Erbil, Siilleymaniye, Dohuk ve
Halepce) 280 siit ciftcisinden toplanmistir. Analiz icin tamimlayic
istatistikler, Ki-kare testi ve ikili lojistik regresyon kullamlmistir. Ikili
lojistik regresyon analizinin sonuclari, yas, cinsiyet, medeni durum,
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pazarlama ve yayimin ¢iftgilerin siit hayvanciligi yoluyla gelecekteki
giivenlik algilariyla 6nemli 6l¢tide iligkili oldugunu ortaya koymustur.
Bununla birlikte, calisma, makro diizeyde tarimsal kalkinmayi tegvik
etmek i¢in, politika olusturma siirecinde g¢iftgilere destek hizmetlerinin
saglanmasinin  6nceliklendirilmesinin  gerekli oldugunu, bdylece
ciftgilerin bu hizmetlerden etkili bir gekilde yararlanarak g¢iftlik
iretimini ve gelir seviyelerini artirabileceklerini vurgulamaktadair.
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INTRODUCTION licensing requirements, limited communication
Governments in developing countries have been infrastructure and logistics, difficulties in accessing

progressively engaged in supporting the commercial
agricultural crop and livestock sectors recently
(Nakane and Tauer, 2009). Many countries have
introduced various support programs to increase farm
profitability (Smith and Glauber, 2012). Iraq is
dependent heavily on milk and other animal products
in their regular diet. However, a significant part of the
milk and dairy products needed are imported,
especially from the Gulf countries and Tirkiye (Hakim
and Akbay, 2022). Over the past few years, several
livestock projects have been implemented in the region
for various purposes. For example, the distribution of
cultured breed cows has increased significantly in
recent years (UNDP, 2019). As a result, the
government has recognized the drain of foreign
exchange resources flowing out of the country, and, as
a relief measure, various policies have been
implemented to steer the dairy sector towards
development, particulary to increase domestic
production (Abid-Al Ammer et al., 2017). Despite this
progress, recent policies aimed at addressing related
challenges have not been adequately formulated and
implemented (Nanakali, 2021).

Due to the current political approach, livestock's share
of the country's wealth resources is not properly
designed to meet the serious financial needs of
producers. On the other hand, inflation and a sharp
increase in livestock costs for farmers have resulted in
a surge of economic activity in both the national and
local economies. In addition, the growing and hidden
rent-seeking in the country's layers of management
and economy has caused more and more serious
challenges for livestock to progress. This is because
steps have not been taken to use political and economic
management of the land to support livestock and
farmers by ignoring irregular livestock imports,
supporting importers, and planning to control and
regulate imports.

Over the past 30 years, the ability of the Iraqi Ministry
of Agriculture and Water Resources and other
government institutions to provide agricultural
services has deteriorated significantly (Lucani and
Saade, 2012; UNDP, 2019). Budget cuts have led to a
decline in skilled human resources in agricultural
support services. It is necessary to strengthen the
capacities of the government and smallholder
organizations. Policy gaps must be addressed to help
increase the sector's competitiveness and contribute to
rural development and poverty alleviation.
Furthermore, due to a lack of security and stability, in
addition to an uncertain policy environment, the
private sector has made no significant investments in
agriculture (IFAD, 2017). Security, unclear
requirements for business registration and closure,

484

finance, and an uncompetitive business environment
with a lack of transparency and clear legal framework
for rules-based market competition are all problems in
the region. In addition, it is said that obtaining a
license is difficult if one does not have the right
contacts. Contracts are awarded to farmers who have
good relationships with the authorities, who often
control important political and governmental
positions, and who usually subcontract the work after
they have received their share (Jongerden et al., 2018).

