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ABSTRACT Biochemistry
Anthemis pauciloba Boiss. var. pauciloba is one of four recognized
varieties in Turkiye, locally known as “bol papatya.” Its flowers are Research Article

traditionally used as a cold infusion to treat asthma. The aim of the
research was to determine the chemical composition of essential oil (EO)
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of A. pauciloba var. pauciloba aerial parts obtained by hydrodistillation Received 129.12.2024
using a Clevenger-type apparatus, examined by GC-FID, and GC-MS, Accepted 1 17.04.2025
simultaneously. The EO was evaluated for antibacterial and antifungal

activities against microbial strains utilizing the broth-microdilution Keywords

technique. a-Thujone (28.7%), a-pinene (26.7%), and Athujone (9.0%) Anthemis pauciloba var.
were found as the main constituents of EO. The antimicrobial activity pauciloba

(Minimum Inhibitory Concentration) against gram-negative, gram- Asteraceae

positive, and yeast was observed by the essential oil. The essential oil FEssential o1l

demonstrated the highest antimicrobial activity against Candida krusei
(MIC: 1.25 mg/mL). The antimicrobial activity of the essential oil from
the aerial parts of A. pauciloba var. pauciloba was evaluated for the first
time in this study.

Antimicrobial activity

Turkiye'den Anthemis pauciloba Boiss. var. paucilobanin Ucucu Yagimin Kimyasal Bilegimi ve
Antimikrobiyal Etkisi

OZET Biyokimya

Anthemis pauciloba Boiss. var. pauciloba, Turkiye'de tanimlanan dort

varyeteden biridir ve halk arasinda “bol papatya” olarak bilinmektedir. Aragtirma Makalesi
Bitkinin  c¢icekleri, astim tedavisinde soguk cay seklinde

kullanilmaktadir. Aragtirmanin amaci, A. pauciloba var. pauciloba‘’nmn Makale Tarihgesi

toprak ustii kisimlarindan Clevenger tipi aparat kullanilarak Gelig Tarihi  :29.12.2024
hidrodistilasyon yoéntemiyle elde edilen ucucu yagin (EO) kimyasal Kabul Tarihi :17.04.2025

bilesimini belirlemektir. Ugucu yagin bilegenleri, GC-FID ve GC-MS
teknikleriyle eszamanli olarak analiz edilmistir. Ucgucu yaginmin

Anahtar Kelimeler

mikrobiyal suslara karsi antibakteriyel ve antifungal aktivitesini Anthemis pauciloba var.
mikrodiliisyon teknigi kullanarak degerlendirmigtir. Ugucu yagin ana pauciloba

bilesikleri olarak a-tuyon (%28.7), apinen (%26.7) ve Atuyon (%9.0) Asteraceae

bulunmustur. Gram-negatif, gram-pozitif ve mayaya kars: Ucucu yag

antimikrobiyal  aktivite (Minimum Inhibitér = Konsantrasyon) Antimikrobiyal aktivite

degerlendirilmistir. Ucucu yag, Candida kruserye karsi en yiliksek
antimikrobiyal aktiviteyi gostermistir (MIK: 1.25 mg/mL). Bu ¢alismada,
A. pauciloba var. paucilobanin toprak usti kisimlarindan elde edilen
ugucu yagin antimikrobiyal aktivitesi ilk kez degerlendirilmistir.
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INTRODUCTION

Anthemis L. belongs to the Asteraceae family, tribe Anthemideae, and is the second largest genus in the family,
with more than 210 species. It is distributed widely across Europe, Southwest Asia, and North and East Africa
(Hamzaogulu et al., 2011; Ozbek et al., 2021).

Anthemisincludes 51 species and 81 taxa in Tiirkiye (Davis, 1975; Giiner et al., 2000). Anthemis species are known
to have various biological activities, and they are commonly used in folk medicine. Essential oil from Anthemis
nobilis flowers is commonly used for pharmaceuticals, and it is also an important source of oil in food additives,
cosmetics, and aromatics. Some Anthemis species essential oils possess anti-ageing activity and antioxidants
(Sarogluo et al., 2006). Species belonging to Anthemis genus are commonly referred to as “Papatya” in Tiirkiye.
Papatya is a popular name given to plants whose flowers resemble those of German and Roman chamomile
(Orlando et al., 2019).

A. pauciloba Boiss. is represented by four varieties in Turkiye, and var. pauciloba known local name “bol papatya”,
and the flowers of the plant are used as cold tea in the treatment of asthma (Melikoglu et al., 2015; Bizim Bitkiler,
2024). A. pauciloba is an erect or rarely decumbent herb. Stems are simple or commonly branched near the base,
(15-)30-45 cm. Leaves are variable in dissection; basal leaves are petiolate, and + ovate in outline, and upper leaves
are cuneate-spathulate. Capitula is radiate or discoid. Ligules, when present yellow (Davis, 1975).

