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ABSTRACT Biochemistry
Helichrysum arenarium, commonly known as the immortal or

everlasting flower, is a member of the Asteraceae family celebrated for Research Article

its potential medicinal properties. This study aims to elucidate the

phenolic profile and antioxidant properties of H. arenarium using Article History
advanced analytical techniques. Methanol extract of H. arenarium was Received: 09.09.2024

analyzed using Liquid Chromatography coupled with Tandem Mass Accepted: 25.12.2024
Spectrometry (LC-MS/MS) to identify and quantify various phenolic

compounds. The phenolic profile revealed high concentrations of luteolin Keywords

(744.57 mg 100! g'1), quercetin (113.13 mg 100! g'1), and naringenin Helichrysum arenarium
(229.60 mg 100! g'1), while other compounds were below the limit of Phenolic compounds
quantification. The antioxidant capacity was evaluated using DPPH, Antioxidant capacity
ABTS, CUPRAC, and FRAP assays, showing moderate activity compared Methanol extract

to standard antioxidants such as BHA, BHT, and Trolox. The methanol LC-MS/MS

extract exhibited DPPH and ABTS radical scavenging activities of

19.14% and 26.91%, respectively, with FRAP and CUPRAC absorbance

values of 0.441 and 0.653. These findings highlight the potential of H.

arenarium as a source of natural antioxidants and pave the way for

future research to optimize its therapeutic applications, especially in

combating oxidative stress-related conditions.

Helichrysum arenarium Ekstraktlarimin Fenolik Profili ve Antioksidan Kapasitesi: Kapsamli LC-
MS/MS ve Antioksidan Analizi

OZET Biyokimya

Helichrysum arenarium, halk arasinda ¢liimsiiz veya sonsuz ¢i¢ek olarak

bilinen, Asteraceae familyasina ait bir bitkidir ve potansiyel tibbi Aragtirma Makalesi
ozellikleriyle taninmaktadir. Bu calismanmin amaci, H. arenarium'un

fenolik profilini ve antioksidan 6zelliklerini ileri dizey analitik Makale Tarihgesi
tekniklerle agikliga kavugsturmaktir. H. arenarium'un metanol ekstrakti, Gelig Tarihi  :09.09.2024
cesitli fenolik bilesenleri tanimlamak ve miktarlarini belirlemek tizere Kabul Tarihi :25.12.2024

Sivi  Kromatografi-Tandem  Kiitle Spektrometrisi (LC-MS/MS)

kullanilarak analiz edilmistir. Fenolik profil, luteolin (744.57 mg 100! g° Anahtar Kelimeler
1), kuersetin (113.13 mg 100! g'1) ve naringenin (229.60 mg 100! g'1) gibi Altin otu

yuksek konsantrasyonlarda bilesenler icerirken, diger bilesenler tespit Fenolik bilesikler
simiriin altindadir. Antioksidan kapasite, DPPH, ABTS, CUPRAC ve Antiosidan kapasite
FRAP testleri kullanilarak degerlendirilmis ve standart antioksidanlar Metanol ekstrakti
olan BHA, BHT ve Trolox ile karsilagtirildiginda orta derecede aktivite LC-MS/MS
gozlenmigtir. Metanol ekstrakti, DPPH ve ABTS radikal temizleme

aktiviteleri sirasiyla %19.14 ve %26.91, FRAP ve CUPRAC absorbans

degerleri ise sirasiyla 0.441 ve 0.653 olarak belirlenmigstir. Bu bulgular,

H. arenarium'un dogal antioksidan kaynagi olarak potansiyelini

vurgulamakta ve 6zellikle oksidatif stresle ilgili kogullarla mucadelede

terapotik uygulamalarini optimize etmek i¢in gelecekteki arastirmalarin

yolunu agmaktadir.

AutfIgin: Ugur, Y., & Giizel, A., (2025). Helichrysum arenarium Ekstraktlarinin Fenolik Profili ve Antioksidan Kapasitesi:
Kapsamli LC-MS/MS ve Antioksidan Analizi. KSU Tarim ve Doga Derg 28 (1), 1-8. DOI: 10.18016/
ksutarimdoga.vi.1545680.
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INTRODUCTION

Helichrysum arenarium, commonly known as the immortal or everlasting flower, is a species of flowering plant in
the Asteraceae family, renowned for its diverse pharmacological properties and traditional medicinal uses. It has
been traditionally utilized in various cultures for its medicinal properties, including its purported anti-
inflammatory, antimicrobial, and antioxidant activities (Eroglu et al., 2010; Umaz et al., 2023). Recent research
has increasingly focused on the biochemical constituents of this plant, particularly its phenolic compounds, which
are known for their significant antioxidant properties and potential health benefits. The presence and
concentration of these phenolic compounds are critical in understanding the therapeutic efficacy of H. arenarium.

Phenolic compounds, a diverse group of secondary metabolites, play a crucial role in protecting plants against
oxidative stress. They are also recognized for their ability to scavenge free radicals, thereby mitigating oxidative
damage to cells and tissues. In the context of human health, phenolics have been linked to a reduced risk of chronic
diseases associated with oxidative stress, such as cardiovascular diseases and cancer (Miller & Rice-Evans, 1997;
Prior & Cao, 2000; Boudet, 2007; Halliwell & Gutteridge, 2007; Necip et al., 2021; Kaygisiz et al., 2024; Ugur et
al., 2024; Zengin et al., 2024). Understanding the profile of phenolic compounds in H. arenarium and their
antioxidant efficacy is essential for harnessing its full therapeutic potential. In this context, Liquid
Chromatography coupled with Tandem Mass Spectrometry (LC-MS/MS) has emerged as a powerful analytical
technique for the precise identification and quantification of phenolic compounds in plant extracts. LC-MS/MS
provides high sensitivity and specificity, allowing for the detailed characterization of complex mixtures (Gao & Hu,
2015). This method is particularly valuable for profiling the diverse array of phenolic compounds present in H.
arenarium and determining their relative concentrations.

To evaluate the antioxidant capacity of H. arenarium, several assays were employed, including ABTS (2,2'-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid)), DPPH (2,2-diphenyl-1-picrylhydrazyl), FRAP (Ferric Reducing
Antioxidant Power), and CUPRAC (Cupric Reducing Antioxidant Capacity), tests. These assays are widely used to
assess different mechanisms of antioxidant activity, providing a comprehensive overview of the plant's potential
to neutralize oxidative species.

This study aims to elucidate the phenolic profile of H. arenarium and its antioxidant properties. This information
will not only enhance understanding of the plant's medicinal value but also contribute to the development of
natural antioxidants for therapeutic applications.

METHODS and MATERIALS
Chemicals

The compounds listed below were employed as standards in the LC-MS/MS analysis: acetohydroxamic acid (98%),
vanillic acid (>97%), catechin hydrate (> 99%), resveratrol (99%), thymoquinone (>97%), caffeic acid (98%), gallic
acid (98%), salicylic acid (99%), p-hydroxybenzoic acid (99%), phloridzin dihydrate (> 99%), oleuropein (> 80%),
myricetin (>96%), 2-hydroxy-1,4-naphthoquinone (97%), kaempferol, quercetin (98%) (>97%), and alizarin (97%)
from Sigma-Aldrich (Darmstadt, Germany); protocatechuic acid (97%), naringenin (>95%), butein (>98%), luteolin
(>98%), and silymarin 95%) from Merck (Darmstadt, Germany), ellagic acid (95%) and syringic acid (97%) from
Fluka (Buchs, Switzerland); curcumin (>99.5%) from Supelco (USA). Butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA), trolox, trichloroacetic acid (TCA), and 1,1-diphenyl-2-picryl-hydrazyl (DPPH) were obtained
from Sigma-Aldrich (Germany), and potassium persulfate (K2S20s), CuClz, 2,2-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid (ABTS), and potassium ferricyanide [KsFe(CN)s] were obtained from Merck (Darmstadt, Germany).

Plant Samples

Helichrysum arenarium L. Moench plant was collected in May at Celikhan town, Adiyaman, Turkey. The herb was
washed with pure water and then dried in the shade at room temperature.

The Plant Sample Extraction

A 5 g portion of the powdered sample was subjected to extraction using 50 mL methanol as the extraction solvent,
employing the maceration technique at ambient temperature for 24 hours. Following the extraction, the solution
was filtered and evaporated to yield a dry extract. This extract was then reconstituted to a 1 mg mL! concentration
and utilized for assays evaluating antioxidant capacity as well as for LC-MS/MS analysis.



KSU Tarim ve Doga Derg 28 (1), 1-8, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (1), 1-8, 2025 Research Article

LC-MS/MS Analyses

The analysis of 24 phytochemicals was conducted using a Shimadzu Nexera HPLC system coupled with a dual
mass spectrometer (Kyoto, Japan). The liquid chromatograph was outfitted with LC-30AD binary pumps, a DGU-
20A3R degasser, a SIL-30AC autosampler, and a CTO-10AS column oven. Separation of the analytes was achieved
on an Inertsil ODS4 C18 reversed-phase analytical column (150 mm X 4.6 mm, 3 pm particle size). Gradient elution
was performed at a flow rate of 0.5 mL min?! and a column temperature of 40°C, with an injection volume of 4.0
pL. The mobile phase consisted of solvent A (water containing 5.0 mM ammonium formate and 0.1% formic acid)
and solvent B (methanol containing 5.0 mM ammonium formate and 0.1% formic acid). The gradient elution
program was as follows: 40-90% B from 0 to 20 minutes, 90-99% B from 20 to 23 minutes, 99-40% B from 23 to 24
minutes, and 4% B from 24 to 29 minutes. Mass spectrometric detection was carried out using a Shimadzu LCMS
8040 triple-quadrupole mass spectrometer equipped with an electrospray ionization (ESI) source, operating in
positive and negative ionization modes. Data acquisition and analysis were performed with Shimadzu
LabSolutions software (Kyoto, Japan). Quantification of the analytes was achieved using multiple reaction
monitoring (MRM) mode. Phenolic compounds were analyzed with two or three transitions per compound: the
primary transition was used for quantification, while the additional transitions provided confirmation of the
results.

Antioxidant Capacity

To determine the antioxidant capacity, the following tests were applied: DPPH free radical, ABTS cation radical scavenging
activity, cupric reducing (CUPRAC), and ferric reducing (FRAP) methods (Miller, 1971; Elmastas et al., 2006; Apak
et al., 2004). UV/VIS Spectrophotometer (Shimadzu 2000S Model, Japan) was used for the detection of antioxidant
capacity.

Statistical Analysis

The results were expressed as arithmetic mean + standard error of the mean (sem); n = 3. Subsequently, the Tukey
test was conducted to compare the antioxidant activity (DPPH, ABTS, FRAP, and CUPRAC) between the methanol
extract, BHA, BHT, and Trolox. The results indicated significant differences across the treatments for all assays
(p <0.00D.

Multiple linear regression analyses (Shimadzu LabSolutions software, Kyoto, Japan) were conducted to detect the
concentrations of phenolic compounds identified in the LC-MS/MS data.

RESULTS and DISCUSSION

The LC-MS/MS system, noted for its high selectivity and sensitivity, was utilized to analyze phytochemicals
present in Helichrysum arenarium. Key analytical parameters such as limits of detection (LOD), limits of
quantification (LOQ), linear ranges, and coefficient of determination (R2) for the studied analytes were determined,
as summarized in Table 1.

Linear regression analyses were conducted to detect the concentrations of phenolic compounds identified in the
LC-MS/MS data. Notably, all compounds exhibited a strong relationship (R? > 0.99), underscoring the high
explanatory power of the regression models and the accuracy of the employed methodology. For instance, the linear
regression equation derived for luteolin, y = 1389x - 40923, yielded an R? value of 0.9988. This correlation between
luteolin concentration and peak area highlights the robustness of the analytical approach and the reliability of the
quantification results.

For the phytochemical determination, a methanol extract of H. arenarium was utilized with the LC-MS/MS
technique. Acetohydroxamic acid, catechin hydrate, syringic acid, fumaric acid, caffeic acid, phloridzin dihydrate,
myricetin, quercetin, butein, naringenin, luteolin, and kaempferol from phenolic compounds were quantified in the
methanol extract of H. arenarium. The concentration of luteolin was notably high at 744.57+4.21 mg 100! g'1, while
quercetin and naringenin concentrations were 113.13+1.22 mg 100! g’ and 229.60+3.15 mg 100! g1, respectively.
p-hydroxybenzoic acid, thymoquinone, curcumin, protocatechuic acid, salicylic acid, resveratrol, 2-hydroxy-1,4-
naphthoquinone, ellagic acid, silymarin, and alizarin were under LOQ (Table 2).

The antioxidant capacity of the methanol extract of H. arenarium plant was assayed with the following tests:
DPPH free radical scavenging, ABTS cation radical scavenging, cupric reducing (CUPRAC), and ferric reducing
(FRAP). Results of antioxidant capacity are given in Table 3. DPPH and ABTS results were expressed as
percentage radical scavenging activity, and CUPRAC and FRAP results were expressed as absorbance.
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Table 1 Analytical parameters for LC-MS/MS analysis (Ugur & Giizel, 2023)
Cizelge 1. LC-MS/MS analizi i¢in analitik parametreler

Compounds Retentign time PrecursQr ion Produc_t ion Linear regression LO]? LOQ R Linear r_ange
(min) (m z1) (m z1) (pgL)  (ug L) (pg LY
Acetohydroxamic acid 0.406 76.15 58 y=216.91x + 6165.8  6.90 23.01  0.9989 20-750
Syringic acid 3.001 199.1 140.1 y=112.03x +1316.1  2.88 9.61 0.9994 10-500
Vanillic acid 2.762 168.95 65 y =48.343x + 662.5 84.78  282.61 0.9993 250-1000
Resveratrol 3.606 229 135 y =733.34x - 69955  41.83 139.43  0.999 250-1000
Thymogquinone 3.337 165 137 y =349.23x - 2887.4  7.64 25.47  0.9971 20-500
Caffeic acid 2.836 179 135 y=1227.2x - 5396.5  2.87 9.58 0.9948 10-100
Gallic acid 1.278 169.1 124.9 y =305.07x - 1859.3 3.92 13.06  0.9981 10-100
Protocatechuic acid 3.556 181 108 y = 1382.2x - 4393.1 2.76 9.20 0.9967 10-500
p-hydroxybenzoic acid 3.5655 137.2 93.1 y = 3831.2x - 94423 8.92 29.74  0.9996 40-500
Oleuropein 3.567 539.1 377 y =324.26x - 5388.8  7.17 23.90 0.9997 40-750
Salicylic acid 3.5658 137.2 93 y = 3838.2x - 149277 22.88 76.25  0.9977 75-1000
2-Hydroxy-1.4-naphthoquinone 3.664 173.1 145 y =461.45x - 4553.8 2.07 6.91 0.9989 10-500
Phloridzin dihydrate 3.594 435.1 273.1 y=120.23x - 9479.5 81.80 272.67 0.9989 250-1000
Ellagic acid 3.681 301.1 228.9 y=18.841x +911.46 23.74 79.14  0.9967 100-1000
Myricetin 3.644 317 179.1 y = 588.4x - 4990.6 4.34 14.45  0.9987 20-500
Butein 3.935 271 134.9 y = 62.943x - 2793 38.50 128.20  0.996 100-1000
Quercetin 3.891 301.1 150.9 y =150.09x - 422.87 7.79 25.98  0.9997 20-500
Silymarin 3.996 481.1 453.1 y=199.91x + 950.97  8.00 26.70  0.9997 40-750
Naringenin 3.952 271 150.9 y = 700.8x - 26469 68.40 228.10 0.9997 250-1000
Kaempferol 4.298 285 117 y=62.513x - 821.08  3.90 13.00  0.9982 20-1000
Luteolin 4.069 285 150.9 y = 1389x - 40923 6.40 21.40  0.9988 40-1000
Catechin hydrate 2.532 291 139.1 y=1717.9x - 563.99  2.05 6.84 0.9988 10-750
Alizarin 4.594 239 211 y=26.512x - 1721 15.30 51.10  0.9991 60-2000
Curcumin 4.672 367.1 216.9 y=1908.9x - 8252.1  12.80 42.70  0.9994 40-1000
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The methanol extract of H. arenarium exhibited moderate antioxidant activity in comparison to synthetic
antioxidants (BHA and Trolox). The DPPH radical scavenging activity of the extract was 19.14+2.13%, significantly
lower than that of BHA (47.03+6.39%) and Trolox (57.81+4.09%). The ABTS assay revealed similar patterns, with
the extract showing 26.91+2.60%, compared to BHA (93.65+4.71%) and Trolox (90.03+3.07%). Statistical analysis
using the Tukey test indicated significant differences in antioxidant activity between the extract and the
standards, p <0.001. The test confirmed that the activity of the extract was significantly lower than both BHA and
Trolox (p < 0.001, Table 3).

Table 2 Results of qualitative and quantitative determination of phytochemicals in H. arenarium extract by LC-
MS/MS
Cizelge 2. H. arenarium ekstrakindaki fitokimyasallarin LC-MS/MS ile kalitatif ve kantitatif tayin sonuglari

Compounds Means + sem (mg 100! g'1) Compounds Means + sem (mg 100! g'1)
Acetohydroxamic acid 23.23+0.17 Kaempferol 202.63+7.90
Catechin hydrate 3.09+0.10 2-Hydroxy-1,4-naphthoquinone <LOQ
Syringic acid 5.22+0.13 Curcumin <LOQ
Fumaric acid 50.28+5.72 Ellagic acid <LOQ
Caffeic acid 136.24+0.42 Thymoquinone <LOQ
Phloridzin dihydrate 190.87+6.93 Protocatechuic acid <LOQ
Myricetin 10.87+0.83 Salicylic acid <LOQ
Quercetin 113.13+1.22 Silymarin <LOQ
Butein 10.83+0.21 Resveratrol <LOQ
Naringenin 229.60+3.15 phydroxybenzoic acid <LOQ
Luteolin 744.57+4.21 Alizarin <LOQ

Data represent arithmetic mean + standard error of the mean (sem) of three independent samples.

Table 3 Antioxidant capacity of 0.2 mg/mL concentration of H. arenarium extracts, BHA, BHT, and trolox
Cizelge 3. 0.2 mg/mL H. Arenarium ekstrakti, BHA, BHT ve Trolox’a ait antioksidan kapasite sonuglari

DPPH ABTS FRAP CUPRAC
(Absorbance)
Methanol extract 19.14+2.13P 26.91+2.60¢ 0.441+0.020¢ 0.653+0.0114
BHA 47.03+6.392 93.65+4.712 0.669+0.034P 1.995+0.010b
BHT 21.71+4.21b 58.21+2.66P 1.232+0.0342 2.278+0.0212
TROLOX 57.81+4.092 90.03+3.072 1.265+0.0282 1.812+0.032¢
p 0.001 0.001 0.001 0.001

Data represent average values + standard deviation of three independent samples. Different letters @dl indicate significant
differences according to a Tukey test. (P < 0.001).

The growing interest in natural products as therapeutic agents is evident in the increasing use of these substances
to address various diseases. As a result, research into the effectiveness of plant-derived compounds has gained
significant traction, highlighting their potential as novel treatment options. Among these compounds, phenolic
substances are particularly noteworthy. These secondary metabolites, produced by plants, play crucial roles in
their defense mechanisms, protecting them from herbivores, pests, pathogens, and a range of environmental
stressors. Phenolic compounds are known for their diverse biological and pharmacological activities. They exhibit
potent antioxidant properties, which help neutralize harmful free radicals in the body (Cuhaci et al., 2021).
Additionally, they possess anti-inflammatory effects that can mitigate chronic inflammation, a key factor in many
diseases. Their anti-tumor and anti-cancer properties are also of considerable interest, as they could potentially
play a role in cancer prevention and treatment. Moreover, phenolic compounds have demonstrated antiviral and
anti-allergic activities, further underscoring their potential therapeutic benefits (Sarker & Oba, 2020; Giil¢in et
al., 2002). Recent studies have highlighted the effectiveness of these phenolic compounds, particularly in the
prevention and management of chronic conditions. They are increasingly recognized for their potential to address
neurodegenerative diseases, such as Alzheimer's and Parkinson's, as well as metabolic disorders like diabetes (La
Fata et al., 2014). Furthermore, their role in combating cardiovascular diseases and cancer underscores their
importance in modern therapeutic strategies. As research continues, the full range of benefits offered by these
plant-derived compounds is likely to become even more apparent.

In the present study, different amounts of acetohydroxamic acid, catechin hydrate, syringic acid, fumaric acid,
caffeic acid, phloridzin dihydrate, myricetin, quercetin, butein, naringenin, luteolin, and kaempferol in the
methanol extract of H. arenarium were detected. In terms of phytochemical content, the high concentration of
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luteolin aligns with previous studies (Sroka et al., 2004; Babota et al., 2018), which identified luteolin as a major
phenolic compound in H. arenarium. And also, the results of luteolin, kaempferol, naringenin, caffeic acid, syringic
acid, protocatechuic acid, and quercetin were comparable to those previously reported (Gradinaru et al., 2014;
Grinev et al., 2016; Babota et al., 2018; Pljevljakusié et al., 2018). In one study conducted in Poland, Sroka et al.
(2004) quantified caffeic acid, syringic acid, p-hydroxybenzoic acid, kaempferol, quercetin, and protocatechuic acid
by HPLC in different solvent extracts of H. arenarium. On the contrary, p-hydroxybenzoic acid and protocatechuic
acid were under LOQ in the present study. Babota et al. (2018), low amounts of luteolin and kaempferol in H.
arenarium were found between 5.76-9.98 and 7.16-181.23 mg 100! g using different extraction solvents,
respectively. On the other hand, Jarzycka et al. (Jarzycka et al., 2013) found high amounts of naringenin (1740 mg
1001 g'1) by HPLC in H. arenarium. The differences between the phenolic compounds in H. arenarium plant depend
on the soil, the processes after harvesting, the extraction process, and the analysis methods.

As shown in Table 3, the antioxidant capacity of H. arenarium extracts was compared with those of butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and trolox. H. arenarium extract showed lower activity
than BHA, BHA, and trolox in all test results, too. The results of this study confirm the moderate antioxidant
activity of Helichrysum arenarium methanol extracts, which were less potent compared to synthetic antioxidants
such as BHA and Trolox. The significant difference in activity, as indicated by the Tukey test results (p < 0.001),
suggests that while the extract has potential as a natural antioxidant, its efficacy is not as high as that of
commercial alternatives. In previous studies, Babota et al. (2018) reported that the antioxidant capacity of H.
Arenarium extract was 4.04 mg mL1 (ABTS) and 4.91 mg mL! (DPPH). Umaz et al. (2023), the antioxidant activity
results in two different populations of the H. Arenarium, found as 114.8-118.8 mg 100! g1 and 0.642-0.766
absorbance according to DPPH and CUPRAC tests, respectively. The results obtained by Babota et al. (2018) using
the DPPH and ABTS assays are significantly lower compared to the findings of the present study (Tablo 3). In
addition, the DPPH assay results reported by Umaz et al. (2023) are also lower than those observed in the present
study. On the other hand, the results from the CUPRAC assay conducted by Umaz et al. align closely with the
results of the present study (Tablo 3). Antioxidant activity is primarily associated with phenolic compounds, which
exhibit their effects through various mechanisms such as scavenging free radicals, providing reducing power, and
chelating metal ions (Giillhan & Yangilar, 2022). The effectiveness of these compounds in combating oxidative
stress is largely due to their phenolic hydroxyl groups. These hydroxyl groups are crucial, as they significantly
enhance the compounds' ability to neutralize free radicals, thus contributing to their overall antioxidant potential
(Isik, 2020; Giizel & Elmastas, 2020).

The major phenolic compounds reinforce the potential of H. arenarium as a source of natural antioxidants.
However, the moderate antioxidant activity observed may be due to factors such as extraction methods or
environmental influences on the phytochemical content. Future research should focus on optimizing extraction
methods to enhance the bioavailability of these phenolic compounds and further explore the therapeutic potential
of H. arenarium extracts.

CONCLUSION

The analysis of Helichrysum arenarium using LC-MS/MS successfully identified and quantified several key
phenolic compounds, including luteolin, quercetin, and naringenin, which are known for their antioxidant
properties. Despite the moderate antioxidant activity of the methanol extract, as compared to synthetic
antioxidants such as BHA, BHT, and Trolox, the presence of high levels of phenolic compounds suggests that H.
arenarium has significant potential for further research and application as a natural antioxidant. The variations
in antioxidant activity observed in different studies highlight the impact of extraction methods and plant sources
on the efficacy of H. arenarium. Future studies should prioritize refining extraction processes and further
elucidating the bioactive mechanisms of its phenolic components. Such efforts are critical to fully unlocking the
therapeutic potential of H. arenarium, particularly in combating oxidative stress-related disorders and supporting
the development of novel, natural antioxidant therapies.
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ABSTRACT

Nanoparticle applications have been studied in many fields in recent
years. Among these studies, the synthesis of nature-friendly and health-
friendly nanoparticles through green synthesis attracts much attention.
These investigations also highlight the significance of several plant
species, many of whose worth and traits remain unknown. The goal of
this work is to create zinc oxide and selenium nanoparticles from
Verbascum kotschyi Boiss. & Hohen., a plant species that hasn't received
much attention, and to ascertain the antioxidant and antibacterial
qualities of these nanoparticles. To accomplish this, three distinct
techniques (DPPH, CUPRAC, and FRAP) were used to assess the
produced nanoparticles' in vitro antioxidant capabilities after SEM, EDX,
and FTIR analyses. Furthermore, the disk diffusion technique was
utilized to ascertain the antibacterial efficacy of these nanoparticles
against both gram-positive and gram-negative bacteria and fungus. In
conclusion, V. kotschyr-derived zinc oxide nanoparticles outperformed
selenium nanoparticles in terms of antibacterial activity. But when it
came to antioxidant activity, selenium nanoparticles outperformed zinc
oxide nanoparticles. Thus, it was determined that the products created
by nanoparticle synthesis from Verbascum kotschyi have properties that
can be used in different fields.

OZET

Son yillarda nanopartikillerin birbirinden farkli alanlarda kullanimi
arastirilmaktadir. Bu calismalar iginde o6zellikle yesil sentez ile doga
dostu ve saghga faydali nanopartikiillerin sentezi oldukg¢a ilgi
cekmektedir. Aym1 zamanda bu ¢alismalar ile degeri ve pek ¢ok 6zelligi
bilinmeyen ¢ok sayida bitki tiriiniin 6nemi de agiga ¢ikarilmaktadir. Bu
nedenle bu bitki tiirlerinden biri olan ve tzerinde nanopartikil
calismalar1 yapilmayan bir tiir olan Verbascum kotschyriden ¢inko oksit
ve selenium nanopartikiller sentezleyip bu nanopartikillerin
antimikrobiyal ve antioksidan 6zelliklerini belirlemek amaclanmistir.
Verbascum kotschyriden sentezlenen nanopartikillerin SEM, EDX, FTIR
analizleri yapildiktan sonra ii¢ farkli yéntemle (DPPH, CUPRAC ve
FRAP) in vitro antioksidan kapasiteleri belirlenmistir. Ayrica disk
difizyon yontemi ile gram-pozitif, gram-negatif bakteriler ve mantar
tizerine antimikrobiyal etkisi belirlenmistir. Sonug olarak Verbascum
kotschyrden sentezlenen ¢inko oksit nanaopartikiiller selenyum
nanopartikillere kiyasla daha fazla antimikrobiyal 6zellik sergilemistir.
Ancak selenyum nanaopartikiiller ¢inko oksit nanaopartikiillerden daha
etkin antioksidan 6zellik sergilemistir. Boylece Verbascum kotschyinin
nanopartikill sentezi ile olusturulabilecek triinleri sayesinde farkl
alanlarda kullanilabilecek 6zelliklere sahip oldugu tespit edildi.
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INTRODUCTION

Because they differ from their bulk form in industrial domains by having specific electrical and optical properties,
nanoparticles are useful across several domains, such as the agricultural, environmental, and biomedical (Nayak
et al., 2021). In many areas, nanoparticles have been widely applied. Physical and chemical techniques are the
primary means of identifying the nanoparticle synthesis processes; nevertheless, these techniques can be costly,
hazardous, and adsorb on the nanoparticle surface (Mosalam & Marzouk, 2013; Kalishwaralal et al., 2016).
Because of its advantages, including cost-effectiveness, ease of use and speed in manufacturing, friendliness with
the environment, and other advantages, plant-mediated creation of nanoparticles has garnered an abundance of
attention lately (Singh et al., 2014).

It is possible to create selenium nanoparticles using chemical, biological, and physical techniques. High
temperatures, dangerous substances, and an acidic pH are required for chemical and physical procedures; these
conditions are very hazardous and unfit for biological use (Iranifam et al., 2013). However, the biological production
of SeNPs (Selenium Nanoparticles) is nontoxic, affordable, environmentally benign, and safe (Wadhwani et al.,
2016). Furthermore, the organic materials that naturally coat the surface of biologically produced SeNPs make
them more stable because they prevent nanoparticles from aggregating over time (Park et al., 2011).

The scientific community worldwide has been captivated by zinc oxide nanoparticles due to their exceptional
catalytic activity, semiconducting nature, and ultraviolet filtration capabilities (Nagajyothi et al., 2013).
Furthermore, reports indicate that these nanoparticles are biocompatible, non-toxic, and safe for biological systems
(Anjum et al.,2021; Agarwal & Shanmugam, 2020; Bhuyan et al., 2015). Because zinc oxide nanoparticles can take
in dangerous radiation like UV-A and UV-B, they are also used in sunscreen lotions and cosmetics (Ramesh et al.,
2014). Zinc oxide is safe and can be utilized as a medicine, according to the US Food and Drug Administration
(Lopez De Romana et al., 2002). To eliminate infectious microorganisms, zinc oxide nanoparticles can be employed
as an antibacterial substance. Shape, particle size, concentration, and duration of being in contact with the
bacterial cell all affect how they inflict harm to the cell wall, seep inside, build up in the cell membrane, and
eventually cause death by interfering with metabolic activities (Siddigi et al., 2018).

Crucial trace elements in living things, zinc and selenium are crucial for immune system function, antioxidant
defense, and antitumor activity in humans. Because biosynthesized zinc and selenium nanoparticles are more
biodegradable, less toxic, and easily removed from the body, they are very advantageous (Zhuang et al., 2007;
Schomburg, 2017).

Around 360 species of Verbascum L. (Scrophulariaceae) are known to exist in the world. There are roughly 249
species in Tiirkiye, among these, 191 are endemic (Huber-Morath, 1978; Georgiev et al., 2011; Giiner et al., 2012).
Verbascum species, also referred to as "sigirkuyrugu," have been utilized as a sedative, expectorant, mucolytic,
anti-diarrheic, diuretic, and wound healer in traditional Turkish folk medicine (Baytop, 1999; Tuzlaci & Erol, 1999;
Sezik et al., 2001).

The purpose of the selection of the V. kotschyi species in this study is to show the species' widespread spread in
the Mardin province, the plant is being used for medical purposes by the public; and no previous study has been
done (Mungan Kili¢ & Kilic, 2022; Eksik, 2020).

MATERIALS and METHODS

The aerial sections of Verbascum kotschyi were gathered from Mardin (Tiirkiye) - Mardin - Ortakéy highway,
roadside, 37°17'07"N 40°46'32"E, 742 m altitude, on 11 May 2022. Flora of Tiirkiye (Huber-Morath, 1978) and
Flora of Tiirkiye checklist (Giiner et al., 2012) were used to identify plant species. An expert in botany verified the
plants (Dr. Fatma Mungan Kili¢c, Mardin Artuklu University), and one voucher specimen (Voucher No: M. Kili¢
264) was kept at Mardin Artuklu University in Tiirkiye.

60 g of V. kotschyi sample, which had been dried in the shade, was combined with 900 ml of distilled water and
stirred with a magnetic stirrer for four hours at 60 °C. After passing through filter paper, the plant extraction was
obtained. The extract was split into two halves. For 20 minutes at 60 °C, 250 ml of plant extract and 200 ml of 0.1
M Zn(CH3C00)22H20 were mixed in the first section. This solution appeared to be lightening in color. When the
second portion of the extract (250 ml of plant extract) was mixed with 50 mM Na2SeOs and heated to 60 °C for 20
minutes, a reddish color shift was noticed. The absorbance of both extracts was then recorded in the 200—800 nm
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range using the UV-VIS spectrophotometer following a 24-hour incubation period at room temperature. Following
a 30-minute centrifugation at 5000 rpm for both solutions, the precipitates were incubated for three hours at 100
°C in etuve.

By measuring the DPPH radical reduction potential of zinc nanoparticles (VkZnO) and selenium oxide
nanoparticles (VkSe) produced from V. kotschyi using 60 uM DPPH radical solution, an antioxidant capacity
analysis test was carried out. Trolox and the sample (VkZnO, VkSe) produced at several doses (10, 20, 30 ug m11)
were measured for their absorbance at 517 nm to determine their DPPH reduction capacities (Makhlouf-Gafsi et
al., 2018).

The FRAP technique was employed to analyze the antioxidant capacity of VkZnO and VkSe solutions at varying
concentrations. The solutions were mixed with 20 mM FeCls solution and FRAP reagent (10 volumes of 0.3 M
acetate buffer (pH:3.6), 1 volume of 10 mM TPTZ solution, and 1 volume of 20 mM FeCls.6H20 solution), and their
total absorbance at 593 nm was noted (Giilcin, 2012).

The CUPRAC technique was used to perform antioxidant testing. VkZnO, VkSe, and Trolox solutions were made
at varied concentrations. 0.01 M CuCls, 7.5x10-3 M neocuprin solution, and 1 M ammonium acetate buffer (pH:
6.5) were included, and their absorbances were measured at 450 nm (Apak et al., 2007).

The molecular structure of the V. kotschyr-derived nanoparticles was determined by SEM, EDX, and FTIR
analyses. Zinc oxide nanoparticles (VkZnO) at a concentration of 100 mg ml! and selenium oxide nanoparticles
(VkSe) at a concentration of 60 mg ml!, which were produced from V. kotschyi, were used for antimicrobial activity
testing. Water acted as the negative control in these tests, while the antibiotic rifampin (5 pg) acted as the positive
control. Using the disk diffusion technique, antimicrobial activity tests were conducted on gram (-) bacteria (P.
aeruginosa, E. coli, K. pneumoniae), gram (+) bacterium (S. aureus), and fungus (C. albicans) Wayne, 1997).

Statistical Analysis

In this investigation, every experiment was carried out in triplicate. The findings are presented as the mean value
+ standard deviation. To ascertain if the antioxidant and antimicrobial properties of VkZnO and VkSe varied
substantially from one another, data were analyzed using a one-way ANOVA for multiple comparisons of means.
The threshold for statistical significance was p<0.050. Statistical analyses were performed separately for each
method in antioxidant analyses. This statistical study revealed that VkZnO had antibacterial activity. VkSe and
VkZnO showed antioxidant capacities, especially VkSe, in CUPRAC, FRAP, and DPPH methods. p<0.050 was
found in the antibacterial and antioxidant tests with nanoparticles. The intergroup significance Fp: 0.027 in the
FRAP method, significance Cp: 0.030 in the CUPRAC method, and intergroup significance Dp: 0.026 in the DPPH
method were found. Significance p:0.000 was found in antimicrobial analyses.

RESULTS and DISCUSSION

UV-VIS, SEM-EDX, and FTIR analyses were carried out to elucidate whether the nanoparticles synthesized from
Verbascum kotschyi were synthesized chemically and the molecular structure of the synthesized nanoparticles.
Figure 1 displays the UV-VIS data of zinc oxide and selenium oxide nanoparticles that were made from V. kotschyi.
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Figure 1. UV-VIS spectrophotometer results of VkZnO and VkSe nanoparticles
Sekil 1. VkZnO ve VkSe nanopargaciklarinin UV-VIS spektrofotometre sonuglari
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The highest absorbance of VkZnO was measured at 290 nm. The synthesis of the zinc oxide nanoparticle is shown
by this peak. SPR (surface plasmon resonance) happens when light interacts with the movable surface electrons
of VkZnO nanoparticles (Akintelu & Folorunso, 2020; Al-Dhabi & Arasu, 2018). The synthesis of zinc oxide
nanoparticles was demonstrated by the appearance of the peak at 295 nm wavelength, which is where the SPR of
VkZnO nanoparticles is produced (Rajakumar et al., 2018; Akintelu & Folorunso, 2020).

The surface plasmon vibration peak at 300 nm in the UV-VIS spectrum seen in Figure 1 verified the production of
VkSe nanoparticles (Yang et al., 2008; R. R. Mishra et al., 2011; Mishra et al., 2013; Srivastava & Mukhopadhyay,
2015). SEM images of zinc oxide nanoparticles produced from V. kotschyi are displayed in Figure 2.

VkZnO was visible in SEM pictures as stones and pieces of broken rock. It failed to take on a regular, symmetrical
form. Figure 3 shows VkSe nanoparticle SEM images.

A0 L0 1 —_— sE 30w WDPrm 5540

Figure 2. VKZnO nanoparticles SEM images
Sekil 2. VkZnO nanopargaciklarinin SEM gériintiileri

Figure 3. VkSe nanoparticles SEM images
Sekil 3. VkSe nanoparcaciklarinin SEM goriintiileri

12



KSU Tarim ve Doga Derg 28 (1), 9-19, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (1), 9-19, 2025 Research Article

In the SEM images, VkSe produced tiny spherical spots and patterns that resembled reliefs on karst cave ceilings.
Figure 4 displays the VkZnO nanoparticle EDX (Energy Dispersive X-Ray Spectroscopy) data.

In
Ca Zn
(K Fe Fe
KigCa Fe Fe
——
. 5
Elt. [ Line [ Intensity | Error [ Conc [ Units &
(csh 2-sig
O Ka 48.71 2.176 3.091 wt.% 7
Al Ka 16.11 3.204 0.483 wt.%
Si Ka 43.04 3.655 1.006 wt.%
P Ka 887.12 8.433 | 18.451 wt.%
K Ka 13.53 3.438 0.228 wt.%
Ca Ka 91.11 3.889 1.494 wt.%
Fe Ka 25.45 2.912 0.571 wt.%
Ka 1,317.08 | 9.681 | 74.675 | wt.% Zn
Total | 100.000 | wt.%
. %
5

Figure 4. EDX spectroscopy results of VkZnO nanoparticles
Sekil 4. VkZnO nanoparg¢aciklarinin EDX spektroskopisi sonuglari

VkZnO nanoparticles' elemental composition was ascertained by EDX analysis. In addition to Zn and O, the data
show that VKZnO also contains elements like P and Ca.

Figure 5 shows the VkSe nanoparticles EDX data.

Elt. | Line | Intensity | Error | Conc Units

(csh 2-sig
C Ka 1,002.42 | 8.442 | 68.494 wt.%
(0] Ka 84.65 2.883 | 9.540 wt.%

Si Ka 223.96 5.510 | 2.412 wit.%

P Ka 568.21 7.261 | 6.111 wt.%
K Ka 100.17 4214 | 1.102 wt.%
Ca Ka 218.75 4841 | 2.492 wt.%
Fe Ka 43.30 2.873 | 0.954 wt.%
Se Ka 65.69 2.691 | 8.895 wt.% "
Total 100.000 | wt.% h [
o T —— A‘
5

Figure 5. EDX spectroscopy results of VkSe nanoparticles
Sekil 6. VkSe nanopargaciklarinin EDX spektroskopisi sonuglari
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Selenium oxide nanoparticles were produced from V. kotschyi, as demonstrated by the results of the EDX study.
Figure 6 shows the VkZnO nanoparticles' FTIR (Fourier Transform Infrared Spectroscopy) findings.
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Figure 6. FTIR analysis results of VkZnO nanoparticles
Sekil 6. VkZnO nanoparg¢aciklarinin FTIR analiz sonuglari

The intergroup vibration peaks in the 2988, 1394, 1043, and 574 cm™ bands were produced by VkZnO
nanoparticles. A variety of bioactive compounds, including amines, carboxylic acids, phenols, and alcohols, may
help to stabilize zinc oxide nanoparticles (Fakhari et al., 2019). The aromatic C=C bond is shown by the stretching
of 1394 cm'!, the C-O stretching is demonstrated by the observed peak of 1043 cm™!, and the Zn-O stretching is
indicated by the bands of 574 cm'! (Dole et al., 2011; Sangeetha et al., 2011; Kumar et al., 2014; Fakhari et al.,

2019).
Figure 7 displays the VkSe nanoparticles FTIR analysis findings.

100 f
gl I ‘
/M //—"a-,.r v N\ f'-. ""\.' |'A\ |
\ v YY)
98 -"'"""“""".‘ / \ / rl (1] ] [V =
. || [l fud.?.
&, ‘ f | |570.21
S / | | ,‘#_(,_2% | sa8.28
- & <
— 3675.96 || I} S
= | 1394.10 ||
04 — [l
[ A 535.35
|
(| ‘
92 |
n |
2988.58 ,
90 o
1066.28
T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
cm!

Figure 7. FTIR analysis results of VkSe
Sekil 7. VkSe'nin FTIR analiz sonuglari

The molecular bonds of VkSe nanoparticles gave vibration peaks in the 3675, 2988, 1394, 1250, 1066, 604, 570,
548, 535, and 487 cm™! bands. The FTIR spectrum's stretching vibration bands, which range from 604 to 487 cm,
could show how Se-NPs attach to (OH) groups as Se-O (Salem et al., 2021). FTIR analysis results of VkSe and

VKkZnO are presented in Table 1.
Table 2 displays the findings of the antioxidant investigation performed with VkZnO and VkSe nanoparticles.
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Table 1. FTIR analysis results of VkSe and VkZnO
Cizelge 1. VkSe veVkZnO'nun FTIR analiz sonuglari

Samples vil}:;fix(‘)fgzgks Molecular group References
VkZnO, VkSe 2988 cm'! Methyl, methylene, (Kora & Rastogi, 2016; Kumar et al., 2014)
and methoxy groups
VkZnO, VkSe 1394 cm-! Aromatic C=C bond (Dole et al., 2011; Kumar et al., 2014; Pillai
et al., 2020)
VkZnO 1043 cm'! C-0 (Sangeetha et al., 2011; Kumar et al., 2014)
VkZnO 574 cm’! Zn-0 stretching (Kumar et al., 2014; Fakhari et al., 2019).
VkSe 3675 cm’! O-H (Pillai et al., 2020)
VkSe 1066 cm™! C-0O vibration (Kumar et al., 2014)
VkSe 604 - 487 cm! Se-O (Salem et al., 2021)

Table 2. Antioxidant capacity test results of VKZnO and VkSe nanoparticles
Cizelge 2. VkZnO ve VkSe nanopargaciklarinin antioksidan kapasitesi test sonuglari

DPPH CUPRAC FRAP
Samples ICso T?olox T?olox T?olox
(ug ml") equivalent (Aos) equivalent (Aos) equivalent
" (ug ml') (pg ml?) (ug ml)
VkZnO 37.63 £0.02 0.643 195.8+0.020 0.0958 166.55+0.01 0.0811
VkSe 16.71+0.01 1.448 100.88+0.05 0.186 83.77+0.03 0.161
Trolox 24.21+0.05 - 18.75+0.5 - 13.5+0.05

Ao,5: Concentration corresponding to 0.5 absorbance, ICso: Concentration that inhibits 50% of the radical.

In the DPPH method, ICs0 values were calculated with the help of the graph and equation created with the %
inhibition values corresponding to different concentration values of nanoparticles and are presented in Table 2. In
CUPRAC and FRAP methods, the increase in absorbance is directly proportional to the amount of antioxidants.
In these methods, concentrations(Ao.) corresponding to 0.5 absorbances were calculated for both nanoparticles and
Trolox with the help of the linear graph created using the absorbance values corresponding to the concentration
values. ICs0 and Ao values of both nanoparticles and standard (Trolox) were calculated (Ercan et al., 2024). Thus,
they were compared in terms of antioxidant capacity. Additionally, in Table 2, the antioxidant capacities of both
nanoparticles in the three methods are given as Torolox equivalents. The antioxidant properties of both
nanoparticles were less active compared to Trolox. According to the DPPH, CUPRAC, and FRAP techniques, VkSe
nanoparticles showed greater antioxidant capabilities than VkZnO nanoparticles.

Table 3 presents the antimicrobial analysis findings for VkZnO and VkSe nanoparticles.

Table 3. Inhibition zone diameters (mm) for VkZnO and VkSe nanoparticles in antimicrobial tests
Cizelge 3. Antimikrobiyal testlerde VkZnO ve VkSe nanoparcaciklarinin inhibisyon bélgesi caplar: (mm)

Samples P. aeruginosa K. pneumoniae E. coli S. aureus C. albicans
VkZnO 8.0+£0.0 10.0+1.40 12.0+0.05 11.3+1.15
VkSe - 7.0£0.0 - - -
Rifampin 16.0+3.6 12.3+0.6 11.3+1.15 20.0£0.0 12.6+1.50

When it came to antibacterial characteristics, VKZnO nanoparticles outperformed VkSe nanoparticles. In
comparison to zinc nanoparticles, selenium nanoparticles had a very slight inhibitory impact on K. pneumoniae.
However, VKZnO showed an inhibitory effect on P. aeruginosa, K. pneumoniae, E. coli, and S. aureus bacteria.
VkZnO exhibited an inhibitory effect of 50% on P. aeruginosa, 81.3% on K. pneumoniae, 106.2% on E. coli, and
56.5% on S. aureus compared to the rifampin antibiotic. Zinc oxide nanoparticles react in both acidic and alkaline
environments and release free Zn2+* ions as a result of their amphoteric nature. When these free Zn2* ions interact
with biomolecules like proteins and carbohydrates, they may disrupt the essential processes of bacteria (Siddiqi et
al., 2018). Zinc oxide nanoparticles may have an advantage over selenium nanoparticles in antibacterial activity
testing due to this characteristic. Antioxidant characteristics were demonstrated by both V. kotschyi nanoparticles.
One of the generated nanoparticles, VkSe, had a higher antioxidant activity.

There are few studies on V. kotschyi in the literature. If we talk about some studies conducted with Verbascum
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species; Silver nanoparticles were synthesized with Verbascum thapsus and their photocatalytic activities were
examined (Elemike et al., 2016). The antimicrobial activity of Verbascum olympicum Boiss., Verbascum prusianum
Boiss., and Verbascum bombyciferum Boiss species was examined and it was reported that Verbascum L. species
demonstrated antibacterial efficacy against gram (+) bacteria, and yeasts, but did not show activity against gram
(-) bacteria (Diilger et al., 2002). According to different research, V. sinuatum’ beneficial bioactive components
have anti-inflammatory, anti-cancer, cardiovascular, antibacterial, antidiabetic, and neuroprotective properties
(Donn et al., 2023). Because of its antioxidant and antibacterial properties, Verbascum pseudoholotrichum has
also been proposed as a food, chemically based, and pharmacology agent (Yabalak et al., 2022). Verbascum thapsus
was used to create gold nanoparticles, which were then shown to have antiproliferative properties in a different
study (Soto et al., 2022). Verbascum thapsus was used to create zero-valent iron nanoparticles once more, and the
activity of Cr (VI) reduction was measured (Saleh et al., 2021).

V. sinaiticum showed antibacterial, antifungal, and antioxidant properties and this plant was highly suitable for
the synthesis of Zinc-ferric bimetallic nanoparticles (Dinakarkumar et al., 2024). ZnONPs can be used in many
biomedical applications such as anticancer, wound healing, drug delivery, antibacterial and diabetes treatment,
anti-inflammation, and biological imaging (Emsen et al., 2023; Jiang et al., 2018; Mishra et al., 2017; Xiong, 2013;
Zhang & Xiong, 2015). SeNPs are nanomaterials that attract attention due to their various therapeutic benefits
such as anticancer, antioxidant, anti-inflammatory, and anti-diabetic effects (Khurana et al., 2019). V. kotschyi
has not been the subject of any nanoparticle research reported yet. Unknown plants must be discovered and various
species with antibacterial and antioxidant capabilities must be introduced via the manufacturing of nanoparticles.
This study will introduce V. kotschyi and close what is lacking in the literature concerning V. kotschyi.

CONCLUSIONS and SUGGESTIONS

Because of their antioxidant and antibacterial qualities, Verbascum kotschyi-derived zinc and selenium oxide
nanoparticles are good candidates for application in a range of product development fields, encompassing food
preservatives, pharmaceuticals, and cosmetics. The durable and advantageous properties of V. kotschyi
nanoparticles, a little-known species, may make them useful in product development.
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ABSTRACT Plant Physiology
The present study was carried out to evaluate the effect of bisphenol A )
(BPA) on Lemna gibba, a free-floating aquatic macrophyte, in a climate Research Article

cabinet under controlled conditions. L. gibba was collected from natural . .
water sources in Gaziantep (Tiirkiye) and acclimatized for two weeks in Artl‘cle Hlstory'
containers containing 10% nutrient solution. Macrophytes were treated Recieved ) 05.04 2024
with 1.5, 17.2, and 50 mg/L: BPA for 96 hours. Chlorophyll a, chlorophyll Accepted Ll
b, carotenoid, protein, and total soluble carbohydrate contents were K d

. . L . .. eywords
declined following BPA application. Contrary to this, an elevation in the Bisfenol A
contents of NP-SH, H202 and malondialdehyde were detected. In )
conclusion, correlation analyses showed that the changes may be related
to BPA-induced oxidative stress.

Lemna gibba,
Physiological effects,
Oxidative stress

Bisfenol A'nin Serbest Yiiziicii Makrofitlerden Lemna gibba L. Uzerindeki Baz Fizyolojik Etkileri

OZET Bitki Fizyolojisi
Bu calisma, kontrolli kosullar altinda bir iklimlendirme dolabinda )
BPA'nin Lemna gibba uzerindeki etkisini belirlemek amaciyla yapildi. Aragtirma Makalesi

Makrofitler Gaziantep’teki (Tirkiye) dogal su kaynaklarindan toplandi ; ;
ve %10 besin ¢ozeltisi iceren kaplarda iki hafta boyunca aklimatize edildi. Maljrale T'ar.lhge‘m
Makrofitler 96 saat boyunca 1.5, 17.2 ve 50 mg/L BPA ile muamele edildi. Gelis Tam}.u. ) 05.042024
BPA’nin klorofil a, klorofil b, karotenoid, protein ve toplam ¢éziuntir Kabul Tarihi  ©21.11.2024
karbonhidrat iceriginde azalmaya neden oldugu belirlendi. Bunlarin .

aksine, protein olmayan silfidril gruplar (NP-SH), H:0: ve gi?%za§0¥§lmeler
malondialdehit (MDA) iceriklerinde artislar tespit edildi. Sonuc olarak, ;

L bba,
korelasyon analizleri bu degisikliklerin BPA kaynakli oksidatif stresle Fg;:lf)jfli etiiler
iligkili olabilecegini gostermektedir. Oksidatif stres ’

Atif Igin ©  Dogan, M., Yilmaz, S., & Sahin Yigit, S. (2025). Bisfenol A'nin Serbest Yiiziicii Makrofitlerden Lemna gibba L.
Uzerindeki Bazi Fizyolojik Etkileri. KSU Tarmm ve Doga Derg 28 (1), 20-24. DOI: 10.18016/ksutarim
doga.vi.1465787
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INTRODUCTION

Industrially important monomer, bisphenol A (BPA: 2,2-Bis (4- hidroksifenil) propane; Fig. 1) is a synthetic
chemical used extensively to synthesize epoxy resins, polymer materials, and polycarbonate plastics. For example,
BPA is found in baby bottles, water bottles, dental fillings, thermal paper, toys, medical devices, etc. Therefore,
since it has widespread use in many products, it causes a wide distribution of BPA in the environment, thus it
appears as a potential pollutant (Manzoor et al., 2022).

The duckweed contains the smallest flowering plants. Therefore, it can be considered as a model plant. Due to
their wide tolerance range, they have a high potential to be used in bioremediation studies. Due to their high
protein content, they can be used as feed for fish, other animals, and even humans. Additionally, they may be
important to use as a biofuel due to their high starch content (Coskun et al., 2018). L. gibba can continue to grow
in eutrophied waters with low oxygen and excess carbon dioxide, low light, and very salty waters. On the other
hand, it is considered as a potential indicator for the aquatic ecosystems (Thingujam et al., 2024).

Pollution of the environment due to anthropogenic activities causes negative effects on living things. The
deterioration of environmental health caused by rapid industrialization, urbanization, and increasing population
pressure brings along many environmental problems. In addition, although studies on the structure, amount,
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physicochemical behavior, and effects of pollutants have increased greatly in recent years, more research is still
needed on the effects of these pollutants on living things. Therefore, this study was carried out to determine the
effects of BPA, which is an important environmental pollutant, on some physiological properties of L. gibba, a free-

floating macrophyte.
CHs

|
HO C OH

|
CHs

Fig. 1. Structure of BPA
Sekil 1. BPA'nin yapisi
MATERIALS and METHODS

Plant material and BPA treatment

L. gibba was collected from water bodies in the province of Gaziantep (Tiirkiye) and acclimated to 10% nutrient
solution in a climate chamber (Snijders Scientific, Netherlands) in determined conditions (light/dark regimes of
16/8 h, light level 120 nE.m2.s'1, temperature 23+1 °C) for two weeks before BPA treatments. Three different BPA
concentrations were applied in the study. The BPA concentration of 1.5 mg/L was chosen because it is the upper
safe limit for drinking water according to the US EPA (Geens et al., 2011). The concentration of 17.2 mg/L is the
hazardous landfill leachate concentration (Yamamoto et al., 2001). The concentration of 50 mg/L was preferred
because it causes possible contamination by BPA and this concentration is often used to indicate the toxicity of
BPA in plants (Dogan et al., 2010; Cinar & Dogan, 2020). Thus, healthy macrophytes were treated with
concentrations of 1.5, 17.2, and 50 mg/L of BPA with 10% nutrient solution (Oztiirk et al. 2002) in triplicate in 100
ml glass vessels. A 10% nutrient solution (without BPA) was used as a control. The macrophytes were harvested
after 96 hours. Ultrapure water was used in all applications and analyses. The reagents used in the study were of
analytical grade.

Physiological analysis

Chlorophyll a (Chl a), chlorophyll b (Chl b), and carotenoid contents were determined spectrophotometrically
according to Lichtenthaler & Wellburn (1985). The anthrone method was used to measure total soluble
carbohydrate content (Plummer, 1978) using glucose as standard. The method introduced by Lowry et al. was used
to determine the protein content using bovine serum albumin as standard (Lowry et al., 1951). Non-protein
sulfhydryl groups (NP-SH) were determined according to Ellman’s method (Ellman, 1959). Malondialdehyde
(MDA) level was determined by Zhou (2001). Hydrogen peroxide was determined according to Sergiev et al. (1997).

Data Analysis

Statistical analyses were performed using the SPSS software program. The least significant difference (LSD) test
was used to compare the data. Pearson correlation was applied to evaluate the relationship among physiological
changes.