To date, there 1s little academic literature that
comprehensively examines the impact of government
policies on dairy farms in Iraq's northern region. Bragg
and Dalton (2004) investigated factors influencing
farmers’ decision to exit dairy farming and stated that
older producers, those with higher off-farm income,
lower returns relative to variable costs, and greater
farm income diversification were more likely to
abandon dairy farming. Nakane and Tauer (2009)
further highlighted that exit decisions are influenced
by factors other than milk prices and suggested that
national or regional dairy programs should consider
strategies other than price support to ensure a stable
dairy industry and reduce the rate of dairy farm exit
decisions. To optimize the development of dairy farms,
the effects of government policy, farmer training, the
structure of dairy farms, environmental issues, and
milk safety must be investigated. The primary
objective of this study is to analyze dairy farmers'
feelings of safety concerning the future of dairy
farming in the northern region of Iraq. Additionally,
the study explores farmers' perceptions of their dairy
farms, aiming to identify the reasons behind these
perceptions and the environmental factors influencing
them. In addition, it investigates the impact of
demographic characteristics of dairy farms on farmers'
sense of security regarding the future of dairy farming,
which has been little studied in previous research. Our
hypotheses are:

v' Government policy has a positive and
significant influence on the farmers' view of dairy
farming’s future security.

v' Structural characteristics of a dairy farm have
a positive and significant influence on farmers'
view of dairy farming’s future security.

This research aims to address these gaps by
contributing a detailed investigation into the
multifaceted challenges faced by dairy farmers. The
findings are expected to inform the design of more
effective and targeted policy interventions, ensuring
sustainable development and stability of the dairy
industry in the northern region of Iraq. For the
government of the northern region of Iraq, this study
is valuable in that it provides general information on
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the state of the dairy sector and the financial
constraints that influence i1t in the region.
Policymakers will find this study crucial in developing
and implementing policies that support and enhance
the dairy sector.

MATERIAL and METOD

A survey was conducted to assess the status of dairy
farming in the northern region of Iraq. Four provinces,
namely Erbil, Sulaymaniyah, Dohuk, and Halabja
were selected for the survey because they encompass
the northern region of Iraq, have a high number of
dairy animals, and represent a range of geographical
and economic conditions. The survey was based on
face-to-face interviews with dairy farmers. The sample
size was calculated using the following formula
(Newbold, 1995):

_ Np(-p)
2
(N-Do, +pl-p)
where n is the sample size, N is the size of the
population (25600), p=0.5 is the probability of
examining situations occurring (the absence of

preliminary information concerning government policy
effect factors), q is the probability that the situation

will not occur (q = 1-p), and O"ZJx is the variance ratio.

The sample size was calculated as 280 to empower the
research by using an acceptable marginal error (5.85)
and 95% confidence interval. Questionnaires were
distributed randomly.

The chi-square test and binary logit regression were
used to analyze the effect of dairy farmer
characteristics on farmers' confidence about the future
of dairy farming. Regression analysis is a multivariate
technique that predicts a binary dependent outcome
from a set of independent variables to estimate the
probability that an event will or will not occur (Draper
& Smith, 1981). Logistic regression does not require a
linear relationship between the dependent and
independent variables. Moreover, the main advantage
of the logit model is that it makes no assumptions
about the normality, linearity, or homogeneity of
variances of the independent variables (Mutura et al.,
2015). Logistic regression is widely used in agriculture,
biology, medicine, and social sciences (Begizew, 2008).
In this study, the logit regression model is used
because there are two binary events, farmers consider
whether dairy farming secures their future (or not).
The binary logistic model used in this study is specified
as follows:

Bo+ D BiXi
e i=1

P—p(Y =1/X) = i
ﬁo+2ﬂixi

i=1

1+e

Where, P is the dairy farming secures their future
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(P(Y=1/X), X; are the explanatory variables such as
age, gender, marital status, education, household size,
land size, experience, perceptions, and & are
coefficients of corresponding variables (Ganiyusufoglu
et al., 2022).

1-P=p{Y =0/X) = PR v

A transformation of P known as the logit
transformation is defined as:
. P .
LogitP =Iog[ﬁ} =B+ B X,
- i1

The Odds ratio (Exp B) shows how many times
(relatively) a unit increase in a single explanatory
variable increases the probability of the dependent
variable if all other variables are kept constant
(Hosmer et al., 2013; Hair et al., 2014).