Anthemis pauciloba var. pauciloba is characterized by simple stems or stems branched near the base, with basal
leaves ranging from linear-oblanceolate to linear-obovate, typically bearing 3 or 7 pairs of lateral lobes. This variety
has been recorded in various regions of Turkiye, particularly in mountainous and steppe ecosystems. Notable
collection sites include Manisa, Isparta, Antalya, Gaziantep, Sanliurfa, and Mardin, indicating a broad ecological
distribution. The presence of this taxon across diverse habitats, including limestone rocky valleys, macchie
clearings, and steppe environments, underscores its adaptability to varying climatic and edaphic conditions (Davis,
1975).

Phytochemical studies on various Anthemis species have revealed significant variations in essential oil (EO)
composition due to factors such as geographic location, genetic differences, and extraction methods. For instance,
the major components of A. pauciloba var. microstephana were identified as a-pinene (62.0%), 1,8-cineole (11.6%),
and a-caryophyllene alcohol (8.0%), while A. pauciloba var. sieheana contained 1,8-cineole (8.27%) and B-pinene
(4.97%) (Kiirkctioglu et al., 2009; Keskin et al., 2017). Studies on A. pauciloba var. pauciloba have shown variations
in major constituents, with camphor (36.7%), camphene (13.9%), and a-pinene (13.6%) in one report, while another
study found a-thujone (28.7%), a-pinene (26.7%), and fthujone (9.0%) as dominant compounds (Kiirkciioglu et al.,
2009). Such differences highlight the influence of environmental and ecological factors on EO composition.

Among these constituents, thujone -a monoterpene ketone- is particularly notable due to its neurotoxic and
bioactive properties, including potential anticancer effects (Pelkonen et al., 2013; Radulovié et al., 2017). a-Thujone
has also been reported as a primary compound in other Anthemis species, such as A. carpatica (40.2%), A. montana,
and A. cretica ssp. carpatica (Bulatovic et al., 1997; Pavlovic et al., 2010), as well as in plants from related genera
like Artemisia and Salvia (Pelkonen et al., 2013). In addition to their diverse chemical compositions, various
Anthemis species have been reported to exhibit significant antimicrobial and anti-inflammatory properties
(Radulovié et al., 2017; Zamboriné et al., 2020), which further underscores their pharmacological potential. These
findings emphasize the phytochemical diversity within the Anthemis genus and the need for further investigation
into the chemical composition and biological effects of their essential oils.

The aim of this study was to determine the chemical composition of the essential oil obtained from the aerial parts
of Anthemis pauciloba var. pauciloba, and to evaluate its antibacterial and antifungal activities against selected
microorganisms. To the best of knowledge, this is the first study to investigate both the antimicrobial potential of
this species.

MATERIALS and METHODS
Plant Material

The aerial parts of Anthemis pauciloba var. pauciloba were collected on 26 June 2014 during the flowering stage,
with all specimens bearing fully developed flowers. The plant material was gathered from a stony area near Kilan
village, located in Ulukigla district, Nigde province, Turkiye, at an altitude of 1390 meters. The collection was
carried out by Siilleyman Dogu, and a voucher specimen was deposited in the Herbarium of the Department of
Biology, Necmettin Erbakan University (Herbarium number: S.D. 3560).

After collecting, the aerial parts were transported to the laboratory in paper bags, dried in a dry, shaded, well-
ventilated room at ambient temperature, and subsequently ground into powder. The powdered samples were then
placed in airtight zip-lock bags, the air was removed, and the bags were stored at +4 °C until further analysis.
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Extraction

The essential oil was obtained by hydrodistillation using a Clevenger-type apparatus for 3h. EO of Anthemis
pauciloba var. pauciloba and examined by GC-FID and GC-MS, simultaneously.

Gas chromatography (GC) and gas chromatography—mass spectrometry (GC/MS)

Anthemis pauciloba var. pauciloba essential oil was analysed by GC using a Hewlett-Packard 6890 (Sem Ltd.,
Istanbul, Turkey) system, and an HP Innowax FSC column (60 m x 0.25 mm @, with 0.25 pm film thickness) was
used with nitrogen at 1 ml/min. The initial oven temperature was 60 °C for 10 min, and increased at 4 °C/min to
220 °C, then remained constant at 220 °C for 10 min and increased at 1 °C/min to 240 °C. Injector temperature
was set at 250 °C. Percentage composition of the individual components was obtained from electronic integration
using flame ionization detection (FID) at 250 °C. n-Alkanes were used as reference points in the calculation of
relative retention indices (RRI).

GC/MS analysis was performed with a Hewlett-Packard GCD (Sem Ltd., Istanbul, Turkey), system, and Innowax
FSC column (60 m x 0.25 mm, 0.25 pm film thickness) was used with helium. GC oven temperature conditions
were as described above, split flow was adjusted at 50 ml/min, and the injector temperature was at 250 °C. Mass
spectra were recorded at 70 eV. Mass range was from m/z 35 to 425 (Demirci et al., 2008).