RESULTS and DISCUSSION

Plants need the synthesis and accumulation of organic substances for growth and development, which in turn
depends on their photosynthesis. Chlorophyll molecules bound to the proteins of photosynthetic membranes
harvest sunlight (Von Wettstein et al., 1995) Carotenoids are photosynthetic pigments that play an important role
in physiological processes such as light harvesting and energy transfer, photoprotection, and stabilization of light-
harvesting pigment-protein complexes (Sutherland et al., 2022) Therefore, since the chlorophyll content is directly
related to photosynthesis, respiration, and energy (Qiu et al., 2013) the effect of BPA applications on the
photosynthetic pigment content of L. gibba was determined (Fig. 2). Chlorophyll content was dose-dependent
manner decreased at 1.5, 17.2 and 50 mg/L BPA concentrations by 3.1% (p=0.631), 7.5% (p=0.228) and 43.7%
(p=000086), respectively, when compared to the control. Similarly, chlorophyll a and carotenoid contents at 50 mg/L
BPA decreased by up to 34.3% (p=0.02) and 40.5% (p=0.01), respectively, when compared to the control.
Photosynthesis is strongly affected by stress factors, including BPA (Qiu et al., 2013). Previous studies have
reported that BPA causes oxidative stress by triggering the formation of reactive oxygen species (ROS) in plants
(Dogan et al., 2020; Qiu et al., 2013; Dogan et al., 2012). There was a positive relationship between H202 content
and photosynthetic pigments (r=0.703 and p=0.011 for Chl a; r=0.552 and p=0.063 for Chl b; and r=0.629 and
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p=0.028 for carotenoids). Besides, regression analysis showed a positive correlation between MDA content and
photosynthetic pigments (r=0.708 at p=0.010 for Chl a, r=0.563 at p=0.057 for Chl b, and r=0.632 at p=0.027 for
carotenoids). According to the findings, BPA reduced the photosynthetic pigment content in L. gibba cells, which
may be due to the oxidative stress of BPA. Furthermore, the decrease in BPA-treated L. gibba may be due to
peroxidation of chloroplast membrane lipids (Cinar & Dogan, 2020; Qiu et al., 2013 ).
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Fig. 2. Photosynthetic pigment contents of L. gibba after BPA applications. Different letters indicate statistical
significance according to the LSD test (p<0.05).
Sekil 2. BPA uygulamalar1 sonrasi L. gibba'nin fotosentetik pigment igerikleri. Farkhh harfler LSD testine gore
istatistiksel 6nemi géstermektedir (p<0.05).

Protein content and their statistical evaluations of L. gibba tissues are presented in Fig. 3. Protein content was
decreased at 1.5, 17.2, and 50 mg/L BPA as 3.1% (p=0.811), 29.0% (p=0.047) and 58.3% (p=0.02), respectively, when
compared to the control. Correlation analyses showed that there was a positive relationship between H202 content
and protein content (r=0.600; p=0.039). The findings may indicate that BPA is mediated by oxidative stress
resulting in ROS production in L. gibba cells, thus may be a reason for the decreased protein content (Dogan et al.,
2012; Cinar & Dogan, 2020; Halliwell, 1987).

Total soluble carbohydrate contents at 1.5, 17.2, and 50 mg/L BPA were found to be decreased by 26.9% (p=0.023),
35.8%(p=0.006), and 36.9% (p=0.005), respectively, when compared to the control (Fig. 3). The positive correlation
was found between the H202 and total carbohydrate contents suggesting BPA elicited oxidative stress (r=0.015;
p=0.964). Chronic exposure to BPA has been reported to cause oxidative stress and impair carbohydrate
metabolism through the downregulation of carbohydrate metabolizing enzymes (Ul Haq et al., 2020).

There is evidence that non-protein thiols contribute to plant stress tolerance. In the majority of aerobic cells, the
main non-protein thiol is glutathione (GSH), which is an important antioxidant, playing a central role in ROS
scavenging in the GSH-ascorbate cycle (Noctor et al., 2012). In L. gibba, NP-SH content increased up to 79.9% by
BPA (p=0.00007) (Fig. 4). Positive correlation was determined between NP-SH and H:20: contents (r= 0.543;
p=0.088). This may indicate that increased GSH content under stressful conditions is related to the tolerance of L.
gibba to BPA stress.

As previously mentioned, BPA causes oxidative stress by inducing ROS. For this purpose, H2Oz and MDA contents
were determined to evaluate whether BPA caused oxidative stress in L. gibba cells. H2Oz content increased by
17.1% (p=0.058) and 20.1% (p=0.031) in 1.5 and 17.2 mg/L BPA, respectively, compared to control, but decreased
by 82.4% (p=0.003) in 50 mg/L BPA (Fig. 4). MDA is an important biomarker of oxidative stress (Dogan et al. 2010;
Akbulut et al., 2020). Similar findings were also found in MDA content (Fig. 4). Correlation analysis revealed a
significant and positive relationship between H20: and MDA (r=0.994; p<0.00001), confirming the status of
oxidative stress.
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Fig. 3. Protein and total carbohydrate contents of L. gibba after BPA applications. Different letters indicate
statistical significance according to the LSD test (p<0.05).
Sekil 3. BPA uygulamalarindan sonra L. gibba'min protein ve toplam karbonhidrat igerikleri. Farkli harfler
LSD testine gore istatistiksel 6nemi gostermektedir (p<0.05).
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Fig. 4. NP-SH, H202, and MDA contents of L. gibba after BPA applications. Different letters indicate statistical
significance according to the LSD test (p<0.05).
Sekil 4. BPA uygulamalar sonras: L. gibba'min NP-SH, H202 ve MDA igerikleri. LSD testine gore farkli harfler
istatistiksel anlamhilig1 gostermektedir (p<0,05).

CONCLUSION

This study investigated the effects of BPA on some physiological processes in L. gibba to clarify the effect of BPA
on aquatic plants and to provide a reference for the assessment of the ecological risk of BPA in the environment.
It was determined that BPA caused a decrease in photosynthetic pigments, protein, and total soluble carbohydrate
contents. On the other hand, increased NP-SH contents may be related to their tolerance to BPA-induced stress.
It was demonstrated by the increase in the content of H20z2, a type of ROS, that BPA triggered oxidative stress in
L. gibba cells. In addition, an increase in MDA, which is both an indicator of oxidative stress and a marker of lipid
peroxidation, clearly demonstrated this situation as well.
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ABSTRACT Plant Physiology
Nanotechnology can be most simply defined as technology at the .
nanoscale. Heavy metal stress often induces reactive oxygen species Research Article
(ROS) and causes oxidative stress. Antioxidant enzymes, metabolites, . .
. . . . . Article History

flavonoids, carotenoids, polyols, cytosolic ascorbate, and peroxiredoxin Received : 09.08.2024
play roles in ROS scavenging. Certain antioxidant enzymes such as Aecelve d :20'12'2024
catalase (CAT), ascorbate peroxidase (APX), superoxide dismutase ECophe Tarene
(SOD), and glutathione reductase (GR) defend against metal toxicity. In

. . . . . . Keywords
this study, the effects of zinc nanoparticles on certain biochemical o

. . 5 Antioxidant system
parameters in the leaves of bean (Phaseolus vulgaris L.) were examined. Bean
For this purpose, ZnO nanoparticle concentrations of 0.1 mM, 0.01 mM, o
- . Nanoparticle

and 0.001 mM were applied. At the end of 120 hours, malondialdehyde, T el

proline, glutathione, total soluble protein, and the activities of superoxide
dismutase and catalase enzymes were determined. As a result, all
findings from this study revealed that ZnO nanoparticle applications
activated antioxidant defense mechanisms in the leaves of Phaseolus
vulgaris L. It was determined that the mentioned ZnO nanoparticle
exhibited more pronounced effects, especially at lower doses. Nano-sized
metals were found to exert toxic effects on the leaves of Phaseolus
vulgaris L."

OZET

Nanoteknolojinin en basit tanimi, nanoskalada teknoloji olarak ifade

Cinko Oksit Nanopartikiiliiniin Fasulye Bitkisi Yapraklarinda Antioksidan Sistem Uzerine Etkileri

Bitki Fizyolojisi

edilebilir. Agir metal stresi genellikle reaktif oksijen tiirlerini (ROS) Aragtirma Makalesi
indukler ve oksidatif stres olusturur. Antioksidan enzimler, metabolitler,

flavonoidler, karotenoidler, polioller, sitozolik askorbat ve Makale Tarihgesi
peroksiredoksin gibi maddeler ROS temizlenmesinde rol oynar. Katalaz Gelig Tarihi  :09.08.2024
(CAT), Askorbat peroksidaz (APX), Siiperoksit dismutaz (SOD) ve Kabul Tarihi :20.12.2024
Glutatyon rediiktaz (GR) gibi baz1 antioksidan enzimler metal

toksisitesine  karsi savunma yapar. Bu calismada, c¢inko Anahtar Kelimeler
nanopartikiiliiniin fasulye (Phaseolus vulgaris L.) yapraklarindaki baz Antioksidan sistem
biyokimyasal parametreler tizerindeki etkileri incelendi. Bu amagla 0.1 Fasulye

mM, 0.01 mM ve 0.001 mM ZnO nanopartikiill konsantrasyonlari Nanopartikiil

uygulandi. 120 saat sonunda malondialdehit, prolin, glutatyon, toplam Cinko oksit

cOozlUnur protein ve superoksit dismutaz ve katalaz enzim aktiviteleri
belirlendi. Sonug olarak, bu ¢alismadan elde edilen tiim sonuglar ZnO
Nanopartikil uygulamalarinin Phaseolus vulgaris L. yapraklarinda
antioksidan savunmay: aktive ettigini ortaya koydu. Bahsi gegen ZnO
nanoparc¢acigin, 6zellikle diigiik doza baglh olarak daha ciddi etkiler
gosterdigi belirlendi. Nano boyuttaki metaller, Phaseolus vulgaris L.
yapraklarinda toksik bir etki olusturdu.
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INTRODUCTION

The simplest definition of nanotechnology is nanoscale technology (Ramsden, 2016). Metallic nanoparticles
increase seed germination, shoot and root growth, biomass production, and physiological activity (E1-Gazzar et al.,
2020). Plants produce reactive oxygen species in response to stress from various effects. Abiotic stresses such as
UV rays, heavy metals, salinity, drought, herbicides, high temperature, and pollution are among these effects
(Mehla et al., 2017). Oxidative stress occurs when the balance between antioxidants and reactive oxygen species
(ROS) is disrupted. Nanotoxicity is also a factor that can cause oxidative stress (Cekic et al., 2017). Nanomaterials
can induce excessive ROS production as a regulatory mechanism to protect stressed plant cells from further
oxidative damage (Venkatachalam et al., 2017). Concentrations of nanoparticles (NPs) above the optimal ranges
of metals such as Zn, Cu, Ag, Ce, and Ti produce stress and/or toxicity by generating ROS and disrupting cellular
metabolism (Mehla et al., 2017). ZnO NPs affect the normal functionality of cells by causing changes in the
structures of molecules such as proteins and DNA. Genotoxicity studies have shown that ZnO NPs affect plant
DNA (Reddy et al., 2018). It has been stated that the application of ZnO and CuO NPs can lead to the oxidation
and denaturation of proteins and the alteration of their structure and functions (Hidour et al., 2022). By controlling
glucose metabolism and promoting the activity of antioxidant enzymes, ZnO nanoparticles improve the stress
resistance of plants (Liu et al., 2022). Stress-responsive genes and transcription factors, which adapt to different
stress situations, are distributed differently in response to stress signals, also causing the formation of ROS.
Nanomaterials can boost photosynthesis, encourage plant development, and increase biomass and protein levels
(Fazelian et al., 2020). Nevertheless, they have the potential to alter crop plant morphology and physiological
processes when administered in high quantities. For example, the application of large concentrations of NPs in the
root zone inhibits root growth, modifies the uptake of water and nutrients, and decreases leaf development and
biomass output (Usman et al., 2020). Zinc oxide nanoparticles (ZnO NPs) have been shown to improve plant
metabolism by increasing plant defense and stress tolerance (Hidour et al., 2022). However, some harmful effects
of NPs on chlorophyll have resulted in oxidative stress, which slows down plant growth by affecting photosynthesis
(Li et al., 2016). Nanotechnology is fundamentally a mindset—a way of thinking about the world based on precise
perceptions at the atomic level. Zinc is an essential micronutrient for plants and plays a vital role in metabolic
activities, including the synthesis and breakdown of macromolecules necessary for growth. It is crucial for
chlorophyll synthesis and plays an important role in regulating plant growth hormones such as Indole-3-acetic
acid IAA) (Reddy et al., 2018). Many previous studies have reported the harmful effects of ZnO NPs on different
plant species. For example, ZnO NPs have been shown to inhibit the growth of wheat and soybean plants (Salehi
et al., 2021). In studies by Reddy-Pullagurala et al., ZnO NPs at 100 mg/L gradually delayed the germination
period of Macrotyloma uniflorum. Under similar cultivation conditions, 1600 mg/L of ZnO NPs reduced
germination by 40% in Medicago sativa and 20% in Solanum lycopersicum (Reddy et al., 2018). There are studies
(Liu et al., 2022) indicating that ZnO NPs have increased the growth rate, enhanced biomass, and improved root
growth of cluster bean (Cyamopsis tetragonoloba L.) and pearl millet (Pennisetum americanum) by promoting the
increase of certain enzymes. Similar results have been observed in tomatoes (Solanum Iycopersicum) and cabbage
(Brassica oleracea 1..), as well as in plants such as lettuce (Lactuca sativa L.). The main outcomes include positive
changes in internal components such as chlorophyll, carbohydrates, and antioxidant enzymes (Liu et al., 2022).
This study investigated the effects of ZnO nanoparticles at different concentrations on the antioxidant defense
system of bean plant leaves at the 120th hour. Previous studies have highlighted both the positive and negative
effects of ZnO nanoparticles (NPs) on plant growth; however, this study specifically investigates the impact of ZnO
NPs on the antioxidant defense system of the bean plant.

MATERIAL and METHOD

Experimental Material

In our study, oilseed beans (Phaseolus vulgaris L.) seeds were used and obtained commercially. Germination tests
were conducted, and plant cultivation and application procedures were carried out. Samples were frozen in liquid
nitrogen and stored in a deep freezer at -40°C.

Germination of Plants and Formation of Experimental Groups

Following surface sterilization, seeds were soaked in water for 24 hours using an aquarium pump. Then, the
planting process was applied to pots. The seeds were grown under controlled conditions at 25+2°C with 60-65%
humidity. Plants irrigated with Hoagland culture solution (Hoagland and Arnon, 1938) were treated with ZnO
nanoparticles prepared at concentrations of 0.1 mM, 0.01 mM, and 0.001 mM, added to the irrigation water after
12 weeks. The pH of the prepared nutrient solution was adjusted to be in the range of 5.6—5.8. As a result of the
literature review, it was decided to use the current doses. Perlite was used as the cultivation medium. To observe
the long-term effects, samples were collected at the 120th hour and analyzed. The experimental materials were
grown in pots with a diameter of 21 cm and depth of 18 cm. The study was to include 12 pots for each concentration
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and time, and one seed per pot. Due to the possibility of insufficient germination, 6 pots were prepared as
replacements for each application and time. After applications, analyzes were performed with 6 randomly selected
plants from concentration and time and 6 randomly collected leaves from each of these plants. Subsequently,
samples were taken at 120 hours and transferred to the freezer. The results were analyzed with three replications.

Sampling of Plant Samples
Random samples were taken from plants in sufficient quantities, covered with aluminum foil, and rapidly frozen
in liquid nitrogen. They were stored for analyses to be conducted at a temperature of -40°C.

Antioxidant Enzyme Analyses

The Superoxide dismutase (SOD) enzyme activity was performed with reference to the method specified by Sairam
et al. (2002). The SOD activity was measured by recording a decrease in optical density of nitroblue tetrazolium
(NBT). 3 ml of assay mixture consisted of 13 mM methionine, 25 mM nitroblue tetrazolium chloride, 0.1mM EDTA,
50mM phosphate buffer (pH 7.8), 50 mM sodium carbonate and 0.1 ml enzyme. Reaction was initiated with the
addition of riboflavin and kept under two 15W fluorescent lamps for 15 minutes. Reaction was stopped by closing
the light and using assay mixture without enzyme, giving the maximum coloration, as control. Complete assay
mixture, which was not illuminated, was used as blank. SOD activity of one unit was defined as the amount of
enzyme needed to cause 50% inhibition of NBT at 560 nm and was expressed in Unit/g.

Catalase activity (CAT) determination was carried out according to Aebi (1984). To measure CAT activity, the
extract was combined with phosphate buffer and hydrogen peroxide (H202), and the variation in absorbance was
recorded at a wavelength of 240 nm.

Determination of Malondialdehyde Content

HPLC apparatus was used for the determination of malondialdehyde content (Karatas et al. 2002). After the
tissues were homogenized with Tris buffer, 1 mL of the resulting supernatant was taken and 10% perchloric acid
(HC104) was added. The mixture was centrifuged at 5000 rpm for 5 minutes. The supernatant was then analyzed
using an HPLC device through vials. In the HPLC system, a mobile phase consisting of a mixture of 30 mmol
KH2PO+ and methanol (%82.5-%17.5 with HsPOu at pH = 4.0) was used, along with an ODS-3 HPLC column (150
mm x 4.6 mm, 5 pm). The mobile phase flow rate was set to 1 mL/min, and the wavelength of the PDA detector
was set to 244 nm. The results were calculated using the calibration curve obtained from standard mixtures, and
the analysis was performed with Class VP 6.26 software (Shimadzu, Kyoto, Japan).

Prolin

The proline content was determined based on its reaction with ninhydrin which forms a colored complex. After
adding 2-propanol, the absorbance of the sample solution and a reference solution at 510 nm using a
spectrophotometer was determined. Results were expressed in proline milligrams per kilogram of honey (Codex
Alimentarius Commission 2001).

Total Soluble Protein
Total protein contents of yeast cells were determined as Lowry’s method (Lowry et al. 1951).

Measurement of GSH Content with HPL.C

The GSH content was determined using an HPLC apparatus (Klejdus et al. 2004; Yilmaz et al. 2009). 1 mL of
homogenate was taken, 1 mL of 10% TCA was added and it was deproteinized. After centrifugation at 6000 rpm,
1 mL was taken into autosampler vials. In quantitative measurements, analysis was performed using Shimadzu
brand fully automatic HPLC device at 214 nm, and LC-10 ADVP UV-visible pump, SPD-M10AVP, PDA detector,
CTO-10ASVP column oven, SIL-10ADVP autosampler, DGU-14A degasser unit and Class VP 6.26 operating
program (Shimadzu, Kyota Japan)

Statistical Analyses

All experimental data were replicated three times under the application conditions. The experimental groups were
subjected to a comparative analysis of variance with their respective control groups. The statistical analyses of the
data were performed using SPSS 25.0 software. Analysis of variance (ANOVA) and the least significant difference
(LSD) test were used to compare the groups with the control group. The data are presented as mean + SD (standard
deviation) and statistical significance was determined at p<0.05. Additionally, regression curves were statistically
determined.

RESULTS and DISCUSSION

Prolin Content

The table provides the analysis of proline content in samples taken from P. vulgaris L. leaves at 120-hour intervals
with NP applications. In the samples taken at 120 hours, a noticeable increase was recorded compared to the
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control. The application at 0.01 mM concentration at 120 hours showed a high increase compared to the control
but measured lower than other concentrations. The values at all of concentrations (p<0.05) are statistically
significant. There was a significant increase in proline values at 120 hours compared to the control. In conclusion,
ZnO NP significantly increased proline values at 120 hours.

Table 1. Effects of application group on Proline content in leaves of P. vulgaris L. plant
Cizelge 1. P. vulgaris L. bitkisi yapraklarinda uygulama gruplarinin Prolin miktarina etkileri

Application groups (120t hour) Proline content (mg/g)
Control 52,92+1.68
0.1 mM ZnO 70.97+1.2*
0.01 mM ZnO 82.00+1.1*
0.001 mM ZnO 83.90+1.2*

The evaluations in the tables were made between the control group and the other groups, and the statistical signs were observed
between the control group and the other groups. *: p<0.05

Proline plays a significant role in the physiological characteristics and growth of plants, assisting them in
overcoming various stresses (Hayat et al., 2012). The accumulation of proline is a common response to various
stresses (Verbruggen and Hermans, 2008) and is also an important indicator of lipid peroxidation (Dai et al., 2019).
It is evident that as the concentration of stress decreases, the amount of proline increases in this study. This
indicates that the plant is under stress. Additionally, it can be concluded that nanomaterials facilitate greater
absorption, leading to an increase in proline content through accumulation.

It should be noted that the study reported by Amooaghaie et al. (2016), suggesting that the application of
nanoparticles at low concentrations is suitable for plant growth, contradicts our findings. In their study, high
proline content was determined at low concentrations, indicating that the plant was under stress when evaluated
in conjunction with the antioxidant system. Due to differences in the material used, concentration, and method,
results may vary.

In the case of Zn nanoparticles applied to Faisal and Shiralee varieties of canola at different concentrations (5
mg/L, 15 mg/L, and 25 mg/L), it was reported that they caused an increase in proline content. For mustard plants
(B. juncea) treated with ZnO NPs, a gradual increase in proline content up to a concentration of 1000 mg/L in
leaves and a decrease at 1500 mg/L were observed (Rao & Shekhawat, 2013). These studies align with our results,
where an overall increase in proline content was determined.

Our research indicates that, at the 120th hour of application, the higher proline content compared to the control
suggests that the applied nanoparticle molecules create stress conditions in the plant, leading to an increase in
proline content as a part of the defense mechanism.
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Figure 1. Regression curve of Proline content of application concentrations at 120th hour
Sekil 1. Uygulama konsantrasyonlarinin 120. saatteki Prolin i¢erigine ait regresyon egrisi

Malondialdehyde Content

The table presents the effects of application groups on Malondialdehyde (MDA) content in leaves of Phaseolus
vulgaris L. plants, as observed in Table 2. At 120 hours of application, it was observed that ZnO applications at
120 hours caused the increased MDA content increased as the concentrations decreased and all ZnO aplications
higher than control.

28



KSU Tarim ve Doga Derg 28 (1), 25-35, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (1), 25-35, 2025 Research Article

Table 2. Effects of application group on Malondialdehyde (MDA) content in leaves of Phaseolus vulgaris L. plant
Cizelge 2. P.vulgaris L. bitkisi yapraklarinda uygulama gruplarinin Malondialdehit (MDA) igerigine etkileri

Application groups (120th hour) MDA content (nmol/g)
Control 88+31,6
0.1 mM ZnO 147.92+28.71*
0.01 mM ZnO 157.82+10.56*
0.001 mM ZnO 179.66+£23.31*

The evaluations in the tables were made between the control group and the other groups, and the statistical signs were observed
between the control group and the other groups. *: p<0.05

Hydroperoxides accumulating in the environment disrupt membrane integrity. Large classes of biomolecules are
affected by free radicals and their derivatives, with lipids being the most sensitive among them (Gulcin et al.,
2004). Biological membranes are composed of a combination of polyunsaturated fatty acids, amphipathic lipids,
and membrane proteins. Lipid peroxidation (LPO) is a process that begins with the oxidation of polyunsaturated
fatty acids by radicals and extends in the form of autocatalytic chain reactions, culminating in the conversion of
lipid peroxides into aldehyde derivatives, hydrocarbon radicals, and some volatile products (Unal, 1999; Kirecci,
2018). The membrane damage caused by lipid peroxidation (LPO) is irreversible.

At 120 hours, it was observed that as the concentration decreased in the ZnO application groups, the MDA content
increased. This indicates that over time, superoxide radicals increase the MDA content. In a study conducted by
Li et al. (2012) on tomato seedlings, it was noted that ZnO NPs applied to tomato seedlings (at concentrations of
10 and 50 mg/L) significantly increased the MDA content in the roots due to the increased concentration of H202.
In the same study (Li et al., 2012), despite the increase in H2Os content in wheat leaves, the unchanged MDA
content and SOD activity were associated with POD, CAT, GR, and APX activities, as well as osmotic regulation.

In cotton plants, it has been noted that exposure to high concentrations of nanoparticles leads to a decrease in the
activities of SOD, CAT, and POX enzymes, resulting in lower lipid peroxidation (low MDA) (Venkatachalam et al.,
2016). Faizan et al. (2021) reported a significant decrease in MDA by 31%, H202 by 28%, and Oz by 31%
concentrations in tomatoes upon the application of ZnO NPs. Separate applications of Zn and ZnO to tomato and
wheat plants showed a significant increase in MDA content and H202 accumulation in tomato plants, but in wheat
plants, although the H20:2 content slightly increased, the MDA content remained unchanged. However, 200 mg
Zn/L and ZnO resulted in a significant increase in MDA content in wheat. Sunflower plants have been shown to
exhibit effects related to water scarcity, such as electrolyte leakage, increased lipid peroxidation, H2O2 production,
and proline accumulation, causing damage to the membrane (Ramadan et al., 2022). In our study, it was concluded
that after a 120-hour nanoparticle application period, there was an increase in MDA content, and this increase
was particularly higher at low concentrations. Although zinc is a molecule required for plants, in nano size and at
low concentrations, it has caused increases in MDA content due to absorption.

MDA
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Figure 2. Regression curve of MDA content of application concentrations at 120th hour
Sekil 2. Uygulama konsantrasyonlarinin 120. saatteki MDA igerigine ait regresyon egrisi

Glutathione Content

The table examines the effects of application groups on Glutathione (GSH) content in leaves of Phaseolus vulgaris
L. plants, as observed in Table 3.Upon examining Table 3 regarding the effects on GSH content in the leaves of
Phaseolus vulgaris L. plants, the lowest GSH content was obtained at 120 hours with the application of 0.001 mM
ZnO nanoparticles (56.75+13.14 nmol/g), and this decrease was statistically significant (p<0.05).
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Table 3. Effects of application groups on Glutathione (GSH) content in leaves of P. vulgaris L. plant
Cizelge 3. P, vulgaris L. bitkisi yapraklarinda uygulama gruplarinin Glutatyon (GSH) miktarina etkileri

Application groups (120th hour) GSH content (nmol/g)
Control 335,91+33.6
0.1 mM ZnO 119.92+33.6*
0.01 mM ZnO 77.92+7.58*
0.001 mM ZnO 56.75+13.14*

The evaluations in the tables were made between the control group and the other groups, and the statistical signs were observed
between the control group and the other groups. *: p<0.05

Scientific observations on many plants have shown that glutathione is a significant player in determining their
relative tolerance. Glutathione plays a role in detoxifying reactive oxygen species (ROS) through the ascorbate-
glutathione cycle. Accumulated metal ions are detoxified by phytochelatins synthesized from glutathione in plants
exposed to heavy metals (Yadav, 2010). Oxidative stress occurs when the balance between ROS and antioxidant
defenses is disrupted (Tarrahi et al., 2018). Glutathione is a tripeptide found in various cellular organelles (Millar
et al., 2003). Glutathione is a non-enzymatic antioxidant. ZnO NPs can induce oxidative stress by disrupting
cellular metabolism or consuming cellular enzymatic and non-enzymatic antioxidants, thereby causing damage to
cellular lipids, proteins, and nuclear DNA (Alkaladi, 2019).

At 0.001 mM concentration, ZnO was measured at the lowest level of 56.75 nmol/g after 120 hours. A generally
decreasing level of GSH indicates an increase in oxidative stress. According to Alkaladi (2019), sub-lethal doses of
ZnO NPs in Nile tilapia plants inhibit the activities of glutathione reductase (GR), glutathione peroxidase (GPx),
and glutathione S-transferase (GST), alongside gene expression. Researchers reporting a decrease in GSH
(glutathione) levels also noted an increase in lipid peroxidation (LPO) levels, indicating a significant increase in
oxidative stress due to these results.

A study reports that Cu NP applied to tomato plants under salt stress resulted in a 13% increase in GSH levels
compared to the control group. The study indicates that applying only salt resulted in an 81% increase in GSH,
while Cu NP treatment led to a significantly high GSH content of 337%. According to the results, it was concluded
that Cu NP has a positive effect on the GSH content of the plant (Pérez-Labrada et al., 2019). In the current study,
however, the opposite result was obtained. It was observed that the application of ZnO NP led to a decrease in
GSH content. This result may be due to differences in the experimental material used. Additionally, Cu NP and
ZnO NP have different properties. Therefore, obtaining different results in living tissues, particularly in plants,
can be inevitable. Overall, the impact of nanoparticles is influenced by various factors, including dose, treatment
duration, application method, type of nanoparticle, and the plant species (Santas-Miguel et al., 2023).
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Figure 3. Regression curve of GSH content of application concentrations at 120th hour
Sekil 3. Uygulama konsantrasyonlarinin 120. saatteki GSH igerigine ait regresyon egrisi

Total Soluble Protein Content

Changes in total soluble protein content are seen in Table 4. When examining the effects on the total soluble
protein content in the leaves of Phaseolus vulgaris L. plants, it is observed that at 120 hours, as the concentrations
of ZnO decrease, the soluble protein content also decreases.

A study reported an increase in protein levels in tomato, cauliflower, and cabbage plants as a result of the optimal
use of ZnO NPs (Singh et al., 2013). Mehrian et al. (2015) investigated the effects of silver NPs on tomato plants.
According to this study, significant decreases in protein content were observed as the concentration of Ag NPs
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increased. In a study conducted with kidney beans, changes in Total Soluble Protein (TSP) content due to CeO2
NP applications were examined. The results indicated that protein content was not affected by the treatments
conducted for 7 days, but significantly high protein contents were determined in the roots. The study also reported
decreases in protein content in the leaves (Majumdar et al., 2014).

Table 4. Effects of application groups on Total Soluble Protein content in leaves of P.vulgaris L. plants
Cizelge 4. P. vulgaris L. bitkisi yapraklarinda uygulama gruplarinin Toplam (Céziinebilir Protein miktarina etkileri

Application groups (120th hour) Total Soluble protein Content (mg/g)
Control 1.61+0.19
0.1 mM ZnO 1.33+0.03*
0.01 mM ZnO 1.16+£0.01*
0.001 mM ZnO 1.28+0.04*

The evaluations in the tables were made between the control group and the other groups, and the statistical signs were observed
between the control group and the other groups. *: p<0.05

In a different study, the effects of ZnO NPs were investigated in Leucaena leucocephala plants under stress
conditions induced by Pb and Cd applications. According to the research findings, the total soluble protein content
did not increase in samples treated with ZnO NPs alone (Venkatachalam et al., 2017). A study reported that
salinity stress and the application of different concentrations of Zn NPs did not significantly affect the total soluble
protein values in spinach plants (Zafar et al., 2022). Additionally, a study conducted with corn plants suggests that
the negative effects caused by arsenic can be mitigated with ZnO NPs (Khan et al., 2022).

Similarly, in our study, decreasing protein contents were observed in leaf tissues, which is generally consistent

with the literature. Proteomic analyses are considered necessary for a better understanding of the mechanism.
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Figure 4. Regression curve of Total Soluble Protein content of application concentrations at 120th hour
Sekil 4. Uygulama konsantrasyonlarinin 120. saatteki Toplam (Céziinebilir Protein igerigine ait regresyon egrisi

Superoxide dismutase and Catalase enzyme activities

The superoxide dismutase (SOD) enzyme activity in leaves of Phaseolus vulgaris L. plants are presented in Table
5. The results obtained indicate that, in all concentrations of ZnO application, lower SOD enzyme activities were
determined compared to the control. The effects of application group on catalase (CAT) enzyme activity in the
leaves of Phaseolus vulgaris L. plants were examined based on the results in Table 5. It is observed that the effects
of ZnO NP increase in all concentrations compared to the control. It is observed that CAT activity increases with
decreasing concentrations of ZnO NP.

Table 5. The effects of application groups on Superoxide dismutase (SOD) and Catalase enzyme activities in leaves
of P. vulgaris L. Plant

Cizelge 5. P. vulgaris L. bitkisi yapraklarinda uygulama gruplarinin Siiperoksit dizmutaz (SOD) ve Katalaz
(CAT) enzim aktivitelerine etkileri

Application groups (120th hour) SOD Enzyme Activities (unit/g) ~ CAT Enzyme Activities (unit/g)
Control 7.82+0.37 66.65+0.67
0.1 mM ZnO 7.24+0.12* 121.09+4.44*
0.01 mM ZnO 7.20+£0.05* 132.31+5.61*
0.001 mM ZnO 7.18+0.2* 206.64+8.45*

The evaluations in the tables were made between the control group and the other groups, and the statistical signs were observed
between the control group and the other groups. *: p<0.05.
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In this current study, in the ZnO NP application group, the SOD activity is lower compared to the control group.
The lower SOD (Superoxide dismutase) activity at high concentrations may disrupt the antioxidant response
involved in clearing reactive oxygen species from leaves, similar to the findings of Salehi et al. (2021). In another
study with corn plants, high concentrations of ZnO NPs reduced SOD activity (Srivastav et al., 2021). On the other
hand, zinc nanomaterials have been shown to increase SOD and POX enzyme activities, while also demonstrating
a protective role against oxidative damage by reducing CAT activity (Venkatachalam et al., 2017).

In the results of this study, in all applications of ZnO NP, an increase in Catalase (CAT) activity compared to the
control was observed. In the ZnO NP applied group, as the concentration decreased, CAT activity in all groups was
significantly higher compared to the control.

In maize plants, SOD activity increased with the application of ZnO NPs at a concentration of 50 mg/L, but a
decrease was observed with increasing concentrations (Srivastav et al., 2021). In light of the data, it can be said
that superoxide radicals are dismutated by the SOD enzyme and then broken down and removed from the
environment by CAT activity. Additionally, the high CAT activity can be explained by the excessive formation of
H20: in the environment. Higher SOD activities have been identified in ZnO applications, possibly due to the Zn-
SOD isoenzyme structure. When all the results and the literature are considered together, it can be seen that there
is consistency in the relationships between the enzyme activities obtained and NP applications.
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Figure 5. Regression curve of SOD and CAT enzyme activities of application concentrations at 120th hour
Sekil 5. Uygulama konsantrasyonlarinin 120. saatteki SOD enzim aktivitesine ait regresyon egrisi
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Figure 6. Regression curve of CAT enzyme activity of application concentrations at 120th hour
Sekil 6. Uygulama konsantrasyonlarinin 120. saatteki CAT enzim aktivitesine ait regresyon egrisi

CONCLUSION

As a result, all findings from the present study revealed that ZnO NP application activates the antioxidant defense
system in Phaseolus vulgaris L. leaves. It was determined that the metal nanoparticles in question caused negative
effects, especially following exposure to low doses and for a duration of 120 hours. This situation may be attributed
to their significantly small size. Nano-sized metals caused a toxic effect on the leaves of Phaseolus vulgaris L.
Biological systems make it challenging to clearly elucidate the antioxidant mechanism. Obtaining consistent
results in living cells is not possible due to factors such as the organism's genetics, developmental stage, applied
molecules, and dosage, which play a primary role. However, according to the results of this study, nano-sized
metals have induced a toxic effect on the leaves of Phaseolus vulgaris L. It should be noted that the duration of
exposure to NPs also plays a role in the formation of this toxic effect. Numerous studies have reported that
nanoparticles help cope with stress conditions in plants (You and Chan, 2015; Gonzalez-Garcia et al., 2021;
Mushtaq et al., 2020). Specifically, it has been noted that nanoparticle applications lead to an increase in
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antioxidant enzyme activities. The results suggest that nanoparticles act as agents that promote antioxidant
defense. In the present study, similar results were obtained, and it was concluded that, in addition to stressing the
plant, the rising antioxidant defense markers stimulate the plant's defense system. The increase in antioxidant
activities will be an important defense response for the plant to overcome various stresses. Metal oxide
nanoparticles are used in many fields. However, there is a potential danger that these substances can lead to
serious adverse effects. The results obtained will contribute to the literature, emphasizing the need for more
detailed research in this area. The results of this study emphasize the necessity of careful consideration in the use
of nanomaterials. Particularly, in the face of global environmental disasters such as impending scarcity and
drought, it is essential to establish sustainable systems and develop technologies.
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ABSTRACT Molecular Biology

Quercus ilex, evaluated within evergreen oaks, has a wide geographic

distribution in the Mediterranean basin. Hybridization and gene flow Research Article

are effective and frequently observed mechanisms in . ilex.

Additionally, weak reproductive barriers between closely related taxa Article History

in zones of geographical contact further increase genetic diversity and Received 1 05.05.2024
subsequent taxonomic problems. Two morphological types, known as Accepted 108.11.2024
rotundifolia and ilex, are defined based on the variations between @.

ilex populations appearing as a result of all these factors. However, it Keywords

is still controversial whether morphological types: ilex and Quercus ilex

rotundifolia are subspecies of . ilex or two separate species. In this Morphological type

study, short DNA sequences that consist of matK gene-partial trnK Chloroplast DNA

gene intron of chloroplast DNA and ITS1-5.8S5 rRNA gene-ITS2 of Nuclear DNA

nuclear DNA were used to overcome such difficulties and to reveal the MEGA 11

variations between @. ilex populations. All €. ilex populations based
on both barcoding regions were determined and examined using the
Molecular Evolutionary Genetics Analysis (MEGA 11). The analysis
such as base substitutions, variable and parsim-info sites, transitional
and transversional base substitution ranges (%), and nucleotide
frequencies (%) was performed and transitional substitutions
according to the transversional substitutions for both barcoding
regions were observed in the high-value. Furthermore, the sequences
belonging to nuclear DNA in comparison to other barcoding regions
exhibited higher variable and parsim-info sites. Finally, Maximum
Parsimony (MP) dendrograms for both barcoding regions were drawn
to evaluate the populations belonging to . ilex in terms of their
variations, phylogenetic-evolutionary relationships, and taxonomic
status. Although both barcoding regions support the separation of @.
Ilex populations based on different morphological types, matK gene-
partial trnK gene intron sequences exhibited clearer and more
informative results than ITS1-5.8S rRNA gene-ITS2 sequences.

Quercus ilex L. Igerisindeki Varyasyonlarin Analizi ve Kloroplast ve Niikleer DNA Sekanslari

Temelinde Morfolojik Tiplerin Degerlendirmesi

OZET Molekiiler Biyoloji

Herdem yesil meseler igerisinde degerlendirilen Quercus ilex, Akdeniz

temelinde genis cografik dagilima sahiptir. Hibridizasyon ve gen akisi Aragtirma Makalesi

Q. ilexXde etkili ve siklikla gézlenen mekanizmalardir. Ayrica, cografik

olarak temash bolgelerde, yakin iligkili taksonlar arasinda zayif Makale Tarihgesi

ureme bariyerleri, €. ilexicerisindeki genetik cesitliligi ve sonrasinda Gelig Tarihi - 05.05.2024
taksonomik problemleri arttiran diger bir o6nemli durumdur. Kabul Tarihi :08.11.2024
Rotundifolia ve ilex olarak bilinen iki morfolojik tip, tim bu

faktorlerin sonucu olarak ortaya c¢ikan, €. ilex populasyonlari Anahtar Kelimeler
arasindaki varyasyonlar temelinde tanimlanmir. Ancak, morfolojik Quercus ilex

tipler: ilex ve rotundifolia min . 7lexin alttiirlerimi yoksa iki ayri Morfolojik tip

tirmi olup olmadigi hala tartismali durumdur. Bu c¢alismada, Kloroplast DNA

kloroplast DNA’ya ait matK geni-kismi trnK gen intronu ve niikleer ﬁ%%‘fﬁ?NA

DNA’ya ait ITS1-5.8S rRNA geni-ITS2 den olusan kisa DNA
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sekanslari, bu tarz zorluklarin Ustesinden gelmek ve . ilex
populasyonlar1 arasindaki varyasyonlari ortaya c¢ikarmak igin
kullanildi. @. ilex’e ait tim populasyonlar heriki barkodlama bolgesi
temelinde belirlendi ve Molecular Evolutionary Genetics Analysis
(MEGA 11) kullanarak incelendi. Baz degisimleri, varyasyonlu ve
parsim info bolgeler, transisyonel ve transversiyonel baz degisim
oranlar1 (%) ve niikleotid frekanslar1 (%) gibi analizler gerceklestirildi
ve her iki barkodlama bélgesi i¢in transisyonel baz degisimlerinin
transversiyonel degisimlere gore daha yiiksek degerde oldugu
gozlemlendi. Ayrica, nikleer DNA’ya ait sekanslar diger barkodlama
bélgesi ile karsilastirmada daha yluksek varyasyonlu ve parsim info
bélgeler sergiledi. Son olarak her i1ki barkodlama bélgesi igin
Maximum Parsimony (MP) dendrogramlar, varyasyonlar, filogenetik-
evrimsel iligkiler ve taksonomik statiiler acisindan . ilexe ait
populasyonlar1 degerlendirmek i¢in ¢izildi. Her iki barkodlama
bélgesi, @. 1lex populasyonlarimin farkli morfolojik tipler temelinde
ayrimini desteklemesine ragmen, 6zellikle matK geni-kismi trnK gen
intron sekanslari, ITS1-5.8S rRNA geni-ITS2 sekanslarindan daha
acik ve bilgilendirici sonuglar sergiledi.

AtifI¢in ©  Yilmaz, A., (2025). Quercus ilex L. igerisindeki varyasyonlarin analizi ve kloroplast ve niikleer DNA sekanslar
temelinde morfolojik tiplerin degerlendirmesi. KSU Tarim ve Doga Derg 28 (1), 36-46. DOI: 10.18016/
ksutarimdoga.vi.1478950.

To Cite: Yilmaz, A., (2025). Analysis of the variations within Quercus ilex L. and the evaluation of morphological types
based on chloroplast and nuclear DNA sequences. KSU J. Agric Nat 28 (1), 36-46. DOI: 10.18016/
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INTRODUCTION

Quercus 1lex L., commonly known as holm oak, is an evergreen tree or shrub a natural distribution across the
central and western Mediterranean basin, Aegean Islands, Balkan regions, North Africa, western parts of Tiirkiye
and the limited coastal areas of Black Sea in Tiirkiye (Barbero et al., 1992; de Rigo & Caudullo, 2016; Suicmez &
Avci, 2023).

Q. ilex, a dominant species in the Mediterranean forests, faces threats from various factors such as vertebrate and
invertebrate species that rely on this tree for sustenance and habitat, differentiation in the geographical
distribution under ecological and climatic changes, destruction for its high economic value and inadequate
protection strategies (Yilmaz, 2018; Hernandez-Agiiero et al., 2022; Rey et al., 2023; Suicmez & Avci, 2023).
Additionally, the aging tree populations with poor regeneration capacity also impact species diversity and
distribution (Rey et al., 2023).

Q. ilex, evaluated within evergreen oaks, has two main morphological types known as rotundifolia and ilex (Saenz
de Rivas, 1967, 1970; Peguero-Pina et al., 2014; Bensaci et al., 2021). The rorundifolia type has small and round
thick leaves, while the ilex type features elongated and large pointed leaves (Tutin et al., 1964; Peguero-Pina et
al., 2014). Furthermore, three different morphotypes - ilex, rotundifolia, and intermediate - within holm oak were
defined by Michaud et al. (1995) and Lumaret et al. (2002). The distribution areas for the individuals with
intermediate morphotypes exhibiting characteristics between ilex and rotundifolia were identified in coastal areas
of eastern and northern Spain and south France (Languedoc and Roussillon). Rotundifolia morphotype is
characterized by dry distribution areas of the Mediterranean climate such as North Africa and the interior region
of Spain (Tutin et al., 1964; Lumaret et al., 2002; Vazquez Pardo et al., 2002; Peguero-Pina et al., 2014). Ilex
morphotypes are distributed from Greece to the French Riviera along France's Atlantic coast (Lumaret et al., 2002;
Peguero-Pina et al., 2014). In addition to the distribution areas stated for morphotypes, @. ilex has natural
populations in Tiirkiye. Yilmaz et al. (2013) evaluated the @. ilexin five separate populations in their study based
on the molecular diversity of evergreen oaks in Turkiye. Similarly, the relationships of €. ilex populations based
on their morphological variabilities were examined by Yilmaz et al. (2017). Comprehensive studies, including
Q. ilex populations in Turkiye, are necessary to better understand the species' genetic diversity.

The classification of morphological types (ilex and rotundifolia) within @. ilex as either subspecies (. ilex subsp.
ilex and @. ilex subsp. rotundifolia) or separate species remains controversial (Tutin et al., 1964; Saenz de Rivas,
1967; Amaral-Franco, 1990; Govaerts and Frodin, 1998; Vazquez Pardo et al., 2002; Soto et al., 2007; de Rigo &
Caudullo, 2016; Sousa et al., 2021).

Furthermore, the taxonomic status of these morphotypes has not been completely clear and resolved yet. Today,
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the separation of ilex and rotundifolia types within . ilex is based on their morphological characters and
geographic distribution.

Hybridization and gene flow are effective mechanisms frequently observed in the genus Quercus. They are
important processes in genetic diversity, evolution, and speciation of  the genus.
Hybridization, commonly observed between taxa with weak reproductive barriers in zones of geographical contact,
complicates taxonomy (Bacilieri et al., 1996; Borazan & Babag; 2003). Similar hybridization behaviors in @. ilex
were reported by Schnitzler et al. (2004) and Lopez de Heredia et al. (2018). Quercus x turneri ‘Pseudoturneri’ as
a hybrid resulting from a crossing of @. ilex L. and §. robur L. is stated by Schnitzler et al. (2004). Hybridization
between @. suber L. and . ilex L. in the zones where they form mixed stands has been known and reported for a
long time (Lopez de Heredia et al., 2018). Two evergreen oaks: §. ilex and @. coccifera are closely related taxa that
have extensive distribution areas in the Mediterranean region and co-occurred in mixed stands where
hybridization may take place (de Casas et al. 2007; Ortego & Bonal, 2010). Consequently, introgression as a result
of hybridization between . ilex and . coccifera in the distribution areas overlapping frequently appeared
(Jimenez et al., 2004; Lopez de Heredia et al., 2007; Ortego & Bonal, 2010).

These factors have an important effect on the variation in morphological characters and distribution of .
Ilex. Variations within oak species complicate species identification due to fuzzy species boundaries. (Bacilieri et
al., 1996; Borazan & Babag; 2003; Petit et al., 2003; Yilmaz, 2018). All these factors increase the taxonomic
problems in . ilex which has extensive distribution areas and makes problematic the taxon. To overcome such
difficulties and to collect the taxa in the correct systematic categories, short DNA sequences that contain enough
information to identify the species and reveal the phylogenetic relationships between taxa are frequently used as
a molecular approach. In this study, matK gene-partial trnK gene intron sequence data of chloroplast DNA and
ITS1-5.8S rRNA gene-ITS2 sequence data of nuclear DNA were acquired from the National Center for
Biotechnology Information (NCBI) and later it was aimed to: i) evaluate the ability of chloroplast and nuclear DNA
barcoding regions to reveal phylogenetic relationships among . ilex populations from different localities, ii)
determine the variations between @. ilex populations, iii) create a phylogenetic tree and make suggestions about
the taxonomic status of . ilex populations according to the results provided from the phylogenetic tree, and iv)
present more informative and comprehensive results about the taxonomic and phylogenetic relations of
morphological types within ). ilex.

MATERIALS and METHODS

All sequence data for . ilex populations, covering both barcoding regions (matK gene-partial trnK gene intron of
chloroplast DNA and ITS1-5.8S rRNA gene-ITS2 sequence of nuclear DNA) from past to present, were obtained
from the NCBI database. Sequences of the 18S rRNA gene- ITS1- 5,8S rRNA gene- ITS2- 28S rRNA gene, in
addition to ITS1-5.8S rRNA gene-ITS2, were collected and then the sequences containing ITS1- 5,8S rRNA gene-
ITS2 were extracted from these regions. Finally, sequence data of all extracted regions for §. Ilex populations were
combined to provide more effective and comprehensive results about the variations between . ilex populations
and the taxonomic status of morphological types within €. ilex.

A total of 37 @. ilex populations were analyzed for compatibility of sequence information based on matK gene-
partial trnK gene intron. Additionally, 20 populations of . ilex for the region containing ITS1 and ITS2 sequence
data were detected and examined in this study. GenBank codes for both barcoding regions were presented in the
Appendix. The multiple sequence alignments for . ilex populations were separately performed for both DNA
sequences using the Molecular Evolutionary Genetics Analysis MEGA 11) (Tamura et al. 2021). The probabilities
of substitution from one base to another base were determined and subsequently, variable and parsim-info sites
which are important indicators in phylogenetic relationships were computed for both barcoding regions belonging
to nuclear and chloroplast DNA. Transitional and transversional base substitution ranges (%) were computed for
examined DNA sequences. Finally, nucleotide frequencies of matK gene-partial trnK gene intron and ITS1-5.8S
rRNA gene-ITS2 sequences were determined and presented as G+C % and A+T/U %.

Dendrograms showing bootstrap values on their branches and inferred the evolutionary history were created using
the Maximum Parsimony (MP) method. These MP dendrograms for both barcoding regions were used to evaluate
the phylogenetic relationships between . ilex populations, determine the variations among populations from
different geographic regions, and provide more informative results about morphological types within @. ilex.

RESULTS and DISCUSSION

The sequence data for ITS1-5.8S rRNA gene-ITS2 of nuclear DNA and, matK gene-partial trnK gene intron of
chloroplast DNA were acquired from the NCBI for all §. ilex populations. The alignment lengths for a total of 37
Q. ilex populations were determined as 695 bp based on the sequence information of matK gene-partial trnK gene
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intron. The variable and parsimony informative sites expressing the nucleotide substitutions are critical indicators
for determining the variations and relationships among morphological types in . ilex populations from different
habitats. In this study, based on the matK gene-partial trnK gene intron, the variable, and parsimony informative
sites were observed in 9 and 8 nucleotides, respectively. The probabilities of substitutions between bases for matK
gene-partial trnK gene intron were determined and shown in Table 1.

Table 1. The probabilities of substitution (r) from one base (row) to another base (column) for matK gene-partial
trnK gene intron (Transitional substitutions are shown in bold).

Cizelge 1. matK geni-kismi trnK gen intronu igin bir bazdan digerine degisim olasiliklar1 (Transisyonel baz
degisimleri koyu renkli gosterilir)

A T C G
A - 6.9 3.06 0.58
T 6.71 - 17.89 3.32
C 6.71 40.37 - 3.32
G 1.17 6.9 3.06 =

The highest substitutions were observed as 40.37% from C to T and then 17.89% from T to C. Moreover, transitional
and transversional base substitutions were computed from Table 1 as 60.01% and 39.99%, respectively. This
indicates that transitional substitutions are higher than the transversional substitutions for matK gene-partial
trnK gene intron sequences belonging to . rlex populations.

The alignment lengths for a total of 20 @). ilex populations based on the ITS1-5.85 rRNA gene-ITS2 sequences were
determined to be 604 bp. The variable and parsimony informative sites were observed in 58 and 32 nucleotides,
respectively. The probabilities of substitutions between bases for ITS1-5.8S rRNA gene-ITS2 sequences were
determined and the highest substitutions detected as 33.02% from T to C and then 20.24% from A to G. (Table 2).
Moreover, transitional and transversional base substitutions were computed as 83.81% and 16.19%, respectively.
This indicates that transitional substitutions are significantly higher than the transversional substitutions for the
region containing ITS1-5.8S rRNA gene-ITS2 sequences.

Table 2. The probabilities of substitution (r) from one base (row) to another base (column) for ITS1-5.8S rRNA
gene-ITS2 sequences (Transitional substitutions are shown in bold).

Cizelge 2. ITS1-5.8S rRNA geni-1TS2 sekanslar1 i¢cin bir bazdan digerine degisim olasiliklar: (Transisyonel baz
degisimleri koyu renkli gdsterilir)

A T C G
A - 1.45 2.69 20.24
T 1.52 = 33.02 2.43
C 1.52 17.85 - 2.43
G 12.7 1.45 2.69 =

Transition/transversion ratios for purines (ki) and pyrimidines (k2) were determined and compared for both
barcoding regions. It was observed that the transition/transversion ratio of pyrimidines (5.84) was higher than
that of purines for matK gene-partial trnK gene intron sequences. The transition/transversion ratio for purines
(k1), pyrimidines (ks), and overall were determined as 8.34, 12.27, and 4.81, respectively for ITS1-5.8S rRNA gene-
ITS2 sequences. In other words, pyrimidines in the aspect of the transition/transversion ratio show a higher value
than purines in the comparison, similar to the results provided from matK gene-partial trnK gene intron (Table
3).

It was determined that DNA sequences analyzed for . ilex populations consist primarily of A and T/U bases
(68.09%) for the region that contains matK gene-partial trnK gene intron sequences. Conversely, it was observed
that the percentage of G and C bases was higher (63.22%) than A+T/U bases (36.78%) for ITS1-5.8S rRNA gene-
ITS2 sequences (Table 3).

Furthermore, table 4 shows the variable nucleotides for both barcoding regions were formed to understand the
phylogenetic and evolutionary relationships between €. ilex populations.

Finally, Maximum Parsimony (MP) dendrograms for both barcoding regions were drawn to evaluate the @. ilex
populations in terms of their variations, phylogenetic-evolutionary relationships, and taxonomic status (Figure 1,
2).

39



KSU Tarim ve Doga Derg 28 (1), 36-46, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (1), 36-46, 2025 Research Article

The examined @. ilex populations show a wide geographic distribution in the Mediterranean basin. In other words,
@. ilex populations analyzed in this study consist of samples from three continents. MP dendrogram based on
matK gene-partial trnK gene intron sequences separated the . ilex populations into three main groups (Figure
1).

The populations resolved in Group I showed two separate clusters: a and b. Cluster a consists of the populations
from Croatia, Italy, and France, while cluster b consists of the samples from Albania, Croatia, island populations
(Sardinia and Zafferana Etna) of Italy with Apulia, France, and Malta (another island population) that has the
very close locality to Zafferana Etna. Group II consists of the samples collected in Morocco, three populations of
Algeria, five populations of Spain, and three population of France and Greece.

Table 3. The information of the @. ilex populations examined is based on matK gene-partial trnK gene intron and
ITS1-5.8S rRNA gene-ITS2 sequences.

Cizelge 3. matK geni-kismi trnK gen intronu and ITS1-5.8S rRNA geni-ITS2 sekanslari temelinde incelenen @.
Ilex populasyonlarinin bilgileri.

DNA regions Pop. Alignment Variable Parsim- Transitional Transversional Transition/Transversion Nucleotide
(Number) length (bp) site info substitutions substitutions Purine Pyrimid. Overall frek. (%)
site (%) (%) (k) (ko) (R) A+TIU G+C
matK gene- 37 695 9 8 60.01 39.99 0.17 584 1.27 68.09/31.91
trnK intron
ITS1-5.8S- 20 604 58 32 83.81 16.19 8.34 1227 4.81 36.78/63.22
ITS2

Table 4. @. ilex populations and variable sites belonging to a) matK gene-partial trnK gene intron sequences b)
ITS1-5.8S rRNA gene-ITS2 sequences (The numbers show variable nucleotides).