RESULTS AND DISCUSSIONS

According to the results of the surveys, 81% of farmers
in the research area were male and 65% were married.
The average age of the farmers was 42.05 years, with
31% of them aged less than 30 years and 33% aged
older than 40 years. The educational level of farmers
indicates that 42% were illiterate or had completed
elementary school, while 19% had graduated from
university. Results indicated that 69% of the farmers
had more than four family members, and 76% had
experience in the field for more than six years. Social
protection programs are absent in the northern region
of Iraq, as indicated by the survey results where 76.1%
of farmers suggested the necessity to eliminate the
deficiency in social protection policies aimed at
protecting agriculture. Moreover, 70.4% of the farmers
stated that animal husbandry is profitable and that
they want to continue dairy farming in the future
(Table 1). However, a significant number of farmers
stated that it is necessary to be cautious before
entering livestock, and they are not sure whether
profitability will continue in the future.

The northern region of Iraq faces many challenges that
directly impact the country's economic sectors. These
challenges include weak institutions, the security
situation, and corruption (Lucani and Saade, 2012).
According to the results, 72.5% of the farmers stated
that corruption in the region affects the economy as
well as the dairy sector. Moreover, low productivity
and growth rates in the sector are attributed to various
problems and government policies. The results reveal
that 46.1% of the participants were not satisfied with
the government's policies for the expansion of animal
husbandry-related service support (Table 1).

Agricultural subsidies are broadly classified into two
types: domestic subsidies and export subsidies. They
encompass various support mechanisms such as
deficiency payments, direct payments, compensatory
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payments, crop insurance assistance, livestock
assistance, rural development assistance, and
environmental set aside (Akbay et al., 2016). Despite
the significant role of subsidies in agriculture (Akbay
and Bilgic, 2023), the dairy sector has notably received
less support from both the government and the public
sector. Our analysis of the dairy farms identified both

favorable and negative factors influencing the
development of the sector. The findings revealed that
approximately 42.5% of farmers initiated dairy
farming with financial assistance inherited from
relatives, whereas 57.5% started with their resources
(Table 2).

Table 1. Farmers' perspectives, needs and satisfaction with dairy farming
Cizelge 1. Ciftgilerin stit ¢ifteiligiyle 1lgili bakis agilari, ihtiyaglari ve memnuniyetleri

Variable Answer Number of farms Percent
Yes 213 76.1
Do retired f d social protection?
o retired farmers need social protection No 67 93.9
Yes 197 70.4
Will k dairy farming?

ill you keep dairy farming No 83 90.6
Do you think corruption has affected your Yes 203 72.5
job? No 77 27.5

Satisfied 59 21.1
Are you satisfied with the level of support A little satisfied 62 22.1
you receive from the government? Not satisfied 129 46.1
No idea 30 10.7
Table 2. Sources and purposes of loans in dairy farming
Cizelge 2. Stit sigircilig isletmelerinde kullanilan kredilerin kaynaklar: ve amaclari
Variables Number of farms Percent
Initial funding to set up dairy farming
From relatives 119 42.5
My own resources 161 57.5
Source of loans
Friends, relatives, neighbors 238 85.0
Agricultural bank 42 15.0
Purpose of loan
Land operations 36 12.9
Purchase of in-calf heifers 141 50.4
Purchase of dairy feeds 47 16.7
Others 56 20.0
Reasons for not accessing credit services
High tax rate 49 17.5
Demand for collateral 79 28.2
Lengthy process 72 25.7
Lack of access 80 28.6
Total 280 100.0

There are no government-owned dairy farms in the
northern region of Iraq. Most dairy farms in the
northern zone are privately owned. According to the
findings, 15% of farmers obtained credit from
agricultural banks, while 85% relied on credit from
friends, relatives, and neighbors. Credit from these
sources was used for various purposes, including
production, meeting consumer demands, and fulfilling
social obligations. Notably, there are no collateral
requirements for credit from these personal sources,
and no interest is charged in the area. An oral promise,
confidence, trust, and mutuality are frequently
sufficient as collateral or security. In contrast,

agricultural bank loans generally entail sensitivity to
collateral requirements and are subject to interest
charges. Interestingly, this study revealed that many
farmers borrowed money from agricultural banks
without making projects.