Components of Essential Qil Identification

The volatile components were identified by comparing their relative retention times (RRI) to those of authentic
samples or by comparing their relative retention index to a series of n-alkanes. For identification, an in-house
(Library’s Baser) and computer matching against commercial databases (Library’s MassFinder software 4.0 and
Wiley GC/MS Library (Wiley, NY, USA) were built up, from actual components of known essential oil was
employed (Demirci et al., 2022).

Microbial Cultures

The test organisms used in the study were as follows: Staphylococcus aureus American Type Culture Collection
(ATCC) 6538, Salmonella Tymphirium ATCC 14028, Staphylococcus aureus ATCC 700699, Escherichia coli
Northern Regional Research Laboratory (NRRL) B-3008, Candida albicans ATCC 90028, and Candida krusei
ATCC 6258.

Antimicrobial Activity

The microdilution broth susceptibility assay was tested for the antibacterial and antifungal evaluation of the EO
of A. pauciloba var. pauciloba aerial parts. Stock solutions of the EO were prepared in dimethylsulfoxide (DMSO)
and sterile distilled water. Overnight-grown microorganism suspensions in MHA (for bacteria) and Candida
albicans yeast suspension in yeast medium (for fungus) were standardized to 108 CFU/mL. The wells were then
filled with 100 pL of each culture suspension. The final row, which was devoid of microbes, served as a sterility
control. In another row, the microbe and MHA medium were used as a growth control. The minimum inhibitory
concentration (MIC, mg/mL) was obtained after a 24-hour incubation at 37°C. 20 uL of resazurin (Sigma) reagent
was put on plates for visualization and incubated at 37°C for 3 hours. Ketoconazole (Fluka), itraconazole (FAGEM),
Fluconazole (FAGEM), and ciprofloxacin (Merck), ampicillin (Sigma) were used as standard components (CLSI,
2006; Saltan et al., 2018). All experiments were repeated three times, and average MICs are presented in Table 2.

Statistical analysis

GraphPad Prism Software Version 9.0 was used for data analysis to evaluate differences in results between the
experimental and standard groups. The findings are displayed as the average + standard deviation (S.D.).

RESULTS and DISCUSSION
Essential Oil Yield and Composition

The present research aimed the identifying the volatile components of A. pauciloba var. pauciloba aerial parts. The
essential oil was subjected to hydrodistillation to obtain it, and it was analyzed by both GC-FID and GC-MS
simultaneously. The volatile components of the essential oil were listed in Table 1. The essential oil’s yield was
determined to be 0.15%.

A total of 85 volatile components were determined in the EO’s composition of A. pauciloba var. pauciloba aerial
parts, representing 94.7% of the total EO. The components of EO were grouped into six main chemical classes:
oxygenated monoterpenes, monoterpene hydrocarbons, oxygenated sesquiterpenes, sesquiterpene hydrocarbons,
fatty acids, and others. The essential oil of A. pauciloba var. pauciloba was defined by a high concentration of
oxygenated monoterpenes (45.4%) and monoterpene hydrocarbons (30%). The essential oil was identified major
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components as athujone (28.7%), a-pinene (26.7%) and #thujone (9.0%), respectively.

Table 1. The chemical composition of the essential oil of Anthemis pauciloba var. pauciloba
Cizelge 1. Anthemis pauciloba var. pauciloba u¢ucu yaginin kimyasal kompozisyonu