Cizelge 4. @. ilex populasyonlar1 ve varyasyonlu niikleotid bolgeleri a) matK geni-kismi trnK gen intron sekanslar:
b) ITS1-5.8S rRNA geni-ITS2 sekanslar:1 (Numaralar varyasyonlu niikleotidleri gosterir).

a)

O hpR

Quercus ilex (Italy-1)
Quercus ilex (Turkiye-1)
Quercus ilex (Italy-2)
Quercus ilex (Turkiye-2)
Quercus ilex (Greece-1)
Quercus ilex (Spain-1)
Quercus ilex (Algeria)
Quercus ilex (Albania)
Quercus ilex (Greece-2)
Quercus ilex (Croatia-1)
Quercus ilex (Italy-3)
Quercus ilex (Spain-2)
Quercus ilex (Malta)
Quercus ilex (Turkiye-3)
Quercus ilex (France-1)
Quercus ilex (France-2) -
Quercus ilex (Algeria/Souk) -
Quercus ilex (Algeria/Mascara) -
Quercus ilex (Spain/Coll de Corniols) -
Quercus ilex (Spain/Mallorca) -
Quercus ilex (Italy/Zafferana Etna) -
Quercus ilex (Greece/Skyathos) -
Quercus ilex (Greece/lkaria) -
Quercus ilex (Greece/Drymaia) -
Quercus ilex (Greece/Crete) -
Quercus ilex (France/Lacanau) -
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Quercus ilex (France/Nice) -
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Quercus ilex (Croatia/Split) -
Quercus ilex (Croatia-2) -
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Quercus ilex (ltaly-Apulia)
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b)

Quercus ilex (Italy/Basilicata)

Quercus ilex (Turkiye/Northern Turkiye)
Quercus ilex (France/Provence)
Quercus ilex (Morocco-1)

Quercus ilex (Morocco-2)

Quercus ilex (Spain/Arboretum El Bosque)
Quercus ilex (Spain/Andalucia)
Quercus ilex (Greece/Mainland Greece)
Quercus ilex (Spain/Huesca)

Quercus ilex (Spain/Sierra de Tolono)
Quercus ilex (Greece/Corfu)

Quercus ilex (Italy/Lecce)

Quercus ilex (Spain/Binifaldo)
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Quercus ilex (Spain/Constantina)
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Quercus ilex (italy-1)

77 Quercus ilex (italy-2)
Quercus ilex (italy-Latium)
Quercus ilex (Croatia/Spilit)
Quercus ilex (France/Olmeto)
Quercus ilex (Croatia-1)
Quercus ilex (Albania)
Quercus ilex (ltaly-Sardinia) |
Quercus ilex (italy-Apulia)
Quercus ilex (Croatia-2)
Quercus ilex (France/Nice)

41

Quercus ilex (ltaly/Zafferana Etna)

Quercus ilex (France-1)

Quercus ilex (Malta)
Quercus ilex (italy-3)
Quercus ilex (Spain-1)

Quercus ilex (Morocco/Tangers)

Quercus ilex (Spain-3)

Quercus ilex (France/Rennes-le-Chateaux)

Quercus ilex (France/Lacanau)

Quercus ilex (SpainMallorca) 1}

Quercus ilex (Spain/Coll de Comiols)

Quercus ilex (Algena/Mascara)

Quercus ilex (Algeria/Souk)

Quercus ilex (France-2)

Quercus ilex (Spain-2)

Quercus ilex (Algeria)

Quercus ilex (Greece-2)

57 Quercus ilex (Tarkiye-1)
Quercus ilex (Greece/Drymaia)
Quercus ilex (Greece/lkaria)
Quercus ilex (Greece/Skyathos)

83 Quercus ilex (Tarkiye-3) "

Quercus ilex (Greece-1)

92 65 Quercus ilex (Greece/Crete)

Quercus ilex (Turkiye-2)

Quercus ilex (Israel/Mt. Tabor)

Figurel. Maximum Parsimony tree provided from matK gene-partial trnK gene intron sequences of €. ilex
populations.
Sekil 1. Q. ilex populasyonlarinin matK geni-kismi trnK gene intron sekanslarindan elde edilen MP agaci.

In summary, populations from dry distribution areas of the Mediterranean climate such as North Africa, alongside
samples from Spain, were clustered together, forming a separate group in dendrogram. Additionally, the
populations from Albania to France generate Group I, distinct from Spanish and African populations (Morocco and
Algeria). However, French populations were observed in both Group I and II, and they exhibited the highest
variations compared to the other populations.

Hybridization and introgression are commonly observed mechanisms in the genus Quercus, especially in
overlapping zones due to weak reproductive barriers (Kremer et al., 2002; Borazan & Babag; 2003; Petit et al.,
2003). Furthermore, these mechanisms give rise to morphological variations and later make it hard to identify the
taxa because of insufficient diagnostic morphological characters. Similar behaviors for . ilex have been observed
and reported by many researchers (Jimenez et al., 2004; Schnitzler et al., 2004; de Casas et al. 2007; Lopez de
Heredia et al., 2007; Ortego & Bonal, 2010; Lopez de Heredia et al., 2018). In this concept, the variations that were
related to hybridization and introgression, in addition to the variations caused by different climatic and ecological
factors in the populations showing wide geographical distribution are observed and different morphological types
(rotundifolia and ilex) are defined within the . ilex. The distribution areas of rotundifolia morphotype are stated
by dry climatic Mediterranean areas of North Africa and Spain (Tutin et al., 1964; Vazquez Pardo et al., 2002;
Peguero-Pina et al., 2014), while regions between Greece and French Riviera are evaluated as distribution areas
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for ilex morphotype (Lumaret et al., 2002; Peguero-Pina et al., 2014). Some regions, such as southern France and,
eastern and northern Spain, contain samples with intermediate morphotypes between rotundifolia and ilex
(Michaud et al., 1995; Lumaret et al., 2002). However, the distribution areas and the taxonomic status of
morphological types are not still completely resolved, due to the evaluation of the variations within the @. ilexin
terms of only their distribution areas and morphological characters. This study provides important data to evaluate
the variations among . ilex populations from different geographic regions based on nucleotide sequences that
consist of both nuclear and chloroplast DNA. Moreover, thus it is aimed to provide more informative results about
morphological types. MP tree based on matK gene-partial trnK gene intron sequences separated the €. ilex
populations into Group I (Albania, Croatia, France, and Malta) and Group II (North Africa and Spain). This result
supports the separation of @. ilex populations based on morphological types. Furthermore, the distribution areas
of the rotundifolia and ilex morphotypes, as stated by many researchers, align with the study results. The samples
with intermediate morphotypes that were defined by Michaud et al. (1995) and Lumaret et al. (2002) are
characterized by the distribution areas such as south France and coastal areas of eastern and northern Spain.
Similarly, €. ilexpopulations in France were observed in both Group I and II (Figure 1). A total of eight populations
from Turkiye and Greece formed a distinct group with the outmost species in the phylogenetic tree and they were
clustered together in Group III exhibiting higher variations in comparison to the other populations. The single
population from Israel merged from outermost to the clade consisting of Tirkiye and Greece populations, showing
the highest variation in the phylogenetic tree.

MP dendrogram based on ITS1-5.85 rRNA gene-ITS2 sequences separated the €. ilex populations into two main
groups (Figure 2).

_9,9_{: Quercus ilex (Spain/Arboretum El Bosque)
93 Quercus ilex (Spain/Huesca)
S1 —— Quercus ilex {Spain/Constantina)

77 ’: Quercus ilex (italy/Basilicata)
57 Quercus ilex (italy/Lecce)

Quercus ilex (Greece/Mainland Greece)

35 = Quercus ilex (italy/Abruzzo)
s L Quercus ilex (ltaly/Latium)

33

Quercus ilex (Greece/Corfu)

Quercus ilex (Turkiye/Northern Tuarkiye)

= Queercus ilex (France/Provence)

L Quercus ilex (Morocco-1)

e P Quercus ilex (Spain/Binifaldo)

e Quercus ilex (France/Brignoles)

17 Quercus ilex (France/Corse Island) 1

Quercus ilex (Spain/Sierra de Tolono)

Queercus ilex (SpainfAndalucia)
82 —: Quercus ilex (Morocco-2)

66 Quercus ilex (Spain/Pinet)
Quercus ilex (Spain/Algarrobet)

Figure2. Maximum Parsimony tree provided from ITS1-5.8S rRNA gene-ITS2 sequences of €. ilex populations.
Sekil 2. Q. ilex populasyonlarinin ITS1-5.8S rRNA geni-ITS2 sekanslarindan elde edilen MP agaci.

The samples resolved in Group I consist of ten populations from Spain, Italy, Greece, and Northern Turkiye.
The Spanish populations in Group I are from the interior regions of Spain. Also, it can be stated that the
populations were clustered in a phylogenetic tree according to the distribution areas.

Group II consists of the samples collected from two populations in Morocco, three populations in France, and five
populations in Spain. Provence and Brignoles are two populations that have close distribution areas on the
Mediterranean coast of South France. Corse Island is another population from France that lies southeast of the
French mainland on the Mediterranean Sea. These France populations were clustered together with Moroccan
populations characterized by other dry distribution areas of the Mediterranean climate (Figure II). Similarly, the
populations that have distribution areas on the Mediterranean coast of Spain such as Andalucia, Pinet, and
Algarrobet (island population) were clustered in Group II.

The MP tree provided from ITS1-5.8S rRNA gene-ITS2 sequences separated the @. ilex populations characterized
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by dry Mediterranean climate into Group II. In this concept, the separation of . ilex populations aligns with the
distribution areas of the rotundifolia morphotypes noted by many researchers (Tutin et al., 1964; Lumaret et al.,
2002; Vazquez Pardo et al, 2002; Peguero-Pina et al., 2014. However, further studies
with more samples from the wide distribution areas in the Mediterranean region are necessary for support.

Both barcoding regions of the chloroplast and nuclear DNA support the separation of ¢. ilex populations based on
different morphological types. Especially, matK gene-partial trnK gene intron sequences in the aspect of the ability
to reveal the variations and phylogenetic relationships between . ilex populations exhibited more clear and
informative results than ITS1-5.8S rRNA gene-ITS2 sequences. Additionally, matK gene-partial trnK gene intron
sequences have lower sequence variations among populations examined than the region containing ITS sequences.

Therefore, matK gene-partial trnK gene intron sequences are strongly recommended for further studies to reveal
variations within €. ilex more clearly and in detail, including samples from all distribution areas. It should also
be noted that there are many problems related to the data in NCBI, such as missing habitats and country
information in the database. The taxon such as @. ilex which has a wide distribution area is under the influence
of different ecological and climatic conditions causing variations. In other words, habitat information of the
samples collected from different geographical regions is very important to evaluate variations within the taxon.
Deficiencies in this sense complicate interpretation and lead to mistakes in evaluating results. Furthermore,
Tirkiye is another important region for §. ilex populations with distribution areas that consist of northwest parts
and the limited coastal areas of the Black Sea (Yilmaz et al., 2013; Yilmaz et al., 2017). The molecular diversity of
Q. ilex and their phylogenetic relationships with evergreen oaks in Tiirkiye were evaluated by Yilmaz et al. (2013).
Nevertheless, there is not still enough information about the genetic diversity of €. ilex based on the population
genetics. This makes it necessary to conduct studies including the . ilex populations collected from all distribution
areas to obtain more comprehensive and effective results. Finally, DNA sequences preferred in the evaluation of
phylogenetic relationships and the determination of genetic diversity have a highly important role in the success
of the study, due to variability in species identification and separation ability of the same barcoding region in
different plant groups. In other words, it is very important to determine the barcoding regions giving the most
accurate and consistent results for the plant group examined. In this concept, although both barcoding regions
that consist of matK gene-partial trnK gene intron and ITS1-5.85 rRNA gene-ITS2 sequences provide significant
information regarding variations between ). ilex populations, DNA sequences belonging to matK gene-partial
trnK gene intron is particularly recommended for their ability to reveal the diversity between populations more
clearly, detailed, and meaningfully.
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Appendix

FM244453, FM244439, FM244427, FM244422, FM244411, FM244365, FM244363, FM244350, FM244344,
DQ342360, DQ342359, DQ342358, DQ342356, DQ342355, DQ342354, DQ342353, DQ342351, DQ342350,
AY226837, AY226836, LT222296, L.T222295, 1.T222294, 1.T222292, 1.T222291, L.T222290, LT222289, 1.T222288,
LT222285, LT222283, LT222281, LT222278, LT222272, L.T222271, LT222269, LT222268, LM652956, LM652955,
LM652954, LM652953, LM652952, LM652951, LM652950, LM652949, LM652948, LM652947, LM652946,
LM652945, LM652944, LM652943, HE583659, HE583656, HE583624, HE583623, HE583622, HE583620,
HE583616.
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OZET Molekiiler Biyoloji
Centaurea L. cinsine ait bir¢ok tur, diinyanin gesitli bélgelerinde

endemik olarak varligin1 sturdirmekte ve halk hekimliginde Aragtirma Makalesi
kullanimlariyla literatiirde yerini almaktadir. S6z konusu cinse ait

baz1 turlerin servikal kanser hiicre hatt1 tizerindeki sitotoksisitesi Makale Tarihgesi
incelenmistir. Bu ¢alismada Tirkiye'ye endemik ve hakkinda yok Gelig Tarihi @ 05.06.2024
denecek kadar az sayida calisma bulunan Centaurea Iycaonica Kabul Tarihi :31.12.2024
turtiniin kék kismindan hareketle, 24 saat maserasyon yontemiyle

hazirlanmis diklorometan (CRD) ve metanol (CRM) ekstrelerinin 48 Anahtar Kelimeler

saatlik maruziyette insan servikal kanser hiicre hattindaki (HeLa)
sitotoksik etkisinin arastirilmasi amaglandi. Bitki ekstresinden

Centaurea lycaonica
Servikal kanser

hazirlanan farkli konsantrasyonlarin hiicre canhiligina etkisi ¢calisma HeLa
prensipleri farkli olan MTT ve =xCELLigence GZHA sistemi MTT
kullanilarak aragtirildi ve ICso degerleri belirlendi. Sonug olarak, xCELLigence

CRD ve CRM ekstrelerinin MTT bulgulari, xCELLigence analiziyle
tutarli olup HeLa hicrelerinde sitotoksik etkiye sahip oldugu
bulundu. C. Iycaonica turinin kanser tedavisinde yeni bir dogal
kaynak olarak degerlendirilebilecegi dusliniildi. Bu g¢alismanin,
Turkiye'ye endemik bir¢cok tiurun biyolojik aktivite ve etki
mekanizmalarinin aydinlatilmasim tesvik edecegi dustinulmektedir.

Evaluation of Cytotoxicity of Centaurea Iycaonica Boiss. & Heldr. Plant on Human Cervical Cancer Cell
Line with MTT Test and xCELLigence System

ABSTRACT Molecular Biology

Many species belonging to the genus Centaurea L. are endemic in

various parts of the world and are used in folk medicine. The Research Article
cytotoxicity of some species belonging to this genus on cervical cancer

cell lines was investigated. In this study, it was aimed to investigate Article History

the cytotoxic effect of dichloromethane (CRD) and methanol (CRM) Received : 05.06.2024
extracts prepared by 24 h maceration method on human cervical Accepted 131.12.2024
cancer cell line (HeLa) at 48 h exposure based on the root part of

Centaurea lycaonica, which is endemic to Turkey and about which Keywords

there are almost no studies. The effect of different concentrations of
plant extracts on cell viability was investigated using MTT and

Centaurea lycaonica
Cervical cancer

xCELLigence RTCA systems, which have different working principles, Hel.a
and ICso values were determined. As a result, MTT findings of CRD MTT
and CRM extracts were consistent with xCELLigence analysis and xCELLigence

found to have a cytotoxic effect on HeLa cells. It was thought that C.
Iycaonica species could be evaluated as a new natural source in cancer
treatment. It is thought that this study will encourage the elucidation
of the biological activities and mechanisms of action of many species
endemic to Turkey.
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GIRIS

Jinekolojik kanserler arasinda 6nemli bir yere sahip olan serviks kanseri, yillik 604.127 yeni vaka ve 341.831
éliimle Diinya’da kadinlar arasinda en sik gériilen dérdiincii kanser tiirii olmustur (Sung ve ark., 2020; Rajaram
ve ark., 2021). Serviks kanseri; karsinojen tiirdeki insan papilloma viriisii (HPV) enfeksiyonlari, serviks displazisi,
gecirilen dogum sayisi, genetik faktorler, metabolik bozukluklar, ilk cinsel iligki yasi, ¢ok partnerli cinsel yagsam
tarzinin benimsenmis olmasi gibi bircok faktore bagh olarak gelismektedir. Cogu gelismis tilkede insidansi
azaltmak amaciyla bireylere cinsel saglik egitimleri verilmekle beraber kapsamli tarama testleri, etkin tani
yontemleri ve tedavi stratejileri geligtirilmistir. Buna karsin saglik kaynaklarinin sinirli oldugu ve mevcut tedavi
seceneklerinin dahi kargilanamaz oldugu diisiik ve orta gelirli iilkelerde, rahim agzi1 kanseri ciddi bir halk sorunu
olmaya devam etmektedir. Bu nedenlerle kiiresel anlamda yiik olusturan serviks kanserine karg etkili tedavi yolu
gelistirilmesi i¢cin calismalar devam etmektedir (Brown ve ark., 2012; Shaikh ve ark., 2023).

Kanserin seyrine goére ihtiya¢ duyulan tedavi stratejisi belirlenerek cerrahi, radyoterapi ve kemoterapiden biri
veya bunlarin bir kombinasyonu uygulanmaktadir. Cogu zaman bu tedavi segenekleri agir yan etkilere sebep
olmakta ve hastanin hayatta kalma sansim azaltmaktadir (Saklani & Kutty, 2008). Kemoterapi ilaclarinin
dozlarin1 distirmeye yarayacak bitkisel kaynaklardan elde edilen biyoaktif maddeler ve kemoterapotiklerden
olusan; doksorubisin ve resveratrol (Xu ve ark., 2017), sisplatin ve epigallokatesin gallat (Yuan ve ark., 2017),
paklitaksel ve naringin (Jabri ve ark., 2019), doksorubisin ve rein (Wu ve ark., 2019), dosetaksel ve kersetin (Lu
ve ark., 2020) gibi kombinasyonlar ve paklitaksel, dosetaksel, vinkristin, vinblastin gibi dogal bilesiklerin bash
bagina bir antikanser ila¢ olarak varhiginmi gosterdigi ornekler, arastirmacilar: dogal kaynaklardan ila¢ aday:
molekiillerin kesfine yonlendirmistir (Saklani & Kutty, 2008).

Yaklagik 1600 cins ve 22000 tir ile Asteraceae, ¢igekli bitki familyalarinin en biiytigiudur. Etnobotanik ¢alismalar
sonucu terapotik etki gorebilmek adina bircok tiirii halk arasinda kullanilmaktadir (Lopes ve ark., 2021). Yapilan
bir etnobotanik ¢alismada, antikanser etkili 41 tlir incelenmis ve en ¢ok iye ile listede bulunan ikinci botanik
familyanin Asteraceae oldugu saptanmistir (Gras ve ark., 2022). Asteraceae familyasinin iiyesi olan Centaurea L.
cinsi, birgok tiru ile diinyada genis bir dagilim gostermektedir. Centaurea'nmin bazi turleri halk arasinda soguk
alginlig1, gastrointestinal sistem rahatsizliklari, jinekolojik problemler ve daha bir¢cok hastaligin tedavisinde
kullanilmaktadir (Khammar & Djeddi, 2012; Fattaheian-Dehkordi ve ark., 2021). Centaurea tiirlerinin halk
arasinda kullamilmasini saglayan yaygin etkilerinin, bitkinin igerigindeki seskiterpen laktonlar, lignan bilesikleri
ve flavonoidler gibi sekonder metabolitlerden kaynaklandig: diisiiniilmektedir (Koc ve ark., 2015).

Literatiirde farkli Centaurea tiirlerine iliskin calismalar (Kisa ve ark, 2024; Keser ve ark, 2020) bulunmasina
ragmen turlerin kanser lzerindeki etkileri konusunda ¢ok az sayida ¢alisma bulunmaktadir. Bu calisma ile
Tirkiye'yve endemik ve bilindigi kadariyla hentiz sitotoksik etkisi arastirilmamis Centaurea lycaonica Boiss. &
Heldr. tiiriiniin kok kismindan hareketle hazirlanmig diklorometan (CRD) ve metanol (CRM) ekstrelerinin insan
serviks kanser hiicre hatti olan Hel.a’da sitotoksik etkisi incelendi.

MATERYAL ve METOD
Bitkinin Toplanmasi ve Ekstrelerin Hazirlanig

Tirkiye’nin ¢ Anadolu Bélgesinde endemik olarak yetisen C. Iycaonica tiirii, Konya-Seydisehir civarinda bitkinin
botanik 6zellikleri ve habitatina ait degerlendirmeler (Davis, 1970) yardimiyla 2022 yilinin Temmuz ayinda Prof.
Dr. Osman TUGAY tarafindan tanimlandi. Tire ait kék kisimlari toplanarak gélgeli ve havalandirilmig ortamda
kurutuldu. Kurutulmusg bitki materyali uygun sekilde 6giitiildii ve kaba toz haline getirildi. Bitkisel materyalden
24 sa. maserasyon yontemiyle énce diklorometan ekstresi (CRD), daha sonra kalan bitki iizerinden metanol
ekstresi (CRM) hazirlandi (Artun & Karagoz 2021). Maserasyon yéntemi sayesinde coziiciiler, bekletme siiresi
boyunca bitki materyaliyle temasinda sitotoksik etkiden sorumlu olan aktif bilegenleri ¢6zinmiis halde icerir hale
getirildi. Ekstreler elde edildikten sonra stizge¢ kagidi yardimiyla stiziildi. Stizlintl ¢éziiciisii, rotavaporda 38°C’de
diisik basing altinda kuruluga kadar uguruldu. Elde edilen konsantre, liyofilize edilerek ¢alisma anina kadar
stabilitesi bozulmadan +4°C’de kuru halde saklanda.

Hiicre Kiilturi Calismalan

Calismada, HeLa (ATCC® CRM-CCL-2) hiicre hatt1 kullanildi. Hiicreler, hiicre kiiltiirii laboratuvarinda, 37°C’de
%5 CO2li ortamda cogaltilarak, hiicre kiiltiiriinde %10 Fetal s1§1r serumu (FBS), 100 IU ml penisilin/streptomisin
cozeltisi iceren Dulbecco'nun modifiye edilmis eagle besiyeri (DMEM) ile muamele edildi.
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Hiicre Canliliginin Olgiilmesi

CRD ve CRM ekstrelerinin potansiyel sitotoksisitesini end-point bir testle ve gercek zamanl ortaya koymak ve
ICs0 degerlerini belirlemek i¢in hiicre canlihigindaki degisim sirasiyla MTT ve xCELLigence gergek zamanl hiicre
analizi gerceklestirildi.

3-(4,5-Dimetiltiyazol-2-i)-2,5-Difeniltetrazolyum Bromit (MTT) Yontemi

Potansiyel sitotoksik etkisi aragtirilan CRD ve CRM’nin, HeLa hiicreleri tizerindeki etkisini gostermek ve ICso
degerlerini belirlemek amaciyla MTT testi uygulandi. Testin esasi, mitokondrilerde bulunan dehidrogenazlarin
aktivitesi nedeniyle, prolifere olan hiicrelerin sar1 renkteki MTT tuzunu suda ¢ézlinmeyen mavi formazan
kristallerine indirgenmesine dayanmaktadir. Meydana gelen renk degisimi absorbans olgimi ile
degerlendirilmektedir. Formazan kristalleri, ekim ortaminda ¢éziinemediginden indirgenme Urinlerini ¢6zmek
icin dimetil siilfoksit (DMSO) kullanilmaktadir (Mosmann, 1983). HeLa hiicrelerinin 1 x 104 hiicre/plaka ekimi
sagland1 ve 24 sa. inkiibasyona birakildi. Pozitif kontrol olarak doksorubisin (1.00 pM) ICso konsantrasyonunda
(Delgado Waldo ve ark., 2023), kontrol grubu, belirlenen CRD konsantrasyonlar: (10, 30, 100, 180, 200, 300 ug ml’
1) ve CRM konsantrasyonlar1 (10, 30, 100, 180, 200, 300 pg ml') uygulandi. Hiicreler 48 sa. boyunca ekstrelerle
muamele edildi. Siirecin sonunda 0.5 mg/ml/kuyu olacak sekilde MTT c¢o6zeltisi eklendi ve 2 sa. muamele edildi.
Formazan kristallerinin ¢6ziilmesi i¢cin DMSO eklendi ve c¢alkalayici tizerinde 1-2 dak. bekletildi. Mikroplaka
okuyucu ile 570 nm dalga boyunda 6l¢iim yapildi. Ekstre uygulanan kuyucuklardan elde edilen absorbans
degerleri, kontroliin (%100) absorbans degerine gore oranlandi ve hiicre canlilig1 yiizde olarak ifade edildi.

Gercek Zamanli Hiicre Canlilik Deneyi

xCELLigence Gercek Zamanl Hiicre Analizi (GZHA) SP (Tek Plaka) ACEA Biosciences sistemi, gercek zamanh
olarak hucre canliligini boya veya bagka bir kimyasal kullanmadan elektrik sinyalleri ile 6l¢en bir cihazdir. Cihaz;
96 kuyulu e-plaka, %5’lik CO2 inkubatéri iginde bulunan bir istasyona sahip analizér ve CO2 inkibatoriniin
disinda bulunan yazilim kontrol tnitesi bilesenlerinden olusmaktadir. Sistemden e-plakaya sabit bir sekilde
elektrik akimi génderilir ve kuyucuklarin tabaninda bulunan altin elektronik sensdrler yardimiyla adherent
hiicrelerin elektrik akimina kars1 gosterdigi diren¢ (empedans) analiz edilir. Hiicre baglanmas1 ve yayilmasi
nedeniyle empedansta gézlenen degisiklikler hiicre indeksi (CI) olarak ifade edilir. Dolayisi ile empedans 6l¢timii;
hiicrelerin sayisi, canliligi, morfolojisi ve hareketi gibi hiicresel parametrelerin degisimi hakkinda kalitatif ve
kantitatif bilgi sunar (Oberg ve ark., 2020).

Bu c¢alismada serviks kanseri hiicre hattinda potansiyel sitotoksisiteyi 6lgmek ve degerlendirmek i¢in hicre
ekiminden 24 sa. sonra e-plaka kuyucuklarina kontrol grubu, ICso konsantrasyonunda doksorubisin (1.00 pM),
belirlenen CRD konsantrasyonlar1 (10, 30, 100, 180, 240 pg ml') ve belirlenen CRM konsantrasyonlar1 (10, 30,
100, 180, 240 pg ml?) uygulandi. Zamana bagh hiicre indeksi (CI) profilleri, xCELLigence GZHA sistemi
kullanilarak tespit edildi. Elde edilen hiicre canlilig1 analiz sonuglarina gore ekstrenin aktivitesi yorumlanda.

Istatistiksel Analizler

Calisma gruplarindan elde edilen sonuclar, GraphPad Prism 8.3.0 (Graph pad yazilimi, ABD) istatistiksel yazilim1
kullamilarak analiz edildi. Sonuclarin analizinde, deney ve kontrol gruplari arasindaki anlamliligr saptamada
farkliliklara uygun olarak tek yonli varyans analizi ile istatistiksel farkliliga sahip parametreleri saptamada post-
hoc test olarak Dunnet testi kullanildi. Veriler 3 ayr1 deneyden hesaplanan ortalama + ortalamanin standart
hatasi olarak verildi. p<.05 istatistiksel olarak anlaml kabul edildi ve anlamlilik araliklar1 *<0.05; **<0.01 ve
***%<0.001 olarak belirlendi.

BULGULAR ve TARTISMA

Diinyada birgok bolgede endemik olarak varhigini stirdiren farkli Centaurea tirleri bulunmaktadir. Tirlerin
endemik (Keser ve ark., 2020) olusu bilimsel anlamda sinirli sayida calisma bulunmasina neden olmustur. Nitekim
Tirkiye'yve endemik C. [ycaonica turine ait literatiirde bagka sitotoksisite ¢alismasina rastlanmamigtir. Bu
calismada, C. Iycaonica turinin kok kismina ait diklorometan ve metanol ekstrelerinin HeLa hiicre hattindaki
sitotoksik etkisi arastirildi. S6z konusu ekstrelerin farkli konsantrasyonlarinin sitotoksik etki diizeyi MTT (Sekil
1) ve xCELLigence GZHA sistemi (Sekil 2 ve Sekil 3) kullanilarak verildi. MTT yoénteminde ekstreler 10, 30, 100,
180, 200, 300 pg ml! konsantrasyonlarda 48 sa. siireyle uygulandi. CRD ve CRM’nin hiicre canliligini 100 pg ml!
(P<0.001); 180 pg ml'* (P<0.001); 200 ug ml! (P<0.001); 300 pg ml' (P<0.001) konsantrasyonlarda %70’in altina
disurdigiu gorildi. CRD ve CRMnin 180, 200, 300 pg ml! konsantrasyonlarinda, pozitif kontrol olan
doksorubisinin ICso degerinden daha fazla hiicre canliligini azalttig1 gézlemlendi. HeLa hiicresinde CRD’nin 48 sa.
i¢in ICs0 degeri 111.5 pg ml'; CRM’nin 48 sa. i¢in ICs0 degeri 143.30 pg ml?! olarak hesaplanda.
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Sekil 1. HeLa hiicrelerinin 48 saatlik CRD (a) ve CRM (b) maruziyeti sonras1t MTT deney sonuclari

Figure 1. HeLa cells' MTT assay results after 48-hour exposure to CRD (a) and CRM (b)
Pozitif kontrol: Doksorubisin ICso: 1.00 uM uygulandi.
Gruplar kontrole gore ylizde degisimi olarak verildi. Degerler GraphPad Prism 8.3.0 programinda One-
way ANOVA ve post-hoc Dunnett testi ile analiz edildi. p degeri <.05. Anlamlilik araligi; ***<.001.
Sonugclar, ortalama + ortalamanin standart hatasi olarak sunuldu.
Positive control: Doxorubicin 1Cso- 1.00 uM was applied.
Groups were given a percentage change compared to the control. Values were analyzed by One-way
ANOVA and post-hoc Dunnett test in GraphPad Prism 8.3.0 software. p value <.056. Significance range;
*#*#*<.001. Results are presented as mean + standard error of the mean.

xCELLigence GZHA sisteminde ekstreler 10, 30, 100, 180, 240 ug ml'! konsantrasyonlarda 48 sa. siireyle uygulandi
ve hiicre profili izlendi. HeLa hiicresinde CRD'nin 48 sa. i¢in ICso degeri 162.47 pg ml't; CRM'nin 48 sa. i¢in ICso
degeri 177.01 ug ml! olarak hesaplandi. Hiicre profillenmesi incelendiginde ise bitki ekstrelerinin artan
konsantrasyonlarda CI degerini azalttig1, xCELLigence sistemine ait deney sonug¢larinin ve ICso degerlerinin, MTT
deney sonuglar: ve ICso degerleri ile tutarlilik gosterdigi goriildu. Cinse ait literatiir incelemesi yapildiginda, CRD
ve CRM’nin tespit edilen sitotoksik etkilerinin bitkideki terpenler (Huang ve ark., 2018), fenolik bilesikler ve
flavonoid iceriginden kaynaklandig1 diisiiniilmektedir (Ayad & Akkal, 2019; Fattaheian-Dehkordi ve ark., 2021).
CRD ve CRM’nin HeLa hiicrelerinde sitotoksisitesinin gosterilmesi bu calismayla bir ilk tegkil etmektedir. Bu
nedenle, tespit edilen ICso degerleri ile dogrudan bir literatir karsilastirilmas: yapilamadi. C. calcitrapa subsp.
calcitrapa turiinun yaprak kismina ait metanol ekstresinin HeLa hiicre hattindaki sitotoksik etkisinin incelendigi
bir calismada 48 sa.lik maruziyette ICs0 degerinin 92.5 pg ml! oldugu tespit edilmistir (Erol-Day1 ve ark., 2011).
Artun ve Karagoz (2021) ise C. hermannirnin yapraklarindan hazirlanan %95’lik metanol ekstresinin HeLa hiicre
hattindaki potansiyel sitotoksik etkisini, MTT ve xCELLigence GZHA sistemi kullanilarak incelemis ve metotlara
gore sirasiyla 48 sa. igin ICso degerlerini 15.74 ug ml1; 18.3 pg ml?! olarak bulmuglardir. Sitotoksisitenin hangi
mekanizmayla iligkili oldugu arastirilmis ve Kaspaz 3, 7 ve 9 aktivitesindeki artigla iligkili olabilecegi sonucuna
varilmigtir. Centaurea cinsi ile ayn1 kanser hiicre hattinda yapilan bu c¢aligmalar, ¢alismada kullanilan ayni
metotlarin uygulanmasi ancak 48 sa. igin farkli ICso degerlerinin elde edilmesi; kullanilan bitki tird ve
kisimlarindaki farkliliga bagl oldugu sonucuna varildi. Bu ¢alismadaki CRD ve CRM’ye ait ICs0 degerlerindeki
farkliligin nedeni ise, bitki materyalinin farkli ¢o6ziici ile muamele edilmesidir. Analiz sonuglar:
degerlendirildiginde daha sitotoksik olan ¢ozlicliniin diklorometan oldugu gérilmektedir. Literatire bakildiginda,
bu etkinin sebebinin diklorometan ekstresindeki zengin seskiterpen lakton igerigi oldugu distnulmektedir
(Huang ve ark., 2018). ICs0 degerlerindeki farkliligin bir diger nedeni ise hiicre canliliginin él¢iildiigii metotlarin
farkl prensiplere dayanmasindan ileri gelmektedir. MTT testi bir end-point test olarak hiicre canhiligini 6l¢gmeye
yarayan hiicreleri boya ve organik solventlerle muamele ederek spektroskopik veriler elde eden, eski ve givenilir
bir yontemdir (Mosmann, 1983). xCELLigence GZHA sistemi ise mikroelektronik biyosensérler vasitasiyla
hiicrelerin herhangi bir ajana maruz kaldigi andan tedavi sonlanana kadar olan tiim siirecin takibinin
elektrokimyasal yolla, gercek zamanl olarak, bir boyanin kullanilmadigi, yeni ve daha ¢ok verinin elde edildigi
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bir yéntemdir (Oberg ve ark., 2020). Hiicre 6liimiiniin baslangi¢ zamaninin ve hiicre morfolojisindeki erken
degisikliklerin daha net tespit edilebilir olmasinin yaninda 6lgimiin hiicrelere zarar vermeden yapilabilir olmasi,
sistemin MTT testine olan iistiinliigiidiir (Atmaca ve ark., 2016). xCELLigence GZHA sisteminde CI, altin
kaplama e plaka tizerindeki hiicrelerin biiytimesi, bliziilmesi, 6liimii, yapismasi ve morfolojik degisikliklerine gore
6lctilen elektriksel empedans degerini belirledigi i¢in elektrot temas ylizeyindeki hiicre ylizeyinin azalmasinin
nedenleri olan hiicre sayisinin azalmasi, hucrelerin biziilmesi ve yapisma kapasitelerinin azalmasi veya
kaybolmasi hiicresel indeksin azalmasina neden olmaktadir. xCELLigence ve MTT sonuc¢larina gére, CRD ve
CRM'nin hiicre 6limtnden 6nce hiicrelerin kiicilmesine veya yapisma yetenegini kaybetmesine neden olabilecegi
distinilmektedir.

SONUC ve ONERILER

C. Iycaonica turinun sitotoksik etkisini degerlendirmek tizere bitkinin kok kismindan hareketle diklorometan ve
metanol ekstrelerinin farkli konsantrasyonlari hazirlanip HeLa hiicrelerine 48 sa.lik tedavi uygulandi.
Sitotoksisite kantitatif olarak MTT ve xCELLigence GZHA yontemleri ile tahlil edildi. Sonug olarak metotlara
gore sirasiyla, CRD’nin ICso degerleri 111.50; 162.47 ug ml!, CRMnin ICs0 degerleri 143.30; 177.01 pg ml?
bulundu. C. Iycaonica igin bu degerlendirme bilindigi kadariyla literatiirde ilk defa yapilmaktadir. Caligmanin
konusu olan tiirtin, aktif bilesenlerine ait sitotoksik etki mekanizmasinin belirlenmesi i¢in daha fazla arastirmaya
ihtiya¢ vardir. Ayrica bu g¢alisma ile kanser tedavisinde biiyiik bir 6neme sahip olan dogal kaynaklardan elde
edilen ilag calismalarinin ve endemik bitkilerin degerlendirilmesinin énemi vurgulandi. Calismanin, Centaurea
tirlerinin arastirilmasi, sitotoksik etki diizeylerinin belirlenmesi ve etki mekanizmalarinin aydinlatilmasi gibi
ileri diizeydeki calismalar: tesvik edecegi distiniilmektedir.
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ABSTRACT

This research aimed to examine the anti-genotoxic properties of Genetic

Stachys viscosa, a plant of the Lamiaceae family, which has medicinal

and aromatic properties and is widely used in cosmetics, food, and Research Article
pharmaceutical industries. The Drosophila wing somatic mutation

and recombination test (SMART), an in vivo tool for evaluating Article History

somatic mutation and recombination, was employed. The anti- Received 126.10.2024
genotoxic effect of the S. viscosa plant against mitomycin C (MMC) Accepted 123.12.2024
mutagen was investigated. The study evaluated doses of 5 mg, 15 mg,

45 mg, and 60 mg of S. viscosa, concluding that doses of 45 mg and 60 Keywords

mg effectively mitigated DNA damage induced by MMC. At doses of Antigenotoxicity

45 mg and 65 mg, the total number of spots caused by MMC was Drosophila melanogaster
suppressed by 8.21% and 13.17%, respectively. The data collected SMART

indicate that the .S. viscosa plant possesses certain anti-genotoxic
properties.

OZET

Bu arastirmada tibbi ve aromatik 6zelliklere sahip olan, kozmetik,

Stachys viscosa
Mitomycin C (MMC)

Potansiyel tibbi bir bitki olan Stachys viscosamin (Lamiaceae) Drosophila melanogasterda
Antigenotoksik Etkileri

gida ve ilag endiistrilerinde yaygin olarak kullanilan Lamiaceae Genetik

familyasina ait bir bitki olan Stachys viscosanin anti-genotoksik

ozelliklerinin incelenmesi amacglanmigtir. Somatik mutasyon ve Aragtirma Makalesi
rekombinasyonu degerlendirmek i¢in in vivo bir test olan Drosophila

kanat somatik mutasyon ve rekombinasyon testi (SMART) kullanildi. Makale Tarihgesi

Yapilan calismada, S. viscosa bitkisinin Mitomisin C (MMC) Gelig Tarihi  :26.10.2024
mutajenine karsi anti-genotoksik etkisi arastirilmigtir. Calismada S. Kabul Tarihi :23.12.2024
viscosanin 5 mg, 15 mg, 45 mg ve 60 mg'lik dozlar1 degerlendirildi ve

45 mg ve 60 mg'lik dozlarin MMC'nin neden oldugu DNA hasarimi Anahtar Kelimeler

etkili bir sekilde azalttigr saptandi. Arastirma neticesinde 45 mg ve Antigenotoksisite

65 mg'lik dozlarda, MMC'nin neden oldugu toplam benek sayisinin Drosophila melanogaster
sirasiyla %8,21 ve %13,17 oraninda baskilandig1 tespit edilmistir. SMART

Elde edilen veriler, S. wviscosa bitkisinin belirli anti-genotoksik
ozelliklere sahip oldugunu gostermektedir.

Stachys viscosa
Mitomisin C (MMC)
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INTRODUCTION

Mutations are defined as spontaneous or induced alterations in genetic material, whereas mutagens are the
physical or chemical agents that trigger these mutations. These mutagens are vital because they trigger processes
that lead to somatic cell damage, such as the transmission of genetic damage to subsequent generations and cancer
development.

The genotoxic effect, defined as damage to DNA, is the main subject of genetic toxicology as it is a cancer-initiating
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process and the emergence of diseases associated with DNA damage (Sumer et al., 2009).

Many medicinal plants used for traditional purposes are essential in discovering new drugs. Many compounds are
obtained from different parts of these plants. These include pectin, starch, flavonoids, coumarin, tannin,
asparagine, and many amino acids (Seker, 2019). Interest in these plants' therapeutic and anti-genotoxic effects,
which have many metabolites with proven efficacy is increasing (Shabab et al., 2021). Therefore, the genotoxic
effect caused by various mutagens may be reduced due to the anti-genotoxic effect of medicinal plants. Many plants
are significant regarding their anti-genotoxic effect (Onen et al., 2017).

The Lamiaceae family attracts much attention due to its medicinal and aromatic character. They are widely used
in the cosmetic, food, and pharmaceutical sectors, mainly thanks to the essential oils contained in the plant content.
The biological and pharmacological activities of plants in the Lamiaceae family, which is a family wealthy in
essential oil components, are being tried to be determined, and the essential oils in their content constitute an area
of use in phytotherapy (Nilofar et al., 2024).

Turkey is acknowledged as a crucial center of biodiversity for the Lamiaceae family. The country hosts 603 species
and 782 taxa (346 endemic) within this family. Extracts and essential oils from specific species of the Lamiaceae
family have been utilized in traditional medicine to address various ailments, provide nourishment, and function
as food preservatives for millennia. Species of Stachys L. are among those employed for such uses. Stachys, a
notable genus in the Lamiaceae (Labiatae) family, exhibits significant taxonomic diversity and complexity. As a
sub-cosmopolitan genus, Stachys demonstrates extensive distribution across the Mediterranean and Southwest
Asia, subsequently extending to North and South America and North Africa. Nonetheless, it is absent in New
Zealand and Australia. The genus has around 435 taxa and 370 species worldwide. The genus Stachys in Turkey
includes 118 taxa and 91 species, of which 57 taxa are endemic, yielding an endemism rate of 48%. In
Mediterranean locations, these plants have been employed in alternative medicine as herbal treatments and are
ingested as wild tea, generally referred to as mountain tea. A multitude of chemical investigations have been
performed on the volatile components of Stachys taxa. The volatile oil composition of these species is an important
determinant in their use as tea in Anatolian ethnobotany. These species also comprise polyphenols, saponins,
phenolic acids, glycosides, tannins, diterpenoids, flavonoids, essential oils, monoterpenes, and sesquiterpenes. The
synergistic effects of the constituent compounds are believed to be the principal cause for the use of Stachys flowers
and aerial parts as tea for therapeutic purposes in Anatolian culture. Some representatives of the genus have been
recorded for their application as antibacterial and anti-inflammatory agents. Furthermore, studies suggest their
capacity to offer antianxiety, antioxidant, and antinephritic effects (Satil & Acar, 2020).

The ethnobotanical applications of 38 taxa of Stachys, including 29 species, have been recorded in Turkey, with S.
lavandulifolia Vahl and S. cretica L. being the most commonly utilized species. In Turkey, Stachys species are
frequently utilized as medical herbal infusions. Additionally, they are utilized as a powder for treating animal
diseases, as a gargle for sore throat, and in the form of handkerchiefs and hair accessories (derived from leaves)
for children. Research has identified approximately 40 different diseases and symptoms for which Stachys taxa
are employed in treatment, with notable applications including addressing stomach issues, colds, coughs, and
diabetes (Satil & Acar, 2020).

Stachys species are widely employed in Anatolia and Iran for herbal therapy, frequently ingested as tea. Stachys
taxa, commonly known as Mountain tea (above-ground parts in the form of infusion and decoction), are considered
to have antibacterial and antifungal properties, as well as being used as a tonic for gastrointestinal disorders. The
literature indicates their role in pain and inflammation inhibition, exhibiting anxiolytic properties, and serving as
antibacterial, antinephritic, anticancer, anti-Helicobacter pylori, and antioxidant agents. Examples are S. recta L.,
utilized for wound healing, and S. Javandulifolia, applied for digestive issues. S. officinalis (L.) Trevis., S. sylvatica
L., S. recta, and S. palustris L. are utilized in Hungarian folk medicine for their anti-inflammatory, anti-rheumatic,
and antibacterial attributes. These plants are utilized as antiphlogistics, spasmolytics, diuretics, sedatives, and
for the treatment of neoplastic illnesses. Stachys taxa are abundant in secondary metabolites, particularly
diterpenoids, which demonstrate antibacterial, antifungal, antimycobacterial, and anti-Alzheimer properties (Satil
& Acar, 2020).

Many species in the genus Stachys are well known for treating a wide range of illnesses in traditional medicine
across various cultures. In Italy, for example, Stachys recta, also known as "yellow woundwort," is called "erba
della paura," a reference to its use in herbal teas for anxiety treatment. S. Javandulifolia, also called "Chaaye
Koohi," and other Stachys species are widely used in Iran to treat gastrointestinal disorders, skin irritation, and
stress. Although this common term may cause confusion with other herbal medicines from Sideritis species, herbal
teas derived from Stachys species, commonly referred to as "mountain tea," are also widely used for treating skin
and stomach disorders.

While Stachys geobombycis C.Y.Wu, also known as Dong Chong Xia Cao, is used as a tonic in Asia and Europe,
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Stachys affinis Fresen. is utilized in Chinese traditional medicine for a variety of ailments, such as colds, heart
disease, antioxidant qualities, and brain abnormalities. Species such as .S. acerosa Boiss., S. fruticulose M.Bieb.,
S. byzantine K.Koch , and S. lavandulifolia have a variety of purposes in Iranian traditional medicine, including
the usage of S. sylvatica to treat polycystic ovarian syndrome (PCOS). Furthermore, species like S. cretica, S.
lavandulifolia, and S. sylvatica are used in Turkish traditional medicine to treat stomach and respiratory
conditions; some species are also used to treat cardiac problems.

Infusions and decoctions of Stachys species are used in Greek and Italian traditional medicine to treat
gastrointestinal issues, headaches, rheumatic pain, and neuralgia. Some species are even used in food; for instance,
S. palustris is used in European cuisine as "mayday flour" in bread additions, and S. affinis tubers are consumed
in China and Japan as "Chinese artichokes." There have also been documented veterinary use for S. germanica
and S. officinalis (Tomou et al., 2020)

S. viscosa Montbret & Aucher ex Benth the native range of this species is N. & E. Turkiye to W. Transcaucasus. It
is a subshrub and grows primarily in the temperate biome. It is utilized by the public as a nectar source for bees,
an infusion for tea, forage, and for alleviating colds and intestinal issues (Satil & Acar,2020).

Anti-genotoxic effects of the Stachys genus and Lamiaceae family members have been revealed in some studies
(Rencuzogullari et al., 2012; Sevindik & Rencuzogullari, 2013; Kilic et al., 2018; Rasgele et al., 2021). In addition,
the main subject of the study was a plant formerly called S. Jaetivirens, now classified as a synonym of S. viscosa.
In a previous study, Sixty-one compounds were identified in the essential oil extracted from the aerial components
of S. laetivirens, and the oil composition was found to contain 2.0% oxygenated monoterpenes, 12.9% sesquiterpene
hydrocarbons, 18.6% diterpenes, 8.2% oxygenated sesquiterpenes, and 43.7% other components. The highest
components were found to be nonacosan (23.1%) and phytol (17.9%). While sesquiterpenes are generally found in
significant amounts in Stachys species, some may accumulate monoterpenes. However, the composition of S.
laetivirens contains abundant straight-chain alkanes such as nonacosan and phytol (Duman et al., 2005).

Since the existence of mankind, the first area he turned to in order to solve his problems was nature itself.
Ethnobotany, defined as the relationship between nature and plants, the most important part of nature, is the
basic asset used today to solve problems, especially various diseases. Recently, diseases and problems such as
genetic disorders and cancer have been occupying our day. The examination of these problems in various ways
continues to increase. Mutagens that affect genetic structure are among the subjects of this research. It is one of
the basic research materials in the field of genetics, as in many studies on medicinal plants.

Notwithstanding its therapeutic efficacy, S. viscosa has yet to be evaluated for its antimutagenic characteristics.
Drosophila melanogaster (vinegar fly), a eukaryotic organism used in this study, is used in the determination of
mutagenic, genotoxic, carcinogenic, and anti-genotoxic effects of many substances due to its easy and economical
production and its genetically diverse lineages (Oz et al., 2023). Among the tests that use Drosophila as a model
organism, one that has become quite popular in recent years is the Somatic Mutation and Recombination Test
(SMART), which allows the recognition of a wide range of genetic issues such as deletions and point mutations, as
well as the exact types of chromosomal errors such as mitotic recombination and gene conversion (Cetinkaya &
Yurtsever, 2021; Celik & Uysal, 2023). SMART is a superior method in that it provides more accurate results in
genetically measuring the mutation caused by various substances in somatic cells. Compared to other tests,
SMART has the advantage of being faster, more reliable, and more economical (Sarikaya & Cakir, 2005; Yalcin et
al., 2024).

The similar genetic characteristics of humans and Drosophila make Drosophila especially advantageous for such
studies. Many substances that are carcinogenic to humans also give positive results in Drosophila tests. In
addition, there is no need for metabolic activation to test for promutagens and procarcinogens (Rincon & Graf,
1995).

This research sought to examine the anti-genotoxic properties of S. viscosa, which has potential medicinal value,
against the mitomycin-C (MMC)-induced genotoxic effect of Drosophila SMART.

MATERIAL and METHOD
Plant material

The aerial components of S. viscosa were collected from its habitat during the flowering season. The plant was
desiccated in the shade for extraction research and stored in the Herbarium of Munzur University for identification
and preservation purposes. MA 2045: S. viscosa, roadside limestone rocks around 5th km between Tunceli Merkez
and Ovacik, May 2020. B7, Tunceli Merkez (Tiirkiye).
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Plant extraction

The above-ground parts of S. viscosa were dried in the shade and ground in a mortar and pestle. Weighed 4 g of
the samples obtained, and 40 mL of methanol (1/10 w/v) was added. They were kept in an incubator (Elekto-mag
M 5040 P, Turkey) at 40 °C for 24 hours. The resulting solutions were centrifuged (Universal320 R) at 9,000 rpm.
The solvent was removed with the help of an evaporator. After determining the amounts of the extracts obtained,
methanol extracts were obtained. The extracts were stored at +4 °C until analyzed (Soldamli, 2016).

Figure 1 S. viscosa general appearance in nature
Sekil 1. S. viscosa dogadaki genel goriintimii

Drosophila Strains

Two genetically different strains of Drosophila were used in the study. The mwh/mwh and flare-3 strains of D.
melanogaster were utilized in the research (Rincon & Graf, 1995).

Anti-genotoxic Application

MMC (CAS No. 50-07-7), which has known genotoxic effects, was used as a positive control group in the study. In
addition, the study utilized dosages of 5 mg, 15 mg, 45 mg, and 60 mg to assess the genotoxic and anti-genotoxic
effects of S. viscosa.

To assess the anti-genotoxic effects of these dosages against MMC, a concentration of 0.05 mM MMC was employed.
For this purpose, 5 mg, 15 mg, 45 mg, and 60 mg of powdered S. viscosa pieces were added to 0.5 g of prepared
medium (Formula 4-24; Carolina Biological Supply) in sterile test tubes.

Implementation Procedure

The diagnostic technique was executed in accordance with a precise protocol, albeit with certain alterations (Graf
et al., 1984). 72+4 h larvae developing from eggs obtained after 8 h of crossing of mwh males and 77 virgin females
were collected using 17% sodium chloride solution. These larvae were counted and placed in tubes containing
group-specific medium. In this way, distilled water was the negative control, MMC was the positive control, and
S. viscosa and MMC + S. viscosa groups were also formed.

Preparation and Microscopic Analysis of Wing Preparations

For microscopic analysis, only trans-heterozygous (mwh fIr+/mwh+fIr? individuals were used from larvae to adults
in test tubes. The wings of adult flies were clipped and placed on slides on which Faure's solution (30 g of gum
arabic, 20 ml of glycerol, 50 g of chloralhydrate, and 50 ml of distilled water) was added. The surfaces of the
positioned wings were analyzed using a light microscope at 400X magnification. The observed spot types were
documented as single spots and double spots (Rincon & Graf, 1995).
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Statistical Analysis

The spots observed by microscopic scanning were recorded as large single spots, small single spots, and double
spots. The single-type clones observed in the SMART test are formed by point mutation, deletion, translocation,
chromosome loss or chromosome non-separation, and mitotic recombination in the DNA, while twin clones are
formed only by mitotic recombination. For statistical analysis, the number of spots on each wing was compared
with those in the control groups. The MICROSTA package program was used to evaluate the results, and a one-
way Kastenbaum-Bowman test was performed. The percentage inhibition of wing spot frequency of .S. viscosa by
MMC was calculated using the following formula (Idaomar et al., 2002).

100(a-b)
a

According to the formula above, a- shows the spot frequency caused by MMC, and b- shows the spot frequency
caused by MMC as a result of S. viscosa application.

RESULTS and DISCUSSION

In the study, 5 mg, 15 mg, 45 mg, and 60 mg doses of \S. viscosa were used. Doses of 0.025mM, 0.05mM, and 0.1mM
of MMC, which has antibacterial and antitumor fungal effects and is classified as an alkylating agent, were used
as the positive control group. The MMC was directly dissolved in distilled water and used in the study. As a result
of the statistical evaluations, while the genotoxic effect of MMC in Drosophila was detected, no significant
difference was observed in all tested doses of S. viscosa compared to the control group (distilled water) for all spots.
In the literature, many studies show that MMC, an antibiotic obtained from Streptomyces caespitosus, causes
genotoxic effects in Drosophila (Niikawa & Nagase, 2007; Karabulut & Yesilada, 2014; El-Hefny et al., 2020). In
the study, survival percentages were also calculated for each treatment group. All findings and statistical
evaluations are presented in Table 1 and Table 2.

Table 1. SMART findings and statistical analysis results of MMC application groups
Cizelge 1. MMC uygulama gruplarina ait SMART bulgulari ve istatistiki analiz sonuglari
Statistical analysis of the number of spots per wing *

Test Groups Survival Small single Large single
rate (%) Number of spot spot Twin Total spot
Wings (1-2 cells) (>2 cells) spot Number of
Inspected  (m=2) (m=5) (m=5) (m=2)
Distilled Water 98 110 0.14 (16) 0.02 (2) 0 0.16 (18)
MMC (mM)
0.025 60 75 3.24 (243) + 3.39 (254) + 2.10 (158)+ 8.73 (655)+
0.05 54 66 6.23 (411) + 7.17 (473) + 2.92 (193)+ 16.32(1077)+
0.1 43 64 8.81 (564) + 9.05 (579) + 3.22 (206)+ 21.08(1349)+
* One-way Kastenbaum-Bowman Test, +: positive (genotoxic), -: negative (not genotoxic), i: insufficient, m:

multivariate factor, a=8=0.05, Distilled water are negative control, MMC is a positive control.

Table 2. SMART findings and statistical analysis results of S. viscosa application groups
Cizelge 2. S.viscosa uygulama gruplarina ait SMART bulgulari ve istatistiki analiz sonuglari
Statistical analysis of the number of spots per wing *

Test Groups Survival Small single Large single Twin
rate (%)  Number of spot spot spot Total spot
Wings (1-2 cells) (>2 cells) (m=5) Number of
Inspected  (m=2) (m=5) (m=2)
Distilled Water 98 110 0.14 (16) 0.02 (2) 0.009(1) 0.17 (19)
S. viscosa (mg)
5 97 104 0.13 (14) i 0.02 (2)i 0.009(1) i 0.16(17) i
15 93 97 0.12(12) i 0.01 (1)1 0.00 (0) i 0.13(13) i
45 85 90 0.11(10) i 0.02 (2) i 0.01(1) i 0.14(13) i
60 70 84 0.12 (10) i 0.01 (1i 0.01 (i 0.14 (12) i

* One-way Kastenbaum-Bowman Test, +: positive (genotoxic), -: negative (not genotoxic), i: insufficient, m:
multivariate factor, a=8=0.05, Distilled water are negative control.
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In order to determine the anti-genotoxic effect of S. viscosa against MMC, 5 mg, 15 mg, 45 mg, and 60 mg doses of
S. viscosa were added to the prepared medium containing 0.05 mM MMC. In all groups, wings were scanned for
the presence of spots. When spot numbers were examined, it was observed that all spot numbers decreased in the
45 mg and 60 mg MMC+ S. viscosa groups compared to the MMC groups. Except for the double spots observed in
the 45 mg treatment group, these decreases had a statistically negative effect. In addition, the percentage of
inhibition of the number of spots caused by MMC in S. viscosa was calculated by the simultaneous application of
45 mg and 65 mg doses of \S. viscosa and 0.05 mM MMC. The administration of 45 mg and 60 mg doses of S. viscosa
resulted in a reduction of 8.21% and 13.17%, respectively, in the total number of spots generated by MMC. The
outcomes derived from the wing spot test are presented in Table 3.