The survey findings underscored the pivotal role of
credit in financing essential investments for dairy
farming, with expenditures primarily allocated to
purchasing in-calf heifers (50.4%), constructing barns
or for social purposes (20%), purchasing milk feed
(16.7%), and buying land (12.9%). Credit plays a vital
role in financing investments and farm processes
essential for commercializing dairy farming (Agir and
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Akbay, 2018). Despite its importance, producers in the
northern region of Iraq demonstrated limited
knowledge of dairy farming credit issues, resulting in
low credit utilization rates. Furthermore, it delved into
factors influencing credit availability for producers,
highlighting key challenges such as lack of access
(28.6%), stringent collateral requirements (28.2%),
protracted application processes (25.7%), and elevated
tax rates (17.5%).

Impact of Dairy Farmers' Characteristics on the
Future Security of Dairy Farming

Table 3 provides detailed descriptions of the
explanatory variables used in the Logit model. The
Logit model is used in this context because it
effectively handles binary outcome variables, like
whether farmers are confident or not about the future
of dairy farming. At the heart of our inquiry lies a

pivotal question: "Do you feel confident about the
future of dairy farming?" This question serves as our
dependent variable, delineated as a binary outcome
where "satisfied" corresponds to (1) and "dissatisfied"
to (0). The findings reveal that 62% of farmers
expressed confidence in the future of dairy farming.
However, a significant portion, comprising 38% of
farmers, were not confident and had a view that
working on a dairy farm was the last choice of work.
They argue that working on dairy farms requires effort
and time, that it is a complicated, dirty, non-potential
job that threatens their future, and that it does not pay
well. Consequently, they envision alternative
pathways for their future endeavors, including
aspirations to join the public sector as government
employees, army or police officers, among other
pursuits.

Table 3. Definition and descriptive statistics of variables used in the model
Cizelge 3. Modelde kullanilan degiskenlerin tanimi ve tanimlayici istatistikleri

Variables Definition of variable Mean Star.1d;‘1rd
deviation

Dependent Feel confident about the future of dairy farming: 1 for Yes; O for

. 0.62 0.49
variable No
Agel 1 if the household head is aged less than 30; 0 otherwise 0.31 0.47
Age2 1 if the household head is aged between 31 and 40; 0 otherwise 0.36 0.48
Age3 1 if the household head is aged above 40; 0 otherwise 0.33 0.47
Edul 1 i'f the hf)usehold head graduated from elementary school or is 0.42 0.49

illiterate; 0 otherwise

Edu2 1 if the household head graduated from high school; 0 otherwise 0.39 0.49
Edu3 1 if the household head graduated from university; O otherwise 0.19 0.40
Gender 1 if the household head is male; 0 otherwise 0.81 0.39
Marital status 1 if the household head is married; O otherwise 0.64 0.48
Experience 1 if having work experience is above 6 years; 0 otherwise 0.30 0.46
HSize 1 if the household size is >5; 0 otherwise 0.31 0.47
Land 1 if agricultural land size is >10 dunam®; 0 otherwise 0.20 0.40

*: 1 dunam= 2500 m?2

The model summary shows that the log-likelihood
statistic 1s 317.17 and the Chi-square test value is
54.31 with a p-value of 0.0001, indicating the joint
significance of all coefficient estimates (Table 4). The
correctly predicted result indicates that the model
predicted 79.1% of the observed ratings correctly,
which is considered adequate. Estimated coefficients
are tested using standard errors, t-ratios, and p-
values. Therefore, all statistically significant
coefficients, based on a two-tailed test at a =0.1, 0.05,
and 0.01 levels, were noticeable. In addition, as P-
values, statistics obtained for the independent
variables indicate that the coefficients for gender,
marital status, age and education of farmers, and farm
size were statistically significant.