RRI= KIPb Compound % Identification method
1032 1008-1039¢ a-Pinene 26.7 tr, MS
1035 1012-1039¢ a-Thujene 0.3 tr, MS
1076 1043-1086¢ Camphene 0.1 tr, MS
1118 1085-1130¢ G-Pinene 1.1 tr, MS
1132 1098-1140¢ Sabinene tr tr, MS
1135 1109-1137¢ Thuja-2,4(10)-diene 0.4 MS
1151 1122-1169¢ &3-Carene 0.1 MS
1188 1154-1195¢ a‘Terpinene 0.1 tr, MS
1213 1186-1231¢ 1,8-Cineole 0.2 tr, MS
1224 12244 o-Mentha-1(7)5,8-triene 0.1 MS
1255 1222-1266¢ y'Terpinene 0.2 tr, MS
1278 1244-1279c¢ mCymene 0.1 MS
1280 1246-1291¢ pCymene 0.8 tr, MS
1285 1277-13174 Isoamyl isovalerate 0.1 MS
1400 1370-1414¢ Nonanal tr MS
1430 1385-1441¢ a‘Thujone 28.7 MS
1451 1400-1452¢ G Thujone 9.0 MS
1466 1438-1480¢ a-Cubebene tr MS
1497 1462-1522¢ a-Copaene 1.7 MS
1499 1486-1500¢ a-Campholene aldehyde 1.0 MS
1535 1496-1546¢ £-Bourbonene 0.4 MS
1536 1504-1548¢ Pinocamphone 0.2 tr, MS
1586 1545-1590¢ Pinocarvone 0.4 tr, MS
1611 1564-1630¢ Terpinen-4-ol 0.5 tr, MS
1612 1570-1685¢ B-Caryophyllene 0.4 tr, MS
1628 1583-1668¢ Aromadendrene 0.1 MS
1648 1597-1648¢ Myrtenal 0.8 MS
1663 1647-1668¢ cis-Verbenol 0.2 MS
1670 1643-1671¢ trans-Pinocarveol 0.6 tr, MS
1683 1665-1691¢ trans-Verbenol 1.1 tr, MS
1687 1637-1689¢ a-Humulene 0.1 tr, MS
1704 1655-1714¢ y-Muurolene 0.5 MS
1725 1696-1735¢ Verbenone 0.3 tr, MS
1773 1722-1774¢ 6-Cadinene 0.5 MS
1776 1735-1782¢ y- Cadinene 0.2 MS
1804 1743-1808¢ Myrtenol 0.2 MS
1830 1782-18334 Tridecanal tr MS
1838 1789-1842¢ (E)-6-Damascenone tr MS
1845 1805-1850¢ trans-Carveol 0.4 tr, MS
1849 1836-1837f Calamenene 0.1 MS
1864 1813-1865¢ pCymen-8-o0l 0.1 MS
1929 19294 2-Methyl butyl benzoate 0.1 MS
1941 1893-1941¢ a-Calacorene 0.1 MS
1981 1916-1993c Heptanoic acid 0.1 tr, MS
2008 1936-2023¢ Caryophyllene oxide 1.3 tr, MS
2037 2016-2043¢ Salvial-4(14)-en-1-one 0.3 MS
2041 1980-2060¢ Pentadecanal 0.2 MS
2057 2014-2062¢ Ledol 0.2 MS
2071 2003-2071¢ Humulene epoxide II 0.2 MS
2080 2052¢ Junenol 0.1 MS
2084 2011-2089¢ Octanoic acid 0.1 tr, MS
2098 2049-2104¢ Globulol 0.2 MS
2100 2100f Heneicosane 0.1 tr, MS
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2130 21304 Salviadienol 0.1 MS
2131 2089-21314 Hexahydrofarnesyl acetone 1.4 MS
2144 2074-2150¢ Spathulanol 2.4 MS
2178 2134-21914d T-Cadinol 0.2 MS
2179 nor-Copaonone 0.2 MS
2198 2100-2205¢ Thymol 0.4 tr, MS
2209 2143-22304 T-Muurolol 0.1 MS
2210 Copaborneol 0.2 MS
2219 2142-22194 Torreyol 0.1 MS
2239 2140-2246¢ Carvacrol 0.2 tr, MS
2247 2241-22474 trans-a-Bergamotol 0.2 MS
2250 2186-2250¢ a-Eudesmol 0.9 MS
2255 2180-2255¢ a-Cadinol 0.3 MS
22178 2231-2278d Torilenol 0.3 MS
2289 4-oxo a-Ylangene 0.2 MS
2298 2227-2301¢ Decanoic acid 0.1 tr, MS
2300 2300¢ Tricosane 0.7 tr, MS
2312 9-Geranyl- p-cymene 0.9 MS
2316 2316-23204 Caryophylladienol I 0.1 MS
2329 14-Acetoxy-a-humulene 0.1 MS
2369 2351-2402¢ Eudesma-4(15)7-dien-1-6-0l 0.3 MS
2389 Caryophyllenol I 0.2 MS
2392 Caryophyllenol II 0.3 MS
2400 2339-2421¢ Undecanoic acid 0.3 tr, MS
2430 2334-2452¢ Chamazulene 0.1 tr, MS
2500 2500¢ Pentacosane 0.1 tr, MS
2503 2442-2524¢ Dodecanoic acid 0.3 tr, MS
2617 2573-2678¢ Tridecanoic acid 0.2 tr, MS
2670 2634-2719¢ Tetradecanoic acid 0.5 tr, MS
2700 2700¢ Heptacosane 0.2 tr, MS
2900 2900¢ Nonacosane tr tr, MS
2931 2862-2945¢ Hexadecanoic acid 2.2 tr, MS

Monoterpene hydrocarbons 30
Oxygenated monoterpenes 45.4
Sesquiterpene hydrocarbons 4.1
Oxygenated sesquiterpenes 10
Fatty acid 3.8
Others 1.3
Yield (%) 0.15
Total 94.6

aRRI: Relative retention indices calculated against m-alkanes; PKI from literature (¢ & e f), cBabushok et al., 2011; ‘Pubchem,
2024; eNIST Chemistry WebBook, 2024; fThe Pherobase, 2024; tr: Identification based on the retention times of genuine
compounds on the HP Innowax FSC column; MS: Tentative identification on the basis of computer matching of the mass spectra
with those of the Wiley and MassFinder libraries and comparison with literature data. tr: Trace (<0.1 %);,%: calculated from
FID data.