Table 3. SMART findings and statistical analysis results of MMC+ S. viscosa application groups
Cizelge 3. MMC+ S. viscosa uygulama gruplarina ait SMART bulgulari ve istatistiki analiz sonuglari

Statistical analysis of the number of spots per wing *

Test Groups Survival Number Small single Large single .
rate (%) of Wings spot spot Twin Total spot
Inspecte (12 cells) (>2 cells) spot Number of Inh.
d (m=2) (m=5) (m=5) (m=2) %
MMC (0,05mM) 54 66 6.23 (411) 7.17 (473) 2.92(193)  16.32(1077)
MMC+S. viscosa (mg)
5 55 64 6.33(405) 1 7.29(466) 1 3.11(199)i  16.72(1070) i
15 54 61 6.34(387) 1 7.51(458) 1 3.11(190)i  16.97(1035) i
45 55 64 5.51(353) - 6.80(435) - 2.70(171) 1 14.98(959) - 8.21
60 57 66 5.12 (338) - 6.53(431) - 2.51(166) - 14.17 (935) - ;3'1

* One-way Kastenbaum-Bowman Test, +: positive (genotoxic), -: negative (not genotoxic), i‘ insufficient, m:
multivariate factor, a=6=0.05, MMC (0.05mM) is a positive control.

It is known that many plants that we frequently use in our daily lives are used in the treatment of many types of
cancer and other somatic mutation-related diseases and show anti-genotoxic activity thanks to their components.
The mutagenic effect due to the effect of various mutagens is reduced due to the anti-genotoxic effect of the
components of these plants (Boldbaatar et al., 2014; Zor and Aslan 2020). Secondary metabolites found in the
structure of organs such as leaves stems, and roots of plants are widely used in the protection and maintenance of
the health of living things and the treatment of diseases due to their various biological activities. Many studies
have shown that plant secondary metabolite products have protective effects in preventing genetic damage caused
by various damaging factors, especially free radicals. Phytochemicals, natural substances contained in plants, are
molecules used to produce plant-based drugs in drug development. Phytochemicals are found in medicinal and
aromatic plants, vegetables and fruits, roots, leaves, and flowers. Phytochemicals, which are not the main food
source consumed by humans, are natural compounds that give plants taste, color, and aroma (Vasanthi et al.,
2012). This study examined the genotoxic and anti-genotoxic effects of .S. viscosa, a potentially significant medicinal
plant from the Lamiaceae family utilized in many cosmetic, culinary, and pharmaceutical applications, on D.
melanogaster by the Drosophila wing spot test. Numerous studies investigate the antimutagenic properties of
several plant extracts, utilizing Drosophila as a model organism (Radak & Andjelkovic, 2016). This work is the
initial investigation of the anti-genotoxic impact of \S. viscosa on Drosophila utilizing the wing spot test.

It has been shown in different test systems that the negative effects of MMC and promutagens that can be
genotoxic as a result of metabolic activation can be prevented with various synthetic or natural molecules. These
effects are considered to be antigenotoxic by preventing them from binding to DNA by inducing repair mechanisms,
binding to genotoxins, or blocking their metabolism by inhibiting enzyme activities, and molecules that exhibit
these activities are considered to be antigenotoxic agents or antimutagens (Laohavechvanich et al., 2006). In this
context, we can say that Stachys species, which contain various biopolymers that are medically important, prevent
breaks in DNA strands that occur due to the effects of various mutagens such as MMC and can also prevent point
mutations that develop in parallel. In a study conducted with cell culture, it was shown that the cytotoxic effect of
the essential oil contained in a species belonging to the Lamiaceae family on colorectal cancer cell lines was higher
than its effect on healthy cell lines. In addition, as a result of apoptosis analysis, it was shown that the essential
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oil showed a high apoptosis effect and induced apoptosis. As a result, it was reported that this species has the
potential to be a therapeutic agent against colorectal cancer (Yadollahi, 2024). The anti-cancer properties of
essential oils obtained from some Lamiaceae species against human cancer cells have been investigated. Studies
have reported that the tested members of this species have anticancer, antioxidant, and antimutagenic properties
(Kolumbayeva et al., 2022; Gezici et al., 2024). Additionally, in a study investigating the antigenotoxic effect of
Salvia verticillata L. belonging to the Lamiaceae family using the Cytokinesis Block MicroNucleus (CBMN) assay,
it was reported that Sa/via showed a statistically significant antigenotoxic effect against MMC, a mutagenic agent.
It can be said that the phenolic acids, flavonoids, and terpenes contained in the plant contribute to this effect
(Stavropoulou et al., 2024).

CONCLUSIONS

This study determined that S. viscosa did not cause any genotoxic effect in D. melanogaster. In addition, statistical
evaluations determined that 45 mg and 60 mg of S. viscosa showed anti-genotoxic effects by suppressing DNA
damage induced by MMC in Drosophila. Accordingly, it can be said that the plant contains some anti-genotoxic
factor(s). Members of the Lamiaceae family are extensively utilized for medicinal and aromatic purposes. The
family showing aromatic properties has rich secondary metabolites. It also contains many species with
antibacterial, anti-fungal, and antioxidant properties. In addition, studies on genotoxic effects are at the beginning
level. Many different model organisms are used in genotoxicity and antigenotoxicity studies, especially in the field
of Mendelian genetics. Among these organisms, Drosophila is the most widely used. With this in vivo study with
Drosophila, one of the most commonly used model organisms in experimental studies due to its genetic
characteristics, the anti-genotoxic activity of S. viscosa was investigated for the first time on D. melanogaster. In
this context, we think the study should be evaluated in terms of public health. In order to better elucidate the
subject of the study, support our findings, and clarify the mechanism of anti-genotoxicity, further studies such as
different extractions and evaluation of different parts of the plant may be recommended. As a result, the pioneering
of effective research on the evaluation and characterization of components obtained from the Lamiaceae family
and having antigenotoxic effects makes it possible to apply these components to human health. Additionally, it
may be recommended to conduct new studies with different in vivo and in vitro test systems that work with
different mechanisms and different model organisms to elucidate the mechanism of the antigenotoxic effect of S.
viscosa on Drosophila.
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ABSTRACT Botany

This study; it is about the verification of the distribution of

Euphorbia condylocarpa Boiss. & Heldr. (Euphorbiaceae), for which Research Article
there is no reliable information about its existence in Turkiye.

Because, the most important website regarding the distribution of Article History
plants distributed in Tiirkiye(Bizimbitkiler website) and the most Received :16.08.2024
up-to-date and comprehensive study called "Bizim Bitkiler Listesi Accepted :30.10.2024

(Damarh Bitkiler)” do not accept the existence of this species in
Tirkiye. It is stated that the existence of this species in Tiirkiye Keywords

needs to be confirmed. The closest species to the E. condylocarpa, Euphorbia condylocarpa
which we focused on in order to eliminate doubts about its gijeletri Euphorbiaceae
distribution in Turkey, is in tuberous form Fuphorbia apios L.. It is Distribution
distinguished from Z. apios by the fact that the cauline leaves of £. Baskil

condylocarpa are cordate—auriculate at the base and the number of Elaz1g

axillary rays is more than 6 (to 30). In addition, the description of Z.
condylocarpa, the ecological information in the area where it
develops, and some features of the species that differ from the known
description are also emphasized.

Tiirkiye’den Euphorbia condylocarpa M.Bieb. (Euphorbiaceae: Sect. Helioscopia, Subsect. Galarhoer )
‘min Tabii Yayiliginin Teyidi

OZET Botanik

Bu calisma; Turkiye'de varhigina dair givenilir bilgi bulunmayan

Euphorbia condylocarpa Boiss. & Heldr. (Euphorbiaceae)nin Aragtirma Makalesi
Turkiye’de yayilisinin dogrulanmasiyla ilgilidir. Zira, Tirkiye'de

yayilisi olan Dbitkilerin dagilisi  ile ilgili en 6nemli web sitesi Makale Tarihgesi
(Bizimbitkiler veb sitesi) ve en giincel ve kapsamli calisma olan Gelis Tarith1  :16.08.2024
"Tiirkiye bitkileri listesi (Damarl bitkiler)" adli calisma bu tiiriin Kabul Tarihi :30.10.2024
Turkiye'de varligimi kabul etmemekte ve bu tirin varliginin

teyidinin  gerektigini  belirtmektedirler. Turkiye'de yayilisi Anahtar Kelimeler
hakkindaki sgtuipheleri gidermek ic¢in tzerinde durdugumuz Z. Fuphorbia condylocarpa,

condylocarpa'ya en yakin tir tuberli formdaki Fuphorbia apios gijeletri Euphorbiaceae
L.'dir. E. condylocarpamnin goévde yapraklarinin tabanda kordat— Yayilig
aurikiilat olmalar1 ve aksillar ray sayisinin da 6'dan fazla ( 30’a Baskil

kadar) olmas1 ile FK.apiostan ayirt edilmektedir Ayrica, £. Elazg
condylocarpanin tamimi, gelistigi alandaki ekoloji bilgileri ve tlrin

bilinen tanimindan farklilik gosteren bazi 6zellikleri iizerinde de
durulmustur.

To Cite : Behget, L.(2025). Confirmation of the Natural Distribution of Euphorbia condylocarpa M.Bieb.( Euphorbiaceae:
Sect. Helioscopia, Subsect. Galarhoel) in Tiirkiye. KSU J. Agric. Nat. 28 (1), 62-69. https://doi.org/10.18016/
ksutarimdoga.vi. 1534309

Ataf Sekli:  Behget, L.(2025). Tiirkiye’den Euphorbia condylocarpa M.Bieb. ( Euphorbiaceae: Sect. Helioscopia, Subsect.
Galarhoer)’'nin Tabii Yayihsinin Teyidi. KSU J. Agric.Nat. 28 (1), 62-69. https://doi.org/10.18016/
ksutarimdoga.vi.1534309

INTRODUCTION

The Euphorbiaceae has around 8000 members of 340 genera worldwide (Radcliffe-Smith, 2001; Wurdack et al.
2004; Yang et al., 2012; Islam et al., 2019). Some of the members of this family (such as Acalypha indica L,
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Croton bonplandianum Baill, Fuphorbia hirta L., E. thymifolia L., Jatropha gossypifolia L, and Ricinus communis
L) have significant medical uses, and some taxa such as Ricinus communis are widely cultivated due to their
medical importance (Islam et al.,2019). Although members of this genus are distributed in various parts of the
world; it has more diversity in the arid and semi-arid parts of the tropical and subtropical regions. Fuphorbia L.
genus is represented in Turkey with 107 members; it has a rich diversity and these taxa are considered as
members of 2 subgenus (subg. Chamaesyce Raf. and sung. Esula Pers.) (Safak Odabasi, 2023).

Interesting tuberous Fuphorbia L. (members of this genus are known as siitlegen in Turkish) specimens (Figure
1-3) were collected during the botanical trips carried out on 20.04.2024 on the stony steppe slopes and off the oak
(Quercus infectoria_Oliv. subsp. Ferris (A.Kern) Meikle and . libani Oliv. ) communities of the mountainous
part north of the Odabas: village of Baskil district(Elazig/Tiirkiye). According to Walter (1962), divides the Irano-
Turanian phytogeographic region of Tirkiye into two parts, Baskil district; it is located in the forest area
dominated by deciduous trees. The area where FEuphorbia specimens were collected also includes steppe and
rocky areas in the area between the locally destroyed oak communities. The distribution of 950 taxa was
determined in the flora of Baskil district, where tuberous Euphorbia samples were collected (Behcet 2020). In
addition to this flora, a significant part of which is determined to be composed of elements of the Irano-Turanian
phytogeographic region, some new species have recently been published in the field for the scientific world
(Behget 1998; Behget & Ilgim 2018; Hamzaoglu & Behget 2022). In addition, in recent years, new records for
Turkey (Yapar & Behcet 2022) and new taxon studies (Behcet et al. 2019; Behcet & Giilbasan 2024) have been
published within the borders of Elazig province where E. cardophylla Boiss. & Heldr. was collected.

These collected samples; according to the “Flora of Turkey and the East Aegean Islands and Flora of the USSR”
identification keys, they are members of Helioscopia Dumort. Emend. Tutin section and Galarhoei (Haw.) Boiss.
Ex Pax emend. Radcliffe —-Smith. Subsection (Group B) (Radcliffe-Smith,1982; Prokhanov,1974). The fruits of our
perennial herbaceous specimens are verrucose, the seed surfaces are smooth and many other features comply
with the definition of Euphorbia cardiophylla Boiss. & Heldr.(Radcliffe-Smith,1982). However, in Oztekin (2012a
and 2012b)'s current studies regarding the distribution of Euphorbia genus members in Tiirkiye, it is stated that
E. cardiophylia is a synonym for E. condylocarpa M.Bieb. and the existence of E. condylocarpa in Tirkiye should
be confirmed. In addition, the website (Oztekin, 2012b) shows the distribution areas of each of the vascular
plants distributed in Turkiye on a map; no distribution area is specified on the map given for £. condylocarpa. In
this case, it is not clear whether E. condylocarpa is distributed in Turkiye and it is necessary to prove the
existence of natural distribution of this species in Tturkiye.

On the other hand, although the definition and information of localities of Euphorbia condylocarpa (which is
included in the 7th volume of the Flora of Turkey as E. cardiophylla and in the 10th volume as E. condylomata)
in7th the 10th volumes of Flora of Turkey (Radcliffe-Smith,1982; Davis et al., 1988) is given; Oztekin's (2012a)
study evaluated the distribution of the said species in our country as suspicious. When you visit the website
(Oztekin, 2012b) showing the distribution of plants growing in Tirkiye, it is seen that there is no distribution
map or information provided for the Fuphorbia cardiophylla species in Turkiye. Also on the same website no
distribution area is given for Fuphorbia condylocarpa within the borders of Tiurkiye and regarding this species,
the statement "Confirmation of its existence in Turkiye is required" is given, and there is a note "FI. Taur.-
Caucas. 1: 377 (1808)" regarding the distribution of this species. The fact that the existence of this species in
Turkey is considered suspicious and requires confirmation may be due to the fact that specimens that fully
reflect the characteristics of the species in question are not available in Tirkiye or have not been seen. The
reasons stated above; necessitates the elimination of doubts about the distribution of Euphorbia condylocarpa in
Turkiye.

In this study, the main features of Euphorbia condylocarpa that distinguish it from its related species; it is
evidenced by field and scan photographs (Figure 1-5). In addition, locality information and ecological
characteristics of the species were given and doubts about the distribution of the species in Tirkiye were
eliminated.

MATERIALS and METHODS

Specimens of Fuphorbia condylocarpa were collected from the Baskil district of Elazig province in Turkiye
(Figure 6). While describing Euphorbia condylocarpa, in addition to the description of the distribution of the
species in the Flora USSR (Prokhanov, 1974), some variations seen in our samples (especially sometimes, in
addition to the development of sterile branches on the stem, tuber sizes, tuber division and, although rare,
flattening) are also presented by taking into account the samples we collected from Baskil. Also in the given
definition; The characteristics of this species, which is known to be distributed in the Caucasus, in the Russian
flora (Prokhanov, 1974) were compared with the photographs of live and dry Euphorbia condylocarpa specimens
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on the Gbif website (2024). Photographs of specimens were taken in the field, scanning device(hp), and
morphological observations were made using an Olympus SZ51 stereo microscope. The herbarium specimens are
deposited in BIN (the Herbarium of Bingsl University).

Sekil 1. Euphorbia condylocarpa 'nin orijinal habitatinda(A) ve yumrulu(B) gériiniimii
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Figure 2. Scanned habit of Euphorbia condylocarpa with a single flattened tuberous and chordate-based leaf
(from BIN 12197).
Sekil 2. Euphorbia condylocarpa'nin taranmis tek yumrulu ve kalpsi tabanli yapraga sahip olan habitusu (BIN
12197'den)

These tuberous Euphorbia specimens collected from Baskil were found to be very similar when compared to the
Euphorbia condylocarpa images on the Gbif website (Figures 4 and 5).

RESULTS and DISCUSSION

Euphorbia. condylocarpa M. Bieb. Fl. taur.-cauc. I (1808) 377, et III, 328; Ldb. Fl. Ross. 111, 567; Boiss. In DC.
Prodr. XV, 2, 126; Fl. Or. IV, 1102.- E. amplexicaulis Ledeb F1. Ross. 111 (1849—1851) 567.—

Tithymalus condylocarpus (M. Bieb.) Klotzsch & Garcke in Abh. Akad. Berl. 1859(1860)78, nomen altera. - Ic:
Boiss. Ic. Euph. Tab. 77.

Type: in Leningrad (LE).
Syn.-Homotypic synonym

Tithymalus condylocarpus (M.Bieb.) Klotzsch & Garcke in Abh. Konigl. Akad. Wiss. Berlin 1859: 78 (1860)
Heterotypic synonyms

Euphorbia amplexicaulis Ledeb. In F1. Ross. 3: 567 (1850), nom. illeg.

65


https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:357086-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:345564-1

KSU Tarim ve Doga Derg 28 (1), 62-69, 2025 Aragtirma Makalesi
KSU J. Agric Nat 28 (1), 62-69, 2025 Research Article

Euphorbia cardiophylla Boiss. & Heldr. In P.E.Boissier, Diagn. Pl. Orient. 12: 107 (1853)
Tithymalus amplexicaulis Klotzsch & Garcke in Abh. Konigl. Akad. Wiss. Berlin 1859: 80 (1860)
Tithymalus cardiophyllus (Boiss. & Heldr.) Klotzsch & Garcke in Abh. Kénigl. Akad. Wiss. Berlin 1859: 78 (1860)

<

Figure 3. Scanned habit of Euphorbia condylomata with sterile branches, chordate-based leaf and 3-tube red: A-
General view of habitus B-Fruits and glands appearances in the inflorescence part (from BIN 12197)
Sekil 3. Euphorbia condylocarpanin taranmis ¢igeksiz dalli, kalpsi tabanli yapraga sahip olan ve 3 yumrulu
habitusu’ A-Habitusun genel gériiniimii B- Cicek durumundaki meyve ve glandlarin gériiniimleri (BIN
12197den)

Figure 4. Photograph of fresh specimens of Euphorbia condylomata (from GBIF 2024)
Sekil 4. Euphorbia condylocarpa nin taze érneklerine ait fotograf (GBIF 2024°den)
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Figure 5. Image of Euphorbia condylomata in the Herbarium of Moscow State University (MW1007566) (from
GBIF 2024)
Sekil 5. Moskova Devlet Universitesi Herbaryumundaki Euphorbia condylocarpa'nin goriintiistii (MW1007566)
(GBIF 2024 den)

Description: Perennial. Rootstock is tuberous, tuber entire or branching, 1-6 cm wide, those that develop in the
rock area are flattened due to bilateral rock compression. Stems: 10—-45(54) cm high, 2-8 mm thick, l-several,
often branched, prostrate, decumbent-ascending or + erect, with or without sterile branches, glabrous, thinner at
the base, densely leafy, with internodes 3—6(rarely 10) mm long. Leaves: basal leaves are scarious, deciduous, the
basalmost squamiform; cauline leaves sessile, dilated-cordate and amplexicaul at base, ovate-oblong, oblong,
elliptic-oblong or linear-oblong, (0.5-)1.3—3.5(-5) cm long, (4)5-16(~18) mm wide, obtuse or acute, serrate.
Inflorescence: paniculate; bearing above 6—40 axillary peduncles 1—4.5 cm long, terminal peduncles 1—3 cm long,
often inconspicuous; axillary peduncles many, like the terminal, bifurcate; raylet leaves ovate-rhombic to
transversely ovate, oblongtriangular or rhombic-ovate, (3)8—18 mm long, (3)5—13(-~16 ) mm wide, usually more or
less serrate or entire, obtuse, sometimes abruptly cuspidate, often more or less reddish. Cyathium: subglobular-
turbinate, ca. 1.5 mm long, 2 mm in diameter, glabrous, with short broad transversely oblong lobes; nectaries 5,
transversely elliptic; styles 0.5—1 mm long, nearly free, cleft. Schizocarp trilobate, short-stalked, subglobulose
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3—4.5x3.5-5 mm, covered with shortly cylindrical or conical green or purplish warts, glabrous. Seeds compressed
ovate, ca.2.5 mm long, brown, smooth. F1.3-4-Fr. 4-6.

Forests and shrubby formations, stony and rocky slopes.- Gen. distr.: Iran, Tirkiye. Described from the mineral
source Narzan (Kislovodsk) in the foothills of the Caucasus.

1 2 3 4 5 6
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Figure 6. The locality where Euphorbia condylomata (M)was collected in Baskil (Elaz1g/Tiirkiye)
Sekil 6. Euphorbia condylocarpa (M)nmin Baskil (Elaz1g/Tiirkiye)’de toplandig: lokalite

Flowering: March-April

Fruiting: April-June

Distribution: North Caucasus, Transcaucasus, Iran, Iraq, Tirkiye (POWO, 2024).
Type: in Leningrad (LE).

Specimens examined: Fuphorbia. condylomata: Tirkiye, B7 square: Elazi1g, Baskil district, the mountainous part
north of the Odabas village, on the stony steppe slopes and off the oak(Quercus infectoria Oliv. subsp. Ferris
(A.Kern) Meikle and @. Zibani Oliv. ) communities, 1500-1600 m, 20.04.2024, L. Beh¢et 21188, BIN 12197.

Ecological preferences: In the area where Fuphorbia condylomata grows at 1500-1600 m on the mountain slopes
north of Odabas: village; there is a distribution of oak communities (Quercus infectoria Oliv. subsp. veneris
(A.Kern.) Meikle and @. Iibani Oliv.) and the shrub-like Cerasus macrocarpa (C.A.Mey.) Boiss. subsp. microcarpa
and Cotoneaster nummularius Fisch. &C.A.Mey., Ficus carica L. subsp. rupestris Browicz. In these communities
where E. condylocarpa develops and in the steppe areas between them; other important plants that grow
alongside spiny or xerophytic taxa such as Acantholimon acerosum (Willd.) Boiss., Helichrysum plicatum (Nab.)
P.H.Davis & Kupicha, Marrubium parviflorum Fisch. & C.A.Mey. subsp. parviflorum, Noaea mucronata
(Forssk.) Asch. & Schweinf are: Alyssum menicoides Boiss., A. simplex Rudolph, Arabis montbretiana Boiss.,
Astragalus lanigerus Desf., Bromus tectorum L., Carlina involucrata subsp. Iibanotica (Boiss.) Meusel & Késtner,
Centaurea virgata Lam., Cerastium dichotomum L. subsp. dichotomum, Clypeola jonthlaspi L., Crepis foetida L.
subsp. commutata (Spreng.)Babcock, Crocus cancellatus Herb. subsp. damascenus (Herb.)B. Mathew, C. pallasi
Goldb., Draba verna L., Erodium cicutarium (L.) L'Herit subsp. cicutarium, Euphorbia macroclada Boiss.,
Geranium rotundifolium L., Holosteum umbellatum L. var. glutinosum (M.Bieb.) Gay, Muscari neglectum Guss.
ex Ten., Myosotis refrecta Boiss. subsp. refracta, Saxifraga tridactylites Sm. Ranunculus isthmicus Boiss. subsp.
stepporum P.H.Davis, Viola occulta Lehm., Valeriana dioscoridis Sm., Taraxacum pseudonigricans Hand. -Mazz.,
Thalictrum isopyroides C.A.Mey., Thlaspi perfoliatum L.

Members of the Euphorbia genus are called siitlegen in Turkish due to the milk-like white latex secretion they
contain in their tissues. Tuber root feature is not a well-known feature in the members of this genus, which has
many annual and perennial members. Therefore, E. condylocarpa is an interesting plant with its globose root
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feature. Although F. candyllocarpa is similar to E. apios L., which is known to be distributed in Tirkiye, with its
tuberous root structure, verrucose fruit characteristics, and the ability to produce flowers and fruits between
March and June; it differs from cauline leaves in that they are cordate-auriculate at the base and have a higher
number of axillar rays (to 30).

In the collected samples, the tuber width is 1-6 cm (not 1—4 cm wide), the tuber shape is rarely flattened due to
compression (not only globose), and the tubers are sometimes branched (not continuously entire) and there are
sterile shoots on their stems (not always sterile branches absent) differ from the known definition of .
candyllocarpa (Figure 3). E. candyllocarpa is distinguished from the E. apios species, which is known to be
distributed in Turkiye, as follows:

—Cauline leaves + rounded at base; axillary rays rarely more than 3 ...........ccccvvveeiiieiiiiiiinnn, apios
—Cauline leaves cordate-auriculate at base; axillary rays to 30  ...cooiieiiiiiiiiiieeieeee candyllocarpa

We hope that there will be no doubt or hesitation with this study about the distribution of this plant in Turkiye,
whose detailed characteristics we have given.
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OZET Bahge Bitkileri

Aragtirma; 41° 01’ 11.15” N enlem ve 27° 40’ 18.00” E boylamda ve

denizden 60 m yliksekte ve 15 yasindaki Cabernet-Sauvignon/110R Aragtirma Makalesi
omcalar1 kurulmus ve iki yil stireyle yurtutulmustir. Bagin dikim aralik

ve mesafesi 2.6X0.9 m olup, asmalar ¢ift kollu kordon Royat terbiye Makale Tarihgesi

sekline sahiptir. Arastirma bagda, 3 farkli fenolojik dénemde (ben diisme, Gelig Tarihi  :10.10.2024

ben diisme-hasat ve hasat) 5 giin siire ile sabah ve aksam olmak iizere, Kabul Tarihi :13.12.2024

Kontrol dahil 4 abiyotik stres uygulamasi (Darbe, Yaprak Yaralama, UV-

C) yapilmistir. Yaprak Yaralama bir kez ve yapraklara cubuk ile Anahtar Kelimeler
vurularak gerceklestirilmistir. Darbe uygulamasi plastik c¢ekic Stres
kullanmilarak, UV-C uygulamasi1 da ginde iki kez 1 dakika stureyle Fitoaleksin
yapilmistir. Sonucgta abiyotik stres uygulamalarimin  primer Resveratrol
metabolitlerden; SCKM (23.69° Brix) ve TA (7.32 g Li'!) acisindan énemli UV-C 15111
farklihik olusturmadigl; sekonder metabolitlerde (toplam tanen, toplam Sira

antosiyanin, toplam fenolik madde, resveratrol) artis yoniinde etkisi
oldugu belirlenmistir. Ayrica toplam polifenol indeksini artirici etki
gosterdikleri saptanmistir. Resveratrol acisindan, sirasiyla UV-C (0.35
mg kg!) ve Yaprak Yaralama (0.27 mg kg!) uygulamalarinin etkileri
digerler iki uygulamadan (Darbe ve Kontrol) yiiksek oldugu
kaydedilmigtir.

Effect of abiotic stresses on primary / secondary metabolites and resveratrol in cv. Cabernet-Sauvignon

ABSTRACT Horticulture
The research was located at latitude 41° 01’ 11.15” N and longitude 27° .
40’ 18.00” E, at an altitude of 60 m above sea level, with 15-year-old Research Article
Cabernet-Sauvignon/110R vines over two years. The vineyard has a Article Hi
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performed once by striking the leaves with a rod. The Shock Action was Phytoalexin
carried out using a plastic hammer, and the UV-C was applied twice a Resveratrol

day for 1 minute. As a result, it was determined that the abiotic stress
did not cause significant differences in primary metabolites such as Total
Soluble Solids (23.69°Brix) and Total Acidity (7.32 g L) but had an
increasing effect on secondary metabolites (total tannin, anthocyanin,
TPC, resveratrol). Additionally, it was found that they had an enhancing
effect on the TPI. In terms of resveratrol, the effects of UV-C (0.35 mg kg-
1) and Leaf Injury (0.27 mg kg!) were noted to be higher than the other
two (Shock Action and Control).
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INTRODUCTION

Grape ripening, from veraison to harvest, involves significant changes in berry composition, including primary
metabolites (sugars, organic acids) and secondary metabolites (phenolic compounds, taste-active molecules, aroma
precursors, and aromas) (van Leeuwen et al., 2022). Traditionally, ripeness is determined by measuring Total
Soluble Solids (TSS), Total Acidity (TA), or pH of the grape juice.

Temperature, water, light, and CO:2 concentration are key abiotic factors that interact with vine and berry
development in a manner dependent on the genotype (Keller, 2010; Ferrandino et al., 2023). Rienth et al. (2021)
reported that abiotic factors control the synthesis and degradation of primary and secondary metabolites, either
directly through biosynthetic pathways or indirectly through vine physiology and phenology.

Secondary metabolites are low molecular weight phenolic compounds that, while not essential for plant life, help
defend against abiotic and biotic stress (Billet et al., 2018; Valletta et al., 2021). These include bioactive compounds
like anthocyanins, organic acids, tannins, and flavonoids. Secondary metabolites categorized into phenolic
compounds, terpenoids, and nitrogen compounds. Their levels vary based on factors such as variety, ripeness,
climate, and post-harvest processing.

Phenolic compounds are important indicators of grape berry and wine quality (Candar, 2023a). Gindri et al. (2021)
highlighted the importance of anthocyanins in grapes and wine. Moreover, red grape anthocyanins determine the
final color of wine, which is a key factor in assessing its quality (Iland et al., 2004; Kennedy, 2010). Xavier Machado
et al. (2021) found that grape remains (seeds, skins, etc.) contain about 70% of total phenolic compounds (TPC),
including high levels of anthocyanin, gallic acid, catechin, epicatechin, and transresveratrol. Environmental
factors, especially climatic extremes, can negatively impact the phenolic content of grape varieties. Luzio et al.
(2021) speculated that some extent, the rise in secondary metabolites enhances the quality, aroma profiles, and
antioxidant capacity of berries, must, and wine.

Valletta et al. (2021) found that stilbenes, including resveratrol (3, 4', 5-trihydroxystilbene), act as phytoalexins
and are crucial for plant defense against phytopathogens (Del-Castillo-Alonso et al., 2016; Billet et al., 2018).
Resveratrol is a natural phenolic compound produced by plants under stress. Grapes contain more resveratrol than
any other natural source. Resveratrol is known to have two isomers: E-¢rans and Z-cis. The resveratrol found in
plants is mostly the -transisomer. While it is present in the highest amount in the berry skin, it is proportionally
less in grape juice and wine (Hasan & Bae, 2017). The resveratrol concentrations in grapes vary by climate and
vegetation period, with high levels found in Cabernet-Sauvignon. Such stresses enhance stilbene biosynthesis and
accumulation (Valletta et al., 2021). Additionally, resveratrol is a phytoalexin linked to resistance against biotic
stresses like Botrytis cinerea and Plasmopara viticola (Langcake & Pryce, 1977; Ferrandino et al., 2023).

Candar, (2023b) stated that wounding is one of the abiotic stress factors. At the same time, Candar (2023a)
examined the impact of ten different human-made woundings on the leaves of Cabernet Sauvignon grapevines on
the accumulation of grape berry metabolites. The research concluded that wounding treatments have the potential
to diversify the phenolic compound profile and can be used for the management of these compounds compared to
the control group. Climate change models provide unclear predictions about solar radiation of different
wavelengths reaching Earth's surface. Ultraviolet (UV) radiation (100—400 nm) is crucial for the physiology of
plants, mammals, humans, and ecosystems due to its high energy and impact (Ballaré et al., 2011). Ultraviolet
(UV) rays impact plant morphology and physiology. UV-C light (100-280 nm), which does not reach the biosphere,
stimulates the accumulation of phytoalexins in vine leaves and berries (Langcake & Pryce, 1977). Del-Castillo-
Alonso et al. (2016) noted that UV temporarily affected phenolic components in berry skin during the growing
season. Gindri et al. (2021) found that post-harvest UV-C application to Cabernet-Sauvignon grapes boosted
secondary metabolite production and increased resveratrol in treated leaves. Post-harvest UV-C light treatment
elevated phenolic compounds in organic grape juice, enhanced antioxidant capacity at low doses, and increased
trans-resveratrol content in irradiated grapes. The cv. Cabernet-Sauvignon has high resveratrol production
potential, concentrated in the skin for fungal resistance. Resveratrol production in the skin negatively correlates
with berry development stages (Jeandet et al., 1991).

In this study, abiotic stress was applied to living vines. These stresses included shock action, leaf injury, and UV-
C abiotic stress applications, which were applied under field conditions during three different phenological
development stages (veraison, veraison-harvest, and harvest) for 5 days before harvest. The chemistry of grape
berries, primary and secondary metabolites, including resveratrol, was examined.

MATERIAL and METHOD
Site selection and plant material
The research was conducted in the vineyards, located at 41° 01’ 11.15” N latitude and 27° 40’ 18” E longitude, at
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an altitude of 60 m above sea level. The study involved 15-year-old Cabernet-Sauvignon/110R vines. The vineyard’s
planting distance is 2.6X0.9 m, and the vines are trained in a double-cordon Royat system.

The research was set up using a Randomized Block Design. Four different stress applications (Control, Shock
Action, UV-C, and Leaf Injury) were applied to the Cabernet-Sauvignon/110R graft combination vines during 3
different phenological development stages (Veraison, Veraison-Harvest, and Harvest). These applications were
conducted with 3 replications, and each plot contained 3 vines. Homogeneity was ensured among the selected vines
(Figure 1).
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Phenological stages

The stress applications were carried out during the following phenological stages (Coombe, 1995):

Veraison (V) stage: The onset of color change in the clusters and berry softening (EL35),

Veraison-Harvest (V-H) stage: Continued berry softening and color change, approaching harvest (EL35-EL38),
Harvest (H) stage: Berry ripening (EL38).

Harvest was manually conducted on 24.09.2017 and 27.09.2019.

Stress applications

The Shock Action and UV-C light abiotic stress applications were performed twice daily (morning and evening) for
5 days, while the leaf injury application was done once. In this study, shock action and leaf injury, selected as
abiotic stress factors, were chosen because they are among the physiological interactions used to enhance grape
quality (especially resveratrol accumulation) (Del-Castillo-Alonso et al., 2021; Bahar et al., 2024b).

Control (C): No application was performed on this group of vines.

Shock Action (SA): Force was applied to the trunks and arms of the vines in the vineyard using a plastic-covered
hammer. However, the force was not strong enough to damage the vines, only to shake them. In this way, it was
applied for 5 days during the veraison, veraison-harvest, and harvest periods. The Shock Action application was
performed twice a day, in the morning and evening.

UV-C Radiation (UV-C): A rectangular cabinet with a 254 nm, 30-watt UV-C lamp was used. The cabinet had five
sides covered with a light-impermeable membrane. The cabinet was placed over the vine, and UV-C irradiation
was applied. The UV-C application was performed twice a day, in the morning and evening. The UV-C cabinet was
held over the vine for 1 minute. In this way, it was applied for 5 days during the veraison, veraison-harvest, and
harvest periods.

Leaf Injury (LI): A medium flexible rod (@ 2 cm) was used to apply force to the leaves on both sides of the vine
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once, aiming to shred some leaves. This application, aimed at breaking into pieces irregularly, was performed once
during the veraison, veraison-harvest, and harvest periods.

Grape chemistry and maturity indexes

To determine grape composition, standard measurements of TSS, TA, and pH were performed (Cemeroglu, 2007).
Sugar concentration and maturity indices like TSS/TA and pH2x°Brix were calculated (Blouin & Guimberteau,
2000).

Secondary metabolites

After removing the seeds, the grapes were crushed, centrifuged, and filtered. Total anthocyanin content was
measured using the pH differential method (Cemeroglu, 2007), total tannin content at 760 nm with the Folin-
Denis reagent, and total phenolic content (TPC) at 765 nm with the Folin-Ciocalteu reagent (Merck, Darmstadt,
Germany), converted to gallic acid equivalent (Waterhouse, 2002; Kurt et al., 2023). TPI was read at 280 nm (INRA,
2007). Resveratrol was detected using HPLC with a fluorescence detector, and concentration was calculated using
LC Solutions software, with a calibration graph (R*2=0.999).

Trial design and statistical analysis

Statistical data analysis was conducted using JMP 17. Analysis of variance (ANOVA) was employed to assess the
significance of differences between treatments, and significant differences were further categorized using the LSD
test. All results are expressed as the mean of three replications with + standard error (SE).

RESULTS and DISCUSSION
Total Soluble Solids (TSS) (°Brix)

It has been determined that the TSS value of 2017 (23.97+0.13°Brix) is greater than that of 2019 (23.40+0.20°Brix).
When examined in terms of Applications Main Effect (AE), the values are ranked from highest to lowest as C
(24.00+0.24°Brix), UV-C (23.69+0.22°Brix), SA (23.64+0.22°Brix), and LI (23.42+0.32°Brix). According to the
Phenologic Stage Main Effect (SE), this ranking is V-H (23.58+0.21°Brix), V (23.71+0.23°Brix), and H
(23.77+0.21°Brix). The results are in line with the findings of Bahar et al. (2024c) (23.50°Brix to 25.25°Brix), Bahar
et al. (2018) (23.13°Brix), Cebrian-Tarancén et al. (2024) (23.60°Brix), and Bindon et al. (2013) (23.01°Brix).
However, the research findings contradict those of Bahar & Yasasin (2010) (21.16°Brix), Antalick et al. (2015)
(22.70°Brix), Jiang et al. (2013) (19.86-22.41°Brix), and Chapman et al. (2005) (25.30°Brix); it is thought that this
difference may be due to location, soil, etc. On the other hand, Bramley (2005) and Tisseyre et al. (2008) reported
that year-to-year variations in TSS values are not an effective parameter for determining grape quality in the
following season. The results of this study are consistent with these findings.

Total Acidity (TA) (g L)

It has been determined that the total acidity was 7.62+0.09 g L't in 2017 and 7.02+0.14 g L'1 in 2019. According to
the SE, the TA values are ranked in descending order as V (7.43+0.16 g L'Y), V-H (7.36+0.17 g '), and H (7.16+0.19
g L), According to the AE, the values are ranked in ascending order as LI (7.19£0.21 g '), C (7.25+0.16 g L),
UV-C (7.31£0.18 g L), and SA (7.53+0.18 g L')). Bahar et al. (2024c) reported that the highest TA value was
obtained from LI (8.10 g L'1), similar to the study. Similarly, Chapman et al. (2005) found a value of 6.93 g L'1. On
the other hand, Antalick et al. (2015) recorded this value as 4.40 g L1, and Cebrian-Tarancén et al. (2024) as 5.80
g L1, which are considerably lower than the findings of this study. Additionally, Bindon et al. (2013) found it to be
between 8.30-5.30 g Li'!, Bahar & Yasasin (2010) found it to be 8.64 g L'!, and Jiang et al. (2013) found it to be
between 6.3-11.9 g L1, It is thought that this difference may be due to location, climate, year, etc. However, as
noted by Tisseyre et al. (2008), the TA value was also not found to be an effective parameter for determining grape
quality in the following season.

pH

In terms of AE, it was found that the C had a pH value of 3.28+0.02, while the others had a value of 3.27+0.01.
Regarding SE, it was observed that the V and H periods had a value of 3.26+0.01, while the V-H period had a value
of 3.30+0.01. The research findings are consistent with those of Bahar et al. (2018) 3.33; Bahar et al. (2024c) 3.31;
Bahar & Yasasin (2010) 3.39; Bindon et al. (2013) 3.18-3.48; and Jiang et al. (2013) 3.10-3.40. However, the results
are not consistent with those researchers who found a pH value of 3.58 (Cebridn-Tarancén et al., 2024), 3.41-3.53
(Candar, 2023a), 3.69 (Antalick et al., 2015), and 3.69 (Chapman et al., 2005). This discrepancy may be due to
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climate, location, training system, etc. The changes in T'SS, TA, and pH values observed in the research were noted
to be consistent with the findings of Trought & Bramley (2011) and Baluja et al. (2012), who reported that these
parameters are influenced by phenological development stages (V, V-H).

Sugar Concentration (g L2

The Year Main Effect (YE) was found to be significant for sugar concentration, with the sugar concentration in
2017 determined to be 237.78+1.60 g L'* and the value in 2019 to be 231.62+2.52 g L%, In similar studies conducted
on the Cabernet Sauvignon variety, the sugar concentration was determined to be 205.70 g L't by Bahar & Yasasin
(2010), 231.10 g L'! by Bahar et al. (2018), and 251.58 g L'! by Bahar et al. (2024c). The differences between the
findings of the researchers and the results of this study can be attributed to variations across the years.

Sugar Per Berry (mg berry?)

There was also a difference in the sugar per berry between the years, with a higher value in 2017 (88.73+2.06 mg
berry 1) compared to 2019 (81.35+2.41 mg berry?). In line with the research findings, Bahar et al. (2024c) reported
that the average amount of sugar per gram of berry in the Cabernet Sauvignon variety ranged between 88.22 mg
berry?! and 103.00 mg berry!.

Sugar Per Gram of Berry (mg 1 g berry-1)

In terms of AE, the values were ranked as LI 77.21+1.27 mg 1 g berry!, SA 77.97+0.85 mg 1 g berry!, UV-C
78.84+0.98 mg 1 g berry!, and Control 79.47+0.98 mg 1 g berryl. Similarly, Bahar et al. (2024c) reported that the
average amount of sugar per gram of berry ranged between 75.73 mg 1 g berry! and 83.84 mg 1 g berryl. Korkutal
et al. (2019) found values of V 86.50 mg berry!, Half-Maturity 78.75 mg berry!, and Before Maturity 85.91 mg
berryl, which are in line with the research findings.

Maturity Indexes
TSS/TA (g L)

The TSS/TA values for stress applications were numerically ranked in ascending order as SA 3.15+0.07 g L', UV-
C 3.25+0.08 g L'1, LI 3.28+0.12 g L', and Control 3.32+0.09 g L'1. Regarding the application periods x application
interaction, the highest value was obtained from the H x LI interaction at 3.42+0.09 g L1, and the lowest value
from the V x LI interaction at 3.12+0.08 g L'1. The combination with the highest value in the S x A x Y interaction
was H x LI x 2019 (3.77£0.11 g L'1). Bahar et al. (2024c) found that this value ranged between 2.97-3.44 g L1,
which is within a similar range to the study.

pH2x°Brix (g L)

When considering a pH2x°Brix value above 260 g L1 as full maturity (Blouin & Guimberteau, 2000), C (257.88+4.80
g L) is the closest value. This result is parallel with Candar (2023a) as 259.86 g L. This is followed by the UV-C
(253.62+2.58 g '), SA (252.25+4.13 g '), and LI (250.78+4.13 g L)) applications. Bahar et al. (2018) reported this
value to be 255.93 g L1, and Bahar et al. (2024c¢) found it to range between 247.97 g L'l and 265.84 g L1, which
aligns with the research findings.

Seconder Metabolites
Total Anthocyanin Content (mg kg?)

Abiotic stress applications at different stages for Cabernet Sauvignon had statistically significant effects on the
total anthocyanin content, considering YE, SE, and Sx A, SxAx Y, and S x Y interactions (Table 1). The difference
between the trial years was found to be statistically significant. In 2019, the total anthocyanin content (1479+75.33
mg kg1) was found to be higher than in 2017 (1306+56.19 mg kg1). The research findings are in line with the
observation of Moreno-Olivares et al. (2024) that the experimental years influenced total anthocyanin. In terms of
Stage Main Effect (SE), significant differences in total anthocyanin content were observed among the phenological
development stages where abiotic stress applications were performed. In H stage (1576+102.44 mg kg'!) has the
highest anthocyanin content same as Baluja et al. (2012) findings. The research results align with those of other
researchers; in general, anthocyanin content increases rapidly during the first 3-4 weeks following veraison, then
stabilizes or undergoes slight changes around harvest (Holt et al., 2010). For the S x A interaction, the highest
value was found in the H x SA interaction (1821+303.20 mg kg). V x LI (1056+79.89 mg kgl) and V x SA
(1071+68.53 mg kg!) had the lowest total anthocyanin values. The highest value obtained from the S x A x Y
interaction was 2489+109.39 mg kg! (H x SA x 2019). The lowest value was obtained from V x LI x 2017 (978+54.96
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mg kg) interaction. In the S x Y interaction, the highest value was obtained in the H x 2019 combination
(1844+149.01mg kg1). The other interactions were in the same significance group. These values align with the
findings of Bahar et al. (2024a) 1094 mg kg'!, Bahar et al. (2024c) 1043.841 mg kg'!, and Bindon et al. (2013) 1.37-
1.87 mg g1.

Total Tannin Content (g kg'1)

The effect of abiotic stress applications applied at different growth stages was found to be statistically significant
in terms of YE, AE, SE, S x A, and A x Y interactions (Table 2). The total tannins in 2019 (7.00+0.20 g kg'!) was
found to be significantly higher than in year 2017 (4.53+0.14 g kg')). The findings of Ortega-Regules et al. (2008)
that tannin concentration varies across years is consistent with our research. It was determined that the
application (AE) that increased the total tannin the most was SA (6.35+0.51 g kg'!). While the UV-C application
followed this, the other two applications, LI and C, were in the same significance group. When SE was examined,
the H (6.06+0.34 g kg'!) was recorded as the period with the highest total tannin value. The V (5.53+0.32 g kg'1)
had the lowest total tannin value. In terms of the S x A interaction, H x UV-C had the highest value at 6.80+0.63
g kg1, while V x LI had the lowest value at 4.55+0.78 g kg'!. On the other hand, for the A x Y interaction, the SA x
2019 interaction had the highest (8.38+0.19 g kg'1), all applications in 2017 recorded the lowest values. The
obtained results are consistent with the findings of Bahar et al. (2024c) 3.23 g kg'1-4.26 g kg'!, Korkutal et al. (2019)
8475.20 mg kg'! in the V period, and Bindon et al. (2013) 3.26-4.15 mg g'1. However, it conflicts with the findings
of Jiang et al. (2013) (2.3-5.3 g Li'1), which may be due to the research location (China).

Total Phenolic Index (TPI)

In terms of TPI, the effects of YE, AE, SE, and Sx Y are statistically significant. Accordingly, it was observed that
the TPI value for 2019 (7.95+0.32) was higher than the value for 2017 (7.13+0.45). In terms of AE, abiotic stress
applications were grouped together (SA 8.24+0.35; LI 7.98+0.32; and UV-C 7.74+0.30). C (6.21+0.22) has the lowest
TPI value. According to SE, H had the highest TPI value at 8.23+0.34. V-H and V stages followed this stage. When
the S x Y interaction was examined, it was determined that the V x 2017 interaction (5.32+0.12) had the lowest
TPI. For the Cabernet Sauvignon, Blouin & Guimberteau (2000) reported a TPI value of 13.30; Bahar et al. (2024a)
6.00; Bahar et al. (2024c) 9.76; and Bahar et al. (2018) between 5.31-6.87. The obtained TPI values align with the
findings of researchers other than Blouin & Guimberteau (2000).

Total Phenolic Content (TPC) (mg kg

In cv. Cabernet Sauvignon, statistical differences in TPC were found between YE, AE, SE, Ax Y, and Sx Y
interactions (Table 3). The TPC for 2017 (3414+86.99 mg kg'!) is lower than that for 2019 (3889+136.47 mg kg1).
Ramos et al. (2024) reported that changes in temperature and rainfall can also affect grape phenolic content, and
therefore grape quality. It has been suggested that the difference in TPC between the years may have resulted
from this. In terms of AE, SA (3939+213.19 mg kg'!) and UV-C (3771+£152.36 mg kg'!) are in the same importance
group. The LI (3578+184.05 mg kg'!) application is in the second importance group, while C is in the last importance
group (3318+77.43 mg kg'!). In terms of SE, H had the highest value (3937+171.43 mg kg!), and V had the lowest
value (3301+135,43 mg kg'!). The findings of Bahar et al., (2024c) at 3268.99 mg kg'! for TPC are in line with the
research. In terms of the S x Y interaction, SA x 2019 (4577+288.35 mg kg-1) had the highest TPC value, while C
x 2017 (3235+116.44 mg kg!) had the lowest TPC value. It should not be overlooked that the H x 2019 interaction
(4418+263.84 mg kg?) also had the highest TPC value.

Resveratrol (mg kg'1)

It was found that only the AE has a statistically significant effect on resveratrol concentration (Table 4). The UV-
C abiotic stress application (0.35+0.06 mg kg'!) was determined to be the most effective in increasing the resveratrol
value in the Cabernet Sauvignon variety. The research findings are consistent with the finding that UV-C and leaf
wounding treatments were effective in enhancing transresveratrol levels in Cabernet Sauvignon at harvest time
(Bahar et al., 2024c). This was followed by LI (0.27+0.05 mg kg'1), while C (0.07+0.02 mg kg) and SA (0.05+0.02
mg kg'1) were in the third importance group. The findings of Romero-Pérez et al. (1999), which reported 0.50 mg
L1 transresveratrol and 0.06 mg Li'! cisresveratrol in red grape juice, are consistent with the research. Caylak et
al. (2009) recorded the resveratrol content in Marmara Region wines as 0.252 mg L1, In 2017, resveratrol values
ranged between 0.08-0.28 mg kgl among the applications, while in 2019, resveratrol values ranged between 0-0.42
mg kg'l. Candar (2023a) reported that transresveratrol ranged between 0.36-3.59 mg kg'l. Specifically, it was
determined that leaf wounding applied 15 days before harvest increased the transresveratrol content by 35.78%
compared to the Control group. Numerically, the high value in SE was recorded for V-H (0.22+0.04 mg kg'!).
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Table 1. The effects of abiotic stresses applied during different growth stages on the total anthocyanin content in the cv. Cabernet-Sauvignon
Cizelge 1. Farkli gelisme donemlerinde uygulanan abiyotik streslerin Cabernet-Sauvignon tizlim ¢esidinde toplam antosiyanin miktari tizerine etkileri

Sx AxYint. AxY int. SxY int.
Stage Apps
2017 2019 Sx A 2017 2019  AE 2017 2019 SE
C 1539+391.76 BCDE 1208+129.04 CDE  1373+198.78 BCD O 190481 199148 1298487
y SA  1142+127.72CDE  1000+45.54 DE 1071+68.53D 60.49 958 55 7 1225+109. 116845 1197+61.16
UV-C 1242+95.55 CDE 1332+71.54 CDE 1287+57.04 CD 83 B 8.59 B b
LI 978+54.96 E 1135+150.81 CDE  1056+79.89 D
C 1274+291.91 CDE  1423+163.03 BCDE 1348:153.19 BCD & 122227*7 1575%22 13?%;;12
vy oA 1371+168.60 CDE  1187+59.04 CDE  1279+89.79 CD ' ' ' T 1385+91.4 142648  1405+61.48
UV-C 1576+209.90 BCDE 1369+177.23 CDE  1473+130.33 ABCD > 2B 5.89 B ab

Q + + +
LI 1319:2648 CDE  1723:162.98 BC  15914116.76 ABC & L 46%9 156761 1511=78

5 621 26.28 .61
C 1070+123.04 DE 1244+159.21 CDE  1157+98.00 CD
g SA 1154579 CDE  2489+109.39 A 1821+303.20 A L9611 149141 137gegy T 1B07E025 1844:1 1576:102.44
UV-C 1520+164.86 BCDE 2028+37.83 AB 1774+136.56 AB 3 06.62 1779 00 4B 49.01 A a
LI 1485+256.43 BCDE 1617+137.20 BCD  1551+133.33 ABC
YE 1306+56.19 b 1306+75.33 b

YE p<0.1=134.1977; Sx A x Y intr. p<0.1=620.1465; S x A intr. p<0.1=438.5098; S x Y intr. p<0.01=310.0732; SE p<0.01=286.5193

V (Veraison), V-H (Veraison-Harvest), H (Harvest), UV-C (UV-C Light), LI (Leaf Injury), C (Control), SA (Shock Action), AE (Application Main Effect), SE (Phenologic Stage Main Effect), YE
(Year Main Effect), S x A x Y intr. (Stage X Application X Year interaction), A x Y intr. (Application X Year interaction), S x Y intr. (Stage X Year interaction). Results expressed as mean of
three replications with + SE.
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Table 2. The effects of abiotic stresses applied during different growth stages on the total tannin content in the cv. Cabernet-Sauvignon
Cizelge 2. Farkli gelisme donemlerinde uygulanan abiyotik streslerin Cabernet-Sauvignon tizlim ¢egidinde toplam tanen miktari tizerine etkileri

SxAxYint. A x Y int. S x Y int.
Stage Apps
2017 2019 Sx A 2017 2019 AE 2017 2019 SE
C 4.90+0.50 6.52+0.15 5.71+0.43 ABCD o
SA 4612028  819:0.51 6.40-0.84 AB 4.76£027C 6.09:0.20B 043023 5 530,39
Vs B 4.41+0.26 6.66+0.38
UV-C 4.92+0.43 6.00+0.43 5.46+0.36 ABCD b
LI 3.19+0.09 5.91+1.08 4.55+0.78 D
< 6.35+0.51

C 4.03+0.44 5.75+0.49 4.89+0.48 CD 5 4.3140.19C  8.38+0.19 A A
SA  4.04+0.22 8.35+0.05 6.20+0.96 ABC

V-H T 4444025 6.98+0.34 O 11%0.33
UV-C 4.18+0.21 6.22+0.23 5.20£047 BCD > ab
LI 5.50+0.60 7.62+0.38 6.56+0.57 AB 5 4.84+0.23C 6.8+0.38 B 5'8};1;)'32
C 5.36+0.12 6.03+0.30 5.69+0.20 ABCD
SA  4.30+0.48 8.62+0.38 6.46+1.00 AB

H _ 5 47:0.41 T 4.76£0.24 7.37£0.34 0:0650.34
UV-C 5.42+0.12 8.18+0.31 6.80+0.63 A S 4.21+0.40 C 6.73+0.41 B B
LI 3.95+0.42 6.64+0.15 5.30+0.63 BCD
YE 4.53+0.14b  17.00+0.20 a

YE p<0.1=0.5135; S x A x Y intr. p<0.1=1.4502; A x Y intr. p<0.1=1.1840; AE p<0.1=0.8372; SE p<0.5=0.4159

V (Veraison), V-H (Veraison-Harvest), H (Harvest), UV-C (UV-C Light), LI (Leaf Injury), C (Control), SA (Shock Action), AE (Application Main Effect), SE (Phenologic Stage Main Effect), YE
(Year Main Effect), S x A x Y intr. (Stage X Application X Year interaction), A x Y intr. (Application X Year interaction), S x Y intr. (Stage X Year interaction). Results expressed as mean of
three replications with + SE.
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Table 3. The effects of abiotic stresses applied during different growth stages on the TPC in the cv. Cabernet-Sauvignon
Cizelge 3. Farkli gelisme donemlerinde uygulanan abiyotik streslerin Cabernet-Sauvignon liziim ¢egidinde toplam fenolik madde miktari tizerine etkileri

SxAxY int. A xY int. Sx Y int.
Stage Apps
2017 2019 SxA 2017 2019 AE 2017 2019 SE
C 3194:336.40 3277+125.04  3236+161.57 198511644 BA01A10L03 531857743
v SA 3259+96.93  3738+453.33 3499+233.33 C ) BC ’ 5 ’ > 39854212 3316+178 3301+135.
UV-C 3144+165.79 3430+57.19 3287+101.25 04C 03C 43 b
LI 3543+889.70 2820+503.46  3181+484.89
C 3127+136.47 3299+142.10  3213+96.06 3302§81'48 4577i§88'35 3939*513'19
V-H SA 3474+200.21 4494+79.03 39844+247.49 T 3500116 3933+145 3717+101.
UV-C 3538+215.80 3843+210.29  3690+150.98 O ust115.6]  4088-94618 877115290 = .03BC 21 AB 56 ab
LI 3862+237.10 4099+129.71  3980+131.91 E BC AB a
C 3383+115.26 3626+220.20  3505+123.66
- SA 3171+163.21 5499+77.31 4335+526.62 666198505 491494119 3578018405 T 3457+106 4418+263 3937+171.
UV-C 3680+60.35  4993+156.06  4336+302.79 3 SBC BC b .70 BC B4 A 43 a
LI 3594+359.24 3553+126.70  3574+170.60
YE 3414+86.99b 3889+136.47 a

YE p<0.01=406.4150; A x Y intr. p<0.01=812.8301; SE p<0.01=497.7547; AE p<0.5=439.8252; S x Y intr. p<0.5=538.6740
V (Veraison), V-H (Veraison-Harvest), H (Harvest), UV-C (UV-C Light), LI (Leaf Injury), C (Control), SA (Shock Action), AE (Application Main Effect), SE (Phenologic Stage Main Effect), YE
(Year Main Effect), S x A x Y intr. (Stage X Application X Year interaction), A x Y intr. (Application X Year interaction), S x Y intr. (Stage X Year interaction). Results expressed as mean of
three replications with + SE.
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Table 4. The effects of abiotic stresses applied during different growth stages on the fransresveratrol levels in the cv. Cabernet-Sauvignon
Cizelge 4. Farkli gelisme donemlerinde uygulanan abiyotik streslerin Cabernet-Sauvignon lizlim gegidinde resveratrol miktari tizerine etkileri

o SxAxYint. A xY int. Sx Y int.
Stage Applications
2017 2019 SxA 2017 2019 AE 2017 2019 SE
C 0.05+0.05 0.00+0.00 0.03+0.02 o
SA 0.05+0.05 0.00+0.00 0.03+0.02 0.08+0.02 0.06+0.03 0.07+0.02B »>
A% 0.16+0.07 0.20+0.08 0.18+0.05
UV-C 0.26+0.25 0.52+0.26 0.39+0.17
LI 0.26+0.14 0.27+0.01 0.26+0.06
C 0.15+0.02 0.14+0.07 0.15+0.03 % 0.10+0.04 0.00+0.00 0.05+0.02 B
SA 0.08+0.07 0.00+0.00 0.04+0.03 T
V-H 0.20£0.04 0.25+£0.07 0.22+0.04
UV-C 0.37+0.08  0.46+0.09  0.42+0.05 5 >
LI 0.20+0.08 0.39+0.21 0.29+0.11 g 0.28+0.08 0.42+0.09 0.35+0.06 A
C 0.05+0.04 0.05+0.04 0.05+0.03
SA 0.18+0.11 0.00+0.00 0.09+0.06
H —_ = 0.15+0.05 0.15+£0.07 0.15+0.04
UVv-C 0.20+0.02 0.284+0.13 0.24+0.06 4  0.21+0.07 0.32+0.09 0.27+0.05 AB
LI 0.18+0.17 0.29+0.24 0.244+0.13
YE 0.17+0.032 0.20+0.04

YE p<0.01=0.2521

V (Veraison), V-H (Veraison-Harvest), H (Harvest), UV-C (UV-C Light), LI (Leaf Injury), C (Control), SA (Shock Action), AE (Application Main Effect), SE (Phenologic Stage Main Effect), YE
(Year Main Effect), S x A x Y intr. (Stage X Application X Year interaction), A x Y intr. (Application X Year interaction), S x Y intr. (Stage X Year interaction). Results expressed as mean of
three replications with + SE.
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CONCLUSION

-Abiotic stresses have been observed to have a greater effect on increasing secondary metabolites than on primary
metabolites.