The findings of the binary logit regression reveal a
strong relationship between the age of dairy farmers
and the future security of dairy farming. Therefore,
the age of the farmer is a crucial factor. The results
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indicate that farmers aged between 31 and 40 years
are 3.19 times more likely to feel that dairy farming
secures their future compared with younger farmers.
Moreover, for farmers aged over 40 years, this number
was 3.18 and positive. The positive sign on the age
coefficient indicates that older and middle-aged
farmers are 3.2 times more likely to feel that dairy
farming secures their future than younger farmers.

Education is thought to play a critical role in farming,
especially in the adoption of new technologies,
training, and putting into practice the knowledge
gained (Lien et al., 2017). According to the statistically
significant coefficient, education has a negative effect
on dairy farming’s future security. The results of the
binary logit regression indicate that farmers’ education
level is strongly related and a critical factor affecting
dairy farms. The outcomes indicated that farmers at
the high school level were 0.43 times less likely to
continue dairy farming to secure their future, and
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farmers at the bachelor level were 0.36 times less likely
to feel that dairy farming secures their future than
farmers who are illiterate or have a primary education
degree. The negative impact of education level on the
perceived future security of dairy farming might
initially appear counterintuitive. However, this result
can be attributed to the fact that individuals with
higher education often have access to a broader range
of career opportunities. These educated individuals
may perceive dairy farming as less secure or less
appealing compared to other professions that offer
better job security, higher income, or improved
working conditions. As a result, they are more likely to
explore alternative career paths that align with their
qualifications and offer greater long-term stability.

The estimation results of a statistically significant
coefficient showed that male farmers were 0.47 times
less likely to be involved in dairy farms and felt dairy
farming secures their future. This is because women
are more likely than men to take up dairy farming,
given similar opportunities and incentives. However,
the country has made only marginal progress in
breaking down the cultural barrier that prevented
women from owning cattle in their families (Manell
and Roberson, 2015). However, the findings for the
northern region of Iraq could be explained by the fact
that livestock management roles are traditionally
performed by women in Kurdish ethnic societies. In
the research area, husbands are involved in dairy
production in specific roles such as consulting
veterinary services, sales, or purchasing animals.

The cultural and social norms related to marital status
often emphasize the stability and support system
provided by marriage, which is beneficial for farming
operations. In many communities, marriage is seen as
a partnership where both spouses contribute to the
success of the household and its economic activities,
including farming. Family members assist each other
in making and implementing critical farming decisions
(Ramos, 2021). The research indicates a statistical
correlation between marital status and future dairy
farming security. The model suggests an odds ratio of
2.08 (greater than one), which could mean that
married farmers are 2.08 times more likely to continue
dairy farming to secure their future, as compared to
singles. In addition, some farmers in the village
usually prefer to marry at least two wives to have
many partners and/or children to help them in their
farming or livestock activities.

Another significant socio-demographic characteristic
was the household size of dairy farms. Household size
is known to be a source of labor for farm and off-farm
income-generating activities, sometimes in a village
setting (Kuteesa and Waholi, 2018). Large families can
provide more labor resources for dairy farming, which
is labor-intensive. Family members can assist with
various tasks such as feeding, milking, and caring for
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the animals, as well as maintaining the farm. This can
reduce the need to hire external labor, lowering costs
and increasing efficiency. The odds ratio of the
coefficient indicates that farmers with large household
sizes are 2.6 times more likely than farmers with small
household sizes to engage in dairy farm activities.

Considering the statistically significant and positive
coefficient of experience, farmers with high farming
experience are more likely to continue dairy farming,
compared with those with low farming experience.
Experience acquired in dairy farming is a de facto
reason why experienced farmers are more likely to
continue dairy farming than less experienced farmers.