The oil of A. pauciloba var. pauciloba was characterized by a high number of oxygenated monoterpenes and
monoterpene hydrocarbons. The major components of EO were determined as a-thujone, a-pinene, and #thujone.

In an earlier study, Kiirkciioglu et al. (2009) reported that essential oils of A. pauciloba var. microstephana and A.
pauciloba var. pauciloba were obtained from the aerial parts by two techniques, hydrodistillation in a Clevenger-
type apparatus and microdistillation using an Eppendorf MicroDistiller®. Major components of the oil of A.
paucilobavar. microstephana were found as a-pinene (20.1%), acaryophyllene alcohol (8.0%) and a-pinene (62.0%),
1,8-cineole (11.6%), respectively. Major components of the volatiles of A. pauciloba var. pauciloba were found as
camphor (36.7%), camphene (13.9%), a-pinene (13.6%), guaiol (16.8%), B-bisabolenal (8.6%), and spathulenol
(7.5%), respectively (Kiirk¢tioglu et al., 2009).

In another study, Keskin et al. (2017) reported that the main components of Anthemis pauciloba var. sieheana EO
were 1,8-cineol (8.27 %), and #pinene (4.97 %). The main constituents of A. pauciloba var. sieheana's fatty acids
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were 9,12-octadecadienoic acid methyl ester (48.46%), 9-octadecanoic acid methyl ester (16.17%), and hexadecenoic
acid methyl ester (13.3%) (Keskin et al., 2017).

In the present study, the essential oil (EO) of A. pauciloba var. pauciloba was characterized by a high concentration
of athujone (28.7%), a-pinene (26.7%), and #thujone (9.0%) as the major components. In contrast, Kiirk¢iioglu et
al. (2009) reported that the predominant constituents of A. pauciloba var. pauciloba EO were camphor (36.7%),
camphene (13.9%), and apinene (13.6%). These differences suggest that environmental factors, ecological
conditions, and extraction methods may significantly influence the chemical composition of the essential oil.

Furthermore, Keskin et al. (2017) identified 1,8-cineole (8.27%) and Apinene (4.97%) as the major constituents of
A. pauciloba var. sieheana EQ. The variations observed in the chemical profiles of different A. pauciloba varieties
highlight the phytochemical diversity within the species and emphasize the potential impact of genetic and
environmental factors on essential oil composition.

According to the literature, thujone is a type of monoterpene ketone that occurs naturally in different amounts
within various plant species (Plkonen et al., 2013). According to the search results, a-thujone was determined as
the main component in the EO of A. carpatica, A. montana, and A. cretica ssp. carpatica (Bulatovic et al., 1997;
Bulatovic et al., 1998; Pavlovic et al., 2010). The essential oil of A. carpatica was found to contain 40.2% a-thujone.

Thujone is a volatile compound widely debated due to its behaviour-modulating and toxic properties (Bulatovic et
al., 1997). However, a study in 2016 found that a-thujone stimulates an anticancer immune response. Chemotypes
of Anthemis were identified with thujone and cisepoxycimene, as the main components (Radulovié¢ et al., 2017;
Zamboriné et al., 2020). Also, Thujone is a major component of EOs derived from plants like Salvia officinalis,
Salvia sclarea, Tanacetum vulgare, Artemisia absinthium, and Thuja occidentalis (Pelkonen et al., 2013).

Antimicrobial Effects

The antimicrobial effects of the EO of A. pauciloba var. pauciloba aerial parts were tested against reference S.
aureus (gram-positive bacteria), E. coli (gram-negative bacteria), S. tymphirium (gram-negative bacteria), C.
albicans (yeast), and C. krusei (yeast) strains. The results of the antimicrobial effects of the EO are listed in Table
2. The EO demonstrated the highest antimicrobial activity against C. krusei (1.25 mg/mL). Among the tested
microorganisms C. krusel was observed to be more sensitive to the EO. In this study, the antimicrobial activity of
the essential oil of A. pauciloba var. pauciloba aerial parts was used for the first time.