-For total tannins: SA (6.35+0.51 mg kg1, UV-C (5.81+0.32 mg kg1, and LI (5.47£0.41 mg kg provided the
highest values, while C (5.43+0.23 mg kg1) gave the lowest value. If an increase in total tannins is desired, these
three applications can be used.

-In terms of total anthocyanins: UV-C (1511.64+78.61 mg kg'1), SA (1391.05+127.08 mg kg'1), and LI (1376.51+82.00
mg kg1) were found to be more effective than C (1293.38+87.55 mg kg1).

-For increasing TPC: SA (3939.75+213.19 mg kg'!) and UV-C (3771.82+152.36 mg kg'!) were found to be more
effective than the other.

-Regarding transresveratrol: The UV-C (0.35+0.06 mg kg'!) application was found to have higher values compared
to LI (0.27+0.05 mg kg'!) and the other applications.

When evaluated by phenological stages:

-H stood out with the highest values for total tannins (6.06+0.34 mg kg1), total anthocyanins (1576.34+102.44 mg
kg1), TPC (3937.92+171.43 mg kg'1), and TPI (8.32+0.39).

-For resveratrol, the V-H (0.22+0.04) showed high values.

As a result, in Tekirdag conditions, Shock Action application is recommended 5 days before the Harvest to increase
total tannins, TPC, and TPI. Additionally, UV-C and Leaf Injury applications are also considered viable. To
increase total anthocyanins, UV-C application is recommended 5 days before harvest. For resveratrol increase, it
is suggested to perform UV-C and Leaf Injury treatments during the Veraison-Harvest period. These research
results are considered useful in determining the applications for increasing the important bioactive compound
transresveratrol.
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OZET Bitki Koruma

Bitkilerin saghikhh bir sekilde yetistirilmesi ve verimli tirtin alinmasi

icin hastaliklarin erken teshisi kritik ©6neme sahiptir. Bitki Aragtirma Makalesi
hastaliklarinin bir c¢iftci tarafindan gorsel olarak tanimlanmasi

genellikle zordur. Ancak, makine 6grenmesi yontemleri kullanilarak, Makale Tarihgesi

bitki hastaliklar1 tespiti sturecini daha hizli ve hassas bir gekilde Gelig Tarithi  :21.10.2024
gerceklestirilebilir. Bu sayede, turun kayiplarimi azaltarak, Kabul Tarihi :04.12.2024
maliyetlerinin distirilmesi ve tarimsal uretkenligin artirilmasiyla

genel ekonomik verimliligi yikseltebilmek miumkindir. Bu Anahtar Kelimeler

calismada, 12 farkh saglikl bitki ve 30 farklh hastalikla bulasik bitki
yapragl goruntileri kullanilarak bitki hastaliklarinin yapay zeka ile
siniflandirmasi amaclanmistir. Gelistirilen sistemde yapay zeka
modeli olarak VGG16, VGG19, AlexNet, MobileNetV1l ve
MobileNetV2 olmak tuzere 5 farkli Evrigimli sinir ag1 modeli
kullanilmigtir. Tum modeller egitilmis ve dogruluk degerleri
uzerinden karsilagtirilmigtir. MobileNetV1 tizerinden %99,20 ile en
yiksek dogruluk degeri elde edilmistir. Onerilen yéntem, cesitli
performans analizlerinden gecirilerek dogrulanmistir. Yapay zeka
tabanli bir web uygulama da son kullanici i¢in gelistirilmigtir.
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A Comparative Study for Detection of Plant Leaf Diseases Based on Transfer Learning

ABSTRACT

Early diagnosis of diseases is critical for growing plants in a healthy

Plant Protection

manner and obtaining productive products. Plant diseases are Research Article

generally difficult to visually identify by a farmer. However, by using

machine learning methods, the process of detecting plant diseases can Article History

be realized more quickly and precisely. Hence, it can reduce product Received $21.10.2024
losses, reduce costs, and increase overall economic efficiency by Accepted :04.12.2024
increasing agricultural productivity. In this study, classifying plant

diseases with artificial intelligence has been aimed by using images Keywords

obtained from 12 different images of healthy plants and plant leaves
infected with 30 different diseases. In the developed system, 5
different Convolutional neural networks (CNN) models including
VGG16, VGG19, AlexNet, MobileNetV1, and MobileNetV2, have been
used as artificial intelligence models. All models have been trained
and compared based on their accuracies. The highest accuracy value
of 99.20% has been obtained by The MobileNetV1. The proposed
method has been validated through various performance analyses. An
artificial intelligence-based web-based application has also been
developed for the end-user.
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GIRIS

Bitki hastaliklari, diinya ¢apinda kiiresel gida giivenligi ve ¢evresel stirdiiriilebilirlik agisindan énemli riskler
olusturmakta ve etkilenen bdélgelerin cevresel ve sosyo-ekonomik kosgullarini olumsuz etkileyen dogrudan
verimlilik ve biyolojik cesitlilik kaybina yol agmaktadir (Ristaino ve ark., 2021). Bitkilerde hastaliga sebep olan
canli (biyotik): viriis, viroid, bakteri, mollikiit (fitoplazma ve spiroplazma) ve fungus gibi patojenik
mikroorganizmalar ile parazitik bitkiler ve cansiz (abiyotik): sicaklik, nem, 1s1k, besin elementi eksikligi veya
fazlaligi, toprak yapisi ve pH gibi etkenler bulunmaktadir. Abiyotik faktorler genis alanlarda bitkilere zarar
verebilmelerine ragmen, patojenlerden farkhidirlar. Cunkl ¢ogalmazlar ve bitkiden bitkiye yayilmazlar. Kialturia
yapilan bitki tlrleri arasinda ortaya cikan bulasici hastaliklar gida stirdurtlebilirligi i¢in ciddi bir tehdit
olusturmaktadir.

Patojenler konukc¢u bitkilerinden ihtiya¢ duyduklari besinleri absorbe ederek, enzim toksin, biiylime
diizenleyicileri gibi biyokimyasallar salgilayarak fizyolojik olaylarinda onemli degisikliklere sebep olurlar.
Fizyolojik olaylar arasinda, fotosentez, yaprak hastaliklarindan birincil olarak etkilenir (Bastiaans , 1991; Lopes
& Berger, 2001). Ornegin, yapraklarin bir kismini enfekte eden ve 6ldiiren veya klorofilini yok eden bir patojen,
bitkinin fotosentezinin, biliyiimesinin ve veriminin azalmasina vb. yol acar. Enfeksiyonun sonucu olarak da
veriminin azalmasi, Grliin kalitesinin diismesi, hasat sonras1 tiriin bozulmasi, ¢ok yillik iiriin plantasyonlarinin
yok olmas1 ve bazi durumlarda diger biyotik veya abiyotik faktérlere (6rn. don) kars1 duyarliigin artmas: soz
konusudur. Bu nedenle, bitki hastaliklarinin dogru ve zamaninda tespit edilmesi, hastalikla miicadelenin erken
donemde baglanmasi ve boylece hastaligin yayilmasinin énlenmesi a¢isindan oldukca énemlidir. Enfekteli bitki,
patojen-konukcu kombinasyonuna baglh olarak cesitli simptomlar (hastalik belirtileri) gosterir. Bu simptomlar
bitkinin farkli organlarinda goriilebilecegi gibi bitkinin tiiminde de goriilebilmektedir. Arazi kosullarinda
hastaliklarin tespit edilmesi ve micadelesinin baslanmasi, genellikle tretici ve uzmanlarin bilgi ve tecriibeleri
dogrultusunda ciplak goézle yapilmaktadir. Cogu zaman bu hastaliklarin dogru zamanda tespit edilememesi
miicadeleye gec¢ baslanmasina neden olmaktadir. Bu durum gereksiz tarim ilac1 (pestisit) kullanimi ile {iretim
maliyetinin artmasinin yam sira cevresel kirlenmeye zemin hazirlamaktadir (Erdogan, 2024). Ayrica, insan
saghgina olumsuz etkiye neden olmaktadir. Bu hastaliklarin kontrol altina alinmasi, saglikli bir tarim sistemi i¢in
kritik 6nem tasir. Dolayisiyla, hastaliklarin etkili bir sekilde yonetilmesi, tarimsal strdiriilebilirligin saglanmasi
ve gida guivenliginin korunmasi i¢in 6nemli bir gerekliliktir. Ciftgiler veya uzmanlar, bitki yaprak hastaliklarini
genel bir sekilde taniyabilir ve tegshis edebilir. Bununla birlikte, bu yaklasim zaman alici, maliyetli ve her zaman
giivenilir degildir (Luckey, 2012). Makine 6grenimi ve derin 6grenmedeki son gelismeler, bitki hastaliklarinin
tespit edilmesini kolaylastirmistir (Heltin Genitha ve ark., 2019; Harakannanavar ve ark., 2022). Hastaliklarin
uretim alanindaki diger bitkilere yayilmadan 6nce erken tespit edip siniflandirarak tirin kaybinin énlenmesi
saglar (Rajasekaran ve ark., 2020). Bu sayede hastaliklarin erken teshisi, ciftcilerin zamandan tasarruf etmesine
ve bitki blylmesini tegvik etmesine yardimci olabilir. Bitki yapraklarindan hastalik tanimlamasi ve
siniflandirmasi i¢in goérinti isleme yontemlerinin benimsenmesi tizerine gerceklestirilen anket sonuclari, gérinti
isleme tekniklerinin bitki biiylimesini, verimliligi, kaliteyi ve ekonomik degeri artirdigini géstermistir (Chouhan
ve ark., 2019).

Derin 6grenme, son yillarda, 6zellikle bitki yaprak hastaligi gértiintilerini hassas ve hizl bir sekilde tespit etmek
ve smiflandirmak icin gériinti siiflandirmasinda énemli dlciide ilerlemistir (Abade ve ark., 2021). Transfer
6grenme (Zhao ve ark., 2022; Xu ve ark., 2022; Nigam ve ark., 2023; Ibarra-Pérez ve ark., 2024) ise, derin 6grenme
modellerinin ¢esitli dezavantajlarini giderir. Transfer 6grenme, daha 6nce 6grenilen bir gérevden elde edilen
bilgileri kullanarak 6grenmeyi gelistiren giiclii bir derin égrenme teknigidir (Mohanty ve ark., 2016). Transfer
6grenme modellerinin smiflandirma birimi probleme 6zgi olarak yeniden egitildigi i¢cin hesaplama maliyeti
oldukca azalmaktadir. Bu sayede egitim siiresi ve hesaplama icin donanim maliyetler azalir (Yosinski ve ark.,
2014). Transfer 6grenme hesaplama karmasikligni ve kontrol parametreleri, kullanilan modelin karmagiklik
seviyesi ve katman sayisina gére belirlenir (Picon ve ark., 2019). Boylece transfer 6grenme, daha énce edinilmis
bilgileri etkili ve hizli bir sekilde kullanarak nesne tespiti ve gériintli siniflandirmasinda 6nemli ilerlemelere yol
acmaktadir (Wasswa ve ark., 2024).

Bu calismanin amaci, bitki hastaliklarinin tespitinde beg farkli transfer 6grenme tekniginin VGG16, VGG19
(Simonyan & Zisserman, 2014), AlexNet (Krizhevsky ve ark., 2012), MobileNetV1 (Howard ve ark., 2017) ve
MobileNetV2 (Sandler ve ark., 2018) basariminmi karsilastirmaktir. En iyi sonucu veren model, geleneksel
yontemlere kiyasla daha ylksek dogruluk ve verimlilik saglayarak tarimsal turetimde verimliligi ve
strdurilebilirligi artirmay1 hedeflemektedir.

Bu calismada sirasiyla literatiir 6zeti, materyal ve metot, bulgular ve tartigsma bdlimler sunulmaktadir. En son
cikarimlar ve gelecek calismalar ile sonlandirilmaktadir.
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LITERATUR OZETI

Literatiirde, bitki hastaliklarinin tespiti alaninda bugiline kadar 6nemli arastirmalar yapilmistir. Literatiir
taramasinda transfer 6grenme ele alinan problem iizerinde iyi sonuclar verdigi gériilmektedir (Yang ve ark., 2019;
Espejo-Garcia ve ark., 2021)

Nachtigall ve ark. (2016) tarafindan yapilan calismada elma agaclarindaki hastaliklar1 tespit etmek ve
siniflandirmak icin AlexNet mimarisi kullanmiglardir. Sonuclar, CNN tarafindan elde edilen %97,3'lik bir
dogruluk gostermistir. Wang ve ark. (2017) elma hastaliklarinin simiflandirilmasi icin en iyi model olarak transfer
ogrenimi ile egitilen VGG16 oldugunu ve %90,84 dogruluk verdigini belirtmislerdir. Wallelign ve ark. (2018) soya
fasulyesindeki hastaliklari siiflandirmak i¢in CNN siniflandiricisini kullanarak bir model tasarlamigtir.
Modellerinin %99,32 dogruluk elde ettiklerini bildirmislerdir. Dawei ve ark. (2019) bahcecilikte zararlilar: tespit
etmek i¢in transfer 6grenimini kullanarak toplam 10 sinifi tahmin edebilen model ile %93,84 dogruluga ulagmistir.
Ferentinos (2018) 25 farkl bitki hastaliginin tanilanmasi i¢in derin 6grenme siniflandirma teknigini uygulayarak,
%99,53 dogruluk elde etmislerdir. Chen ve ark. (2020) bitki hastaliklarini tespit etmek icin transfer 6grenimini
incelemiglerdir. VGGNet-19 modelini se¢ilmesiyle énerilen yaklasim, %92'lik dogruluk saglamigtir. Cruz ve ark.
(2017) Xylella fastidiosa etmeninin zeytinde neden oldugu Xylella yaprak yaniklig1 hastaliginin tespitini transfer
ogrenme ile gerceklestirmistir. Yapilan analiz sonucunda, simptom tasiyan zeytin yapraklarinin kullanilmasiyla
hastaligin tespit edilmesindeki basar1 oraninin yaklagsik %98,60 oldugu goriilmiistiir. Marzougui ve ark. (2020)
tarafindan gerceklestirilen calismada CNN ile bitki hastaliklarim1 tespit etmek icin ResNet modelini
kullanilmistir. Calismada, 500 bitki gériintiisiinden olusan 6zellestirilmis bir veri seti kullanilmigtir. Tasarlanan
model ile goruntileri saglikli ve hastalikli olmak tizere iki kategoriye ayirmakta olup, gelistirilen sistem ile son
teknolojide 6nerilenlerden daha iyi tespit performanslar: elde ettiklerini belirtmiglerdir. Sibiya ve Sumbwanyambe
(2019) yilinda misir bitkisinde kuzey misir yaprak yamkligi, gri yaprak lekesi ve misir pasi gibi hastaliklarim
tespit etmek icin CNN kullanmistir ve dogruluk orami %92,85 olarak bulunmustur. Shrivastava ve ark. (2019)
piring hastaliginin siniflandirilmasi igin derin CNN'nin transfer 6grenimini kullanmiglardir ve hastaligi %91,37
dogrulukla tanimlamislardir. Jiang ve ark. (2020) transfer 6grenimini, bitki hastaligi tanima modeli olusturmak
icin ResNet uzerine uygulayarak, transfer 6grenme modelinin hastalik tanimlama dogrulugunun %83,75
oldugunu ve bunun geleneksel ResNet-101 modelinden ¢ok daha yiiksek oldugunu ortaya koymuslardir. Calisma
verilerine dayanarak, transfer 6grenme algoritmasina dayali bitki hastalign tanima modelini son derece
uygulanabilir bir ¢éziim olarak sunmuslardir. Xie ve ark. (2021) catlak, sekil bozuklugu, catalli, kirik olan
havuglar: satigtan énce tespit etmek i¢in derin 6grenme ve transfer 6grenmeye dayali yontemi 6nermistir. Kusurlu
havuclarin taminmasi i¢in bes klasik CNN (Densenet-121, ResNet-50, Inception-V3, VGG-16 ve VGG-19)
uygulanmigtir. Bu topluluk modellerinde ResNet-50 sabit bir model olarak secilmis ve diger dort modelden
herhangi ikisiyle ortalama alma yontemiyle birlestirilmigtir. Sonuclar ResNet-50, Densenet-121 ve VGG-16'dan
(R-D-V16) olusan topluluk modelinin sirasiyla %97,34, %99,53, %94,62, %99,62, %97,01 ve goriinti basina 0,09s
dogruluk, kesinlik, duyarlihk, o6zgillik, Fl-skoru ve tespit hizi ile en iyi performansi gosterdigi ortaya
konulmustur.

Mehedi ve ark. (2022) cesitli bitki hastaliklarin tespit etmek icin transfer 6grenme yaklasimini, énceden egitilmis
modeller olan EfficientNetV2L, MobileNetV2 ve ResNet152V2 ile kullanmiglardir. Calismada 14 farklh bitki
turinde 38 cesit yaprak hastaligimi tespit etmek i¢in, énceden egitilmis i¢ modeli gesitli niceliksel performans
degerlendirme parametrelerine gore karsilagtirarak, EfficientNetV2L modelinin %99,63 dogrulukla en iyi
performans: sergiledigini belirtmislerdir. Shahoveisi ve ark. (2023), dért evrisimli sinir ag1 modelinin ii¢ ticari
acidan 6nemli tarla lrininde pas hastaliginin tespitindeki potansiyelini degerlendirmis ve EfficientNetB4
modelinin dogruluk oranini ortalama %94,29 olarak bulmuslar. Vallabhajosyula ve ark. (2024) Vision Transformer
ve ResNet9 modellerini kullanan yeni bir hiyerarsik kalint1 vizyon doniistiiriiciisii (Residual Vision Transformer)
ile yaprak hastaliklarinin erken tespitine yardimei olan bir model ile 13, 38 ve 51 farkli yaprak hastalig1 sinifina
sahip Local Crop veri seti, Plant Village veri seti ve Extended Plant Village veri seti izerinde degerlendirilmistir.
Performans degerlendirmesi, veri setlerinde genis kapsamda yapilmis ve sonuglar, 6nerilen modelin InceptionV3,
MobileNetV2 ve ResNet50 gibi diger modellere gore daha iyi performans gésterdigini ortaya koymustur.

Literatiirdeki bu ¢aligmalar g6z 6niine alindiginda, bitki hastaliklarinin siniflandirilmasinda transfer 6grenme
yontemlerinin etkin sonuglar verdigi gorilmektedir. Fakat, bitki yapraklarindan hastalik simiflandirilmasinda
transfer 6grenme yontemlerinin karsilagtirmali olarak sunulmasinda simirlilik gézlenmigtir.

MATERYAL ve METOD

Bu calismada, bitki yaprak hastaliklarinin tanimlanmasi1 ve siniflandirilmasi i¢in 5 farkhh transfer 6grenme
modelleri kullamilmistir. Amag, VGG16, VGG19, AlexNet, MobileNetV1 ve MobileNetV2 modellerini kullanarak
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en 1yl sonuclari1 veren algoritmayi belirlemek ve bu modellerin performansini artirmaktir. Caligmanin genel akig
diyagrami Sekil 1'de verilmigtir.
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Sekil 1. Bitki yaprak hastaliklarinin tespiti i¢gin Genel Akig Diyagrami
Figure 1. The diagram of general flow for detection of plant leaf diseases

Veri Seti

Calismada kullanilan ana veri setinde (Kaggle, 2020) saghkl ve hastalikli bitki yapraklarinin 87.867 adet
goriintiisit bulunmaktadir. Fakat, veri setinde yaban mersini, ahududu ve soya fasulyesi bitkilerine ait sadece
saghkl bitkilerin goriintileri bulunmaktadir. Dolayisiyla veri setinde hastalikli durumlarina ait herhangi bir
gorinti bulunmadigi i¢in veri setinden ¢ikarilmigtir. Ayrica, asma siyah c¢irikligi hastaliginin yaygin
bulunmamasi ve akarin hastalik etmeni olmamasi sebebiyle domatesteki akar zararlisina ait goéruntiiler veri
setinden kaldirilmigtir. Veri seti analizinde, uzman gorisi ile elma memeli pas1 hastaligina ait goriintiler ise
problemi temsil kabiliyetinin sinirli bulunmasi nedeniyle veri setinden ¢ikarilarak, yerel goriintiler ile bu sinifa
yeni goruntiiler eklenmigtir. Bu igslemler sonucunda veri setinden toplam 13761 adet goriinti azalmgtir.
Calismada bitki yaprak hastaliklarinin kapsaminin genigletilebilmesi i¢in bag antraknozu, bag mildiyosi, bag
killemesi, seftali yaprak kivircikligi, domates lekeli solgunluk viriisii, ceviz antraknozu ve elma memeli pasi
hastaliklarina ait gériintiiler ile birlikte, saglhikli portakal, kabak ve ceviz bitkilerine ait gortintiilerin derlenmesi
sonucunda 11.520 adet yeni goriintii ile veri seti genisletilmistir (Hastalikli ve saghkli bitki gériintiileri
Kahramanmaras Siitcii Imam Universitesi Ziraat Fakiiltesi Bitki Koruma Béliimiinden temin edilmistir). Eklenen
yeni goruntinler ile Calismada kullanilan veri setinde toplam 85.626 RGB goriuntiisi bulunmaktadir. Sekil 2’de
veri setinden 6rnek goriuntiiler sunulmustur.

Veri setindeki saglikli bitkiler;

- Elma, kiraz, misir, asma, portakal, seftali, biber, patates, kabak, cilek, domates, ceviz’'dir.

Veri setindeki hastaliklar;

- Elma karaleke, elma siyah ¢lirtikliik, elma memeli pasi, kirazda kiilleme, misir cercospora yaprak lekesi, misir
yaygin pasl, misir kuzey yaprak yamikligi, bag antraknozu, bag mildiyésii, bag kiillemesi, baglarda kav (esca)
hastaligi, asma yaprak yanikligi, turunggillerde yesillenme hastaligi, seftalide bakteriyel leke, seftali yaprak
kivircikligi, biberde bakteriyel leke, patateste erken yaniklik, patateste ge¢ yaniklik, kabakgillerde kiilleme, ¢ilek
yaprak yanmikligi, domates bakteriyel leke, domates erken yaniklik, domates ge¢ yanmiklik, domates yaprak kiifi,
domates mozaik viriisii, domates septoria yaprak lekesi, domates lekeli solgunluk viriisii, domates yaprak lekesi,
domates sar1 yaprak kivirciklik virtisi, ceviz antraknozu’dur.

Toplam veri seti, dizin yapis1 korunarak 80/20 oraninda egitim ve test setine bolinmiistiir. Egitim setinde 68.501,
test setinde 17.125 olmak tizere toplam 85.626 gériinti bulunmaktadir. Veri seti genel olarak siniflar agisindan
dengeli bir veri setidir. Bitkilere gére gorunti sayilar1 Cizelge 1’de rapor edilmistir.

Veri Arttirma

Veri artirimi, modelin genelleme yetenegini artirabilmekte ve asir1 6grenmeyi énleyebilmek i¢in kullanilmaktadir
(Wang, 2017). Bu nedenle, modelleme siireclerinde yaygin olarak kullanilan etkili bir yaklagimdir (Simonyan &
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Zisserman 2014). CNN yéntemlerini egitmeye baslamadan 6nce veri setini cesitlendirmek amaciyla Calismada
veri artirimi gerceklestirildi. Bu ¢alismada kullanilan veri arttirma iglemi sunlardir;
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Sekil 2. Veri Setinden 6rnek bir gériinti kiimesi
Figure 2. A set sample images from the used dataset

(a) Yatay ve Dikey Cevirme (Yatay): Giris verilerinin yatay veya dikey olarak cevrilmesini iceren siklikla
kullanilan veri buyiitme iglemleridir. Bu, modelin egitim veri kiimesindeki nesnelerin farkli yonelimlerini
o6grenmesine yardimei olur. Ayrica yeni verilere genelleme yetenegini geligtirebilir.

() Genislik Kaydirma Aralig (0,2): Gortntiileri yatay yonde kaydirmak icin kullanilan bir aralig: belirtir. Bu
deger, orijinal gorunti genigliginin bir yiizdesi olarak ifade edilir.

(¢) Yakinlagtirma Araligi (0,2): Goriintiilerin yakinlagtirma veya uzaklastirma derecesini belirler.

(d) Dolgu Modu (En yakin): Goriintiilerin yeniden boyutlandirilmasi, déndiiriilmesi ya da kirpilmas: gibi iglemler
sirasinda olusabilecek bogluklari nasil doldurulacagini belirtir. “En yakin” parametresi ise bu bogluklari en yakin
piksel ile doldurulmasini saglar.

(e) Dogrulama Ayrimi (0,2): Verilerin egitim ve dogrulama setlerine nasil béliinecegini belirten bir parametredir.
Bu parametre, verilerin belirli bir oraninin dogrulama seti olarak ayrilacagini belirtir.

() Yeniden Olgekleme (1/255): Gériintiilerin yeniden 6lgeklendirilmesi islemi sirasinda kullanilir. Bu parametre,
goruntiudeki piksel degerlerini yeniden olgeklendirerek O ile 1 arasinda diizenlenmesini saglar. Islemin amaci,
modelin daha iy1 6grenebilmesi i¢in veri setini uygun bir 6lgege getirmektir.

(e) Rastgele Rotasyon (909): Giris verilerinin rastgele bir aciyla dondiiriilmesini iceren yaygin bir veri biiyiitme
igslemidir. Bu, modelin egitim veri kimesindeki nesnelerin farkli yonelimlerini 6grenmesine yardimeci olur.

VGG16

VGG16 (Karen ve ark., 2014), genel olarak gérsel siniflandirma gorevlerinde kullanilmak iizere tasarlanmig derin
bir evrigimli sinir agidir. VGG16'in 6nemli 6zelliklerinden biri, basit ve tutarli bir mimariye sahip olmasidar.
Model, ardigsik bir dizi evrigsim katmanindan olugur. Bu katmanlar, gorsel 6zellikleri ¢ikarmak i¢in filtreleri
kullanir. Her evrigim katmaninin gikiginda genellikle ReLLU gibi dogrusal olmayan aktivasyon fonksiyonlar:
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uygulanir. Evrisim katmanlarindan sonra havuzlama katmanlari gelir. Bu katmanlar, 6zellik haritasim
kiciltmek ve 6grenilen 6zellikleri 6zetlemek amaciyla kullanilir. Modelin ¢gikisinda genellikle softmax aktivasyon
fonksiyonu kullanilir.

Bu projede VGG 16 modeli farkli batch boyutu ve epoch degerleri tizerinde egitilmis ve bagari orani ortalama olarak
%90 elde edilmistir. Modelleme de elde edilen dogruluk ve kayip grafigi Cizelge 2’de sunulmustur.

Cizelge 1. Veri Seti Dagilim
Table 1. Data Set Distribution

Sinif Isimleri Say1
Elma Saghikh 2510
Elma Karaleke 2520
Elma Siyah Curtkluk 2483
Elma Memeli Pasi 1020
Kiraz Saghklh 2282
Kirazda Killeme 2104
Misir Saglikl 2324
Misir Cercospora Yaprak Lekesi 2052
Misir Yaygin Pas1 2384
Misir Kuzey Yaprak Yanmikhig 2385
Asma Saglhklh 2115
Bag Antraknozu 980

Bag Mildiyosu 960

Bag Killemesi 1020
Baglarda Kav (Esca) Hastaligi 2400
Asma Yaprak Yamklig: 2152
Portakal Saglikl 1300
Turunggillerde Yesillenme Hastalig: 2513
Seftali Saglikli 2160
Seftalide Bakteriyel Leke 2297
Seftali Yaprak Kivirciklig: 1100
Biber Saghkh 2485
Domates Lekeli Solgunluk Virtisi 1740
Patates Saglikli 2280
Patateste Erken Yaniklik 2424
Patateste Geg¢ Yaniklik 2424
Kabak Saglikh 1060
Kabakgillerde Killeme 2170
Cilek Saghkh 2280
Cilek Yaprak Yamklig: 2218
Domates Saglikli 2407
Domates Bakteriyel Leke 2127
Domates Erken Yanmiklik 2400
Domates Ge¢ Yaniklik 2314
Domates Yaprak Kiifii 2352
Domates Mozaik Virtisi 2238
Domates Septoria Yaprak Lekesi 2181
Domates Yaprak Lekesi 2284
Domates Sar1 Yaprak Kivirciklik Virtisi 2450
Ceviz Saghkh 1260
Ceviz Antraknozu 1080

Cizelge 2. Egitim Modellerinde Kullanilan Batch Boyutu ve Epoch Sayilar
Table 2. Batch Sizes and Number of Epochs Used in Training Models

Model Batch Boyutu Epoch
M1 32 10
M2 20 10
M3 20 40
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VGG19

VGG19 (Karen ve ark., 2014), Oxford Universitesimde yer alan Visual Geometry Group (VGG) tarafindan
geligtirilmig bir evrigimli sinir ag1 mimarisidir. VGG16'min genigletilmis bir stirimudir. Daha derin bir yapiya
sahiptir. VGG modelleri, buytuk veri setlerinde 6grenme kapasitesi ve genelleme yetenegiyle taninan derin
o6grenme modelleridir. VGG19, VGG16'nin daha kompleks bir versiyonudur. Bu nedenle daha fazla parametreye

sahiptir. Bu sayede daha karmagik gorevlerde daha iyi performans elde etme potansiyeli saglamaktadir. Ancak
daha fazla hesaplama giici ve veri seti gerektirebilir.

Calismada VGG19 modeli farkli batch boyutu ve epoch degerleri tizerinde egitilmig ve bagari orani ortalama %86
olarak elde edilmigtir. Modelleme de elde edilen dogruluk ve kayip grafigi Cizelge 3’de sunulmustur.

Cizelge 3. Transfer Ogrenme yontemlerinin dogruluk ve kayip grafikleri
Table 3. The Accuracy and loss graphs of transfer learning methods

Yontem Dogruluk Grafigi Kayip Grafigi
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AlexNet (Krizhevsky, 2012), 2012 yilinda ImageNet Large Scale Visual Recognition Challenge yarismasinda
buytik bir bagar: elde ederek derin 6grenme alaninda 6ne ¢itkmistir. Modelin 6nemli 6zelliklerinden biri, o doneme
kadar yapilmis en bagarili derin sinir ag1 olmasidir. AlexNet 8 evrigsim ve 3 tam baglantili katman igermektedir.
Evrigsim katmanlari, giris gériuntilerindeki 6zellikleri 6grenmek i¢cin ReLLU aktivasyon fonksiyonlariyla birlikte
kullamilmaktadir. Ardindan, 6zellik haritalarini kiiciltmek ve 6zetlemek i¢cin maksimum havuzlama katmanlar:
gelmektedir. Ayrica, asir1 6grenmeyi azaltmak i¢in dropout ve veri artirimi gibi teknikler uygulanmaktadir.

Bu c¢alismada AlexNet modeli farkli batch boyutu ve epoch degerleri tizerinde egitilmis ve diger modellere gore
daha diisik basar1 orani1 vermigtir. Bagari orani ortalama olarak %73 elde edilmistir. Modelleme de elde edilen
dogruluk ve kayip grafigi Cizelge 3’de sunulmustur.

MobileNetV2

MobileNetV2 (Sandler ve ark., 2018), hesaplama maliyeti diisiik ve etkili bir evrisimli sinir ag1 (CNN) mimarisidir.
Genellikle mobil cihazlarda veya kaynak sinirli ortamlarda kullanilmak tzere tasarlanmistir. Bu mimari, 6nceki
MobileNet modellerinin gelistirilmig bir versiyonudur. Cesitli uygulamalarda diisiik hesaplama maliyeti ile iy1
performans saglamay1 amaclar. MobileNetV2'de temel yap1 Ters Cevrilmis Artik Blok (Inverted Residual Block)
olarak adlandirilir. Bu ¢alismada MobileNetV2 modeli farkli batch boyutu ve epoch degerleri tizerinde egitilmis

ve bagar1 orani ortalama olarak %93 elde edilmistir. Modelleme de elde edilen dogruluk ve kayip grafigi Cizelge
3’de sunulmustur.

MobileNetV1

MobileNetV1 (Howard ve ark., 2017), Google tarafindan gelistirilen ve 6zellikle diisiik giic tiikketimli derin 6grenme
modeli mimarisidir. MobileNetV1’in mimarisi Sekil 3’'de sunulmustur. Bu mimari, bilgisayar goriisii gérevlerini
yerine getirmek lizere tasarlanmig olup, mobil uygulamalarda gercek zamanli olarak ¢aligsabilecek hizda ve etkili
bir gekilde performans gostermeyi hedefler. MobileNetV1'in en belirgin 6zelligi, geleneksel evrisim katmanlarini

daha verimli hale getirmek i¢in Derinlemesine Ayrilabilir Evrisim (Depthwise Separable Convolution) teknigini
kullanmasidir.
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Bu ¢alismada MobileNetV1 modeli farkli batch boyutu ve epoch degerleri tizerinde egitilmis ve basar: orani diger
modellere gore daha yliksek bir sonug vermistir. Bagsari orani ortalama olarak %97 elde edilmistir. Modelleme de
elde edilen dogruluk ve kayip grafigi Cizelge 3’de sunulmustur.
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Sekil 3. MobileNetV1 Mimarisi
Figure 3. MobileNetV1 Architectural

Web Entegrasyonu

MobileNetV1 modeli, bitki hastaliklar: tespiti i¢in gelistirilen web sitesi uygulamasinda kullanilmak tizere .h5
uzantili dosya formatinda kaydedildi. Modelin .h5 formatinda kaydedilmesi, web sitesi uygulamasina entegrasyon
strecini kolaylastirmaktadir. Bu entegrasyon, hizli ve etkili web uygulamalari gelistirmek i¢in ideal bir framework
olan Flask (Vangala ve ark., 2019) ile Visual Studio (Microsoft, 2024) kullanmilarak gerceklestirilmistir.

Web uygulamasi, kullanicilarin bitki yaprag: gorintiilerini ylkleyebilecegi ve bu goruntilerin igslenerek hastalik
tespitinin yapilacagi bir platform saglar. Kullanicilar, web sitesinde bulunan dosya yiikleme formunu kullanarak
bitki yapragi goruntilerini yiikleyebilirler. Bu form, kullanicilarin sunucuya dosya yliklemesini saglar. Form
etiketi igindeki method="post" ve action="/file-upload" 6zellikleri, formun HTTP POST yoéntemiyle gonderilecegini
ve gonderilen verilerin /file-upload adresine yénlendirilecegini belirtir. Bu iglem, @app.route(/file-upload',
methods=["POST']) rotasi ile yonetilir. Bu rota, kullanicilarin yiikledigi gériintiilerin sunucuya génderilmesini ve
islenmesini saglar.

HTTP istegi ile yiklenen bitki yapragi dosyasi alinir ve Pillow kutiiphanesi kullamilarak bir gériintiiye
déniistiirilir. Pillow (Clark ve ark), giiclii bir gériintii isleme kiitiiphanesidir. Python'da goriintiilerle calismay1
kolaylastirmaktadir. Goriintii, modelin gereksinimlerine uygun olarak 224x224 piksel boyutlarina yeniden
boyutlandirilir. Bu, ¢ogu derin 6grenme modelinin girdi olarak bekledigi boyuttur.

Daha sonra, goriintii verisi normallestirilir. Normallestirme, piksel degerlerini [0, 1] araligina 6lceklendirerek
gorinti isleme iglemini standardize edilmektedir. Bu islem modelin daha tutarli sonuglar tiretmesine yardimeci
olabilir. Normallestirilmis goérinti verisi, modelin igleyebilecegi bir diziye déntstirialir. Genellikle, modelin
bekledigi formata uygun hale getirmek igin gérintiiye bir dizi ek boyut eklenir.

Model, ‘model.predictimg array)' komutu ile gériintiiyii simiflandirir ve sonuclar, simiflandirma dogrulugu
acisindan en yuksek olasiliga sahip sinif belirlenerek elde edilir. Bu sonug, ilgili hastalik veya saglikli durum ile
eslestirilir.

BULGULAR ve TARTISMA

Egitim siirecinde optimize edilen parametreler, 6grenme orani, epoch sayisi ve batch boyutu, model performansini
artirmada etkili olmugtur. Modellerin performansini degerlendirebilmek i¢in farkli epoch ve batch boyutlar: igin
egitim iglemi gercgeklestirilmisgtir. Tanimlanan egitim modelleri Cizelge 2’de sunulmusgtur.

M1 modeli tizerinden elden edilen deneysel sonuglar Cizelge 4’de, M2 modeli tizerinden elde edilen sonuglar
Cizelge 5’de ve M3 modeli tizerinden elde edilen sonuglar ise Cizelge 6’de rapor edilmistir. Transfer 6grenme
yontemleri bu parametre degerleri kullanilarak model dogruluklar1 karsilagtirilmigtir. Cizelge 4, Cizelge 5 ve
Cizelge 6 incelendiginde, M3 modeli MobileNetV1 algoritmasi bitki hastaliklarini tespit etmede %99,20 basgar: ile
en iyi sonug veren algoritma oldugu sonucuna ulagilmigtir.

Transfer 6grenme yontemlerinin modelleme streclerinde ki performanslarinin degerlendirilebilmesi i¢in M2
modeli tizerinden dogruluk ve kayip grafikleri Cizelge 3’de sunulmustur. Modelleme grafikleri incelendiginde asir1
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o6grenme problemi ile karsilagilmadigi gorilmektedir. Bu bulgu, deneysel sonucglar tizerinden gergek-zamanh
uygulamada arzu edilen sonuglarin elde edilebilecegini gostermektedir.

Cizelge 4. M1 modeli tizerinden elde edilen sonuclar
Table 4. Obtained results on the M1 model

Kayip Dogruluk Dogrulama Kayb1 Dogrulama Dogrulugu
VGG16 0,2989 0,9021 0,3155 0,9081
VGG19 0,3796 0,8753 0,4579 0,8671
AlexNet 0,6202 0,8045 0,8411 0,7651
MobileNetV1 0,0464 0,9850 0,1108 0,9679
MobileNetV2 0,0617 0,9800 0,1808 0,9484

Cizelge 5. M2 modeli tizerinden elde edilen sonuglar
Table 5. Obtained results on the M2 model

Kayip Dogruluk Dogrulama Kayb1  Dogrulama Dogrulugu
VGG16 0,3410 0,8895 0,3619 0,8941
VGG19 0,4411 0,8555 0,4745 0,8575
AlexNet 0,8224 0,7437 1,7370 0,5664
MobileNetV1 0,0593 0,9801 0,0679 0,9814
MobileNetV2 0,0789 0,9750 0,4788 0,8888

Cizelge 6. M3 modeli tizerinden elde edilen sonuglar
Table 6. Obtained results on the M3

Kayip Dogruluk Dogrulama Kaybi Dogrulama Dogrulugu
VGG16 0,2626 0,9183 0,4072 0,9036
VGG19 0,3612 0,8877 0,4193 0,8862
AlexNet 0,5372 0,8434 0,5127 0,8666
MobileNetV1 0,0160 0,9948 0,0271 0,9920
MobileNetV2 0,0226 0,9929 0,0767 0,9795

Bitki hastaliklarinin tespit edilmesinde en yiiksek dogrulugu veren MobileNetV1 M3 modeli oldugunda modelinin
performansinin detayli degerlendirilebilmesi i¢in dogruluk ve kayip grafikleri Sekil 4’de sunulmustur. Makine
ogrenmesinde siklikla kullanilan modelin siniflandirma performansini degerlendirmek i¢in ROC egrisi analizi de
yapilmigtir. ROC egrisi, dogru pozitif oranini (TPR) yanlis pozitif oranina (FPR) karsi cizer ve modelin farkh esik
degerlerindeki performansini gosterir. Grafikte her bir sinif i¢in ayr1 bir ROC egrisi ¢izilmig ve tiim siniflar i¢in
AUC degerleri hesaplanmigtir. AUC'nin 1.0 olmasi, modelinin siniflar i¢in etkin bir performans sergiledigini ve
dogru smiflandirma yaptigima gostermektedir. Elde edilen ROC grafigi Sekil 5de sunulmustur. Ayrica,
karmagiklik matrisi ise Sekil 6’de sunulmustur.

Sekil 4 incelendiginde, asir1 6grenme sorunu bulunmadig: gorilmektedir. Sekil 6’da sunulan karmasiklik matrisi
incelendiginde ise modelin 42 farkl bitki hastaligi ve saghikhh durum siniflarini siniflandirma etkin ve kararh bir
yontem oldugu gorilmektedir.

Makine Ogrenmesi modellerinin degerlendirilmesinde dogruluk haricinde Kesinlik (Precison), Duyarlilik
(Sensitivity) ve F1 skoru metrikleri de kullanilmaktadir. Kesinlik metrigi pozitif etiketlerine sahip etiketlerinin
pozitif olarak bulunabilme orani olarak tanimlanmaktadir. Duyarlilik ise modelin pozitif 6rneklerin ne kadarini
pozitif olarak tahmin etmen oranina karsilik gelmektedir. F1 skoru ise kesinlik ve duyarlilik oranlarinin harmonik
ortalamasi olarak hesaplanir. Cizelge 7’de MobilNetV1 i¢in Kesinlik, Duyarlilik ve F1 skoru sonuglari her bir sinif
icin sunulmustur. Cizelge 7 incelendiginde onerilen model Kesinlik i¢cin en dugik 0,92 oranina sahipken,
Duyarhlik i¢in en diisiik 0,94 oranina sahiptir. F1 skoru i¢in ise en diigiin oran 0,96’dir. Kesinlik, Duyarlilik ve F1
skor metrikleri i¢cin en yiksek oran 1,00 olarak hesaplanmigtir. Cizelge 7 genel olarak degerlendirildiginde,
onerilen yontem ile her bir sinifin diger siniflara gére oldukea ayristirilabilir oldugu gériilmektedir.

Elde edilen bulgular genel olarak degerlendirildigi de oOnerilen yontemin bitki yaprak hastaliklarinin
siiflandirilmasinda %99,2 ile miikemmele yakin dogruluk gosterdigi gorilmektedir. Fakat, bu sonuglarin
literatiirde daha énce yayinlanan diger calismalar ile adil bir kargilagtirma yapilabilmesi adina temel veri setinin
kullanildigi ¢alismalar derlenmis ve Cizelge 8de kargilagtirmali olarak rapor edilmistir. Cizelge 8 incelendiginde
ResNet, DenseNet ve Ozel CNN modellerinin kullanildig1 goriilmektedir. Onerilen yontem ile %99,2 dogruluk
orani ile rakip yéntemlerden daha basarili sonuclar alindig1 gériilmektedir. (Chohan ve ark., 2020) tarafindan
gerceklestirilen calismada CNN modeli %98,3 dogruluk degeri edilmistir. (Chellapandi ve ark., 2021) tarafindan
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yuruttlen bir diger calismada ise %99 dogruluk orani elde edilmistir. Bu iki caligma 6nerilen yontemden nispeten
geride kalmigtir. Onerilen yontem diger rakiplerden ise gorece daha bagarilidir.
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Sekil 6. MobileNetV1 M3 modeli tizerinden Karmasiklik Matrisi
Figure 6. Confusion Matrix of MobileNetV1 on the M3 Model

Onerilen bitki yaprak hastaliklar1 tahmin modelinin bagarimimin goriintiiler tizerinden degerlendirilmesi de
onemli bir géstergedir. Sekil 7’de veri setinde bulunan 6rnek goriintiillerdeki hastaliklarin gercek ve tahmin
sonuglar gorilmektedir.

Test asamasinda, veri setinde bulunmayan ve modelin daha o6nce karsilagsmadigi bitki tirleri de
degerlendirilmistir. Bu, modelin ger¢ek diinya kogullarinda ne kadar genelleme yapabildigini ve bilinmeyen bitki
tiurlerini dogru bir sekilde simiflandirma yetenegini 6lgmek i¢in yapilmigtir. Veri setinde bulunmayan gercek
gorintilerin sinif tahminleri Sekil 8 de sunulmustur.

Geligtirilen yapay zeka tahmin modelinin son kullanici i¢in erisime agilabilmesi adina tasarlanan web sitesi giris
sayfasinin ekran gorintisi Sekil 9‘da sunulmustur. Bu sayfa tzerinden bitki resmi sisteme girig olarak
uygulanmaktadir. Sistem tahmininde bitkinin hastalikla bulasik oldugu belirlenmesi durumunda belirlenen
hastalik etmeniyle miicadele yéntemlerinin énerildigi Sekil 10’da gérulen sonug sayfasina yénlendirme yapilir.
Bitki saglikli ise Sekil 11’de gorilen bitki sagliklidir sonucu verilmektedir. Bu yaklasim, modelin giktilarini bir
arayuzle birlestirerek, ¢iftgilere ve bitki uzmanlarina hizli ve etkili bir sekilde bitki hastaliklar1 hakkinda bilgi

165



KSU Tarim ve Doga Derg 28 (1), 154-170, 2025

KSU J. Agric Nat 28 (1), 154-170, 2025

Arastirma Makalesi
Research Article

sunmaktadir. Boylece, hastaliklarin erken teghisi ve uygun tedavi yontemlerinin uygulanmasi miumkiin olur,

tarimsal verimlilik artacagi 6n gérulmektedir.

Cizelge 7. MobileNetV1 i¢in M3 modeli tizerinden Kesinlik, Duyarlilik ve F1-Skor Sonuglar:
Table 7. The Results of Precision, Sensitivity, and F'1-Score for MobileNetV1 on the M3

Kesinlik Duyarhlik F1- Skoru
Elma Saghkh 1,00 1,00 1,00
Elma Karaleke 1,00 1,00 1,00
Elma Siyah Cirtklik 1,00 1,00 1,00
Elma Memeli Pas1 1,00 0,98 0,99
Kiraz Saghklh 1,00 1,00 1,00
Kirazda Killeme 1,00 1,00 1,00
Misir Saghkh 1,00 1,00 1,00
Misir Cercospora Yaprak Lekesi 0,99 0,94 0,97
Misir Yaygin Pasi 0,99 1,00 0,99
Misir Kuzey Yaprak Yanmikhig: 0,95 1,00 0,97
Asma Saghklh 1,00 1,00 1,00
Bag Antraknozu 0,96 0,98 0,97
Bag Mildiyosu 0,96 0,99 0,98
Bag Killemesi 1,00 0,99 0,99
Baglarda Kav (Esca) Hastalig 1,00 1,00 1,00
Asma Yaprak Yamklig: 1,00 1,00 1,00
Portakal Saghkli 0,99 1,00 0,99
Turunggillerde Yesillenme Hastalig: 1,00 0,99 0,99
Seftali Saghkh 1,00 0,97 0,99
Seftalide Bakteriyel Leke 0,97 1,00 0,98
Seftali Yaprak Kivirciklig: 1,00 0,98 0,99
Biber Saghklh 0,98 1,00 0,99
Biberde Bakteriyel Leke 0,99 1,00 1,00
Patates Saglikli 1,00 0,99 0,99
Patateste Erken Yaniklik 1,00 1,00 1,00
Patateste Ge¢ Yanmklik 1,00 0,99 0,99
Kabak Saghikh 1,00 0,96 0,98
Kabakgillerde Killeme 1,00 1,00 1,00
Cilek Saghkh 1,00 1,00 1,00
Cilek Yaprak Yamklig: 1,00 1,00 1,00
Domates Saglikli 1,00 1,00 1,00
Domates Bakteriyel Leke 1,00 0,99 1,00
Domates Erken Yaniklik 0,99 0,98 0,99
Domates Ge¢ Yanmiklik 0,98 0,98 0,98
Domates Yaprak Kiifii 1,00 1,00 1,00
Domates Mozaik Virusi 1,00 1,00 1,00
Domates Septoria Yaprak Lekesi 1,00 1,00 1,00
Domates Lekeli Solgunluk Virisi 0,98 0,99 0,99
Domates Yaprak Lekesi 0,97 1,00 0,99
Domates Sar1 Yaprak Kivirciklik Virtisi 1,00 1,00 1,00
Ceviz Saghkh 1,00 0,98 0,96
Ceviz Antraknozu 0,92 1,00 0,96

Cizelge 8. Onerilen Yontemin, 6nceki ¢caligmalar ile kargilagtirilmas:
Table 8. Comparison of the Proposed Method with previously proposed methods
Referans Metod Dogruluk Skoru

(Rao ve ark., 2022) Bi-CNN %94,98
(Geetharamani ve Pandian, 2019) CNN % 96,46
(Chohan ve ark., 2020) CNN % 98,3
(Sagar ve Jacob, 2021) ResNet50 % 98,2
(Chellapandi ve ark., 2021) DenseNet %99
Onerilen Yontem MobileNetV1 % 99,20
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Sekil 7. Onerilen Yéntemin Tahmin Sonuglar:
Figure 7. Prediction Results of Proposed Method.
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BITKI HASTALIKLARI TESPIT:
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Sekil 8. Veri Setinde Olmayan Resimlerin Test Sonuglar: Sekil 9. Bitki Resim Yiikleme Formu
Figure 8. The results of testing Images not included in the Figure 9. Plant Image Upload Form
Data Set
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&

Sekil 10. Hastalikli Bitki Sonucu Sekil 11. Saglikli Bitki Sonug¢ Ekrani
Figure 10. Diseased Plant Result Screen Figure 11. Healthy Plant Result Screen
SONUC ve ONERILER

Bitki hastaliklarinin tespiti i¢in gelistirilen yapay zeka modeli, yiksek igslem hizi ve sinmiflandirma dogrulugu
saglamaktadir. Bu ¢6ziim, bitki yapraklarinin hastalikli m1 yoksa saglikli m1 oldugunu hizli ve etkili bir sekilde
belirleyebilir, boylece bitki hastaliklarinin erken teghis edilmesine ve tedavi edilmesine olanak tanir. Ayrica,
kullanim kolaylig1 ve sonuglara hizli erisim imkani sunarak, ¢iftcilerin ve bitki uzmanlarinin uygulamalarinda
verimliligi arttirabilir. Bu amag igin literatiir de yaygin kullanilma sahip VGG16, VGG19, AlexNet, MobileNetV1
ve MobileNetV2 yontemleri transfer 6grenme modeli olarak kullanilmigtir. MobileNetV1 en basarili yontem
oldugu gorulmiistir. Modelleme sonucunda etkin olan MobileNetV1 {izerinden son kullanici i¢in web uygulamasi
geligtirilmistir.

Geligtirilen web uygulamasi, bitki hastaliklarinin tespitinde c¢ift¢ilere ve bitki uzmanlarina buyiuk kolaylik
saglayacaktir. Uygulamanin sagladigi hizli ve dogru sonugclar, tarimsal verimliligi artirarak ekonomik kazanclarin
artmasina katkida bulunur. Gelecekte, daha yliksek epoch sayilar: kullanilarak modelin dogrulugu artirilabilir ve
veri seti daha fazla bitki tira ve hastaligini kapsayacak sekilde gelistirilebilir. Ayrica, bulanik derin sinir aglar
ve dikkat tabanli derin 6grenme modellerinin kullanimiyla daha yenilik¢i ¢aligmalar yapilabilir. Bu tir
yaklagimlar, daha kapsamlh ve etkili uygulamalar sunarak tarim sektoriinde énemli ilerlemeler saglayabilir ve
yenilike¢i ¢oztimlerin 6nciisi olabilir.