The availability of land is indispensable for dairy
farming (Anugrah et al., 2021). Table 4 shows a
significant and negative relationship between land size
and respondents’ satisfaction with dairy farming’s
future security. This implies that when respondents’
landholding size increases, their perceived secure
future in dairy farming decreases. The most likely
reason for this seems to be that small-scale farms
continue to use dairy cattle to survive. On the other
hand, on plant production farms, there is a desire to
earn more income from dairy farming in the future,
where dairy farming is done more intensively in farms
with less land. Therefore, enterprises with less land
believe that animal husbandry will be more beneficial
for their future than enterprises with more land. The
most likely reason is that more land allows farmers to
increase production, which generates more income
that can be used to purchase farm inputs. As a result,
farmers with relatively large farm sizes are more likely
to use improved technologies. This also implies that
respondents with larger farm sizes will seek newer
ideas.

Bragg and Dalton (2004) investigated the factors
influencing the decision to exit dairy farming.
According to their results, the exit decision was
significantly influenced by four wvariables; older
producers, those with higher off-farm income, lower
returns over variable costs, and greater farm income
diversification were more likely to abandon dairy
farming. Because exit decisions are influenced by
factors other than milk prices, national or regional
dairy programs should consider strategies other than
price support to secure a stable dairy industry and a
lower rate of dairy farm exits.

Effect of Perception on Farmers' Feelings of Safety
Regarding the Future of Dairy Farming

The results also support the hypothesis that dairy
farming to secure the future of farmers is not related
only socioeconomic characteristics of producers but
also to the satisfaction of producers with technology,
government support, advisory service, veterinary
service, marketing, and climate change. A binary
logistic model was used to analyze the effect of
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dimension factors on the dependent variable. Table 5
gives descriptive statistics of the variables used in the

model. “Do you feel confident about the future of dairy
farming.” was used as a dependent variable.

Table 4. Effect of farmers characteristics on farmers' feelings of safety regarding the future of dairy farming
Cizelge 4. Cifteilerin 6zelliklerinin siit ¢ifteiliginin gelecegine 1liskin giivenlik duygulari tizerindeki etkisi

Variables Coefficient Standard error P-value Odds ratio
Constant 0.636 0.468 0.174 1.889
Age2 1.155 0.341 0.001 3.186
Age3 1.159" 0.338 0.001 3.180
Edu2 -0.817 0.327 0.042 0.432
Edu3 -0.840* 0.412 0.028 0.359
Gender -0.752* 0.395 0.057 0.472
Marital status 0.778* 0.282 0.006 2.176
Experience 0.769* 0.471 0.100 2.158
HSize 0.974™ 0.452 0.031 2.647
Land -0.711* 0.339 0.036 0.491

-2 Log likelihood: 317.17; Chi-square (P- value): 54.31(0.000); Correctly predicted: 79.1%

Note: *, ** and *** indicate significance levels at 10%, 5% and 1% respectively

Table 5. Descriptive statistics of the variables on some perceptions of farmers' feeling of safety regarding the

future of dairy farming in the model

Cizelge 6. Modelde stit isletmelerinin gelecegine iliskin ¢ift¢ilerin giivenlik hissine iliskin bazi algilaria 1lgili

degiskenlerin tanimlayici istatistikleri

Perceptions Definition Definition of variables Mean S.D.
Structural characteristics ~ Relating to herd size, race, . . _ .
of dairy farm lactating, type of cow 1= Dissatisfy.... 5= Satisfy 1.65 0.256
Dairy cattle technology Directly correlated with the . ) e
used by farmers technology used by farmers 1= Dissatisfy.... 5= Satisfy 2.23 0.611
Government support and Farmers’ opinion about . ) 3 )
policies government support 1= Dissatisfy.... 5= Satisfy 1.88 0.256
Extension and advisory Information about dairy . . _ .
services farming 1= Dissatisfy.... 5= Satisfy 2.29 0.611
. Selling products through . . .
Marketing different channels 1= Dissatisfy.... 5= Satisfy 1.89 0.305
. . Veterinary medicine used . . e
Veterinary medicines b