Table 2. MIC values (mg/mL) of the essential oil of Anthemis pauciloba var. pauciloba
Cizelge 2. Anthemis pauciloba var. pauciloba ugucu yaginin MIK degerleri (mg/mlL)

E. coliNRRL  S. aureus S. Tymphirium  S. aureus C. albicans C. krusei
B-3008 ATCC 6538 ATCC 14028 ATCC 700699 ATCC 90028 ATCC 6258
EO >10+0.00 >10+0.00 >10+0.00 >10+0.00 10+2.89 1.25+0.72
Ampicilin 0.01+0.01 0.63+0.36*  1.3+0.75* 0.02+0.01 -
Clarithromycin  0.02 £0.01 0.63+0.36*  0.04+0.2 0.16+0.09
Ketoconazole - - - - 0.01+0.01
Itraconozole - - - - 0.04+0.02 0.01+0.01
Fluconazole - - - - - 0.04+0.02

EO: Essential oil; *: ug/mL; -: not dedected

Although the essential oil of A. pauciloba var. pauciloba demonstrated some antifungal activity against C. krusei
(MIC: 1.25 mg/mL), its overall antimicrobial potential against the tested microorganisms was relatively low
compared to standard antifungal agents. This limited activity may be attributed to the complex chemical
composition of the oil, where the presence of both active and inactive constituents may influence its bioactivity.

While it is not appropriate to directly compare the antimicrobial effects of different plant species, previous studies
on Artemisia herba-alba have shown that essential oils rich in oxygenated monoterpenes, particularly a-thujone
and B-thujone, exhibit varying antimicrobial activities depending on their relative proportions (Mighri et al., 2010).
In the present study, the antifungal effect observed against C. kruser suggests that a-thujone and a-pinene, as key
components, may play a role in the bioactivity of A. pauciloba var. pauciloba oil. However, the significantly lower
activity compared to standard agents indicates that these compounds alone may not be sufficient to achieve potent
antimicrobial effects.

Further studies focusing on the isolation and testing of individual constituents and their synergistic interactions
are required to clarify the specific compounds responsible for the observed antifungal activity. Additionally,
investigating the effects of geographic variation and environmental factors on the chemical composition could
provide deeper insights into the bioactive potential of this species.
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The oils from roots and aerial parts of Anthemis mixta and A. tomentosa were evaluated for their antibacterial
effect against ten bacterial species. Notably, the essential oils obtained from the aerial parts of both species were
particularly effective against Gram-positive bacteria (Formisano et al., 2012). This aligns with previous findings
suggesting that the lipophilic nature of essential oil components allows them to interact with the lipid bilayer of
Gram-positive bacteria, increasing membrane permeability and causing cellular disruption (Burt, 2004; Bassolé &
Juliani, 2012).

In comparison, the essential oil of A. pauciloba var. pauciloba in the present study exhibited limited activity against
Gram-positive bacteria, except for C. krusei. This discrepancy may be attributed to differences in chemical
composition between species, particularly the relative abundance of oxygenated monoterpenes such as a-thujone
and a-pinene, which are known to contribute to antimicrobial activity. Furthermore, variations in extraction
methods and geographic origin could also explain the observed differences in antibacterial efficacy. In another
study, the essential oils of three Anthemis species from Turkiye were analyzed for their chemical composition and
antimicrobial activity. Although the antibacterial effects reported by Kurtulmus et al. (2009) were relatively
stronger than those observed in the present study, the variability may be attributed to differences in chemical
composition, likely influenced by environmental conditions.

These findings indicate that Anthemis species may possess some antimicrobial potential, though further studies
are needed to clarify their efficacy. Investigations into their mode of action, synergistic effects with other
antimicrobial agents, and clinical applicability could provide valuable insights for developing targeted
antibacterial therapies.

CONCLUSIONS

The essential oil of A. pauciloba var. pauciloba aerial parts was identified. Also, the essential oil was found to have
high antimicrobial activity against C. krusei. However, this is the first time that the antimicrobial activity of this
essential oil has been reported.
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ABSTRACT Biochemistry
In this study, 2-chloro-N-(4-methoxyphenyl)acetamide (p-acetamide) and
2-(4-methoxyphenylamino)-2-oxoethyl methacrylate (MPAEMA) were Research Article
resynthesized to evaluate their effect on the agricultural pest Galleria : :
mellonella. The toxicities of p-acetamide and MPAEMA against the larval Artlc.le History -
stage of G. mellonella were evaluated concurrently. The results indicate Received ) 02.12.2024
that p-acetamide has a lethal effect on insect larvae at lower doses. LC50 Accepted Rl00E2025
doses of p-acetamide and MPAEMA were 873,572 and 687,355 uM, K d

. . eywords
respectively. These values represent the concentrations of the substances Galleria mellonella
at which 50% of the larvae exposed to them are expected to die. The Toxicity

molecular docking interactions of p-acetamide and MPAEMA with the
proteins superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), and glutathione-S-transferase (GST) were analyzed.
The binding energy between MPAEMA and glutathione peroxidase was
determined to be -6.8 kcal/mol. This suggests that MPAEMA may have
an inhibitory effect on glutathione peroxidase and could be further
investigated for developing pesticides that target this enzyme.