Aragtirmacilarin Katki Orani Beyani
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan ederler.

Cikar Catigmasi Beyani
Makale yazarlar: aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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ABSTRACT Horticulture

Drought is one of the important abiotic stresses that significantly affect

plant growth and development process. The use of grafted plants and Research Article
vermicompost application creates significant potential for tolerance to : :

drought stress. The scope of the study; consists of the evaluation of the Artlc.le Hlstory.

effects of grafting and vermicompost applications on the Received ) 28.03.2024
morphophysiological properties of eggplant under drought stress by Accepted +23.11.2024
principal component analysis (PCA). In the experiment, different Kevwords

amounts of vermicompost-V (0, 1, 2, 3%) were applied to the grafting and So.Zmum ez
non-grafting plants under different levels of drought stress conditions Grafting ’
(Control; 100%; mild stress-MS; 70% and severe stress-SS; 30% Vermicompost

irrigation) at the greenhouse. In terms of traits studied, the first two of Abiotic stress

the components had 94.39% of the total variation in the grafted plants. PCA

PCA showed that "V(3%)+MS' and 'V(2%)+MS' were in significant and
positive correlations with SPAD, leaf area-LA, relative water content-
RWC, shoot dry weight-SDW, and root fresh weight -RFW. 'V(%3)+MS'
and 'V(%2)+MS' applications; shoot length-SL correlated positively and
weakly with stomata conductivity-gs, shoot fresh weight-SFW, shoot
diameter-SD, and root dry weight-RDW. Based on the relationships
between the variables; in general, the correlations of all the examined
parameters with each other were found to be significant and positive.
Especially; the positive and significant correlations between SPAD and
LA and RWC, SDW and RFW, gs and SL and SFW, and RDW and SD
were obvious. Consequently, the use of grafted plants and V treatments
in eggplants under MS conditions improved the morphophysiological
parameters of the plants and increased their tolerance to stress.
Therefore, it can be seen as an effective strategy for sustainable
agricultural practices.

Agillama ve Vermikompost Uygulamalarmin Kuraklik Stresi Altindaki Pathicanin Morfofizyolojik
Ozellikleri Uzerine Etkilerinin Temel Bilegen Analizi ile Degerlendirilmesi

OZET Bahge Bitkileri

Kuraklik, bitki bliylimesini ve gelisim slirecini 6nemli 6l¢iide etkileyen Bahce Bitkileri

onemli abiyotik streslerden biridir. Agili bitki kullanimi ve vermikompost Aragtirma Makalesi
uygulamasi1 kuraklik stresine tolerans saglama bakimindan o6nemli

potansiyel olusturmaktadir. Calismanin amacy; agili bitki kullanimi ve Makale Tarihgesi
vermikompost uygulamalarimin kurakhk stresi altinda patlicanin Gelig Tarihi  :28.03.2024
morfofizyolojik 6zellikleri iizerine etkilerinin temel bilesen analizi (PCA) Kabul Tarihi :23.11.2024
ile degerlendirilmesidir. Sera kosullarinda gerceklestirilen ¢alismada

asil1 ve asisiz bitkiler kuraklik stresi altinda farklh seviyelerde (%0, 1, 2, Anahtar Kelimeler

3) solucan humusu-V iceren kosullarda yetistirilmistir (kontrol: %100, Solanum melongena L.
hafif stres-MS: %70 ve siddetli stres-SS: %30 sulama). Incelenen Agilama
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ozellikler acisindan, bilesenlerin ilk ikisi asilanmis bitkilerdeki toplam Vermikompost
varyasyonun %94.39'unu olusturmaktadir. PCA, 'V(%3)+MS' ve Abiotik stress
"V(%2)+MS'nin, SPAD, yaprak alani-LA, bagil su icerigi-RWC, siirgiin PCA

kuru agirligi- SDW ve kok kuru agirligi-RFW ile anlamli ve pozitif

korelasyon icinde oldugunu goéstermistir. "V(%3)+MS' ve 'V(%2)+MS'

uygulamalary; stirgin uzunlugu-SL, stoma iletkenligi-gs, strgiin yas

agirhigi-SFW, govde kalinligi- SD ve kok kuru agirligi-RDW ile pozitif ve

zayif korelasyon sergilemistir. Genel olarak incelenen tim o6zelliklerin

birbirleriyle iligkilendirilmeleri, anlamli ve pozitif bulunmustur.

Ozellikle SPAD, LA ve RWC; SDW ve RFW; g SL ve SFW arasindaki ve

RDW ile SD arasindaki pozitif ve gucli korelasyonlar dikkat g¢ekici

olmustur. Sonug olarak patlicanlarda asili bitki kullanimi ve hafif stres

kogullarinda vermikompost uygulamalari, bitkilerin morfofizyolojik

ozelliklerini olumlu yonde etkilemis ve strese karsi toleranslarini

artirmigtir. Bu nedenle stirdirilebilir tarim uygulamalar: i¢in etkili bir

strateji olarak goriilebilir.

Atif Sekli:  Kiran, S., Demir, Z., Boyaci, H.F., Aydinsakir, K., Kusvuran, S., Zengin, S., & Ellialtioglu, S.S., (2025). Asilama
ve Vermikompost Uygulamalarinin Kuraklik Stresi Altindaki Patlicanin Morfofizyolojik Ozellikleri Uzerine
Etkilerinin Temel Bilegsen Analizi ile Degerlendirilmesi. KSU Tarim ve Doga Derg 28 (1), 96-103.
https://doi.org/10.18016/ksutarimdoga.vi.1460048.
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Evaluation of the Effects of Grafting and Vermicompost Applications on the Morphophysiological Properties of

Eggplant under Drought Stress with Principal Component Analysis. KSU Tarim ve Doga Derg 28 (1), 96-103.
https://doi.org/10.18016/ksutarimdoga.vi.1460048.

INTRODUCTION

Drought stress; it occurs when the precipitation amount is insufficient and evaporation is more than water intake
(Rao et al., 2006). Plant growth slows when soil moisture decreases, and as drought stress increases,
crop yield quality suffers, eventually leading to plant mortality (Ashraf & Harris 2005). Water starvation in plant
cells results in decreased soluble nutrient density, decreased turgor pressure, changes in cell volume, and
degeneration of the structures of several physiological and molecular components in proteins (Wahab et al., 2022).
Morphological and physiological changes such as a reduction in leaf area, a decrease in stomata number, relative
water content, stomatal conductivity and a decrease in chlorophyll content occur in many vegetable species under
drought stress (Ors et al., 2021; Sousa et al., 2022; Wassie et al., 2023).

After potatoes and tomatoes, eggplant is the third most significant vegetable in the Solanaceae family in terms of
production (Sekara et al., 2007). Although eggplant is a moderately drought-tolerant vegetable, it is known that
limited water applications can cause drought stress, metabolic activities can be impaired in case of prolonged
drought, plant growth and yield are adversely affected, and even irreversible plant damage occurs (Jifeng et al.,
2009; Kurniawati 2014). The use of tolerant varieties is seen as a permanent solution for reducing yield and quality
losses in drought stress conditions for economically important cultural plants like eggplant. Tolerance to drought
stress is controlled by many genes which complicate breeding efforts to develop drought-tolerant varieties (Toppino
et al., 2022; Villanueva et al., 2023). However, there are effective strategies to reduce the negative effects of drought
stress on plants, such as grafting on rootstocks with high drought resistance and the use of organic materials such
as vermicompost (V) (Boyaci & Ellialtioglu, 2018; Ebrahimi et al., 2021).

It is crucial to graft on rootstocks with a high ability to withstand drought conditions and increase water use
efficiency (WUE) to reduce production losses. It was determined that the use of grafted plants on rootstocks with
high resistance to stress in eggplant under limited water conditions gave positive results on crop yield and quality
and it was seen that it gave positive results as a curative application (Kiran et al., 2019a). However, in cases where
the severity of drought stress is high this application alone may be insufficient. In this situation, the usage of
organic materials such as that support to increase in the water-holding capacity of the soil can be effective in plant
drought tolerance (Kiran, 2019b; Istanbuli et al., 2020).

Drought stress is a multi-faceted stress factor that directly affects plant growth and development physiology, As
well as the plant the plant cell organ, and the whole organism. Conventional methods for statistically evaluating
a vast amount of data relating to morphological, physiological, and biochemical characteristics in order to
understand plant responses to stress conditions involve useful knowledge for each variable studied. However, these
methods may be insufficient to explain the state of the relationship between two or more features and to make real
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interpretations based on this. Therefore, a multivariate statistical analysis method such as Principal Component
Analysis (PCA) is needed in order to make the variables easier to interpret.

In the completed study, the effects of grafted plant and vermicompost applications on the development of eggplants
grown under drought stress conditions were examined in terms of morphological and physiological characteristics,
and the positive effect of the grafting and vermicompost interaction on stress tolerance was determined (Kiran et
al., 2023). In this study, the effect of the positive interaction of grafting and vermicompost on some morphological
and physiological characteristics of eggplant grown under drought stress was evaluated by principal component

analysis (PCA).

MATERIALS and METHOD

The study was conducted between April and July 2020, under naturally lighted glasshouse conditions at the
Ankara-Soil, Fertilizer and Water Resources Central Research Institute (Ankara, Tiirkiye). The temperature and
humidity control was provided automatically (23-25 °C temperature. 50% to 55% relative humidity). Local variety
Aydin Siyahi, having long shaped and black colored fruits, as scion source and a commercial rootstock Koksal F1
(Yiiksel Seeds Co., Tiirkiye) were used as plant material. The grafting process was carried out in a private nursery
Antalya Tarim Co., Tiirkiye). The seedlings at the 3-4 true leaf stage were planted in polyethylene pots with a size
of 39%35 cm and a volume of 35 L containing clay texture soil (organic matter: 0.51% available phosphorus: 16.7
kg hal available potassium: 546.7 kg ha'l, EC: 0.94 dS m'1, pH: 7.90). Fifteen days before planting V was weighed
at 1%, 2% and 3% (w/w) of the soil weight in the pot and mixed to a depth of 10-15 cm.

Vermicompost (V) (organic matter: 39.2%, total phosphorus: 0.21%, total potassium: 0.94%, EC:5.62 dS m-1,
pH:6.62) was obtained from Ekosol Farming & Livestock Company, Manisa, Tiirkiye. Stress applications were
initiated 10 days after planting the seedlings. The experiment was conducted in random plots with three
replications per treatment with five plants per replication adopting the factorial (Factor 1: grafted plant, Factor 2:
V application, Factor 3: drought stress) experimental. Accordingly, the subjects were as follows: 1. irrigation level-
drought stress: bringing the current moisture to the field capacity (Control: 100%), applying 70% (mild stress-MS)
and 30% (severe stress-SS) of the water, 2. grafting (G), usage of non-grafted plant, use of the grafted plant, 3. V
application at levels of 0 (control), 1%, 2%, 3%. According to the results of soil analysis, each pot received 10 kg of
phosphorus and 7 kg of nitrogen per 0.247 acre in the form of triple superphosphate (TSP) and urea before planting.
During the flowering and the beginning of harvest, urea fertilization was continued in each pot in the form of 3 kg
of nitrogen per 0.247 acre.

Measurements of plant growth

Shoot (stem+leaves)fresh weight (SFW) and dry weight (SDW) (g plant-1), At the end of the production period the
fresh weight of the shoot and leaves were weighed on a 1 1000-1 precision digital scale to measure the green part's
wet weight (g) and after drying in an oven set at 65°C the green part dry weight (g) was detected. Shoot length
(cm) (SL), At the end of the growing period, the shoot height of the plants in all application groups from the root
collar to the growth tip of the plant was measured in cm using a tape measure. The shoot diameter (SD) of the
plants in all treatment groups was measured using a digital caliper. The mean shoot thickness (mm) value was
obtained by averaging the shoot thickness measurements taken from a point just above the graft site half the plant
height and the uppermost tip node. Leaf area (cm2) (LA) at the date of the second fruit harvest in the growing
period the 3rd and 4th leaves of each plant were taken backward from the shoot tip and measured with the Licor
LI-3000A (Li-Cor Lincoln, USA) model leaf area meter and the ‘leaf area/plant’ value was obtained.

Measurements related to the physiological properties of the plant

Leaf chlorophyll content was measured using a SPAD chlorophyll meter (Minolta, SPAD 502, Osaka, Japan). SPAD
values of the uppermost fully expanded leaves were determined by reading the 3rd leaf from the top of each plant.
Stomatal conductance (gs) with a handheld steady-state portable porometer (SC-1, Decagon Devices Inc., Pullman,
WA, USA) was used to measure stomatal conductivity. It was obtained by measuring between 13.00-14.00 with a
fifteen-day interval on the same leaves that were randomly selected during the experiment. Leaf proportional
water content (RWC) was measured using the method described by Dhanda & Sethi (1988).

Data analysis

Principal component analysis (PCA) was applied with the MS Excel XLSTAT program to determine the
relationships between the investigated parameters.
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RESULTS and DISCUSSION

The Principal component analysis is an analysis method that identifies the direction of the relationship between
variables and transforms the original variables in a dataset into less unrelated variables, making them more easily
interpretable (Faloye et al., 2024). In this study, the drought stress tolerance of grafted and vermicomposted
eggplant plants was evaluated under drought stress conditions. In results of the first 2 basic components for
morphological and physiological characteristics are given in Table 1. Accordingly, the first component accounted
for approximately 94.40% of the total variation and 96.49% of it could be explained by the first two components. In
other words, 96.49% of the total variance of ten variables concentrated on two variables (the principal component,).
In addition, principal components with a value greater than 1 according to their eigenvalues were considered
important. Figure 1 shows the scree plot of ten principal components. This scree plot consists of decreasing
eigenvalues that provide visualization of the principal components.

Principal component loads are given in Table 2, and the loading plot created for the plant morphological and
physiological characteristics of the first two principal components is given in Figure 2a. The loading plot is
interpreted according to the correlation between each variable and each principal component. Accordingly, there
is a positive correlation between the close (narrow-angle) variables. There is a negative correlation between the
variables that are 180° discrete. In addition, there is no correlation between the variables with an angle of 90°
between them, that is, the variables are independent. According to this, although it is seen that all variables have
close effects on each other, it is understood that especially the SDW, SFW, and RWC variables affect the first basic
component more. However, the second principal component is further defined by the LA, SD, RDW, and SPAD.
There 1s a negative correlation between PC2 and SDW, LA, RFW, SPAD, and RWC, and a positive correlation
between PC2 and the rest (Table 2).

Table 1. Total variance explained for the first two principal components
Cizelge 1. 1lk iki temel bilesen i¢in agiklanan toplam varyans

Component Eigenvalue % of explained variance Cumulative variance (%)
1 9.12 91.23 91.23
2 3.19 3.190 94.42

Table 2. Coefficients and loadings of the first two basic components
Cizelge 2. Ik iki temel bilesenin katsayilari ve yiikleri

Trait PC1 PC2

SFW 0.323 0.190
SDW 0.328 -0.084
SL 0.318 0.169
SD 0.313 0.455
LA 0.314 -0.467
RFW 0.316 -0.061
RDW 0.308 0.423
SPAD 0.313 -0.443
gs 0.306 0.152
RWC 0.323 -0.316

SFW: shoot wet weight, SDW: shoot dry weight, SL: shoot length, SD: shoot diameter, LA: leaf area, RFW: root fresh weight,
RDW: root dry weight, SPAD: Chlorophyll SPAD value, gs: stomatal conductivity, RWC: Relative water content

According to the Bi-Plot, in grafted plants, all treatments of V in the MS condition appear to be correlated with all
variables studied. The combination of ‘V (3%) + MS’ showed a strong and positive correlation with the SPAD, LA,
and RWC values. The proximity of this combination especially to SPAD and LA; indicates that 3% V application
in MS medium of grafted plants supports strong increases in plant chlorophyll content and LA. Indeed, the results
obtained indicate that the leaf’s chlorophyll content decreases due to the damage in chloroplasts with the increase
in the severity of drought stress, and grafting and V application reduce the losses in leaf chlorophyll content
(Kazeminasab et al., 2016; Kiran, 2019b). Greater preservation of chlorophyll pigment, RWC, and LA in grafted
plants under drought stress conditions has been reported by Jiao et al., (2023). The delay in the destruction of
photosynthetic pigments by V application could be explained as the reduction of oxidative stress with the
preservation of osmotic potential in the plant due to the improved water efficiency in the plant. However, the
combination of ‘V(2%) + MS’; and RWC had positive and very strong correlations with SDW and RFW. This
indicates that the application of 2% V in MS medium has a positive effect on the plant growth of the plant. Thanks
to the strong root structures of the grafted plants, the leaf water content is preserved by taking more water and
nutrients from the stress condition, resulting in SDW and RFW increases that are encouraged. As a matter of fact,
the Bi-plot indicates RFW increases of grafted plants in MS medium. The properties of the root that could play an
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active role in water and ion uptake are directly proportional to the root genotypic properties and total root surface
area (Zhang et al., 2020).

12

Eigenvalue

0 2 4 6 8 10 12

Number of Components

Figure 1. Scree plot of the PCA model
Sekil 1. PCA modelinin egim grafigi

Component 2 (3,19 %)

-4

]
-4 -2 0 2 4
Compenent 1 (91,2 %)

Figure 2. Morphological and physiological features in the Bi-plot explained by the two principal components in grafted plants.
SFW: shoot wet weight, SDW: shoot dry weight, SL: shoot length, SD: shoot diameter, LA: leaf area, RFW: root fresh
weight, RDW: root dry weight, SPAD: Chlorophyll SPAD value, gs: stomatal conductivity, RWC: Relative

Sekil 2. Asili bitkilerdeki iki ana bilesenle agiklanan Bi-grafikteki morfolojik ve fizyolojik ozellikler. SFW: siirgiin yas agirligi,
SDW: stirgitin kuru agirligi, SL- stirgiin uzunlugu, SD: siirgiin ¢api, LA: yaprak alani, RFW: kok taze agirligi, RDW:
kok kuru agirligi, SPAD: Klorofil SPAD degeri, gs° stoma iletkenligi, RWC: Bagil su igerigi
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It was also noted that V supports plant growth due to its positive effect such as containing growth hormones such
as auxin and cytokinin, which increase plant growth, and provide nitrogen fixation (Wong et al., 2020). Similar
results were reported by Ghaffari et al. (2022). The acute angles between all variables examined show that the
variables are in strong and positive relationships with each other. In particular, the relationships between SPAD
and LA, SDW and RFW, gs and SFW and SL, RDW and SD were found to be quite strong and positive. Growth and
development parameters are morphological phenomena that occur with cell growth, elongation, and differentiation
(Osakabe et al., 2014). It is a fact that these events occurring at the whole cellular level are related to the loss of
turgor that occurs due to the decrease in the relative water content in drought conditions. However, it is stated
that the reduction in leaf area leads to a decrease in gas exchange due to a decrease in stomatal opening (Sousa et
al., 2022). It is known that grafted plants develop different mechanisms such as accumulating solutes compatible
with drought stress tolerance (Munns & Tester, 2008), transmitting some hormones from rootstock roots to the
pen (El-Mog et al., 2022), and especially that high root volume is effective in water and nutrient uptake. It is stated
that V helps to provide environmental conditions that affect tolerance to stress by increasing water use efficiency
in arid conditions, causing changes in soil structure and texture, soil reaction, macro and micronutrient content,
and organic matter content (Demir, 2019, 2020; Demir & Kiran, 2020).

CONCLUSIONS

In this study, the drought tolerance of grafted and vermicomposted eggplant plants was evaluated depending on
some morphological and physiological parameters, and the positive effect of vermicompost and grafting was
confirmed in the current study (Kiran et al., 2023). It is seen that each variable examined in drought tolerance
has a different importance. However, PCA, by evaluating morphological and physiological characteristics as
independent groups, showed that the variance observed in drought tolerance of grafted and vermicomposted plants
could be explained by all variables examined. In addition, the close and positive relationships between
morphological and physiological characteristics observed according to PCA confirmed that morphological changes
under drought stress are directly related to physiological processes that affect plant growth. As a result, it has
been shown that principal component analysis can be used as an effective method to evaluate the effects of grafted
plant use and V applications on the drought stress tolerance of eggplant.
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OZET Bahge Bitkileri
Calismanin amaci salga ve meyve suyu fabrika atiklarinin kompost

haline getirilerek topraksiz tarimda hiyar yetistiriciliginde Hindistan Aragtirma Makalesi

cevizi lifi ve perlit yerine alternatif yetistirme ortami olarak kullanilip

kullanilamayacaginin belirlenmesidir. Bu amacgla domates, elma ve Makale Tarihgesi

uzum atiklarindan elde edilen kompostun serada topraksiz tarim Gelig Tarithi @ 17.04.2024
kogsullarinda hiyarin bitki gelisimi, verim ve kalite o6zelliklerine Kabul Tarihi :02.12.2024
etkileri arastirilmistir. Denemede kompost materyalleri, Hindistan

cevizi lifi ve perlit ile farkli kombinasyonlarda karistirilarak Anahtar Kelimeler
yetistirme ortamlari hazirlanmistir. Calismada kontrol uygulamasi Hindistan cevizi lifi

dahil toplam 9 ortam tesadif parselleri deneme desenine gore 3 Kalite

tekerriirlii olarak denenmistir. Ortamlar hacim hesabina gore (1) 2:1— Kompost

Hindistan cevizi lifi: perlit (kontrol), (2) 2:1- domates kompostu: Topraksiz tarim

perlit, (3) 2:1— elma kompostu: perlit, (4) 2:1— {iziim kompostu: perlit, Verim

(5) 1:1:1:1— domates: elma: {iziim kompostu: perlit, (6) 1:1:1— domates
kompostu: Hindistan cevizi lifi: perlit, (7) 1:1:1— elma kompostu:
Hindistan cevizi lifi: Perlit, (8) 1:1:1— {iziim kompostu: Hindistan
cevizi lifi: perlit, (9) 1:1:1— domates-elma-iiziim kompostu: Hindistan
cevizi lifi: perlit kombinasyonlarindan olusmustur. Calisma
sonucunda kompost materyallerinin farkli oranlardaki karigimlar:
hiyarda verim ve kalite acisindan kontrol (Hindistan cevizi lifi: perlit)
ortami ile kiyasladiginda, ii¢c uygulama; (1:1:1) domates-elma-iiziim
kompostu: Hindistan cevizi lifi: perlit, (2:1) elma kompostu: perlit ve
(1:1:1:1) domates: elma: iiziim kompostu: perlit kombinasyonlar:
verim acgisindan 6ne c¢iktig1 ancak kompost ortamlarimin kalite
parametreleri tizerine etkisinin olmadigi gortilmustir.

Investigation of the Possibilities of Using Different Compost Materials as Growing Media in Cucumber
Cultivation in Soilless Culture

ABSTRACT Horticulture

The aim of the study was to determine whether tomato paste, and fruit

juice factory wastes could be used as an alternative growing medium Research Article

to cocopeat and perlite in the soilless cultivation of cucumber. To this

end, the effects of compost made from tomato, apple, and grape wastes Article History

on plant growth, yield, and quality characteristics of cucumber under Received 117.04.2024
soilless culture conditions in a greenhouse were investigated. In the Accepted 102.12.2024
experiment, growing media were prepared by mixing compost

materials with cocopeat, and perlite in different combinations. In the Keywords

study, a total of 9 media including the control treatment were tested Cocopeat

with 3 replicates according to the randomized experimental design. Compost

The media were (1) 2:1 cocopeat: perlite (control), (2) 2:1 tomato Hydroponics

compost: perlite, (3) 2:1 apple compost: perlite, (4) 2:1 grape compost: Quality

perlite, (5) 1:1:1:1:1 tomato: apple: grape compost: perlite, (6) 1:1:1 Yield

tomato compost: cocopeat: perlite, (7) 1:1:1:1 apple compost: cocopeat:
perlite, (8) 1:1:1:1-grape compost: cocopeat: perlite, (9) 1:1:1:1 tomato-
apple-grape compost: cocopeat: perlite combinations. As a result of the
study, when the mixtures of compost materials in different ratios were
compared with the control (cocopeat: perlite) medium in terms of yield
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and quality of cucumber, three treatments; (1:1:1:1) tomato-apple-
grape compost: cocopeat: perlite, (2:1) apple compost: perlite, and
(1:1:1:1:1) tomato: apple: grape compost: perlite combinations were
found to be prominent in terms of yield but compost media had no
effect on quality parameters.

Atif Icin:  Kartal, H. & Gebologlu, N. (2025). Topraksiz Tarimda Hiyar Yetistiriciliginde Farkli Kompost Materyallerinin
Yetigtirme Ortami Olarak Kullamim Olanaklarinin Aragtirilmasi. KSU Tarim ve Doga Derg 28(1), 104-113. DOI:
10.18016/ksutarimdoga.vi.1469754.

To Cite:  Kartal, H. & Gebologlu, N. (2025). Investigation of the Possibilities of Using Different Compost Materials as
Growing Media in Cucumber Cultivation in Soilless Agriculture. KSU J. Agric Nat 28 (1), 104-113. DOL:
10.18016/ksutarimdoga.vi.1469754.

GIRIS

Hizli niifus artisi ve artan teknolojik faaliyetler nedeniyle, geleneksel yontemlere kiyasla daha yiiksek verim ve
daha kaliteli gidalar tretmek i¢in ¢oziimler gelistirmek 6nemlidir. Bu baglamda topraksiz tarim sistemleri
alternatif ¢oziimler arasinda yer bulmus, kentsel yasam ortamlarina da uygun tarim modelleri olarak ortaya
cikmaktadir.

Gerekli su ve besin maddelerinin bitki yasamini kolaylastiracak miktarlarda kék ortamina verilmesi seklinde
tanimlanan topraksiz tarim, ortam (substrat) kiiltiirii veya su kiiltiirii (hidroponik) olmak {izere iki farkli sekilde
yapilmaktadir (Giil, 2008). Kullanim kolaylig1 ve daha az teknik bilgi gerektirmesi gibi nedenlerle ortam kiiltiirii
su kiiltiurine gore daha fazla kullanilmaktadir. Ortam kiiltiirtinde bitki biiytimesini desteklemek i¢in kum, perlit,
turba, vermikiilit, Hindistan cevizi lifi ve kaya ylni gibi ortamlar kullanilmaktadir ve bu ortamlar, besin kaynagi
olmaktan ziyade bitkiler veya bitki kokleri icin bir yetistirme ortami gérevi gériir (Raffar, 1990; Anonim, 2022b).

Son yillarda, diinyada 6zellikle stirdtrilebilir tarim, organik tarim ve ¢evre dostu tarim uygulamalarina olan ilgi
artmigtir. Stirdurilebilir tarimsal faaliyetler sonucu elde edilen tirtiin i¢in en degerli kogullarin basinda ise toprak
verimliligi gelmektedir (Yalgin & Cimrin, 2019). Bu nedenle, kompost kullaniminin énemi daha da artmistir.
Kompost, mikroorganizmalar tarafindan stabilize edilen biyokimyasal olarak ayristirilabilir organik bir
materyaldir. Topragin fiziksel, kimyasal ve biyolojik yapisini diizenler ve ayrica verim ve kaliteyi 6nemli 6l¢gtide
artirmaktadir (Kartal, 2023). Kompost, tarimsal iiretimde topraga organik madde olarak katki saglamanin
yaninda, ayni zamanda sebze yetistiriciliginde, topraksiz tarim yéntemlerinde ve fide tretiminde torf yerine
kullanmilabilmektedir. Kompost tiretiminde, hayvansal atiklarin yani sira sebze ve meyve isleme fabrikalarindan
elde edilen kat1 meyve artiklari gibi ¢esitli organik atiklarda kullanilmaktadir. Bu nedenle, diinya genelinde farkl
meyve ve sebze atiklarini kompost olarak degerlendiren isletmeler bulunmaktadir (Sayara ve ark., 2020).

Turkiye'de torf ve Hindistan cevizi lifi, topraksiz tarimda ve fide liretiminde yaygin olarak kullanilmakta ama
yuksek maliyeti ve digsa bagimliligr 6nemli bir sorun olarak éne ¢ikmaktadir. Ayrica, kaliteli torf yataklarinin
kiresel olarak sinirli olmasi, rezervlerin giderek azalmasi ve 6zellikle son yillarda topraksiz yetistiricilikte ortam
olarak torfa olan talebin artmasi nedeniyle, yliksek kaliteli, diisiik maliyetli alternatif substratlarin kullanimina
dogru bir yonelim olmustur. Bundan dolayi, dogal kaynaklardan elde edilen organik atiklar ve geri
dontigturulebilir organik atiklar, komposta donustirildikten sonra torf ig¢in potansiyel ikame olarak
énerilmektedir (Baran ve ark., 1995).

Cesitli organik atiklardan elde edilmis olan kompostlar, fiziksel, kimyasal ve biyolojik yénden ¢ok iyi oldugu
distinilen Sphagnum torfuna alternatif olarak &énerilmektedir. Bugiine kadar ¢ok sayida organik materyal
kompost olarak denenmis ve kullanilmistir ve ayrica, taze meyve-sebze igsleme fabriklarindan ortaya c¢ikan
posalarin kompost yapiminda bitkisel atik olarak da kullanildig: gériilmektedir (Sayara ve ark., 2020).

Topraksiz tarimin geligimi, organik yetistirme ortamlarina olan ilginin de artmasina neden olmustur. Organik
ortamlarin yetigtiricilikte kullanilmasi ile bir¢cok avantaj saglamaktadir. Organik ortamlarin, kolay temin
edilebilmesi, disiik maliyetli olmasi ve en 6nemlisi kullanildiktan sonra geri déniigimunin kolay ve ¢evre dostu
olmasi gibi avantajlar:1 bulunmaktadir (Raviv, 2013; Atzori ve ark., 2020). Avrupa Birligi tilkelerinde 2013 yilinda,
topraksiz tarim kapsaminda toplam 34.6 milyon m? organik ortam kullanilmigtir. Bu miktarin %75.1 torf, %7.9
kompost ve %17'sini diger organik ortamlar olusturur. Ayrica, kokopit (Hindistan cevizi lifi) gibi lifli ortamlarin
kullaniminda da bir artis gériilmektedir (Schmilewski, 2017; Massa ve ark., 2020).

Bu calismada topraksiz tarim kosullarinda sebze (hiyar) yetistiriciliginde ortam olarak diinya ve Tiirkiye’de en
¢ok tercih edilen maliyeti yiiksek olan torf ve Hindistan cevizi lifi yerine alternatif ortam olarak maliyeti diigik ve
ayrica surdiriilebilir c¢evre dostu kompostun topraksiz yetistiricilikte ortam olarak kullanilabilirligi
amaclanmistir.
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MATERYAL ve METOD

Bu ¢aligma 2021 yilinda Tokat Gaziosmanpasa Universitesi Aragtirma ve Uygulama Merkezi igerisinde bulunan
1sitmali ve tam otomasyonlu serada yuritulmustir. Calismada kompost yapiminda kullanilacak atik
materyallerin belirlenmesi i¢in 2019 yilinda bir 6n kompost ¢alismas: yapilmistir. Bu calismada Tokat’ta meyve
suyu ureten Dimes Gida San. ve Tic. A.S. fabrikasindan domates, tizlim, elma ve seftali atiklar:1 temin edilerek
Stoffella & Kahn (2001) ile Diacono & Montemurro (2019)’nun yéntemine gére kompostlastirma yapilmistar.
Calisma sonunda domates, lizim ve elma atiklarinin kompost yapimina uygun oldugu, seftali atiklarinin ise
kompostlagmaya uygun olmadig1 belirlenmistir. Bu sonuglardan hareketle arastirmada tiziim, elma ve domates
atiklarinin kullanilmasina karar verilmigtir. Kompost yapiminda kullanilacak olan materyaller fabrikadan 2020
yilinda temin edilmis ve kompost domates, elma ve liziim posalari, taze ahir giibresi, sénmis toz kireg, bugday
samani, Ure giibresi, toprak ve su karigimindan olugsturulmustur.

Kompostlama siirecinde kullanilan malzemeler, hacim él¢iimlerine uygun olarak hesaplanmig ve kullanilmigtir.
Domates, iiziim ve elma posalar1 ayr1 ayr1 2 m? olarak 6lciilmiis ve iizerine 200 dm?® yanmis ahir (inek) giibresi,
100 dm?® saman (kurutulmus balya formunda), 5 kg iire ve 5 kg sonmiis toz kirec ilave edilmistir. Bu malzemeler
beton zemin uzerine y18in haline getirilip, materyaller homojen sekilde birbirleri ile karigtirilmigtir. Karigtirma
esnasinda materyalin nem icerigi %50 oluncaya kadar sulama yapilmistir. Materyal (kompost) beton zemin
tizerinde homojen hale geldikten sonra bir metre yiikseklige yigilmis ve tizeri seffaf plastik orti ile 6rtulmustir.
Daha sonra kompost yigininin durumuna gore ilk haftalarda iki veya ti¢ daha sonraki haftalarda bir veya iki defa
karistirilmig, nem igerigi %50 olacak sekilde sulanmis ve tekrar tzeri értilmiustiir. Kompostun sicakligi 50 cm
derinlikte giinliik olarak 6l¢iilmiis ve bu islem, kompostun sicakligr kararli bir dengeye ulasana kadar 22 haftalik
bir stre boyunca surdiralmustir. Son olarak kompost %20 nem igerigine ulasana kadar kurutulmus ve
depolanmistir.

Yiiriitilen ¢alismada yetistirme ortami olarak Hindistan cevizi lifi (Sera Marketim, Aksu/Antalya) ve perlit
(Genper, Sariyer/Istanbul) kullanilmistir. Kullanilan perlitin ve Hindistan cevizinin 6zellikleri Cizelge 1’de;
kompostun 6zellikleri Cizelge 2'de verilmistir.

Arastirma, 1 Mayis 2021 tarihinde baslamis olup 3 Kasim 2021 tarihinde sona ermistir. Aragtirmada, Olay F1 (AG
Tohum, Antalya) hiyar cesidi kullanilmistir. Hiyar tohumlar: 150 goézlii viyollere, 10 Mart 2021 tarihinde
ekilmigstir. Hiyar tohumlar: viyollere ekildikten sonra ortalama 4-5 giin karanlik ortamda bekletilerek tohumlarin
sismesi saglanmis ve daha sonra viyoller fide sehpalarina dizilerek boom sistemi ile sulama ve gilibreleme islemi
yapilmistir. Sulama ve gubreleme, ilk hafta normal sulama daha sonraki haftalarda gubreli sulama seklinde
yapilmigtir. Denemede yaklasik 40-45 giin icerisinde dikim biiyiikliigiine gelen fideler (3 veya 4 gercek yaprakli) 1
Mayis 2021 tarihinde balkon saksilarina (6 ayakli, yatay, 25 x 75 x 21 cm ebatlarinda ve 24 L hacimli)
aktarilmigtir. Her bir saksida 3 bitki yetistirilmis ve her tekerriir i¢cin 2 saksi kullanilmigtir. Dolayisiyla her
parselde 6 bitki yetistirilmistir. Giibreleme ve sulama sera igindeki otomasyon sistemi ile damla sulama seklinde
yapilmigtir. Bitkilerin beslenmesinde Hoagland & Arnon (1950) recetesi kullanilmistir. Fideler dikildikten
yaklagik 10 giin sonra normal sulama, 10 giinden sonra N:P:K:Ca:Mg orani 2:1:3:1.5:1 olacak sekilde hazirlanmisg
olan stok tanklardan ciceklenme baglangicina kadar 2.0 dS/m elektriksel iletkenlik (EC) ve ciceklenmenin
baglamasindan sonra 2.2 dS/m EC geklinde giibreleme yapilmistir.

Cizelge 1. Hindistan cevizi lifi icerigi ve Perlitin kimyasal yapis1 (Anonim, 2024ab)
Table 1. Content of cocopeat and chemical structure of Perlite (Anonymus, 2024ab)

Hindistan cevizi lifi - Cocopeat Perlit- Perlite
Icerik (Contents) Oran (Rate) Igerik (Contents) Oran (Rate)
pH 5.7-6.5 pH 7
EC 2.5-3 Su % 3
Organik madde % 100 Si % 74
C/N 104:1 Al % 14
Azot (N) % 0.51 Na % 3
Fosfor (P) % 0.09 K% 5
Potasyum (K) % 1.87 Mg % 0.5
Kalsiyum (Ca) % 0.30 Ca % 0.5
Magnezyum (Mg) % 0.11 Fe % 1
Silfiir (S) % 0.10
Demir (fe) ppm 289
Bakir (Cu) ppm 17.3
Mangan (Mn) ppm 18.4
Cinko (Zn) ppm 17.9
Bor (B) ppm 18.1
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Cizelge 2. Denemede kullanilan kompostlarin fiziksel ve kimyasal 6zellikleri (Anonim, 2022a)
Table 2. Physical and chemical properties of the composts used in the experiment (Anonymus, 2022a)

Kompost ozellikleri Domates Kompostu Elma Kompostu Uziim Kompostu
(Compost properties) Tomato Compost Apple Compost Grape Compost
Nem (%) 47.01 71.55 48.77
Organik Madde (%) 55.58 59.11 68.82

pH 8.68 7.84 8.52

C/N orani 13.8 13.1 14.9

EC (dS/m) 5.84 6.1 2.51
Toplam Azot (N) (%) 3.06 4.09 2.71
Toplam Fosfor (P) (%) 0.68 0.88 0.58
Toplam Potasyum (K) (%) 1.38 2.85 3.26
Toplam Kalsiyum (Ca) (%) 15.8 8.91 6.54
Toplam Magnezyum (Mg) (%) 1.1 1.17 0.72
Toplam Demir (Fe) (%) 0.75 0.29 0.71
Toplam Cinko (Zn) (ppm) 170 200 250
Toplam Mangan (Mn) (ppm) 360 288 204.5
Toplam Bakir (Cu) (ppm) 180 200 210
Bakteri sayis1 (kob g) 3.85%107 3.60%107 4.75%106

Calismada kompost, torf ve perlitin farkli kombinasyonlar: 9 farkl yetistirme ortami olarak kullanilmistir (Cizelge
3).

Cizelge 3. Calismada kullanilan farkl yetistirme ortam kombinasyonlar:

Table 3. Different growth media combinations used in the study

2:1 oraninda Hindistan cevizi lifi: Perlit (Kontrol)

2:1 oraninda Domates Kompostu: Perlit (DP)

2:1 oraninda Elma Kompostu: Perlit (EP)

2:1 oranminda Uziim Kompostu: Perlit (UP)

1:1:1:1 oraninda Domates: Elma: Uziim Kompostu: Perlit (DEUP)
1:1:1 oranminda Domates Kompostu: Hindistan cevizi lifi: Perlit (DHP)
1:1:1 oraninda Elma Kompostu: Hindistan cevizi lifi: Perlit (EHP)
1:1:1 oraninda Uziim Kompostu: Hindistan cevizi lifi: Perlit (UHP)
1:1:1 oraninda DEU Kompostu: Hindistan cevizi lifi: Perlit (DEUHP)

© PN o W

Sulama araliklar1 verilen suyun %20’si drene olacak sekilde haftalik olarak ayarlanmistir. Donemlere goére
degismekle birlikte giinde 6 sulamaya kadar ¢ikilmis ve her sulama stresi 2 dakika olacak sekilde ayarlanmistar.
Besin ¢ozeltisinin pH degeri 5.8'e ayarlanmigtir. Hiyar bitkilerinin drenaj ¢ikiglarinda diizenli olarak EC ve pH
Ol¢ctimleri yapilmistir. Drenaj ¢ozeltisinin EC degeri 3.0 dS/m'yi astigr durumlarda, bir veya iki kez EC 1.0 dS/m
¢ozeltisi ile sulama yapilmigtir. Benzer sekilde, drenaj ¢ikigslarinda pH degeri 7'yi astiginda, bir veya iki EC 1.0
dS/m ve pH degeri 5.8 olan bir ¢ézelti ile sulama yapilmigtir. Calismada, ¢oklu karisgimlarda ve tiziim kompostu
olan karisimlarda EC oranlar yiiksek ¢itkmamakla birlikte genellikle tekli karisstmlarda (DP ve EP), EC oranlar:
yiksek ¢ikmigtir. Bizde bu durumda haftalik uygulamalarla EC 1.0 dS/m ¢6zeltisi ile sulama yapilarak EC istenen
seviyelere diigurulmustir ve ayrica verim agisindan bu durum uygulamalar arasinda bir farkhiliga sebep
olmamigstir. Buna ek olarak, elma kompostu ve karisimlar: verim agisindan bakildig1 zaman diger uygulamalara
gore daha iyl sonug vermistir.

Aragtirma 03 Kasim itibari ile sonlandirilmis, uygulamalarin hiyar bitkisi tizerindeki etkisini belirlemek ig¢in,
birtakim gozlemler yapilmistir. Bu calismada yapilan goézlemler; pazarlanabilir verim (ton/ha): Pazarlanabilir
ozellikte olmayan meyveler hasat déoneminde toplanan meyvelerden ayrilmig ve kalan meyveler tartilmigtir.
Toplam verim (ton/ha): Her bir parselden toplanan hiyar meyvelerinin agirliklar: tartilmistir. Pazarlanabilir
meyve sayis1 (adet/bitki): Her hasatta toplanan meyveler parsellere gore sayilmis ve parseldeki bitki sayisina
béliinerek hesaplanmistir. Iskarta meyve sayisi (adet/bitki): Hasat edilmis meyveler arasindan, pazarlanabilir
degeri olmayan meyveler sayilmistir. Pazarlanabilir meyve agirhigi (g): Pazarlanabilir 6zellikteki meyvelerin
agirhg meyve sayisina bolinerek agirliklar: belirlenmisgtir. Meyve suyunda pH tayini: Hiyar meyvesinin suyu
cikarilarak pH metre (Hanna HI-9812-5N, Amerika) ile 6l¢iim yapilmistir. Suda ¢éziinebilir kuru madde miktar:
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tayini (SCKM) (%): Hasatlar bagladiktan sonra 4. ve 5. hasatlarda alinan meyvelerin kat1 meyve sikacag: ile sulari
cikarilmisg ve filtre edildikten sonra zaman gegirilmeden dijital refraktometre ile 6l¢iilmuistiir. Titre edilebilir asit
tayini (TA) (%): Cemeroglu, (2010) tarafindan énerilen metodolojiye uygun olarak % olarak hesaplanmistir.
Klorofil indeksi (SPAD): Bitkilerin ti¢iincii ve dérdiincii yapraklarinda (gelisimini tamamlamis yapraklar) klorofil
metre (Minolta SPAD-502, Osaka, Japan) ile 6l¢iim yapilmistir. C vitamini (mg/100g): C vitamini tayininde
orneklerden elde edilen meyve suyundan 0.5 mL alinmig, tizerine %0,5’lik okzalik asit eklendikten sonra 5 mL’ye
tamamlanmistir. Ardindan askorbik asit test kiti (Katalog no: 116981, Merck, Almanya) iki saniye siire ile
¢ozeltiye daldirilip, sekiz saniye disarida okside olmasi beklenmis ve daha sonra onbes saniyenin sonuna kadar
Reflectoquant cihaza (Merck RQ flexplus 10, Tiirkiye) test adaptorii icerisine yerlestirilerek okuma yapilmigtir.
Yaprak ve meyve kuru agirliklar: (%): Hasat doneminin baslangicinda ve ortasinda bitkilerden saglikli yapraklar
ve meyveler alinmig ve 0.001 g hassasiyete sahip dijital terazide yaprak ve meyvelerin yas agirhiklar: tartilmigtir.
Yas agirliklar: alinan 6rnekler kese kagitlarina konularak etiive yerlestirilmis ve 80 °C’de kurumaya birakilmigtir.
Daha sonra kurumus yaprak ve meyve érneklerinin yas ve kuru agirliklar: hassas terazi (0.01 g) ile belirlenmistir.
Yaprak besin elementi analizi: Bitkiler 150 ve 200 cm yukseklige ulastiklarinda biiytime ucunun altindaki 4. ve 5.
yapraklar alinarak etiivde 65 °C’de kurutulmustur. Kurutulan bitki 6rnekleri 6gutiilmiis ve Kjeldahl yontemi
kullanilarak (Chapman & Pratt, 1961) azot (N) tayini yapilmigtir. Ogutilen érnekler kuru yakma yontemi ile
yakilmig ve hazirlanan siiziiklerde P, K, Fe, Cu, Zn ve Mn konsantrasyonlar1 ICP-OES cihazinda (Inductively
Coupled Plasma) Halvin & Soltanpour (1980) yéntemi ile él¢iilmiistiir.

Arastirma 3 tekerrirli olarak tesaduf parselleri deneme desenine gore yuriitulmustiir. Verilerin analizinde SPSS
20.0 paket programi kullanilarak tek yonli varyans analizi (ANOVA) yapilarak, ortalamalarin
karsilastirilmasinda Duncan’s ¢oklu karsilagtirma testi %1- %5 dizeyinde kullanilmistir.

BULGULAR ve TARTISMA
Kompost Uygulamalarinin Hiyarda Verim Parametrelerine Etkisi

Kompost ve kompost karisimlarinin yetistirme ortami olarak tek basina ve karisim halinde kullanilmasi hiyar
veriminde, kontrole gore EP, EHP, DEUP ve DEUHP uygulamalarinda énemli bir artis olugturmus, ancak bu artis
diger uygulamalarda (DP, UP,DHP,UHP) g6zlenmemistir. Pazarlanabilir verim 163 ton/ha ile 345 ton/ha arasinda
degismis ve en yiiksek verim DEUHP uygulamasinda gézlenmistir. Kontrol uygulamasinda 216 ton/ha verim elde
edilmis olup, bu deger calismada kullanilan sekiz ortamin doérdiinde kontrolden daha yiiksektir. Kontrol ile
karsilagtirildiginda en yiiksek verimin elde edildigi DEUHP ortaminda pazarlanabilir verim %62 oramnda
artmigtir. Toplam verim, pazarlanabilir verim degerleri ile benzerlik gostermis ve toplam verim kontrole kiyasla
%63 oraninda artmistir. Hem pazarlanabilir verim hem de toplam verim acisindan uygulamalar arasindaki farklar
p<0.001 diizeyinde énemli bulunmustur (Cizelge 4).

Cizelge 4. Kompost uygulamalarinin hiyarda pazarlanabilir ve toplam verime etkisi
Table 4. Effect of compost applications on marketable and total yield of cucumber

Pazarlanabilir Toplam Verim
Ortamlar Verim (ton/ha) (ton/ha)
(Mediums) Marketable Yield Total Yield

(ton/ha) (ton/ha)
DP 163£39.90 d 173+44.28 d
EP 310+ 9.48 ab 319+14.07 ab
UP 170£20.54 d 177+23.66 d
DHP 171+£29.13 d 182+24.36 d
EHP 282+16.47 b 290+18.28 b
UHP 182+14.20 cd 191+14.33 cd
DEUP 301£16.70 b 312+22.64 ab
DEUHP 345+16.38 a 351+17.51 a
Kontrol 216+ 8.59 ¢ 224+08.84 ¢
P degeri 0.001 0.001
fkk fkk

Onem seviyesi
*#% 1 p<0.001

Calismada kullanilan kompost ortami kontrole kiyasla uygulamalarin genelinde daha iyi sonug¢ verdigi
gozlemlenmistir. Bu bulgular literatiirde bildirilenlerle uyumlu oldugu goriilmektedir. Schroeder & Sell (2007)
yilinda yaptiklar1 ¢alismada, ahir giibresinden elde edilen kompostu, hiyarda yetistirme ortami olarak torf ile
kargilastirmisg, elde edilen sonucglara gore pazarlanabilir verimin kompost ortaminda 6.3 ile 7.96 kg/m? arasinda,
torf ortaminda ise 5.2 ile 7.92 kg/m? arasinda gerceklestigini ve kompost ortamindan elde verimin torf ortamina
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esit oldugunu bildirmistir. Pinamonti ve ark. (1997), hiyar yetistiriciliginde topraksiz yetistirme ortami olarak torf
ve kompostu karsilagtiran bir ¢calismada, pazarlanabilir verim torfta 5.88 kg/bitki, kompostta ise 7.17 kg/bitki
olmus ve ikisi arasinda énemli bir fark bulunmustur. Basirat ve ark. (2022) palmiye atiklarindan elde ettikleri
kompostu hiyarda yetistirme ortami olarak kullandiklar1 ¢alismada toplam verimin 1.91 kg/bitki oldugunu
bildirmiglerdir. Buna karsilik, kontrol ortami olarak kullanilan Hindistan cevizi lifinde toplam verim 1.97 kg/bitki
olmustur ve iki ortam arasindaki fark énemsiz oldugu bildirilmistir. Arastirmalardan elde edilen farkli sonuglar,
kullanilan kompost tiirleri, yetistirme kosullar1 ve diger degiskenlerden kaynaklaniyor olabilir ve ayrica,
kompostun bilegimi, yetistirme yontemi veya yetistirme ortamlarinda bulunan materyalin farkli olmasi1 bu
sonuglarin farkliligini ortaya ¢cikarabilmektedir.

Arastirmada elde edilen bulgulara goére, tek basina kompost kullanimi veya kompost materyallerinin karigima,
bazi durumlarda pazarlanabilir meyve sayisi ve meyve agirhiginda artisa yol agmastir. Calismada, kompost
uygulamalarinda pazarlanabilir meyve sayis1 73 adet/bitki ile 129 adet/bitki arasinda degisirken, kontrol
uygulamasinda 84.61 adet/bitki olarak tespit edilmistir. Ayrica, denemede kullanilan 8 farkli kompost ortamindan
dordiinde meyve agirliginin kontrol grubundan ylksek oldugu gozlemlenmis istatistiksel olarak p<0.001
diizeyinde 6nemli bulunmustur. Pazarlanabilir meyve agirliklarinin da meyve sayisi ile uyumlu oldugu gérilmis,
meyve sayisl bakimindan kontrol grubuna goére daha yuksek sonu¢ veren uygulamalarda ortalama meyve
agirhiginin da kontrol grubundan ylksek oldugu goriilmektedir. Calismada, pazarlanabilir meyve agirligi kompost
uygulamalarinda 66.91 g ile 88.16 g arasinda degisim gosterirken, kontrol uygulamasinda bu deger 84.19 g olarak
belirlenmigtir. Ortalama meyve agirligr bakimindan uygulamalar arasindaki farkliliklar istatistiksel olarak
onemli bulunmus olmasina ragmen, kontrol ortami ile kontrol grubundan daha yluksek agirliga sahip olan
ortamlar arasinda 6nemli bir fark goriilmemistir. Kompost uygulamalar: arasinda i1skarta meyve sayisi agisindan
kiiciik farkliliklar olsa da bu farkliliklar istatistiksel olarak énemsiz bulunmustur (Cizelge 5).

Kompost materyallerinden bir kisminin pazarlanabilir ve toplam verimde artis saglamasinin yaninda meyve
sayisinda da artis saglamasi yenilenebilir, digsa bagimliligi olmayan ve ¢evre dostu bir materyalin ithal Hindistan
cevizi lifi ortami yerine kullanilabilecgini gostermektedir. Bu sonuclar pek ¢ok a¢idan umut vericidir. Yapilan
bagka bir benzer calismada, Hurma atigi ve Hindistan cevizi lifinden elde edilen kompost arasinda bir
karsilastirma yapilmis olup, meyve sayisi ve meyve agirhigi agisindan ikisi arasinda énemli bir fark olmadig:
bildirilmistir (Basirat ve ark., 2022).

Cizelge 5. Kompost uygulamalarinin hiyarda pazarlanabilir meyve sayisi, iskarta meyve sayisi ve pazarlanabilir
meyve agirligina etkileri

Table 6. Effects of compost applications on the number of marketable fruits, number of discarded fruits and
marketable fruit weight in cucumber

Pazarlanabilir Meyve Iskarta Meyve Sayisi Pazarlanabilir Meyve

Ortamlar Sayis1 (adet/bitki) (adet/bitki) Agirhig (g)

(Mediums) Number of Marketable Number of Discarded Marketable Fruit
Fruits (piece/plant) Fruits (piece/plant) Weight ()

DP 73£18.75 ¢ 4.17+1.93 74.22+2.38 ab
EP 117+ 3.28 ab 3.89+2.28 87.86+£0.47 a
UP 80+ 9.17 c 3.22+0.82 70.2440.43 bc
DHP 84+ 7.54 ¢ 4.56+1.64 66.91+5.58 ¢
EHP 108+ 7.34 b 3.94+1.93 86.34+1.75 a
UHP 85+ 3.76 ¢ 4.72+0.68 70.30£2.95 bc
DEUP 116+ 9.30 ab 4.44+2.08 85.87+2.23 a
DEUHP 129+ 6.84 a 3.00+0.58 88.16+1.78 a
Kontrol 85+ 2.28 ¢ 3.56+0.67 84.19+1.17 a
P degeri 0.001 0.662 0.001
Onem seviyesi wkE n.s il

#*% 1 p<0.001 n.s:Onemsiz

Kompost Uygulamalarinin Hiyarda Kalite Ozelliklerine Etkisi

Arastirmada, hiyar meyvelerinin pH ve TA {izerinde yetistirme ortamlarinin etkisi 6nemsiz bulunurken, SCKM
tizerine p<0.01 diizeyinde énemli oldugu tespit edilmistir. Kompost ortamlarinda pH degerleri 6.00 (DP) ile 6.53
(EP) arasinda degisirken, kontrolde 6.30 oldugu gériilmiistiir. Hiyar meyvelerinde TA miktari, kompost
uygulamalarinda %0.217 (DHP) ile 0.260 (DEUHP) arasinda degisirken, kontrol grubunda %0.224 olarak
saptanmigtir. SCKM uygulamalarinda ise bu miktar %2.83 (UHP) ile 3.73 (DEUP) arasinda degisirken, kontrolde
%3.57 olarak belirlenmigtir. SCKM igeriginin en yiksek oldugu ortamlar ile kontrol grubu arasindaki fark 6nemli
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bulunmamistir (Cizelge 6).

Arastirmada kompostun yetistirme ortamina ilave edilmesinin, meyve kuru agirhigi, yaprak kuru agirhigi ve
yaprak klorofil indeksi (Spad) iizerindeki etkileri incelenmis ve her ii¢ ézellik icinde kompost uygulamalar:
arasinda ve kompost uygulamalar: ile kontrol grubu arasinda 6nemli farkliliklar tespit edilememigtir. Kompost
uygulamalar1 arasinda meyve kuru agirligi %3.87 (DHP) ile %4.82 (DEUP) arasinda degisirken, kontrol grubunda
% 4.57 olarak belirlenmistir (Cizelge 6). Yaprak kuru agirlig ise kompost uygulamalarinda %10.08 (EHP) ile %
12.21 (DEUP) arasinda degisirken, kontrolde %10.63 olarak bulunmustur. Hiyar yapraklarinda klorofil indeksi,
kompost uygulamalarina gére 58.53 (UHP) ile 75.00 (DP) arasinda degisirken, en diisiik deger kontrol grubunda
54.28 olarak tespit edilmistir. Elde edilen sonuclar, Du ve ark. (2015) tarafindan yapilan ¢alismada elde edilen
sonuglarla benzerlik géstermektedir. Arastirmacilar, tziim posalarindan elde ettikleri kompostla yetistirdikleri
hiyar meyvelerinde bitki boyu ve kuru agirligin, kontrol olarak kullandiklar: torf + vermikulit ortamina gére daha
yiksek oldugunu ve elde edilen bu farkin ise 6nemli oldugunu bildirmiglerdir.

Cizelge 6. Kompost uygulamalarinin hiyarda pH, SCKM, TA ve meyve kuru agirlig: Gizerine etkisi
Table 6. Effect of compost applications on pH, SCKM, TA and fruit dry weight in cucumber.

Ortamlar pH SCKM TA Meyve Kuru Agirligi (%)

(Mediums) (%) (%) Fruit Dry Weight (%)
DP 6.00+0.10 3.00+£0.10 de 0.237+0.046 4.80+0.23

EP 6.53+£0.35 3.43+£0.12 abc 0.233+0.021 4.41+0.51

UP 6.23+0.32 3.40+0.30 abc 0.233+0.035 4.45+0.49

DHP 6.27+0.15 3.10+0.10 cde 0.217+0.029 3.87+0.15

EHP 6.13+0.15 3.23+0.15 bed 0.230+0.030 4.14+0.46

UHP 6.13+0.06 2.83£0.21 e 0.263+0.042 4.44+0.20
DEUP 6.33+0.35 3.73+0.12 a 0.243+0.021 4.82+1.47
DEUHP 6.27+0.15 3.23+0.32 bed 0.260+0.046 4.55+0.10
Kontrol 6.30+0.10 3.57+0.21 ab 0.224+0.017 4.57+0.31

P degeri 0.510 0.009 0.935 0.756

Onem seviyesi n.s ok n.s n.s

*%:1p<0.01 n.s:oOnemsiz

Kompost Uygulamalarinin Hiyarda Besin Elementi Igeriklerine Etkisi

Bu calismada, yapraktaki N icerigi, kompost uygulamalarina bagh olarak %4.00 (UP) ile %4.34 (EHP) arasinda
degiskenlik gosterirken, kontrol grubunda %4.46 ile en yluksek seviyede tespit edilmistir. Uygulamalara bagh
olarak P icerigi %0.54 (EHP) ile %0.63 (DHP) arasinda degiskenlik gésterirken, kontrolde %0.50 ile en diisiik
seviyede bulunmustur. K birikimi, N birikimiyle benzer sonuglar elde edilmig olup, kompost uygulamalarina bagh
olarak K %3.42 (DP) ile %3.56 (UP) arasinda degiskenlik gosterirken, kontrol grubunda %3.59 ile en yiiksek degere
ulagilmistir. Kompost uygulamalar: arasinda Ca icerigi %2.13 (DP) ile 2.37 (UHP) arasinda degiskenlik
gosterirken, kontrol uygulamasinda %2.26 olarak bulunmustur (Cizelge 7).

Cizelge 7. Kompost uygulamalarinin yaprakta makro besin elementi igerigine etkisi
Table 7. Effect of compost applications on macronutrient content in leaves

Ortamlar N P K Ca
(Mediums) (%) (%) (%) (%)
DP 4.11+£0.11 0.57+0.04 3.42+0.09 2.13£0.05
EP 4.25+0.11 0.60+0.08 3.46+0.05 2.16+0.06
UP 4.00+0.23 0.56+0.09 3.56+0.05 2.17+0.12
DHP 4.19+0.18 0.63+0.03 3.50+0.13 2.23+0.09
EHP 4.34+0.19 0.54+0.03 3.51+0.06 2.34+0.18
UHP 4.20+0.06 0.56+0.09 3.50+0.09 2.37+0.07
DEUP 4.33+0.22 0.57+0.04 3.47+0.06 2.29+0.04
DEUHP 4.33+0.11 0.60+0.03 3.45+0.22 2.18+0.14
Kontrol 4.46+0.11 0.50+0.02 3.59+0.16 2.26+0.11
P degeri 0.937 0.963 0.952 0.913
Onem seviyesi n.s n.s n.s n.s

n.s : onemsiz
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Calismada kompost uygulamalarinin makro ve mikro besin element etkilerinde benzer sonuglar elde edilmisgtir.
Hiyar yapraklar: analiz sonuclarina goére kompost ortamlarinda Fe icerigi UHP-DEUHP uygulamalarindan
sirasiyla 94.33-103.33 ppm sonug elde edilirken, 106.00 ppm ile en yuksek sonu¢ kontrol uygulamasindan elde
edilmigtir. Uygulamalara bagl olarak Zn icerigi en disik 34.00 ppm DP uygulamasindan en yiksek 39.00 ppm
EP uygulamasindan elde edilirken, kontrol grubunda 37.00 ppm olarak &l¢ilmustiir; sekiz kompost ortamindan
doérdinde Zn icerigi en yiiksek kontrol grubundan elde edilmistir. Kompost uygulamalarinda Cu konsantrasyonu
en diigiik 16.53 ppm ile DEUP uygulamasi, en yitksek DHP uygulamasi 20.07 ppm arasinda degisirken, kontrol
grubunda 16.70 ppm olarak o6l¢ilmustir; kullanilan ortamlardan yedisi Cu konsantrasyonu ag¢isindan kontrol
grubundan daha yiiksek deger elde edilmistir. Hiyar yapraklarinda Mn konsantrasyonu kompost
uygulamalarinda en diisiik 95.07 ile DP uygulamasindan, en yiiksek ise 105.33 ppm ile DHP uygulamasindan elde
edilmig, kontrol grubunda 105.30 ppm olarak tespit edilmistir. Mikro besin elementleri agisindan kompost
uygulamalar: arasindaki farkliliklar istatistiksel olarak énemsiz oldugu goriilmektedir (Cizelge 8).

Cizelge 8. Kompost uygulamalarinin yaprakta mikro besin elementi igerigine etkisi
Table 8. Effect of compost applications on micronutrient content in leaves

Ortamlar Fe Zn Cu Mn
(Mediums) (ppm) (ppm) (ppm) (ppm)
DP 94.67+10.07 34.00+£1.00 19.13+1.99 95.07+07.00
EP 98.00+13.08 39.00+2.65 18.70+2.31 103.63+07.92
UP 99.67+13.20 38.00+1.85 18.83+0.50 97.93£10.46
DHP 96.67+10.26 38.67+2.52 20.07+2.31 105.33+07.07
EHP 102.67+08.08 36.67+5.13 18.30+0.60 101.17+10.09
UHP 94.33+09.07 37.33+£6.66 18.37+0.86 96.73+05.17
DEUP 97.67+08.50 35.00+4.58 16.53+0.71 101.50+03.22
DEUHP 103.33+22.30 35.67+3.21 18.50+1.71 104.30+04.62
Kontrol 106.00+09.00 37.00+2.65 16.70+1.50 105.30+06.56
P degeri 0.662 0.714 0.486 0.542
Onem seviyesi n.s n.s n.s n.s

n.s : 6nemsiz

Calismada yetistirme ortaminin, hiyar yapraklarinin makro ve mikro besin igerikleri tizerinde 6nemli bir etkiye
sahip olmadigi hem makro hem de mikro besinler acisindan ortamlar arasinda 6énemli bir fark olusmadig:
gorilmustir. Ayrica, kompost materyalleri ile kontrol ortam1 arasinda da 6nemli bir fark bulunmamigstir. Hiyar
meyvelerinin besin i¢eriklerinin, 6zellikle besin aliminin daha etkili oldugu ortamlarda, kontrole gére daha yuksek
olmasi dikkat g¢ekicidir. Yapilan ¢alismalarda, kompostun hiyar yapraklarinin makro ve mikro besin icerikleri
izerindeki etkisini inceleyen arastirmacilar da benzer sonuclara ulasmistir. Schroeder & Sell (2007), hiyar
yapraklarinin N, P ve K iceriklerinin kompost ortaminda sirasiyla %4.77-0.81 ve %5.41, torf ortaminda ise %5.60-
0.80 ve %4.96 oldugunu bildirmislerdir. Pinamonti ve ark. (1997) N, P, K ve Ca iceriklerinin torfta %3.71, 0.39,
2.03 ve 5.83, kompostta ise 4.04-0.46-2.71 ve 5.20 oldugunu bildirmistir. Sonuclar, kompost ortaminin dort besin
maddesi agisindan torftan daha etkili oldugunu géstermistir.

Arastirmacilar, hiyar yapraklarinda Fe ve Mn miktarinin torf i¢in sirasiyla 116 ve 118 ppm, kompost i¢in ise 101
ve 94 ppm oldugunu rapor etmiglerdir. Hurma atiklarindan elde edilen kompostun, Hindistan cevizi lifi + perlit
karisgimiyla karsilastirildigini belirten Basirat ve ark. (2022), hiyar yapraklarinda N, P, K ve Ca iceriginin
kontrolde sirasiyla %5.16, 0.643, 4.16 ve 1.25 oldugunu, kompost ortaminda ise sirasiyla %5.69, 0.727, 4.49 ve 1.89
oldugunu ve dort besin elementinin de kompost ortaminda daha yiiksek seviyelerde oldugunu bildirmiglerdir.
Arastirmacilar, besin elementi birikimi konusundaki bulgularinin, Mn diginda deneme sonuglariyla benzerlik
gosterdigini belirtmiglerdir.

SONUC

Topraksiz tarimda, yetistirme ortami en énemli girdilerden biridir. Uygun yetistirme ortaminin se¢imi ise verim
ve kalite lzerinde belirgin bir etkiye sahiptir. Hem diinyada hem de Tirkiye’de topraksiz tarimda organik
yetistirme ortami olarak torf ve Hindistan cevizi lifi kullanilmaktadir. Ancak torf ve Hindistan cevizi lifi disa
bagimhi materyallerdir. Ozellikle Kuzey Avrupa tlkelerinde torf yataklarinin azalmasi ve cevresel tahribatin
zararli etkileri sebebiyle torf materyalinin temin edilmesi giderek daha da zorlagsmaktadir. Ayrica, materyallerin
(torf-Hindistan cevizi lifi) tasinmasindaki ek zorluk, topraksiz tarimda bu materyallere alternatif materyallerin
arastirilmasi i¢in bir firsat olusturmaktadir. Gelistirilecek alternatif ortamlarin steril olmasi son derece 6nemlidir.
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Yerel kaynaklardan elde edilen kompostlar bu boglugu doldurma potansiyeline sahiptir. Kompostun hem toprak
uygulamasi hem de topraksiz bir ortam olarak bitkisel tiretimdeki etkisi ve 6nemi lzerine ¢ok sayida ¢alisma
yapilmistir. Ancak son zamanlarda o6zellikle topraksiz tarimda diga bagimliligin azalmasi, tarimsal atiklarin
tarimda yeniden kullanilmasi ve konvansiyonel tekniklerin insan ve ¢evre saghgi agisindan olusturdugu riskler
nedeniyle kompost kullaniminin 6nemi artmagtir.

Yapilan ¢calisma sonucunda, domates-elma-iiziim kompostu: Hindistan cevizi lifi: perlit (DEUHP), domates: elma:
tiziim kompostu: perlit (DEUP) ve elma kompostu: perlit (EP) kombinasyonlarinin, topraksiz tarimda hiyar
yetistiriciliginde basariyla kullanilabilecegi ve ticari bir ortam olan Hindistan cevizi lifine benzer sonuclar
sergiledigi ancak kompost uygulamalarinin meyve kalite izerinde herhangi bir etkisinin olmadig1 gérilmustir.
Bu calismada, tllkemizde diga bagimli olunan materyaller yerine yerli materyallerin alternatif olabilecegi
konusunda timitvar sonuglar elde edilmistir.
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ABSTRACT Horticulture

In this study, the response of Besni pepper (Capsicum annuum L),

one of the local varieties of Turkey, to anther culture was Research Article
determined. A total of 26 Besni pepper genotypes and 3 control

cultivars were examined for their response to anther culture. One Article History

hundred and fifty anthers from each pepper genotype were cultured Received 115.09.2024
under in vitro conditions. A significant difference (0.0%-45.3%) was Accepted :03.01.2025

found among the genotypes in terms of response to anther culture.

The highest embryo formation rate was found in genotype B11 with Keywords
45.3% (63 embryos) and the highest transformation rate to plant was Pepper
found in genotype B15 with 30 plants (68%). Compared to control Germplasm
varieties, Besni pepper genotypes produced significantly more Androgenesis
embryos. All genotypes except two out of 26 genotypes used produced Embryo
more or less (1-68) embryos. B4, B10, B11l, B12, B15, and G6 Inbreed line
genotypes produced more than 25% of embryos and were separated

from the control and other genotypes. The average embryo formation

rate of the genotypes collected from Besni and Goélbas: districts was

13% and 7%, respectively, while the embryo formation rate of the

control varieties was only 0.2%. It was concluded that the Besni

pepper population was highly responsive to androgenetic haploid.

The highly responsive genotypes that form high embryos such as B4,

B10, B11, B12, B15, and G6 have the potential to be used in

developing new breeding lines and in studies investigating the

genetics of anther culture.

Baz1 Besni Biberi (Capsicum annuum L.) Genotiplerinin Anter Kiiltiiriine Karg: Tepkileri

OZET Bahge Bitkileri

Bu calismada, Turkiye'nin yerel cesitlerinden biri olan Besni

biberinin (Capsium annuum L. anter kiiltiiriine cevabl Aragtirma Makalesi
belirlenmigtir. Toplam 26 Besni biber genotipi ve 3 kontrol c¢esidi

anter kiiltirtine cevaplar1 agisindan incelenmistir. Her biber Makale Tarihgesi
genotipinden 150 anter in vitro kosullarda kiltiire alinmigtir. Anter Gelig Tarihi @ 15.09.2024
kiltirune cevap acisindan genotipler arasinda anlamli bir fark Kabul Tarihi :03.01.2025

(%0.0-%45.3) bulunmustur. En yiiksek embriyo olusum orani %45.3

(63 embriyo) ile B11 genotipinde, en yiiksek bitkiye déniigiim orani Anahtar Kelimeler
ise 30 bitki (%68) ile B15 genotipinde bulunmustur. Kontrol Peper
gesitleriyle karsilastirildiginda, Besni biber genotipleri anlamh Genetik kaynak
olarak daha fazla embriyo tiretmistir. Kullanilan 26 genotipten ikisi Androgenesis
hari¢c tiim genotipler daha fazla veya daha az (1-68) embriyo Embriyo
uretmigtir. B4, B10, B11, B12, B15 ve G6 genotipleri %25'ten fazla Saf hat
embriyo liretmis ve kontrol ve diger genotiplerden ayrilmistir. Besni

ve Golbasi ilgelerinden toplanan genotiplerin ortalama embriyo

olusum oram sirasiyla %13 ve %7 iken, kontrol c¢esitlerinin embriyo

olusum oran1 sadece %0.2'dir. Besni biber popllasyonunun

androgenetik haploide olduk¢a duyarli oldugu sonucuna varilmigtir.

Yiikksek embriyo olusturan B4, B10, B11, B12, B15 ve G6 gibi

oldukca duyarli genotipler yeni 1slah hatlarinin geligtirilmesinde ve
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anter kiltirinin genetiginin arastirildigr ¢alismalarda kullanilma
potansiyeline sahiptir.

Atifigin:  Sahin, M, Yetisir, H, Pinar, H, Aydin, A, (2025). Baz1 Besni Biberi (Capsicum annuum L.) Genotiplerinin Anter
Kiiltiiriine Kars1 Tepkileri. KSU Tarim ve Doga Derg 28(1), 114-131. DOI: 10.18016/ksutarimdoga.vi.1555480.

To Cite: Sahin, M, Yetigir, H, Pinar, H, Aydin, A, (2025). (2025). Genotypic Responses of Some Besni Pepper (Capsicum
annuum L.) Genotypes to Anther Culture KSU J. Agric Nat 28 (1), 114-131. DOI: 10.18016/ksutarimdoga.vi.
1555480.

INTRODUCTION

Pepper (Capsicum annuum L.), a member of the Solanaceae family, is an important vegetable species that
originated in South America (Vural et al., 2000). The economically important species of the genus Capsium,
which includes 43 species (Barboza et al., 2019), are C. annuum, C. frutescens, C. pendulum, C. baccaum, and C.
pubescens (Heiser and Smith, 1953; Samos and Kundt 1984). A diploid and self-fertile species with 2n=24
chromosomes, C. annuum, is the most cultivated and economically important species of Capsicum in both
Tiirkiye and the world (Gyulai et al., 2000). Approximately 37 million tons of fresh (green and red) and 4.9
million tons of dried pepper are produced in the world and the world's top pepper-producing countries are China
(16.81 million tons), Mexico (3.11 million tons), Indonesia (3.02 million tons) and Tirkiye (3.01 million tons)
(FAO, 2022). As in other plant species, the germplasm of pepper is faced with some threats arising from
environmental conditions and cultivation activities. Hence, protecting pepper genetic resources and exploiting
them in breeding programs is very important. During the cultivation adventure of pepper in Turkey, pepper
genotypes known by the name of the regions have been selected and developed by farmers in different regions
such as Demre, Usak, Karaisali, Gaziantep, Urfa, and Arapkir pepper. One of them is Besni Pepper, which is
known as the Besni district of Adiyaman province (Sahin et al., 2022).

Turkiye is an important plant genetic resource due to its geographical location and different climate and soil
conditions (Kiiciik, 2001). Local varieties (landraces) with high variation are very important for breeding studies
due to their tolerance to biotic and abiotic stresses and their adaptation to different environmental and cultural
conditions (Kiiciik et al., 2003). Breeding studies carried out to date for certain purposes (high yield etc.) have
narrowed the genetic diversity of cultivated vegetable species. Therefore, it is important to include genetic
resources that can expand the genetic infrastructure with high adaptability and exotic traits (taste, aroma,
phytochemical content, etc.) in breeding programs (Xie et al., 2014).

Long periods are needed to meet the DUS (Distinct, Uniform, Stable) criteria in open-pollinated variety breeding
and to produce pure parent lines in hybrid variety breeding with conventional breeding methods. Obtaining
homozygous pure lines/varieties by using conventional methods requires a long time: 10-12 years/generation for
open-pollinated and 6-7 years/generation for self-pollinated species (Keles et al., 2015). The introduction of tissue
culture and the ability to obtain new plants from different organs of plants with totipotency have provided plant
breeders with new opportunities to accelerate new cultivar breeding (Heiser, 1976; Andrews, 1985; Hatipoglu,
1997; Babaoglu et al., 2001; Comlekcioglu and Ellialtioglu, 2018; Yilmaz and Giintay, 2023).

The ability to produce haploid plants in vitro conditions from cells with haploid chromosome numbers, such as
pollen and egg cells, is very important as it shortens the cultivar breeding process. After Guha and Maheshwari
(1964) demonstrated that haploid plants could be obtained by culturing anthers containing immature pollen
grains of Datura innoxia, androgenic plant production techniques were developed very rapidly. Haploid plants
can be obtained from anther culture and isolated microspore culture in many plant species. The advantageous
method for producing haploid plants is the anther culture technique, which contains thousands of microspores
and allows more than one haploid/double haploid plant to be formed from a single anther under suitable
conditions (Goniilsen, 1987). The pioneering success of Wang et al. (1973) in China and George and
Narayanaswamy (1973) in India in developing haploid embryos from C. annuum anthers led to significant
advances in this field. Furthermore, the initiation of in vitro androgenesis studies on local pepper genotypes by
Abak (1983) in Turkiye signifies the global importance and ongoing research of these techniques. Although
genotypic selectivity exists, anther culture is the main method of producing haploid/double haploid plants in
pepper. However, the complex process of haploid embryo induction and transformation to plant remains a
significant challenge and hinders the efficient production of double haploid peppers (Segui Simarro 2016). The
complex interaction of various factors, including the genotype of the donor plant, growth conditions and
physiological status of the donor plant, the developmental stage of microspores, anther pretreatments, optimum
media combinations, and precise in vitro culture conditions play determining roles in achieving successful results
(Ciner and Tipirdamaz, 2001; Nowaczyk and Kisiala, 2006). The natural variation of pepper species to
androgenesis further emphasizes the importance of identifying and introducing high-frequency responsive
genotypes for breeding to ensure the successful production of haploid embryos/plants. Therefore, it is very
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important to identify genotypes with the ability to produce highly androgenic haploid plants in the germplasm
and to transfer this trait to new lines (Ercan and Sensoy, 2011; Irikova et al., 2011a, b).

Several previous studies have reported that different genotypes responded differently to androgenesis in pepper.
Keles et al. (2015) used seven Charleston, six bell, eight capia, and seven green pepper genotypes and found
significant differences in response to anther culture both among different pepper types and within pepper types.
The highest embryo formation (20% to 5.7%) was obtained from the anthers of bell peppers, while the androgenic
response of green peppers was the lowest (6.7-3.7%). Embryo formation was found to be up to 14% and 10% in
capia and Charleston peppers, respectively. Ozsan and Onus (2017) reported that among four varieties, the most
positive response was obtained from the capia pepper variety “Belissa” in different growing media. Ata et al.
(2019) investigated the effects of different climatic conditions, different cultivation media, and genotypes on
haploid embryo induction in pepper. The highest embryo formation was recorded in the Inan3363 variety with
22.14%, while the lowest was recorded in the 421 genotype with 1.40%. Shimira et al. (2019) investigated the
responses of the Rwandan-origin Pili-Pili pepper variety (C. chinense) and Turkish pepper varieties All1,
Kahramanmaras, inan3363 and Urfa (C. annuum) to anther culture in the Mediterranean Region conditions. It
was reported that Inan3363 and A111 pepper varieties produced 19.4% and 4.46% haploid embryos, respectively,
while the Rwandan-origin Pili-Pili variety did not produce embryos. In addition, it was determined that the
appropriate anther development stage of the Pili-Pili variety, whose flower buds were examined, was not the
same as the Turkish varieties, and the phase transition times of the flower buds were very short. In a study
using 34 long green, 13 bell pepper, 13 Charleston, 6 California wonder, and 23 capia advanced breeding lines as
plant material, it was emphasized that the response to androgenesis was dependent on the genotype and culture
in medium containing activated charcoal for up to 35 days was recommended. It was also noted that the use of a
medium without activated charcoal after 35 days was important to break the resistance and increase induction
efficiency (Pinar et al., 2020).

Characterization of plant genetic resources and their use in plant breeding and production is very important. In
species propagated from seeds such as pepper, whether open-pollinated or hybrid cultivar breeding, it is
important to produce homozygous individuals. The production of pure lines that require long periods by the
classical method (inbreeding) can be reduced to 1.5-2 generations by the haploidization method. For this reason,
determining the response of genetic resources to haploidy applications is important. In this study, Besni pepper,
one of the landraces that are a part of the genetic richness of Turkey, was used as plant material. For this
purpose, a total of 26 genotypes were collected from different villages and different farmers of Besni and Gélbas:
districts. The response of these genotypes, which were morphologically characterized (Sahin et al., 2022), and
three control varieties, namely Yalova Corbaci, Sera Demre, and Cirgalan, to anther culture was investigated.

MATERIAL and METHOD
Experimental site and plant material

This study was carried out in the research greenhouses and laboratories of Erciyes University Faculty of
Agriculture located at latitude 38° 42’ 33” N and longitude 35° 32’ 33”. In the study, a total of 26 Besni pepper
genotypes were collected from the villages of Besni district (20) and Gélbasi district (6), and a total of 29 pepper
genotypes, including Cirgalan, Yalova Corbaci, and Sera Demre as control varieties, were used (Table 1). Pepper
genotypes were collected by visiting villages and interviewing farmers. In terms of fruit shape, 29 genotypes
include three groups: conical, bell, and elongated (Sahin et al., 2022).

Cultivation of donor plants

Seeds of the genotypes were sown in a 3:1 ratio peat-perlite mixture under unheated greenhouse conditions on
16.04.2021. The seedlings were fertilized twice with 15:15:15 (N:P: K) + microelement fertilizer until they
reached planting size (3-4 true leaves). The electrical conductivity of the fertigation water was adjusted to 2
dS/m. When the seedlings reached the 3-4 true leaf stage, 3 plants from each genotype were planted in an
unheated greenhouse at 80x30 cm distances on 25.05.2021. Drip irrigation was used as the irrigation system.
Irrigation was done based on plant and soil observations. Fertilization was done depending on the plant
development period by fertigation (Vural et al., 2000; Ifas, 2021). Black plastic mulch was used for weed control.
Certified pesticides and fungicides for pepper were applied according to the disease and pest occurrence. Weeds
between the rows were manually controlled.
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Table 1. Pepper genotypes and sources used in the study
Cizelge 1. Calismada kullanilan biber genotipleri ve kaynaklari

Genotypes Sources Fruit shape Genotypes Sources Fruit shape
B1 Oyratli Village/Besni Cn B16 Oyrath Village/Besni Cn
B2 Oyratli Village/Besni Cn B17 Oyrath Village/Besni Cn
B3 Oyratli Village/Besni Cn B18 Oyrath Village/Besni Cn
B4 Oyratli Village/Besni Cn B19 Oyrath Village/Besni Cn
B5 Oyratlh Village/Besni B B20 Toklu Village/Besni E
B6 Oyrath Village/Besni Cn G1 Golbag1/City Center E
B7 Oyrath Village/Besni E G2 Golbag1/City Center Cn
B8 Oyrath Village/Besni Cn G3 Golbag1/City Center Cn
B9 Oyrath Village/Besni Cn G4 Maltepe Village/Golbasi Cn
B10 Besni/City Center Cn G5 Maltepe Village/Golbasi E
B11 Oyrath Village/Besni B G6 Maltepe Village/Golbasi Cn
B12 Oyratli Village/Besni Cn C1 (Cirgalan) ERU Agricultural Faculty E
B13 Camurcu Village/Besni B C2 (Yalova Corbac)) ERU Agricultural Faculty E
B14 Camurcu Village/Besni Cn C3 (Sera Demre) ERU Agricultural Faculty E
B15 Oyrath Village/Besni Cn

B: Besni; G Gélbasi; C: Control; Cn: Conical; B: Bell; E: Elongate.

Anther culture

Plants were grown under the greenhouse conditions mentioned above, and flower buds on the 30th-40th day of
flowering were used. The most suitable anther developmental stage for anther culture is the late-uninucleate or
early-binucleate phase (beginning of the first mitotic division) in pepper. The length of the corolla should be
equal to or slightly longer than the length of the calyx, and almost half of the anthers contain anthocyanin in this
stage (shown with arrowheads in Figure 1) (Dumas de Vaulx et al., 1982; Bal et al., 2003; Biiyiikalaca et al.,
2004; Mangal and Srivasatava, 2019). Flower buds used in anther culture were collected one day in advance at
17:00-18:00 and immediately transported to the laboratory in a cool and humid environment (ice box with ice
pack) to preserve their viability. After the buds were washed with tap water to remove external contaminants
and rinsed three times with pure water, they were subjected to low-temperature pre-treatment at 4 °C for 24
hours.
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Figure 1. Pepper flower buds at the optimum stage for anther isolation (buds at the late-uninucleate or early-
binucleate phase, as indicated by arrows in rows 1 and 5) (Biiyiikalaca et al., 2004).

Sekil 1. Anter izolasyonu igin optimum asamadaki biber ¢icekleri (1. ve 5. siralarda oklarla gosterildigi gibi, geg
tek cekirdekli veya erken ¢ift gekirdekli fazdaki tomurcuklar) (Biiyiikalaca ve ark., 2004).
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For surface sterilization, the buds were kept in 80% ethyl alcohol for 60 seconds, then in 10% commercial sodium
hypochlorite (4.5% sodium hypochlorite) for 13 minutes, and then washed with sterile distilled water three times
and placed on sterile paper towels to remove excessive water in laminar air flow cabinet. After sterilization, the
calyx, corolla, and filaments were removed from the buds without damaging the anthers, and the anthers were
placed on a nutrient medium in 6 cm diameter glass Petri dishes using sterile forceps and scalpels (Figure 2 a,
b). Isolated anthers were cultured in the induction medium whose content is given in Table 2. The culture
medium was sterilized by autoclaving at 15 psi pressure at 121 °C for 30 min. The pH of the medium was
adjusted to 5.8 using 1N HCl and NaOH solution before autoclaving. To prevent denaturation of the hormones,
thermolabile hormones were first filter sterilized using 0.20 pum syringe filters and then added to warm (35—40
°C) autoclaved media before solidification. Anthers were planted in 6 cm diameter glass Petri dishes with their
dorsal surfaces in contact with the medium (Table 2) using sterile forceps and scalpel. The planted petri dishes
were labeled, wrapped with stretch film, and incubated in the dark at 35 °C for eight days for high-temperature
pre-treatment. Then, the cultured anthers were incubated at 25+2 °C under 16 h light and 8 h dark conditions from
the beginning of the culture in a climate cabinet. A total of 150 anthers were cultured from each genotype. The
cultured anters and embryo formation were checked regularly and after 45 days, the anthers were transferred to
the second hormone-free medium whose content is given in Table 3 (Figure 2 c. d). After the embryos observed in
the cultured anthers germinated and reached a length of 0.3-0.5 cm, they were transferred to test tubes
containing hormone-free medium (Table 3) (Figure 3 a, b). The plants that reached a certain size (2-3 true leaves)
in the tubes were transferred from growth tubes to pots of 5 cm filled with sterile peat: perlite (2:1 viv) mixture
(Figure 3 c). To maintain the humidity around the plants, each pot was covered with polyethylene stretch film
and 2-3 holes were opened in the stretch film for sufficient ventilation. These pots were placed in 50-liter
transparent containers with lids and acclimatized at 25+2 °C and 16 hours/8 hours (light/dark) photoperiod for 5-
7 days. As the plants developed, the lid and stretch film were gradually opened, and the plants were acclimated
to external conditions (Figure 3 c¢; Figure 4). Embryo formation and transformation rates to plants were
calculated according to the formulas below.
Embryo formation rate = (Number of embryos/Number of anthers cultured) x 100
Transformation rate to plant = (Number of plants/ Number of embryos) x 100

Tablo 2. Nutrient components used in anther induction medium
Cizelge 2. Anter uyartim ortaminin bilesenleri

Chemicals Concentration
MS 43¢g

Sucrose 30 g L1
Activated charcoal 25¢gL?
AgNOs (5 mg LY 10 mg !
Agar 7TgL?

NAA (1 mg LY 4mgL!

BAP 500 pl L't

Table 3. Components of hormone-free nutrient media used in anther culture
Cizelge 3. Anter kiiltiiriinde kullanilan hormonsuz besin ortaminin bilegenleri

Chemicals Concentration
MS 43gL?
Sucrose 30 g L1

Silver nitrate (5 mg/L) 10 mg L1
Agar 7TgL?

pH 5.8

Correlation matrix heatmap

A heat map was created using GraphPad Software, version 10.3.1 (GraphPad Software Inc. La Jolla, CA) to
visualize the correlation between morphological characters and anther culture results based on Pearson
correlation. The correlation matrix heatmap displays values of the Pearson correlation coefficient, which is a
measure of the strength of the linear relationship (positive/negative) between two variables. The correlation
matrix heatmap shows the values of the Pearson correlation coefficient (Schober et al., 2018). A correlation
matrix heat map was created between the morphological traits reported in Sahin et al. (2022) and the response
parameters of genotypes to anther culture. The features with r>0.5 as a result of correlation analysis were
evaluated in detail with one-way ANOVA and Cohen's (1988) eta squared and confidence intervals in the SPSS
22.0 statistical program.
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Figure 2. Stages of culturing anthers. a and b: Planting of anthers in the medium, callus (c), embryo, and root
formation (d) from cultured anthers (shown with arrowheads).

Sekil 2. Anterlerin kiiltiire alinma asamalari. a ve b’ Anterlerin ortama ekilmesi, kiiltiire alinan anterlerden
kallus (c), embriyo ve kok olusumu (d) (ok uglariyla gosterilmistir).
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Figure 3. Transfer of developing plantlets to tubes (a and b) and plantlets transferred to sterile peat: perlite
mixture and acclimatized to the outside environment (c).

Sekil 3. Gelisen bitkilerin tiiplere transferi (a ve b) ve steril torf-perlit karisimina transfer edilen ve dis ortama
alistirilan bitkiler (c).
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RESULTS and DISCUSSION

The responses of pepper genotypes used in the study to anther culture are presented in Table 4. One hundred
and fifty anthers were cultured from each of the 29 pepper genotypes used. It was observed that there was a
significant variation (0.0%-45.3%) in terms of embryo formation rate (Figure 2) among the genotypes used in the
study. While the highest embryo formation rate was determined as 45.3% in genotype B11, no embryo formation
was observed in genotypes B7, G5, C1, and C3. The B11 genotype had the highest embryo formation rate,
followed by G6 with 31.3% and B15 with 29.3%. While the average embryo formation rate of the genotypes
collected from Besni district was 13.1%, the embryo formation rate of the genotypes taken from Gélbags: district
was calculated as 7.08%. The number of haploid plants produced varied from 30 to 0 and haploid plants could not
be obtained in 12 genotypes. The highest number of haploid plants was recorded in the B12 genotype with 30,
while the lowest number of plants was determined in the B5, B8, and G2 genotypes with 1 plant. While the
average haploid plant numbers formed by the genotypes collected from Besni and Goélbas1 were 7.8 and 1.3,
respectively, haploid plant formation was not observed in the control plants. As in embryo formation and haploid
plant number, significant differences were observed in the transformation rate to plant depending on the
genotype. The transformation rate to plant varied between 88.9% and 0. While the highest transformation rate to
plant was determined as 88.8% (30 plants) in genotype B1, no transformation was observed in 12 genotypes (B3,
B7, B9, B16, B17, B20, G1, G4, G5, C1, C2, and C3). The B1 genotype was followed by B6 with 71.4% and B15
with 68%. The transformation rate of plant genotypes collected from Besni was found to be significantly higher
than the genotypes collected from Golbagi and the control varieties. All genotypes produced a total of 491
embryos, of which 162 (33%) developed into plants. At the same time, embryo formation and plant formation
were not observed in genotypes B7, G5, C1, and C3. Embryo formation was observed in genotypes B3, B9, B16,
B17, B20, G1, G6, and C2, but transformation to plant was not observed. In the present study, genotypes that
responded to anther culture at high levels (45%) (B11) were identified among Besni pepper genotypes.
Significant differences were detected between the varieties collected from the two districts and the control
varieties.

The success of anther culture is influenced by many factors, including plant and environmental (in vivo and in
vitro). The plant factors include the genotype of the donor plant (Kim et al., 2004; Supena et al., 2006; Ari et al.,
2016), the developmental stage of flower buds (microspore stage) (Parra-Vega et al., 2013; Mangal and
Srivasatava, 2019), and the physiological state of the donor plant (Ercan et al., 2006; Ata et al., 2019), while the
plant growth conditions (Ata et al., 2019), pretreatments (Dumas de Vaulx et al., 1981), nutrient medium
(Supena et al., 2006; Irikova et al., 2011a, b; Bat et al., 2020), plant nutrient and carbon starvation, in vitro
culture conditions (temperature, lighting and photoperiod), application of different additives and plant growth
regulators (Niazian and Shariatpanahi, 2020) and growing season (Ercan et al., 2006; Rodeva and Cholakov,
2006) are the main environmental factors (Taskin et al., 2011).

The most important factor affecting the response to androgenesis is the genotype of the donor plants, and it
varies considerably not only from species to species (inter-specific) but also within species (intra-specific).
(Phippen and Ockendon, 1990; Taskin et al., 2011; Asif, 2013; Irikova et al., 2016). A variation between
genotypes has been demonstrated for many field crops and horticultural crops, including the species representing
Capsicum, Solanum, and Brassica genus (Rodeva et al., 2004, Nowaczyk et al., 2006, Lantos et al., 2012).
Studies have shown that genetic differences in microspore embryogenesis can occur not only among various
species, cultivars, and hybrid forms but also among individual plants of a single cultivar, depending on the
plant's current physiological state (Kristiansen and Anders, 1993, Irikova and Rodeva, 2004, Nowaczyk et al.,
2009). Geng (2023) reported that embryo formation induced by anther culture showed significant differences in
different pepper types (fruit shape) and even in different genotypes. Atasoy et al. (2021) studied the anther
culture response of a population consisting of 23 pepper genotypes of green pepper, capia, Charleston, and bell
pepper. Significant differences were found among the genotypes and the embryo formation rate of the genotypes
in anther culture varied between 22% and 74%. A significant portion of the genotypes used by Atasoy et al.
(2021) had higher embryo formation rates (60-74%) than the genotypes we used. In a study investigating the
effect of genotype on anther culture, it was reported that 11 different pepper species anther were cultured and
embryos were obtained from all varieties except Kandil and Yalova Charleston (Ercan and Sensoy, 2011).

The pepper genotypes used in Ercan and Sensoy (2011) and this study were cultured under the same conditions
using the same nutrient medium. However, Besni pepper genotypes formed more embryos and produced more
plants. This once again demonstrated that the genotype effect is important in anther culture, as stated by Ercan
and Sensoy (2011). Among the three genotypes tested by Niklas-Nowak et al. (2012), the embryo formation rate
in F2 population plants of C. annuum showed a significant difference (0-16%) among the genotypes. In agreement
with the present study, the response to anther culture differed among the genotypes, but the genotypes used in
this study produced significantly higher embryos (about three times more) compared to the cited study.
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Following previous studies (Bajaj, 1980; Basay and Ellialtioglu, 2013; Ellialtioglu et al., 2015; Ilhan and Kurtar,
2022 ), this study confirmed once again that genotype is one of the most important factors affecting the success of
anther culture in pepper. Denli et al. (2022) reported at least two genes control the androgenic response in
pepper and that it may be heritable. Conical and bell pepper genotypes had higher embryo formation rates.

Table 4. Responses of different Besni pepper genotypes to anther culture
Cizelge 4. Farkli Besni biber genotiplerinin anter kiiltiiriine tepkileri

Genotypes Number of Number of Embryo formation Number of Transformation
anthers cultured embryos formed rate (%) plants  rate into plant (%)

B1 150 9 6.0 8 88.9
B2 150 23 15.3 10 43.5
B3 150 15 10.0 0 0.0
B4 150 42 28.0 11 26.2
B5 150 6 4.0 1 16.7
B6 150 14 9.3 10 71.4
B7 150 0 0.0 0 0.0
B8 150 7 4.6 1 14.3
B9 150 4 0.26 0 0.0
B10 150 42 28.0 21 50.0
B11 150 68 45.3 20 29.4
B12 150 45 30.0 23 51.1
B13 150 21 14.0 3 14.3
B14 150 19 12.6 9 47.4
B15 150 44 29.3 30 68.2
B16 150 6 4.0 0 0.0
B17 150 8 5.3 0 0.0
B18 150 29 19.3 2 6.9
B19 150 10 6.6 6 60.0
B20 150 6 4.0 0 0
Besni Genotypes X 20.9 13.1 7.8 37.3
G1 150 1 0.6 0 0
G2 150 5 3.3 1 20.0
G3 150 8 5.3 5 62.5
G4 150 11 7.3 2 18.2
G5 150 0 0.0 0 0
G6 150 47 31.3 0 0
Golbas: Genotypes X 12 7.08 1.3 10.8
C1 150 0 0.0 0 0
C2 150 1 0.6 0 0
C3 150 0 0.0 0 0
Control Cultivars X 0.3 0.3 0 0
Total 4350 491 11.3 163 33.2

Similarly, Grozeva et al. (2021) found a higher embryo formation rate in conical, bell, and pumpkin-shaped
pepper genotypes than in long peppers, while Keles et al. (2015) and Pinar et al. (2020) found a higher
gynogenesis response in capia and bell peppers. On the other hand, Ercan and Falk (2011) reported a higher
androgenic response in the long pepper variety Demre-8 compared to the other pepper varieties they used. This
shows that the productivity of anther culture in pepper is affected by a series of factors such as genotype, culture
conditions, pretreatments, and environmental conditions in which the plant is grown (Asif, 2013).

In this study, medium components that were found promising in previous studies were used. However, as
reported in previous studies (Ercan and Sensoy, 2011; Ata et al., 2019; Geng, 2023), significant differences
depending on the medium were reported in anther culture studies. Alremi et al. (2014) reported that different
pepper genotypes (B, 151, 171, and Alfajer) responded differently to eight different nutrient medium
combinations. It has been determined that B5 medium without silver nitrate gives a better response in embryo
formation. In the current study, significant variations were observed in the rate of embryo formation and
transformation to plant among pepper genotypes collected from a relatively narrow area (two districts of
Adiyaman province). The results of this study also showed that anther culture was affected by the interaction of
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many factors, especially genotype and culture medium. Ilhan and Kurtar (2022) reported that the nutrient
medium and genotype significantly affected embryo induction, formation, and plant transformation rate and that
the B5 medium produced more successful results compared to the MS medium. Similarly, Ozsoy (2019) reported
that 209 embryos and 134 plants were obtained from the MS medium and 218 embryos and 100 plants were
obtained from the B5 medium. In this study, MS was used as a basal medium, and approximately twice as many
embryos were obtained compared to the results of Ozsoy (2019). Obtaining different results in the same nutrient
medium and culture conditions once again reveals the importance of the genetic structure and physiological
status of the donor plant. The response of Elaz1g pepper (Kofik), a local pepper variety, to anther culture was
investigated using the same culture media and conditions used in this study and it was reported that 106
embryos were produced from a total of 1206 Petri dishes and 45 of these embryos developed into plants. It was
also reported that embryo formation was not observed in 11 genotypes collected from Elazig (Duruk, 2023).
Approximately four times more embryos were obtained from the Besni pepper genotypes used in this study than
from the Elazig pepper genotypes. The conclusion from the studies and previous reports is that the effect of
genotype and nutrient medium has a decisive role in the success of anther culture in pepper. The data of the
study revealed that a single standard anther culture protocol does not produce the same productivity in different
pepper genotypes and that appropriate protocols should be determined according to type/genotype. In addition,
Pinar et al. (2020) reported that the response rate of genotypes in the culture medium may be different and
emphasized that genotypes should be optimized according to time in order to obtain satisfactory results.

In this study, it was concluded that the differences detected between pepper genotypes may be the effect of a
physiological variability characteristic for in vitro plant cultures. In addition, Sahin et al. (2022) reported that
the pepper genotypes used in this study had significant morphological diversity, including flower bud size. In this
study, the appropriate microspore stage study was not conducted on pepper genotypes, and since the flower size
and morphology recommended in previous studies were used, the correct microspore stage for each genotype may
not have been cultured. It was concluded that this also contributed to the difference between genotypes. By
determining the correct flower bud stage for each genotype that did not respond to anther culture or gave a very
low response (N7, G1, G5, C1, C2, and C3), and by using different media and additives, a satisfactory androgenic
response can be obtained from these genotypes. Recently, many additives, including phytohormones (Khan et al.,
2020; Hale et al., 2022), growth retardant hormones, stress hormones, compatible solutes, polyamines, histone
deacetylase inhibitors, cellular antioxidants (enzymatic and non-enzymatic), and arabinogalactan proteins,
which are endogenously produced organic compounds required to regulate plant growth and development, have
been used to increase the efficiency of in virto haploid induction by enhancing tolerance to embryo-stimulating
stresses (Niazian and Shariatpanahi, 2020; Hale et al., 2022). By using the additives listed above, it may be
possible to produce androgenic haploid plants in genotypes with low or no response to anther culture in this
study.

DNA methylation, histone methylation, and acetylation are important processes that control the functional state
of chromatin and subsequently regulate gene expression during cell division, proliferation, and differentiation
(Cedar and Begrman, 2009). One of the cellular processes that occurs during stress-induced embryogenesis is
epigenetic reprogramming; essentially a general reduction in DNA methylation (Testillano, 2019). Low H3K9
methylation levels are positively correlated with microspore reprogramming from gametophytic to sporophytic
development and the initiation of embryogenesis (Testillano et al., 2010; Testillano, 2019). In Brassica napus,
high levels of acetylated histones H3Ac and H4Ac were reported in vacuolated microspores, a sign of
reprogramming (Rodriguez-Sanz et al., 2014). Therefore, the addition of DNA demethylating agents and histone
deacetylase inhibitors to the medium may increase the efficiency of androgenic haploid induction. Application of
a DNA demethylating agent, 5-Azacytidine (AzaC) increased embryogenesis induction in isolated microspore
culture of oilseed rape and Hordeum vulgare (i). In the same species, the application of BIX-01294, a small
molecule that prevents H3K9 methylation, improved microspore reprogramming and embryogenesis (Berenguer
et al., 2017).

Antioxidants, which can be enzymatic and non-enzymatic, are one of the most important components that
provide ROS balance by scavenging cellular ROS accumulation (Chen et al., 2020; Hale et al., 2022). The positive
effect of low-molecular-weight antioxidants glutathione and ascorbic asit on microspore embryogenesis and
an increase in the number of embryo-like structures has been reported in isolated microspore cultures of triticale
(Zur et al., 2019). Other materials with antioxidant characteristics, such as L-ascorbic acid, can increase the
antioxidant enzyme activities and antioxidative response of treated cells (Chen et al., 2020). The ascorbic acid
application under carbohydrate starvation and heat shock treatment (32 °C) caused a significant increase in the
number of cotyledon embryos produced in isolated microspore culture (Heidari-Zefreh et al., 2018) and anther
culture (Dogangiizel et al., 2021) in pepper. Confirming these two studies, Zeng et al. (2017) stated that the
embryogenesis efficiency in isolated microspore culture of broccoli was increased by 1.2-fold and 2.5-fold with the
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addition of reduced ascorbate and glutathione, respectively. In the microspore culture of flowering Chinese
cabbage, a 10.33-fold increase in the frequency of embryogenesis was reported when L-ascorbic acid sodium salt
was added to the NLN-13 medium (Niu et al., 2019). Methylene blue is another type of antioxidant that was
reported to have a positive effect on the androgenic response of ornamental kale (Chen et al., 2019). Cell wall
modification agents such as AGPs (Arabinogalactan protein) have been reported to be effective during both
somatic embryogenesis (Pérez-Pérez et al., 2019) and microspore embryogenesis (Testillano, 2019; Camacho-
Fernandez et al., 2021). The addition of gum arabic as an AGPs carrier to the medium caused 2.8 times higher
androgenesis in barley (Makowska et al., 2017), while in tomato it was found to be more effective than cold
treatment and kinetin application in anther culture (Niazian et al., 2019). Different agents mentioned in this
literature and whose positive effects on embryogenesis in different species have been reported can be used to
obtain responses from pepper genotypes with low androgenic responses.

In the present study, the transformation rate of plantlets to mature plants was found to be 33%. It was concluded
that the low transformation rate was due to inadequate laboratory/greenhouse conditions for the acclimation
stage of the plantlets, acclimation being carried out on a single plant, and not all plants having the same
physiological maturity. Although this rate is consistent with the results of many studies (Keles et al., 2015; Pinar
et al., 2020; Grozeva et al., 2021; Duruk, 2023; Shana et al., 2024) conducted on pepper, the loss of potential
haploid plantlets produced with great effort was considered a bottleneck that needed to be overcome. This study
has shown that it is risky to acclimate plants produced in vitro to the outside environment from a single plant
without multiplying them. Instead of proceeding from a single plant, if multiple plantlets were produced to be
transferred to the outdoor environment with several subcultures, the risk of a high loss rate could be overcome.
Since not all plantlets formed after embryogenesis in anther culture are at the same physiological maturity
(weak/strong), some weak plantlets may be lost during the acclimation phase. Plantlets with strong root and
shoot development have a higher rate of forming mature plants that can be transferred successfully to the
outdoor environment. In in vitro conditions, plants can be produced from very different tissues and organs due to
the totipotency characteristics of plants, and incomplete and problematic embryos (aged, endospermless, and
haploid) can be converted into mature plants (Chandra et al., 2010; Saskin et al., 2022). However, one of the
disadvantages of in vitro plant propagation is that the survival rate of in vitro plants, which are produced with
intensive labor and cost, is low when transferred to external conditions. One of the most important factors
limiting the success of the in vitro plant production method is the process of acclimating the obtained plants to
outdoor conditions. The success of transferring in vitro grown plants to external conditions is generally
determined by the physiological state of the acclimatized plant (weak/strong) and the acclimatization conditions.
Depending on the factors above, high losses occur during the acclimatization phase due to different factors such
as light intensity, temperature, and water stress (Kumar and Rao, 2012). The main reasons for this are the
inability of the plants to uptake sufficient water due to weak root development after transplanting, excessive
water loss due to insufficient cuticle formation, transplanting shock, various pathogenic attacks, poor
photosynthesis, and similar factors occurring in the post-transplanting period (Krishna et al., 2005; Kara et al.,
2022). For any micropropagation protocol, successful rooting of plantlets is a prerequisite to facilitate acclimation
to soil conditions. Only plantlets longer than 1.5 cm and with dense roots can be considered usable for
acclimation (Khalafalla et al., 2011; Copetta et al., 2023). The low plant conversion rate observed in this study
could be eliminated to a certain extent by increasing the number of plants to be acclimated to the external
environment and by pre-transplanting applications increasing root quantity and quality. In many studies, basic
media supplemented with only IBA and NAA or combinations of these hormones in the range of 0.2-2.0 ppm have
been used successfully. While the addition of IBA to the medium increases primary/secondary root formation,
NAA increases root hair formation. It has been reported that decreasing the concentration of inorganic salts is
also beneficial in increasing root volume. Hardening of plants by exposing them to high light intensity, nutrient
starvation, and low relative humidity before transplantation may contribute to reducing post-transplant
mortality (Chacal and Gosal, 2002; Velasco and Watson, 2020).

Correlation analysis was performed between the morphological data produced in our previous study (Sahin et al.,
2022) and the responses of genotypes to anther culture. A significant positive relationship was found between
fruit shape (r=0.533; n=29), fruit cross-section shape (r= 0.519; n=29), and response to anther culture at 1%
significance level (Figure 5).

The effects of fruit shape, fruit cross-sectional shape, and fruit neck formation on embryo number, embryo
formation rate, plant number, and plant conversion rate parameters were evaluated in detail with eta squared
and confidence intervals, where r>0.5 as a result of correlation analysis (Table 5 and 6). The eta squared value of
fruit shape on embryo number is n?=0.285, embryo formation rate is n2=0.279, and plant formation rate is
n2=0.268. Fruit shape has a high correlation with embryo number, embryo, and plant formation rate (n2>0.138).
Eta squared value of fruit cross-section shape on embryo number is 1n2=417, embryo formation rate is n2=0.417,
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and plant formation is 1n2=0.240. As in fruit shape, fruit cross-section shape was found highly correlative with
embryo number, embryo formation, and plant formation rate (n2>0.138). Since the eta value of neck formation on
fruit on all parameters (number of embryo, embryo, and plant formation rate) is greater than 0.138, the effect on
the parameters is significant (Table 5).

Figure 4. Plants acclimatized to the outdoor environment and reached transplanting size (shown with green
arrowheads), plantlets not grown (shown with red arrowheads).

Sekil 4. Dis ortama alistirilmis ve dikim biiyiikliigiine ulasmis bitkiler (vesil ok uglariyla gésterilmistir),
biiyiimemis bitkicik (kirmizi ok ucuyla gosterilmistir).
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Figure 5. The correlation matrix heat map shows the values of the Pearson correlation coefficient between
embryo number, embryo formation rate, plant number, and plant formation rate with plant
morphological characteristics (Sahin et al., 2022), the positive values in blue and the negative in red.
It ranges from -1 to 1, whereby -1 means a high negative linear relationship between variables, 1
indicates a high positive linear relationship between variables and O indicates that there is no
relationship between studied variables.

Sekil 5. Korelasyon matrisi 1s1 haritasi, embriyo sayisi, embriyo olusum orani, bitki sayisi ve bitki olusum orani
ile bitki morfolojik oézellikleri  (Sahin et al, 2022) arasindaki Pearson korelasyon katsayisinin
degerlerini, pozitif degerleri mavi ve negatif degerleri kirmizi olarak gosterir. -1 ile 1 arasinda degigir,
burada -1 degiskenler arasinda yiiksek negatif dogrusal iliski anlamina gelir, 1 degiskenler arasinda
yiiksek pozitif dogrusal iliski anlamina gelir ve 0 incelenen degiskenler arasinda iliski olmadigini
gosterir.
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Table 5. Eta square values for the effect of fruit shape, fruit cross-sectional shape, and fruit neck formation on
embryo number, embryo formation percentage, plant number, and transformation rate (n2:eta square)
Cizelge 5. Meyve sekli, meyve enine kesit sekli ve meyve boyun olusumunun embriyo sayisi, embriyo olusum
yiizdesi, bitki sayisi ve bitkiye doniisiim orani iizerindeki etkisi i¢in eta kare degerleri (n?‘eta kare)

Parameters Fruit shape Fruit cross-section shape Neck formation on fruit
Sig.(p) n2 Sig.(p) n2 Sig.(p) n?2
Number of embryo 0.013 0.285 0.001 0.417 0.008 0.236
Embryo formation rate 0.014 0.279 0.001 0.417 0.006 0.245
Number of plants 0.114 - 0.372 - 0.0357 0.153
Plant formation rate 0.017 0.268 0.028 0.240 0.006 0.247

n2<0.01 small, n2<0.059 medium, n2>0.138 high, p>0.05, the eta squared of the parameters are insignificant.

When the confidence interval values of fruit shape on embryo number, embryo formation percentage, plant
number, and transformation rate were examined, the confidence interval values of the genotypes with fruit
shape 3 scale value did not contain zero value, so the reliability level was higher than the genotypes with the
other two fruit shapes (1-4). When the confidence interval values of the genotypes with fruit cross-sectional
shape 5 scale value did not include zero value, the level of reliability was higher than the genotypes with the
other two fruit cross-sectional shapes (3-7). When the confidence interval values on fruit neck formation; embryo
number, embryo formation percentage, plant number, and plant transformation rate were examined, the
confidence interval values of the genotypes with fruit shape 1 scale value did not include zero value, so the level
of reliability was higher than the genotypes with the other scale value (0) (Table 6).