Molecular docking
p-acetamide
MPAEMA

p-asetamid ve MPAEMA'nin model organizma Galleria mellonella (Lepidoptera: Pyralidae) iizerindeki
etkisinin in vivo ve in silico degerlendirilmesi

OZET Biyokimya

Bu calismada 2-kloro-N-(4-metoksifenil)asetamid (p-asetamid) ve 2-(4-

metoksifenilamino)-2-oksoetil metakrilat (MPAEMA), tarimsal zararh Aragtirma Makalesi
Galleria mellonella tuzerindeki etkilerini degerlendirmek amaciyla

yeniden sentezlenmigtir. p-asetamid ve MPAEMA'min G. mellonellanin Makale Tarihgesi

larva evresine kars: toksisiteleri es zamanh olarak degerlendirilmigtir. Gelig Tarihi  :02.12.2024
Sonuclar, p-asetamidin daha dugiik dozlarda bocek larvalar: tizerinde Kabul Tarihi :10.04.2025
oldirica etkiye sahip oldugunu gostermektedir. p-asetamid ve

MPAEMA'nin LC50 dozlar1 sirasiyla 873.572 ve 687.355 uM'dir. Bu Keywords

degerler, bu maddelere maruz kalan larvalarin %50'sinin 6lmesinin Galleria mellonella
beklendigi madde konsantrasyonlarini temsil etmektir. p-asetamid ve Toksisite

MPAEMA'nmin siiperoksit dismutaz (SOD), katalaz (CAT), glutatyon
peroksidaz (GPx) ve glutatyon-S-transferaz (GST) proteinleriyle
molekiiler yerlestirme etkilesimleri analiz edildi. MPAEMA ve glutatyon
peroksidaz arasindaki baglanma enerjisi -6,8 kcal/mol olarak belirlendi.
Bu, MPAEMA'nmin glutatyon peroksidaz uzerinde inhibitér bir etkiye
sahip olabilecegini ve bu enzimi hedef alan pestisitlerin gelistirilmesi i¢in
daha fazla arastirilabilecegini diigtindiirmektedir.

Molekiiler yerlestirme
p-asetamid
MPAEMA
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INTRODUCTION

The increasing global population's need for food can be met through sustainable agricultural production.
Sustainability in agriculture involves selecting the right variety, appropriate fertilization, cultural practices,
balanced irrigation, and addressing factors like diseases, pests, and weeds that can limit or hinder production
(Zhou et al., 2025). For many years, the fight against diseases and pests that pose problems to agricultural
production worldwide has relied heavily on intensive pesticide use, which directly affects quality and yield, leading
to significant losses (Altikat et al., 2009; Karimi-Maleh et al., 2024). Approximately 2.5 million tons of pesticides
are used globally for combating agricultural pests and diseases, with many chemicals used having various
disadvantages, such as negative effects on human health, soil, and the environment (Altikat et al., 2009). Due to
these reasons, the use of alternative control methods has become necessary.

The greater wax moth, Galleria mellonella (G. mellonella), is known to be a harmful species that can cause a
decrease in productivity by settling on honeycombs in beehives (Kwadha et al., 2017). This infestation directly
translates to financial losses for beekeepers, making G. mellonella a target for pest management strategies.
However, despite its detrimental impact on apiculture, G. mellonella holds a paradoxical position in scientific
research. It is a preferred model organism in entomological studies due to a confluence of advantageous
characteristics, including its relatively simple nutritional requirements, remarkable ecological adaptability, and
rapid developmental cycle. These traits make it a convenient and cost-effective subject for studying insect
physiology, immunity, and even the efficacy of antimicrobial compounds (Bugyna et al., 2023). Interestingly, G.
mellonella is a preferred species in entomological research due to its nutritional needs, ecological adaptation, and
development characteristics (Celik et al., 2024). As the negative impacts of chemical control methods (Dent &
Binks, 2020) used against economically harmful insects have become apparent, biological control studies (Sefer &
Biiyiikgiizel, 2018) have gained significance as an alternative approach (Celik et al., 2024). In ongoing efforts to
find environmentally friendly solutions, studies have been conducted to assess the lethal and repellent effects of
alternative, less toxic materials on harmful insects, in addition to the use of biological control agents (Chowdhury
et al., 2023). This includes exploring the potential of plant-derived compounds, essential oils, and other naturally
occurring substances to disrupt insect behavior, development, or survival (Borase et al., 2024). While the primary
objective of these alternative pest control strategies is to eliminate or deter target pests like G. mellonella, it is
crucial to thoroughly evaluate their potential non-target effects. Determining the lethal concentration (L.Cso) or
lethal dose (LDso) of these alternative substances is essential for understanding their direct toxicity to the target
pest. However, it is equally important to assess their sublethal effects, as these can significantly impact the long-
term population dynamics of the insect. These sublethal effects may manifest as alterations in crucial life-history
traits, such as reduced longevity, decreased fecundity (reproductive potential), impaired development, and altered
behavior (Borase et al., 2024). This highlights the complexity of using these products for pest control and
underscores the need for further research to understand their full impact on insect populations.