CONCLUSIONS and RECOMMENDATIONS

In this study, 26 pepper genotypes of Besni pepper, a local pepper landrace, collected from Besni and Goélbas:
districts, and Yalova Corbaci, Sera Demre, and Cirgalan pepper varieties as controls were used to investigate
their responses to androgenic embryogenesis. As a result, Besni pepper responded positively (24 genotypes from
26 genotypes) to anther culture. While the embryo formation rate varied between 45.3 and 0.6, 11 of the pepper
genotypes had embryo formation rates of 10% and above. This rate is higher than the rates reported in most
previous studies. B11 (45.3%), B12 (30%), B10 (28%), B4 (28%) and G6 (31.3%) had significantly higher (>25%)
embryo formation rates. The transformation rate of the embryos into plants varied between 0% and 89%. The
highest rate was obtained in the B1 genotype, while no transformation into plants occurred in the 6 genotypes
that formed embryos. It was concluded that it would be possible to produce pure lines from the Besni pepper
population in a short time. As can be seen, there is a significant variation both in the rate of embryo formation
and the rate of embryos turning into mature plants. The physiological and genetic basis of this difference can be
investigated using genotypes with high androgenic response and genotypes with very low or no response. In
addition, the effects of different flower bud sizes (microspore stage) and different culture media supplemented
with promising additives (arabinagalactone, anti-oxidants, osmotic protectors, etc.) indicated in the discussion
section on the success of anther culture in very low-reactive and non-reactive genotypes can be investigated. For
this reason, the inheritance of this high androgenic plant formation potential detected in the Besni pepper
population and the possibility of transferring it to lines with low androgenic response but high agronomic
potential are among the important research topics. Of the 490 embryos formed, 133 developed into plants. The
plant formation rate of the embryos was calculated as 33%. In other words, 67% could not be turned into plants.
Therefore, studies should be conducted to develop protocols for transforming plantlets into mature plants
(concentration and composition of nutrients and hormones used in vitro), hardening plantlets, and improving
strong root and shoot development before acclimation to external conditions.
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Table 6. Effect of fruit shape, fruit cross-sectional shape, and fruit neck formation on embryo number, embryo
and, plant transformation rate
Cizelge 6. Meyve sekli, meyve enine kesit sekli ve meyvede boynu olusumunun embriyo sayisi, embriyo olusum
orani, bitki sayisi ve bitkiye doniistim orani tlizerine etkisi

Parameters Scale n Mean 95% Confidence interval for mean Minimum Maximum
Lower bound Upper mound
1 7 1.14+0.83 -0.89 3.17 0.00 6.00
Number of embryo 19 20.42+3.62 12.81 28.03 4.00 47.00
4 3 31.67+18.69 -48.69 112.02 6.00 68.00
Total 29 16.9343.37 10.02 23.84 0.00 68.00
1 7 0.74+0.55 -0.61 2.10 0.00 4.00
o Embryo formation |3 19 13.46+2.45 8.31 18.61 0.26 31.30
= rate 4 3 21.10+12.44 -32.42 74.62 4.00 45.30
= Total 29 11.18+£2.26 6.55 15.81 0.00 45.30
g 1 7 0.00£0.00 0.00 0.00 0.00 0.00
= Number of plants 3 19 7.32+£2.02 3.08 11.55 0.00 30.00
4 3 8.00£6.03 -17.94 33.94 1.00 20.00
Total 29 5.62+1.53 2.49 8.75 0.00 30.00
1 7 0.00£0.00 0.00 0.00 0.00 0.00
Plant formation arte 19 33.08+6.68 19.04 47.12 0.00 88.89
4 3 20.12+4.70 -0.08 40.33 14.29 29.41
Total 29 23.75+5.09 13.32 34.19 0.00 88.89
3 11 9.82+4.78 -1.03 20.66 0.00 42.00
Number of embryo 16 16.75£3.26 9.79 23.71 1.00 45.00
7 2 57.50+10.50 -75.92 190.92 47.00 68.00
o Total 29 16.93+£3.37 10.02 23.84 0.00 68.00
= 3 11 6.31£3.28 -0.99 13.62 0.00 28.00
7= |Embryo formation |5 16 11.14+2.18 6.50 15.78 0.60 30.00
g rate 7 2 38.30+7.00 -50.64 127.24 31.30 45.30
43 Total 29 11.18+2.26 6.55 15.81 0.00 45.30
clbo 3 11 3.00£2.05 -1.58 7.58 0.00 21.00
% 16 6.88+2.14 2.32 11.43 0.00 30.00
2 |Number of plants
O 2 10.00+£10.00 -117.06 137.06 0.00 20.00
§ Total 29 5.62+1.53 2.49 8.75 0.00 30.00
= 3 11 8.23+4.90 -2.70 19.15 0.00 50.00
. 16 35.56+7.34 19.92 51.21 0.00 88.89
Plant formation rate
2 14.71+£14.71 -172.15 201.56 0.00 29.41
Total 29 23.75+5.09 13.32 34.19 0.00 88.89
0 7 1.57+0.92 -0.68 3.83 0.00 6.00
Number of embryo |1 22 21.82+3.90 13.71 29.92 1.00 68.00
g Total 29 16.93+£3.37 10.02 23.84 0.00 68.00
"‘2 . 0 7 0.69+056. -0.67 2.06 0.00 4.00
° fa‘ﬂ’ryo formation 22 14.52+2.60 9.11 19.92 0.60 45.30
e Total 29 11.18+2.26 6.55 15.81 0.00 45.30
g o 7 0.00+0.00 0.00 0.00 0.00 0.00
& |Numberofplants |1 22 7.41%1.87 3.53 11.29 0.00 30.00
"§ Total 29 5.62+1.53 2.49 8.75 0.00 30.00
Z 0 7 0.00+0.00 0.00 0.00 0.00 0.00
Plant formation rate |1 22 31.31+5.86 19.13 43.49 0.00 88.89
Total 29 23.75+5.09 13.32 34.19 0.00 88.89

Fruit shape (1: Elongate; 3: Conical 4: Bell); Fruit cross-section shape (3: Slightly corrugated; 5: Intermediate; 7:
Corrugated) and Neck formation on fruit (0: Absent; 1: Present).
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ABSTRACT

This faunistic research was carried out to determine the species of

Plant Protection

Ichneumonidae (Hymenoptera) collected from Karliova district of Bingol Research Article
province between 2022-2023. Adults of Ichneumonidae specimens
collected from flowering plants and weeds in the deep passes and valleys Article History
of Karlova district of Bingdl province samples were collected by Received :04.11.2024
entomological net (atrap) on vegetation period and between the altitudes Accepted 1 05.01.2025
of 1761-1963 m. As a results of this research, 10 different subfamilies
(Anomaloninae  Viereck, 1918; Banchinae Wesmael, 1845; Keywords
Campopleginae Forster, 1869; Cremastinae Forster, 1869; Cryptinae Ichneumonidae
Kirby, 1837; Cylloceriinae Wahl, 1990; Ichneumoninae Latreille, 1802; Biodiversity
Ophioninae, Shuckard, 1840; Pimplinae Wesmael, 1845 and Tryphoninae New records
Shuckard, 1840) belonging to 16 genera, 256 individuals were collected Bingol
and 18 species were identified. Among these 18 identified species, 15 Turkiye
species, except three species, were determined as new records for Bingol
province, Cremastus spectator Gravenhorst, 1829 and Aritranis
longicauda (Kriechbaumer, 1873) species were determined as new
records for the Eastern Anatolia Region.
Tiirkiye Karliova (Bingol) Ichneumonidae (Hymenoptera) Biyogesitliligi
OZET Bitki Koruma
Bu faunistik arastirma, Bingol ili Karliova ilgesinden 2022-2023 yillar:
arasinda toplanan Ichneumonidae tiirlerinin belirlenmesi amaciyla Aragtirma Makalesi
yapilmigtir. Bing6l ili Karliova ilgesi derin gecit ve vadilerindeki gigekli : :
bitki ve yabanci otlardan toplanan Ichneumonidae 6rneklerinin erginleri, Makale T.ar'lhge.m
vejetasyon doneminde ve 1761-1963 m rakimlar arasinda entomolojik ag Gelis Tarl}.u. ) 04.11.2024
(atrap) ile toplanmistir. Bu arastirma sonucunda 10 farkli alt familya Kabul Tarihi  : 05.01.2025
(Anomaloni.nae Viereck, 1918; Bgnchinae Wesmael, 1845; Anahtar Kelimeler
Campopleginae Forster, 1869; Cremastinae Forster, 1869; Cryptinae Ichneumonidae
Kirby, 1837; Cylloceriinae Wahl, 1990; Ichneumoninae Latreille, 1802; Bi o Fi
7 . . ) yogesitlili
Ophioninae, Shuckard, 1840; Pimplinae Wesmael, 1845 and Tryphoninae Yeni kayatlar
Shuckard, 1840)’ya bagl 16 cinse ait 256 birey toplanmis ve 18 tiir tespit Binoél
edilmigtir. Tespit edilen 18 tiirden 3 tiur hari¢ 15 tir Bing6l ili i¢in yeni ke

kayit, Cremastus specator Gravenhorst, 1829 ve Aritranis longicauda
(Kriechbaumer, 1873) tiirii ise Dogu Anadolu Bolgesi icin yeni kayit
olarak belirlenmigtir.

Atif Sekli:  Dalan, M., Coruh, S (2025). Ichneumonidae (Hymenoptera) biodiversity of Karliova (Bingél) in Turkiye. KSU
Tarim ve Doga Derg 28 (1), 132-153. https://doi.org/10.18016/ksutarimdoga.vi.1578935
To Cite : Dalan, M., Coruh, S (2025). Ichneumonidae (Hymenoptera) biodiversity of Karhova (Bingél) in Tiirkiye.
Manuscript Title. KSU J. Agric Nat 281), 132-153. https://doi.org/10.18016/ksutarimdoga.vi.1578935.
INTRODUCTION

”»

The Ichneumonidae, known as “ichneumon wasps”, “thneumonids”, “Darwin wasps” are a family of parasitoid
wasps of the insect of Hymenoptera.

They are one of the most diverse groups within Hymenoptera with roughly 25,000 species described (Yu et al.,
2016).

They fulfill an important role as regulators of insect populations, in natural and semi-natural systems, making
them promising agents for biological control (Klopfstein et al., 2019).

The Ichneumonidae constitute one of the largest families in the animal kingdom. This family is important because
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their larvae can be either endo or ectoparasitoids of larvae or pupae of holometabolous insects and Chelicerata
(Fernandes et al., 2019).

In recent studies in Tirkiye, the number of Ichneumonidae species was updated to 1451. (Barik, 2022; Birol, 2022;
Coruh, 2002; Dogru, 2022; Atas & Coruh, 2022; Coruh, & Riedel, 2022; Ineciklioglu, 2022; Kolarov & Coruh, 2022;
Korkmaz & Coruh, 2022; Teymuroglu & Coruh, 2022; Coruh, Kolarov & Ercelep, 2022a; Coruh, Tezcan & Gulpergin
2022b; Kaplan, 2023; Atas & Coruh, 2023; Barik & Coruh, 2023a, Barik & Coruh, 2023 b; Narmanlhoglu & Coruh,
2023; Kaplan, 2024; Ayhan & Coruh, 2024; Coruh & Kolarov, 2024; Korkmaz & Coruh, 2024).

The study is conducted to identify Ichneumonidae (Hymenoptera) species in Karliova district of Bingdl province
and to contribute to Ichneumonidae biodiversity.

MATERIALS and METHODS
Data sampling

Adults of Ichneumonidae specimens collected from flowering plants and weeds in the deep passes and valleys of
Karhova district of Bingdl province (Figures 1, 2) constitute the material of the study. Adult samples - were
collected by entomological net (atrap) in the years 2022-2023 vegetation period and between the altitudes of 1761~
1963 m (Table 1).

Figure 1. Map of study area.
Sekil 1. Arastirma alanin haritasi.
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Figure 2. Research localities.
Sekil 2. Calisma alanindan lokaliteler.

Study area

Survey studies were carried out in the Karlova district of Bingdl province. The research area's unique
characteristics—deep gorges and valleys, location between mountains and small lakes at different altitudes, and
outflow of water resources—were effective in choosing it as the study area.

Karliova district is located in the Upper Euphrates Section of the Eastern Anatolia Region. The settlement, located
in the northeast of the Central district of Bingél province, is located in the middle part of the mountains, which
extend roughly in the east-west direction and are mostly 3000 m high (Karagsl Mountains 3057 m, Bingol
Mountain 3193 m, Satan Mountains 2,839 m, Serafettin Mountains 2388 m). The region, whose altitude exceeds
1900 meters and where high flat areas cover a large area, also has the feature of being the hydrographic border
where several rivers (Peri Stream, Goyniik Stream, Murat River) receive their sources. The district's surface area
is 1,311 km?. Its ratio to the provincial surface area is 16.60%. The district's altitude above sea level is 1,940 meters.
Its distance from the city center is 70 km. Sunrise can be watched within the borders of this district (Anonymous,
2024 a,b).

The study material was collected from 10 different localities (Karliova center, Cukurtepe, Hacilar, Géyniik,
Yoncalik, Halifan, Hasanova, Kargapazari, Virangsehir and Ortakdy) in the Karliova district of Bingol province
(Table 1).

Laboratory studies

All the materials that make up the study were collected and photographed by the first author. Ichneumonid adults
transported to the laboratory were prepared for identification, subfamily density composition was made according
to the discriminatory taxonomic characters and preserved. After the field studies were completely completed, genus
and species information was obtained, identified samples were used in the identification of the samples, some of
the identifications were made in the Hikmet Ozbek Taxonomy Laboratory by second author, while the unidentified
samples were identified by Dr. J. KOLAROV (Bulgaria).

After the species were identified, the appearance of each species was monitored using the digital shooting unit
(Canon EOS 1100D camera, Canon EF 100 mm, f/2.8L Macro lens, Kaiser digital shooting unit) installed in the
Ataturk University Biodiversity Application and Research Center and the Lenovo Research brand camera Helicon
focus 6.7.1. program. The names of species and their distribution in world and associated plants were used in a
limited number from Yu et al. (2016) catalog.
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Table 1. Localities speceies are collected

szjze]ge 1. Tiirlerin toplan dzgz lokaliteler

Locality Altitude (m) Cordinates
CUKURTEPE 1881 39°24'14.76"K 41° 2'5.64"D
CUKURTEPE 1874 39°24'13.68"K 41° 2'10.68"D
CUKURTEPE 1919 39°25'6.96"K 41° 2'17.16"D
CUKURTEPE 1920 39°25'7.68"K 41° 2'17.16"D
CUKURTEPE 1941 39°25'11.28"K 41° 2'29.04"D
HACILAR 1444 39° 5'47.40"K 40°48'52.92"D
GOYNUK 1761 39° 9'2.52"K 40°53'54.96"D
YONCALIK 1936 39°20'8.16"K 41° 4'39.72"D
YONCALIK 1937 39°20'2.40"K 41° 4'46.92"D
YONCALIK 1938 39°20'4.20"K 41° 4'49.08"D
YONCALIK 1936 39°20'6.36"K 41° 4'45.48"D
HALIFAN 1694 39° 8'37.32"K 40°52'1.20"D
HALIFAN 1684 39° 8'31.20"K 40°51'55.80"D
HALIFAN 1728 39° 8'45.24"K 40°52'26.40"D
HALIFAN 1727 39° 8'44.88"K 40°52'26.04"D
HASANOVA 1961 39°10'19.92"K 41° 2'16.80"D
KARGAPAZARI 1963 39°18'46.08"K 41° 8'22.20"D
KARGAPAZAR) 1956 39°18'47.88"K 41° 8'18.96"D
KARGAPAZARI 1816 39°18'44.99"K 41° 5'52.61"D
KARGAPAZARI 1826 39°18'44.74"K 41° 5'56.26"D
KARGAPAZARI 1803 39°17'33.36"K 41° 4'27.48"D
KARGAPAZARI 1802 39°17'41.28"K 41° 4'23.16"D
ViRANSEHiR 1897 39°23'15.72"K 40°58'19.92"D
VIRANSEHIR 1894 39°23'15.00"K 40°58'19.56"D
KARLIOVA 1866 39°17'43.44"K 40°59'48.12"D
KARLIOVA 1857 39°17'43.08"K 40°59'43.08"D
KARLIOVA 1861 39°17'33.00"K 40°59'45.24"D
KARLIOVA 1863 39°17'33.72"K 40°59'48.48"D
KARLIOVA 1785 39°18'8.28"K 41°1'32.16"D
KARLIOVA 1786 m 39°18'10.44"K 41° 1'32.52"D
KARLIOVA 1788 m 39°18'6.48"K 41° 1'33.60"D
KARLIOVA 1793 m 39°18'2.16"K 41° 1'20.64"D
ORTAKOY 1967 m 39°24'6.84"K 40°53'16.44"D
ORTAKOY 1981 m 39°24'7.56"K 40°53'15.72"D
ORTAKOY 1955 m 39°23'50.28"K 40°53'32.64"D
ORTAKOY 1909 m 39°23'47.76"K 40°53'39.12"D
ORTAKOY 1931 m 39°23'52.44"K 40°53'35.16"D
ORTAKOY 1925 m 39°23'52.80"K 40°53'33.72"D
ORTAKOY 1929 m 39°23'54.96"K 40°53'33.72"D
ORTAKOY 1973 m 39°24'19.80"K 40°53'27.60"D
ORTAKOY 1971 m 39°24'21.24"K 40°53'25.80"D
ORTAKOY 1784 m 39°23'32.28"K 40°53'13.20"D

RESULTS

During field studies, 256 specimens belonging to 16 genera belonging to subfamilies Anomaloninae Viereck, 1918;
Banchinae Wesmael, 1845; Campopleginae Forster, 1869; Cremastinae Forster, 1869; Cryptinae Kirby, 1837;
Cylloceriinae Wahl, 1990; Ichneumoninae Latreille, 1802; Ophioninae Shuckard, 1840; Pimplinae Wesmael, 1845
and Tryphoninae Shuckard, 1840 were collected and 18 species were identified. Of these, Cremastus spectator
Gravenhorst, 1829 and Aritranis longicauda (Kriechbaumer, 1873) were determined to be new East Anatolia
Region. The species are listed below:

Anomaloninae Viereck, 1918

Anomalon cruentatum (Geoffroy, 1785) (Figure 3-1a).

Material examined: Goynik: 39° 9' 2.52" N, 40° 53' 54.96" E, 1761 m, 20.X.2022, 5 ?¢. Cukurtepe: 39° 25' 11.28"
N, 41° 2' 29.04" E, 1941 m, 06.X1.2022, 4 99. Halifan: 39° 8' 31.20" N, 40° 51' 55.80" E, 1684 m, 20.X1.2022, J, 9;
39° 8' 37.32" N, 40° 52' 1.20" E, 1694 m, 20.X1.2022, 2 Q; 39° 8' 44.88" N, 40° 52' 26.04" E, 1727 m, 20.X1.2022, 3
dd; 39° 8' 45.24" N, 40° 52' 26.40" E, 1728 m, 20.X1.2022, 2 JJ, Q. Virangehir: 39° 23' 15.00" N, 40° 58' 19.56" E,
1894 m, 02.VI1.2023, 5 3d, 2 9Q. Ortakdy: 39° 23' 47.76" N, 40° 53' 39.12" E, 1909 m, 26.VI1.2023, 2 99; 39° 23'
52.80" N, 40° 53' 33.72" E, 1925 m, 26.VII[.2023, 5 3J; 39° 23' 54.96" N, 40° 53' 33.72" E, 1929 m, 26.VII1.2023, 5
d3. Karhova: 39° 18' 2.16" N, 41° 1' 20.64" E, 1793 m, 23.1X.2023, 3 34, 5 9.

Distribution: Oriental and Palaearctic, known from Tiirkiye (Figure 3-1b,Table 2).
Associate plants: Anthriscus sylvestris (L.), Peucedanum oreoselinum (L) (Yu et al., 2016).
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Figure 3. a) Habitus, b) Distribution of Tiirkiye: 1) Anomalon cruentatum (Geoffroy, 1785); 2) Exetastes
adpressorius (Thunberg, 1822); 3) Lissonota (Loxonota) lineata Gravenhorst, 1829; 4) Lissonota
(Lissonota) pleuralis Brischke, 1880; 5) Campoletis crassicornis (Tschek, 1871); 6) Cremastus geminus
Gravenhorst, 1829; 7) C. spectator Gravenhorst, 1829; 8) Aritranis longicauda (Kriechbaumer, 1873); 9)
Cryptus viduatorius Fabricius, 1804; 10) Latibulus argiolus (Rossi, 1790); 11) Cylloceria melancholica
(Gravenhorst, 1820); 12) Spilichneumon occisorius (Fabricius, 1793); 13) Virgichneumon maculicauda
(Perkins, 1953); 14) Ophion mocsaryi Brauns, 1889; 15) Perithous septemcinctorius (Thunberg, 822); 16)
Netelia fuscicornis (Holmgren, 1860); 17) Tryphon thomsoni Roman, 1939; 18) 7. psilosagator Aubert,
1966.

Sekil 3. a) Habitus, b) Tiirkiye dagilislar:: 1) Anomalon cruentatum (Geoffroy, 1785); 2) Exetastes adpressorius
(Thunberg, 1822); 3) Lissonota (Loxonota) lineata Gravenhorst, 1829; 4) Lissonota (Lissonota) pleuralis
Brischke, 1850; 5) Campoletis crassicornis (Tschek, 1871); 6) Cremastus geminus Gravenhorst, 1829; 7)
C. spectator Gravenhorst, 1829; 8) Aritranis longicauda (Kriechbaumer, 1873); 9) Cryptus viduatorius
Fabricius, 1804; 10) Latibulus argiolus (Rossi, 1790); 11) Cylloceria melancholica (Gravenhorst, 1820);
12) Spilichneumon occisorius (Fabricius, 1793); 13) Virgichneumon maculicauda (Perkins, 1953); 14)
Ophion mocsaryi Brauns, 1889; 15) Perithous septemcinctorius (Thunberg, 822); 16) Netelia fuscicornis
(Holmgren, 1860); 17) Tryphon thomsoni Roman, 1939; 18) T. psilosagator Aubert, 1966

Banchinae Wesmael, 1845
Exetastes adpressorius (Thunberg, 1822) (Figure. 3-2a)

Material examined: Cukurtepe: 39° 24' 14.76" N, 41° 2' 5.64" E, 1881 m, 10.VI1.2022, 2 &, 2 9 Q. Goyniik: 39° 9'
2.52" N, 40° 53' 54.96" E, 1761 m, 20.X.2022, 2 9 9. Hacilar: 39° 5' 47.40" N, 40° 48' 52.92" E, 1444 m, 20.X.X.2022,
3 4. Karliova: 39° 17' 43.08" N, 40° 59' 43.08" E, 1857 m, 02.VI1.2023, &, 39° 17" 43.44" N, 40° 59' 48.12" E, 1866,
m, 02.VI1.2023, 4 33, 2 22.

Distribution: Nearctik and Palaearctic, known from Tiirkiye (Figure 3-2b,Table 2).
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Table 2. Provinces and references of collected species in Tirkiye

CJ'Ze]ge 2. Tiirkiye'deki tiirlerin dagl]lg E(')'sterdjgj iller ve J]éff]f referanslar

Taxa name Provinces

References

ANOMALONINAE VIERECK, 1918

Genus Anomalon Panzer, 1804

Anomalon cruentatum Adana,

Erzincan,

Hatay, Igdir, Isparta,

Tekirdag, Tunceli, Yozgat Zonguldak.

Adiyaman, Afyon, Ankara, Antalya,
Balikesir, Batman, Bayburt, Bingol, Bolu,
Canakklae, Denizli, Diyarbakir, Edirne, Elaz1g,
Erzurum, Gaziantep, Glmishane,
Istanbul,
Kahramanmaras, Kars, Kastamonu, Kayseri,
Kirklareli, Malatya Mardin, Mersin, Mugla,

Kohl, 1905; Sedivy, 1959; Kolarov, 1989; Kilinger, 1990; Onciier, 1991;
Yurtcan, Beyaslan & Kolarov, 1994; Kolarov, 1995, Kolarov, Beyarlan &
Yurtcan, 1997a; Kolarov, Yurtcan & Beyaslan, 2002; Gurbiiz, 2004;
Coruh, Ozbek & Kolarov, 2004; Akkaya, 2005; Kolarov & Giirbiiz, 2006;
Beyarslan, Yurtcan, Erdogan & Aydogdu, 2006; Okyar & Yurtcan, 2007;
Bolu, Ozdemir & Ozgen, 2007; Buncukeu, 2008; Kirtay, 2008; Giirbiiz,
Ljubomirov, Kolarov, Yurtcan, Tabur, Coruh & Buncuk¢u, 2008;
Giirbiiz, Aksoylar & Buncukcu, 2009a; Girbtiz, Kirtay & Birol, 2009b;
Ozdemir & Giiler, 2009; Hepdurgun, Turanh & Kaplan, 2009, Cikman,
Beyaslan & Yurtcan, 2009; Birol, 2010; Giirbiiz, Kolarov, Ozdan &
Tabur, 2011; Coruh, Kolarov & Ozbek, 2014b; Kolarov, Yildirim, Coruh
& Yiiksel, 2014; Kolarov, Coruh & Coruh, 2016; Coruh & Kolarov, 2016,
Ozdan & Giirbiiz, 2016; Kolarov, Coruh & Coruh, 2017; Ozek & Aver,
2017; Sari, 2017; Sar1 & Coruh, 2018; Ozdan & Giirbiiz, 2019; Kira¢ &
Girbitiz, 2020; Barik, 2022; Kaplan & Riedel, 2022; Dogru, 2022; Coruh,
Tezcan & Giilpergin, 2022b..

BANCHINAE WESMAEL, 1845

Genus Exetastes Gravenhorst, 1829

Exetastes adpressorius
Kirikkale, Kirgehir, Tunceli, Isparta.

Anadolu, Ankara, Bayburt, Erzurum, Isparta,

Fahringer, 1921; Aubert, 1978; Kolarov, 1995; Kolarov & Beyarslan,
1994b; Ozdemir, 1996; Pekel, 1999; Coruh et al., 2014b, Kolarov et al.,
2014, Coruh & Calmasgur, 2016; Coruh, Kolarov & Coruh, 2018; Ozdan
& Giirbiiz, 2019; Dogru, 2022; Coruh & Riedel, 2022; Birol, 2022.

Genus Lissonota (Loxonota) Aubert, 1993

Lissonota (Loxonota) lineata Anadolu, Diyarbakir, Erzurum,

Hatay, Osmaniye.

Erzincan,

Onciier, 1991; Kolarov, 1995; Akkaya, 2005; Giirbiiz et al., 2011; Coruh
& Coruh, 2012; Kolarov et al., 2017; Coruh & Riedel, 2022.

Genus Li ta (L ta) Gravenhorst, 1829

Lissonota (Lissonota) pleuralis

Bursa, Canakkale, Erzincan, Erzurum, Giresun.

Kolarov et al., 1997a, Kolarov et al., 1997b, Kolarov et al., 2017, Coruh
& Riedel, 2022.

CAMPOPLEGINAE FORSTER, 1869

Genus Campoletis Férster 1869

Campoletis crassicornis
Trabzon.

Adana, Burdur, Bursa, Erzurum, Giresun,

Kolarov &"Beyarslan, 1995; Coruh, Gturbuz, Kolarov, Yurtcan &
Buncukg¢u Ozdan, 2013, Coruh et al., 2018; Caylak, 2019, Caylak &
Coruh, 2020b; Kolarov, Coruh & Ercelep, 2021.

CREMASTINAE FORSTER, 1869

Genus Cremastus Gravenhorst, 1829

Cremastus geminus Anadolu, Erzurum, Kirklareli

Kolarov, 1997; Kolarov & Beyarslan, 1999; Ineciklioglu, 2022; Pekel &
Ozbek, 2000; Coruh et al., 2014b.

Cremastus spectator Isparta, Tekirdag

Kolarov, 1997; Giirbiiz, 2005; Ineciklioglu, 2022.

CRYPTINAE KIRBY, 1837

Genus Aritranis Forster 1869

Aritranis longicauda Isparta

Giirbiiz & Kolarov, 2008; Giirbiiz et al, 2009a,b; Ozdan, 2014; Coruh,
2019.

Genus Cryptus Fabricius 1804

Cryptus viduatorius I J
Igel, Isparta, Istanbul, Kirklareli, Rize

Bayburt, Bilecik, Bursa, Diyarbakir, Erzurum,

Kolarov, 1987; Onciier, 1991; Beyarslan & Kolarov, 1994; Kolarov, 1995,
Kolarov, 1987; Onciier, 1991; Beyarslan & Kolarov, 1994; Kolarov, 1995,
Kolarov et al., 1997a, Giirbiiz & Kolarov, 2008; Coruh & Coruh, 2008,
Giirbiiz et al., 2009a, Coruh & Coruh, 2012; Ozdan, 2014; Coruh et al.,
2014a,b Coruh et al., 2016, Kolarov et al., 2016, Sar1 & Coruh, 2018;
Coruh et al., 2018; Coruh, 2019; Yilmaz, 2020; Kaplan & Riedel, 2022;
Barik & Coruh, 2023a; Birol, 2022.

Genus Latibulus Gistel 1848

Latibulus argiolus

Amasya, Ankara, Bing6l, Erzurum, Erzincan,

Fahringer, 1922; Horstmann, 1986; Kolarov, 1995; Kolarov et al., 2014,

Konya Coruh et al., 2014b, Kolarov & Yurtcan, 2008, Kolarov & Calmasur,
2011; Coruh, 2019; Kaplan & Riedel, 2022.
CYLLOCERIINAE WAHL, 1990
Genus Cylloceria Schiedte, 1838
Cylloceria melancholica Ardahan Coruh, Ozbek & Kolarov, 2002; Coruh et al., 2014b.

SUBFAMILY ICHNEUMONINAE LATREILLE, 1802

Genus Spilichneumon Thomson, 1894

Spilichneumon occisorius Bolu, Eskisehir, Erzurum, Isparta, Kars,
Kayseri, Konya.

Ozdemir, 1996; Ozbek, Coruh & Kolarov, 2003; Ozdan, 2014; Riedel,
Coruh & Ozbek, 2010; Coruh, 2017; Riedel, Diller & Coruh, 2018; Birol,
2022.

Genus Virgichneumon Heinrich, 1977

Virgichneumon maculicauda Bayburt, Erzurum

Riedel et al., 2010; Coruh et al., 2011; Coruh et al., 2014b, Coruh, 2017

OPHIONINAE SHUCKARD, 1840

Genus Ophion Fabricius, 1798

Adana, Bayburt, Edirne, Erzurum, Isparta,
Mersin

Ophion mocsaryi

Kolarov, 1989; Kolarov et al., 2000; Kolarov & Giirbiiz, 2006; Coruh &
Coruh, 2008; Giirbiiz et al., 2009a, Altiparmak, 2010; Giirbtiz et al., 2011;
Coruh et al., 2014b, Ineciklioglu, 2022.

PIMPLINAE WESMAEL, 1845

Genus Cins Perithous Holmgren, 1859

Perithous septemcinctorius Erzurum, Isparta, Tunceli

Kolarov & Giirbiiz, 2004; Coruh & Kolarov, 2010; Kolarov et al., 2014;
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Coruh, 2016.

TRYPHONINAE SHUCKARD, 1840
Genus Netelia Gray 1860

Netelia fuscicornis Afyon, Adana, Ankara, Balikesir, Bayburt, Tolkanitz, 1981; Kohl, 1905; Delrio, 1975; Kolarov, 1987; Kolarov, 1994;
Burdur, Bursa, Cankiri, Edirne, Elazg, Onciier, 1991; Kolarov & Beyaslan, 1994b; Kolarov, 1995; Kolarov et al.,
Erzurum, Erzincan, Eskisehir, Izmir, 1997a; Kolarov, Ozbek & Yildirim, 1999; Ozdemir, 2001; Yurtcan et al.,
Isparta, Hatay, Kahramanmaras, Kayseri, 2002; Yurtcan et al., 2006, Giirbiiz & Kolarov, 2006; Beyarslan et al.,

Kirklareli, Kirsehir, Konya, Malatya, 2006; Kirtay, 2008; Eroglu et al., 2011; Yaman,"2014; Coruh & Calmasur,
Manisa, Nevsehir, Osmaniye, Tekirdag, 2016; Coruh, 2019; Yurtcan, Coruh, Kolarov, Ozdan, Girbiiz & Erkaya,
Tunceli, Van. 2021.

Genus Tryphon Fallén, 1813

Tryphon thomsoni Adiyaman, Afyon, Bayburt, Bingél, Cankiri, Kolarov & Beyarslan, 1994a; Kolarov et al., 1999; Coruh, Ozbek &
Denizli, Diyarbakir, Edirne, Erzincan, Kolarov, 2005, Yurtcan & Beyarslan, 2006; Gurbliz & Kolarov, 2006;
Erzurum, Giresu, Gumiushane, Isparta, Girbiiz et al., 2009a,b; Kolarov & Coruh, 2012; Yaman, 2014; Coruh et
Kahramanmaras, Kars, Kayseri, Kirklareli, al., 2014a,b, Kolarov et al., 2016; Coruh, 2019; ineciklioglu, 2022.
Malatya, Mugla, Sivas, Sanliurfa Usak.

Tryphon psilosagator Adana, Erzurum, Isparta, Igel . Kolarov & Beyarslan 1994a; Kolarov et al., 1999; Giirbiiz & Kolarov,
2006; Coruh et al., 2014b; Coruh, 2019.

Associate plants: Angelica sylvestris L., Chaerophyllum aromaticum L., C. bulbosum L., Chrysothamnus
nauseosus speciosus (Nutt.) H. M. Hall & Clem., Corylus avellana L., Daphne gnidium L., Daucus carota L.,
FEuphorbia segueriana Wall Art., Euphorbia virgata Waldst. & Kit., Ferula communis L., Fraxinus excelsior L.,
Heracleum sphondylium (Eltrot), Juniperus communis L., Pastinaca sativa L., Peucedanum oreoselinum (L.),
Phacelia sp., Prunus cerasifera Ehrh., Quercus sessiliflora Salisb., Reseda lutea L., Rubus idaeus L., Salsola
pestifer A Nelson, Thapsia villosa L. (Yu et al., 2016).

Lissonota (Loxonota) lineata Gravenhorst, 1829 (Figure 3-3a).

Material examined: Cukurtepe: 39° 24' 13.68" N, 41° 2' 10.68" E, 1874 m, 15.VI1.2022, 2 &&. Goyniik: 39° 9' 2.52"
N, 40° 53' 54.96" E, 1761 m, 20.X.2022, 2 3. Yoncalik: 39° 20' 4.20" N, 41° 4' 49.08" E, 1938 m, 15.X1.2022, 4 43,
2 9. Ortakdy: 39° 24' 7.56" N, 40° 53' 15.72" E, 1981 m, 02.VI1.2023, 3 &, Q. Viransehir: 39° 23' 15.72" N, 40°
58'19.92" E, 1897 m, 02.VI1.2023, 3 4.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-3b, Table 2).
Lissonota (Lissonota) pleuralis Brischke, 1880 (Figure 3-4a).

Material examined: Cukurtepe: 39° 24' 14.76" N, 41° 2' 5.64" E, 1881 m, 10.VI1.2022, 4 §&. Halifan: 39° 8' 31.20"
N, 40° 51' 55.80" E, 1684 m, 20.X1.2022, 2 34, 2 Q. Kargapazar: 39° 18' 47.88" N, 41° 8 18.96" E, 1956 m,
20.X1.2022, Q. Ortakoy: 39° 24' 21.24" N, 40° 53' 25.80" E, 1971 m, 26.VIII1.2023, 3 34, 2 22.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-4b, Table 2).

Associate plants: Anethum graveolens (Dill.), Chaerophyllum bulbosum L., Cirsium lanceolatum (L.), Daucus
carota sativus L., Epilobium angustifolium L., Fraxinus excelsiorL., Heracleum sphondylium (Eltrot), Pastinaca
graveolens (L.), Peucedanum oreoselinum (L.), Quercus sessiliflora Salisb. (Yu et al., 2016).

Campopleginae Foérster, 1869

Campoletis crassicornis (Tschek, 1871) (Figure 3-5a).

Material examined: Cukurtepe: 39° 24' 14.76" N, 41° 2' 5.64" E, 1881 m, 10.VI1.2022, 3 99. Halifan: 39° 8' 44.88"
N, 40° 52' 26.04" E, 1727 m, 20.X1.2022, 2 Q9.

Distribution: Europea and Palaearctic, known from Tiirkiye (Figure 3-5b, Table 2).
Associate plant: Peucedanum oreoselinum (L.) (Yu et al., 2016).
Cremastinae Forster, 1869

Cremastus geminus Gravenhorst, 1829 (Figure 3-6a).

Material examined: Halifan: 39° 8' 31.20" N, 40° 51' 55.80" E, 1684 m, 20.X1.2022, 2 9%.
Distribution: Palaearctic, known from Tiirkiye (Figure 3-6b, Table 2).

Associate plant: Peucedanum oreoselinum (L.) (Yu et al., 2016).

Cremastus spectator Gravenhorst, 1829 (Figure 3-7a)

Material examined: Hasanova: 39° 10' 19.92" N, 41° 2' 16.80" E, 1961 m, 20.X1.2022, 2 9 9. Ortakéy: 39° 24' 6.84"
N, 40° 53' 16.44" E, 1967 m, 02.VI1.2023, 4 33, 2 295 39° 24' 7.56" N, 40° 53' 15.72" E, 1981 m, 02.VI1.2023, 2 2Q;
39° 23' 32.28" N, 40° 53' 13.20" E, 1784 m, 26.VII1.2023, 3 3J.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-7b, Table 2).
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Associate plants: Heracleum sphondylium (Eltrot), Inonotus hispidus (Bull.) P. Karst. (Yu et al., 2016).
Remarks: Cremastus spectatoris new East Anatolia.

Cryptinae Kirby, 1837

Aritranis longicauda (Kriechbaumer, 1873) (Figure 3-8a)

Material examined: Hacilar: 39° 5' 47.40" N, 40° 48' 52.92" E, 1444 m, 20.X.2022, 3 3, 9. Hasanova: 39° 10' 19.92"
N, 41° 2' 16.80" E, 1961 m, 20.X1.2022, Q. Yoncalik: 39° 20' 8.16" N, 41° 4' 39.72" E, 1936 m, 15.X1.2022, &, 4 29.
Karliova: 39° 18' 6.48" N, 41° 1' 33.60" E, 1788 m, 02.VII.2023, &, 3 2 Q. Ortakoy: 39° 24' 6.84" N, 40° 53' 16.44" E,
1967 m, 02.VIL.2023, &, Q.

Distribution: Europea and Palaearctic, known from Tiirkiye (Figure 3-8b, Table 2).

Associate plants: Elymus sabulosus M. Bieb., Euphorbia segueriana Necker (Yu et al., 2016).
Remarks: Aritranis longicauda is new East Anatolia.
Cryptus viduatorius Fabricius, 1804 (Figure 3-9a)

Material examined: Géyniik: 39° 9' 2.52" N,40° 53' 54.96" E, 1761 m, 20.X.2022, 5 3J&. Cukurtepe: 39° 25' 6.96"
N,41° 2' 17.16" E, 1919 m, 06.X1.2022, 4 9¢. Halifan: 39° 8' 44.88" N,40° 52' 26.04" E, 1727 m, 20.X1.2022, 3, 2
Q2. Center: 39° 18' 8.28" N,41° 1' 32.16" E, 1785 m, 02.VI1.2023, 5 43, 3 Q. Ortakoy: 39° 23' 47.76" N,40° 53'
39.12" E, 1909 m, 26.VIIL.2023, 5 3J; 39° 23' 50.28" N,40° 53' 32.64" E, 1955 m, 26.VII1.2023, Q; 39° 24' 19.80" K,
40° 53' 27.60" E, 1973 m, 26.VIIL.2023, &, Q.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-9b, Table 2).

Associate plants: Anethum graveolens (Dill.), Angelica sylvestris L., Daucus carota L., Daucus carota sativus L.,
Fuphorbia nicaeensis All., Euphorbia virgata Waldst. & Kit., Ferula communis L., Heracleum sphondylium
(Eltrot), Medicago sativa L. Peucedanum oreoselinum (L.) (Yu et al., 2012).

Latibulus argiolus (Rossi, 1790) (Figure 3-10a)

Material examined: Cukurtepe: 39° 24' 13.68" K, 41° 2' 10.68" E, 1874 m, 15.VI1.2022, J. Karlova: 39° 18' 2.16"
K, 41° 1' 20.64" D, 1793 m, 23.1X.2023, 3 34.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-10b, Table 2).
Cylloceriinae Wahl, 1990
Cylloceria melancholica (Gravenhorst, 1820) (Figure 3-11a)

Material examined: Cukurtepe: 39° 24' 13.68" N, 41° 2' 10.68" E, 1874 m, 15.VI1.2022, &. Karhova: 39° 17' 33.00"
N, 40° 59' 45.24" E, 1861 m, 02.VI1.2023, 2 295 39° 17' 33.72" N, 40° 59' 48.48" E, 1863 m, 02.VI1.2023, 2 J43.

Distribution: Nearctic and Palaearctic, known from Tiirkiye (Figure 3-11b, Table 2).

Associate plants: Chaerophyllum aromaticum L., Heracleum sphondylium (Eltrot), Rubus idaeus L. (Yu et al.,
2016).

Remarks: Bingél is second locality for Cylloceria melancholica.
Ichneumoninae Latreille, 1802

Spilichneumon occisorius (Fabricius, 1793) (Figure 3-12a.)

Material examined: Yoncalik: 39° 20' 2.40" N, 41° 4' 46.92" E, 1937 m, 15.X1.2022, 2 995 39° 20' 4.20" N, 41° 4'
49.08" E, 1938 m, Q. Ortakdy: 39° 23' 52.44" N, 40° 53' 35.16" E, 1931 m, 26.VIL.2023, 2 4J; 39° 24' 21.24" N, 40°
53'25.80" E, 1971 m, 26.VII1.2023, 2 34, Q.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-12b, Table 2).

Associate plant: Daucus carota L., Deschampsia cespitosa (L) P. Beauv., Euphorbia virgata Waldst. & Kit.,
Heracleum sphondylium (Eltrot), Poa pratensis L. (Yu et al., 2016).

Virgichneumon maculicauda (Perkins, 1953) (Figure 3-13a)

Material examined: Kargapazary: 39° 17' 33.36" N, 41° 4' 27.48" E, 1803 m, 20.X1.2022, 3 JJ; 39° 18' 44.99" N, 41°
5'52.61" E, 1816 m, J; 39° 18' 44.74" N, 41° 5' 56.26" E, 1826 m, 3 ¢ ¢. Viransehir: 39° 23' 15.72" N, 40° 58' 19.92"
E, 1897 m, 02.VIL.2023, 4 99.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-13b, Table 2).
Remarks: Bingol province is third locality for Virgichneumon maculicauda.
Ophioninae Shuckard, 1840

Ophion mocsaryi Brauns, 1889 (Figure 3-14a)
Material examined: Cukurtepe: 39° 24' 14.76" N, 41° 2' 5.64" E, 1881 m, 10.VI1.2022, 2 99; 39° 24' 13.68" N, 41°
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2'10.68" E, 1874 m, 15.VI1.2022, 3 Q. Kargapazari: 39° 18' 46.08" N, 41° 8' 22.20" E, 1963 m, 20.X1.2023, 3 3J.
Distribution: Palaearctic, known from Tiirkiye (Figure 3-14b, Table 2).

Associate plants: Carum carvi L., Seseli libanotis (L) (Yu et al., 2016).

Pimplinae Wesmael, 1845

Perithous septemcinctorius (Thunberg, 1822) (Figure 3-15a)

Material examined: Kargapazari: 39° 17' 33.36" N, 41° 4' 27.48" E, 1803 m, 20.X1.2022, &; 39° 18' 44.99" N, 41° 5'
52.61" E, 1816 m, 20.X1.2022, 3 92. Karlhiova:39° 17' 33.00" N, 40° 59 '45.24" E, 1861 m, 02.VI1.2023, ¢; 39° 17'
33.72" N, 40° 59' 48.48" E, 02.VI1.2023, 1863 m, {; 39° 18' 8.28" N, 41° 1' 32.16" E, 1785, 02.VII.2023, 2 £J; 39°
18'10.44" N, 41° 1' 32.52" E, 1786 m, 02.VI1.2023, 2 9 9.

Distribution: Nearctic and Palaearctic, known from Tiirkiye (Figure 3-15 b,Table 2).

Associate plants: Ampelopsis hederacea DC., Carpinus sp., Chaerophyllum bulbosum L., Prunus domestica L.,
Prunus domestica insititia (L.), Pyrus communis L. (Yu et al., 2016).

Tryphoninae Shuckard, 1840

Netelia fuscicornis (Holmgren, 1860) (Figure 3-16a)

Material examined: Yoncalik: 39° 20' 8.16" N, 41° 4' 39.72" E, 1936 m, 15.X1.2022, 6 33, 2 295 39° 20' 2.40" N, 41°
4' 46.92" E, 1937 m, 15.X12022, 5 33, 2 295 39° 20' 4.20" N, 41° 4' 49.08" E, 1938 m, 15.X1.2022, 3 22. Karlova:
39°17'43.08"N, 40° 59'43.08" E, 1857 m, 02.X11.2023,4 99;39° 17' 33.00" N, 40° 59 '45.24" E, 1861 m, 02.VII.2023,
4 335 39° 17" 33.72" N, 40° 59' 48.48" E, 1863 m, 02.VI1.2023, 3 385 39° 17' 43.44" N, 40° 59' 48.12" E, 1866 m,
02.VI1.2023, Q.

Distribution: Oriental and Palaearctic, known from Tiirkiye (Figure 3-16b, Table 2).

Tryphon thomsoni Roman, 1939 (Figure 3-17a)

Material examined: Cukurtepe: 39° 25' 11.28" N, 41° 2'2 9.04" E, 1941 m, 06.X1.2022, 2 §9; 39° 24' 14.76" N, 41°
2' 5.64" E, 1881 m, 10.VI1.2022, 3 435 39° 24' 13.68" N, 41° 2' 10.68" E, 1874 m, 15.VI1.2022, 2 9 9. Ortakoy: 39°
24' 6.84" N, 40° 53' 16.44" E, 1967 m, 02.VI1.2023, 2 §9; 39°23'47.76" N, 40° 53' 39.12" E, 1909 m, 26.VII1.2023,
2 99, 39°23'52. 44" N, 40° 53' 35.16" E, 1931 m, 26.VII1.2023, 4 3J.

Distribution: Palaearctic, known from Tiirkiye (Figure 3-17b, Table 2).
Associate plant: Peucedanum oreoselinum (L.) (Yu et al., 2016).
Tryphon psilosagator Aubert, 1966 (Figure 3-18a)

Material examined: Cukurtepe: 39° 24' 14.76" N, 41° 2' 5.64" E, 1881 m, 10.VI1.2022, 2 93 39° 25' 11.28" N, 41° 2'
29.04" E, 1941, 06.X1.2022, 2 29; Hacilar: 39° 5' 47.40" N, 40° 48' 52.92" E, 1444 m, 20.X.2022, 4. Halifan: 39° 8'
45.24" N, 40° 52' 26.40" E, 1728 m, 20.X1.2022, J; Ortakoy: 39° 23' 47.76" N, 40° 53' 39.12" E, 1909 m, 26.VIII.2023,
299;

Distribution: Palaearctic, known from Tiirkiye (Figure 3-18b, Table 2).

DISCUSSION

The Ichneumonidae within the Hymenoptera order holds an important place in terms of species diversity. The
main reason for this importance is that many species are evaluated as biological control agencies. In the "Turkish
Ichneumonidae Catalogue," where Ichneumonids have been evaluated over many years, 393 species are listed
under 19 subfamilies with their initial details. (Kolarov, 1995).

The work carried out over the past 29 years initially gained momentum in the Thrace, Eastern Anatolia, and
Mediterranean regions, and later spread throughout Tirkiye. Today, it has been found that the number of
Ichneumonidae species is approximately 1,500 (Barik & Coruh, 2023a).

548 ichneumonid species belonging to 158 genera from 20 subfamilies have been recorded so far from the study
area (Figure 4), which includes the region where most of the studies in Tiirkiye have been carried out and where
the study carried out , while 316 species have been considered as new records for in country (Barik, 2022).

The study aimed to detect the Ichneumonidae fauna of Karliova district of Bingdl province. Field studies were
carried out especially between 2022 and 2023. Karliova district was determined as the sample locality area of the
study, and samples were collected from varying altitudes of the district in different months. A total of 256 samples
from 16 genus belonging to different subfamilies were obtained, and their identification results were determined
to belong to 18 species (Table 3).
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Table 3. Data of collected species
Cizelge 3. Toplanan tiirlere ait veriler

Data of collected species: Individual numbers (IN), vertical distribution (VD), seasonal dynamics (SD), geographical regions
(GR), zoogeographical regions (ZR), first record of Tiirkiye (FTR)

Vertical distribution (VD) (meter): A: 1251-1500 , B: 1501-1750 , C: 1751-2000 . Seasonal dynamics (SD):, JI: July, Aug: August, S: September,
O: October, N: November. Geographical regions (GR): AR: Aegean Region, BSR: Black Sea Region, CAR: Central Anatolia Region, EAR:
Eastern Anatolia Region, MR: Marmara Region, MtR: Mediterranean Region, SAR: Southeastern Anatolia. Zoogeographical regions (ZR):

FAMILY ICHNEUMONIDAE LATREILLE, 1802
ANOMALONINAE VIERECK, 1918
Genus Anomalon Panzer, 1804

Anomalon cruentatum 46 B,C Jl, Aug, AR, BSR, CAR, ORR,P Kohl, 1905
S, 0, N EAR, MR, MtR,
SAR

BANCHINAE WESMAEL, 1845
Genus Exetastes Gravenhorst, 1829

FExetastes adpressorius 16 AC J1, O BSR, CAR, HOL Fahringer, 1921
EAR, MR, MtR
Genus Lissonota (Loxonota) Aubert, 1993
Lissonota (Loxonota) lineata 17 C JI, O, N EAR, MtR, SAR P Onciier, 1991
Genus Lissonota (Lissonota) ) Gravenhorst 1829
Lissonota (Lissonota) pleuralis 14 B, C Jl, Aug, BSR, EAR, MR P Kolarov et al. 1997a
N

CAMPOPLEGINAE FORSTER, 1869

Genus Campoletis Forster, 1869

Campoletis crassicornis 5 B, C JI, N BSR, EAR, E,P Kolarov & Beyarslan, 1995
MtR, MR

CREMASTINAE FORSTER, 1869
Genus Cremastus Gravenhorst, 1829

Cremastus geminus 2 B N EAR, MR P Kolarov, 1997
Cremastus spectator 13 C Jl, Aug, MR, MtR P Kolarov, 1997
N

CRYPTINAE KIRBY, 1837
Genus Aritranis Forster, 1869

Aritranis longicauda 17 A, C JI,O,N MtR E, P Girbiuz & Kolarov, 2008
Genus Cryptus Fabricius 1804
Cryptus viduatorius 28 C Jl, Aug, BSR, EAR, MR, P Kolarov, 1987

O, N MtR

Genus: Latibulus Gistel, 1848

Latibulus argiolus 3 C JL, O CAR, EAR P Fahringer, 1922

CYLLOCERIINAE WAHL, 1990

Genus Cylloceria Schigdte, 1838

Cylloceria melancholica 5 C J1 EAR HOL Coruh et al., 2002

ICHNEUMONINAE LATREILLE, 1802

Genus Spilichneumon Thomson, 1894

Spilichneumon occisorius 8 C Aug, N BSR ,CAR, P Ozdemir, 1996
EAR, MtR

Genus Virgichneumon Heinrich, 1977

Virgichneumon maculicauda 11 C JI, N EAR P Riedel et al., 2010

OPHIONINAE SHUCKARD, 1840

Genus Ophion Fabricius 1798

Ophion mocsaryi 8 C JI, N BSR, EAR, MR, P Kolarov, 1989
MtR

PIMPLINAE WESMAEL, 1845

Genus Perithous Holmgren, 1859

Perithous septemcinctorius 10 C JI, N EAR, MtR HOL Kolarov & Giirbiiz, 2004
TRYPHONINAE SHUCKARD, 1840

Genus Netelia Gray 1860

Netelia fuscicornis 30 A, B, JLN AR, BSR, CAR, ORR,P Tolkanitz, 1981
C EAR, MR, MtR
Genus Tryphon Fallén, 1813
Tryphon thomsoni 15 C Jl, Aug, BSR, EAR, MR, P Kolarov & Beyarslan, 1994
N MtR, SAR
Tryphon psilosagator 8 A, C Au, O, N AR, EAR, MtR P Kolarov & Beyarslan, 1994

E: Europe, HOL: Holarctic, ORR: Oriental, P: Palearctic.
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When Table 2 is evaluated, it 1s understood that out of 10 different subfamilies, 46 samples from Anomaloninae
(1 species), 47 samples from Banchinae (3 species), 5 samples from Campopleginae (1 species), 15 samples from
Cremastinae (2 species), 48 samples from Cryptinae (3 species), 5 samples from Cylloceriinae (1 species), 19
samples from Ichneumoninae (2 species), 8 samples from Ophioninae (1 species), 10 samples from Pimplinae (1
species) and 53 samples from Tryphoninae (3 species) are available (Figure 5).

Figure 4. Map of region
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Figure 5. Distribution of species according to subfamilies.
Sekil 6. Altfamilyalara gore tiirlerin dagilim.

Faunistic and systematic studies on Ichneumonidae in Bingdl province are limited. A thesis study included the
province of Bingél, and while three species were recorded from this province (Coruh and Ozbek, 2008). While
Kaplan and Riedel (2022) recorded 35 ichneumonidae species from this province, in another study, nine species
were reported from Bingol (Kaplan, 2023). Along with the number of species, a large number of individuals were
also collected in these studies.

When we look at the density of the samples obtained, we see that Tryphoninae makes up 20.7% of the total number
of samples with 53 individuals, Cryptinae makes up 18.5% with 48 individuals, Banchinae makes up 18.1% with
47 individuals, and Anomaloninae makes up 17% with 46 individuals (Figure 6).

When the collected samples are evaluated in terms of the number of individuals, Anomalon cruentatum (46
individuals), Netelia fuscicornis (30 individuals), and Cryptus viduatorius (28 individuals) are common in the
region, while Cremastus geminus (two individuals) was the least common species.

The samples were collected from distances between 1250 m and 2000 m. There are four species in the altitude
range of 1250-1500 m, five species in the altitude range of 1501-1750 m, and 17 species in the altitude range of
1751-2000 m. Most of the collected samples were taken from an altitude of 1751-2000 meters, while the fewest
samples were taken from an altitude of 1250-1500 meters (Figure 7a). This situation has resulted in an outcome
parallel to the frequency of visits to the examined areas.

While the samples that made up the study were collected mainly in July, August, September, October and
November, it was considered interesting that so many samples were collected in November. While this situation is
directly proportional to the preferred months of visit, the most samples were collected in November and the fewest
samples were collected in September (Figure 7b, 8).
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Figure 6. Distribution on subfamily according to individual numbers.
Sekil 6. Birey sayilarina gore altfamilya dagilimi.
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Figure 7. Distribution of species: a) according to altitude, b) according to months.
Sekil 7. Tiirlerin dagilisi’ a) rakima gore, b) aylara gore.
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Figure 8. Difference between altitudes according to the chi-square test.
Sekil 8. Chi-square testine gore rakimlar arasindaki fark.
Observed N Expected N Residual
July 15 8,8 6,2
August 6 8,8 -2,8
September 8,8 -7,8
October 7 8,8 -1,8
November 15 8,8 6,2
Total 44
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Test Statistics
Months
Chi-Square 16,9092
df 4
Asymp. Sig. 0,002

a. 0 cells (0,0%) have expected frequencies less than 5. The minimum expected cell frequency is 8,8.

The localities where the collected samples were previously collected in Turkiye were determined. Accordingly;
while 16 of the species that constitute the studies were previously recorded from Eastern Anatolia Region, 13 were
collected from Mediterranean Region and 10 from Marmara Region. This situation is directly proportional to the
density of the regions studied. The regions where the species were least distributed were Southeastern Anatolia
Region and Aegean Region, with three species each (Figure 9a). When examined on a provincial basis, it was also
analyzed that the samples were previously obtained from 58 different provinces, and that Erzurum, Isparta,
Ankara and Adana were the provinces where the most samples were obtained.

The zoogeographic distribution of the species constituting the study was also attempted to be analysed. Fifteen
species in Palaerctic Region and three in Holarctic Region. It is also determined that the European and Oriental
Regions host only two species (Figure 9b).
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Figure 9. Distribution of species: a) according to geographic regions, b) according to zoogeographical regions.
Sekil 9. Tiirlerin dagilis: a) cografik bolgelere gore, b) zoocogratik bolgelere gore.
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Figure 10. Difference between geographic regions to the chi-square test.
Sekil 10. Chi-square testine gore coografik bolgeler arasindaki fark
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