Traditionally, various vertebrate species such as mice and rats have been used to determine the efficacy of new
drugs. However, the use of mammalian models is becoming impractical due to both cost and ethical acceptance
1ssues. Alternative models that show remarkable metabolic similarities to mammalian models are widely used as
new model organisms in biological research. These alternative model systems include; Caenorhabditis elagans,
Drosophila melanogaster and G. mellonella (Ménard et al., 2021). G. mellonella larvae are utilized as a model
organism in various scientific studies due to their ability to be mass-produced in inexpensive artificial foods under
controlled laboratory conditions. Besides their importance in apiculture, G. mellonella larvae are widely used as
model organisms in studies on insect physiology and human pathogens. They play a significant role in research
areas such as physiology, biochemistry, and molecular biology (Abdelaziz et al., 2024). The larvae are increasingly
1mportant as they serve as natural host insects for breeding parasitoid insects used in biological control, conducting
insecticide efficacy trials, and assessing the pathogenicity of microorganisms that cause diseases in humans and
other mammals (Banfi et al., 2024). Additionally, the larvae of G. mellonella feed on beeswax, pollen, and in some
cases, honey within beehives. This feeding behavior can lead to damage to beehives and negatively affect honey
production. Beekeepers have to take measures to control the population of G. mellonella to protect their honeybee
colonies (Kwadha et al., 2017).

In the literature, there are many acrylate and amide derivatives originally synthesized and characterized. This
team is also conducting monomer and polymer studies on acrylate and acrylate derivatives. In this previous
studies, this team synthesized and characterized the 2-(4-methoxyphenylamino)-2-oxoethyl methacrylate
(MPAEMA) monomer (Acikbas et al., 2016; Tanis et al., 2019; Temiiz et al., 2024). In addition, we studied the
cytotoxicity of MPAEMA by XTT cell proliferation analysis, physical, electronic, and vibration properties, and
characterization of Langmuir—Blodgett thin film (Acikbas et al., 2016; Tanis et al., 2019; Temiiz et al., 2024). We
used the HeLa cell line to examine their cytotoxic properties, and the IC50 values for p-acetamide and MPAEMA
were found to be 14.53 ug/mL and 1.8 mM, respectively (Tams et al., 2019; Cankaya et al., 2021). In another study,
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we demonstrated in vitro and in silico that p-acetamide and MPAEMA have antifungal, antibacterial, and
antioxidant properties (Temiiz et al., 2024). The p-acetamide molecule used in this study contains chlorine, amide,
and anisole functional groups, and the MPAEMA molecule contains amide and anisole functional groups. In this
study, we aimed to contribute to the literature by investigating the effects of p-acetamide and MPAEMA molecules
on the agricultural pest G. mellonella in vivo and in silico.

MATERIALS and METHODS
Synthesis of p-acetamide and MPAEMA Molecules

For the synthesis of p-acetamide and MPAEMA, 4-methoxyaniline, sodium methacrylate, chloroacetyl chloride,
triethylamine, TEBAC, and Nal were used as purchased from Sigma-Aldrich. This team had previously
synthesized and characterized the 2-chloro-N-(4-methoxyphenyl)acetamide (p-acetamide) and 2-(4-
methoxyphenylamino)-2-oxoethyl methacrylate (MPAEMA). The molecules were re-synthesized for this study
(yield 80%) (Acikbas et al., 2016; Tanis et al., 2019; Temiiz et al., 2024). The reaction scheme is shown in Figure 1.

Hy (Et);N H H,
H,C—O NH, + Cl—C—C —Cl———> .c—0 N—C—cC —cl
0-20°C I
o}
2-chloro-N -(4-methoxyphenyl)acetamide
(p-acetamide)
H H

2
H,c=C—C—0—C —C—N O—CHjs
p-acetamide+ H,C=—=C—C—ONa —— |

by | !
CH; O

2-(4-methoxyphenylamino)-2-oxoethyl methacrylate
(MPAEMA)
Figure 1. Synthesis of the p-acetamide and MPAEMA.
Sekil 1. p-asetamid ve MPAEMA sentezi

Rearing of Galleria mellonella Larvae

G. mellonella larvae were obtained from the stock culture maintained at the Department of Plant Protection,
Faculty of Agriculture, Kirsehir Ahi Evran University. For their cultivation, the following ingredients were utilized
in the artificial diet: corn flour, water, bran, milk powder, honey, glycerol, yeast, and honey nutrients. The rearing
process commenced with placing wax moth eggs into 1-liter glass jars, which were filled with artificial diet to
approximately one-third of their capacity. To facilitate egg laying, a paper covering was placed over the mouth of
the jars, which also had holes in their covers for ventilation. The cultures were then kept in an incubator set to
26°C, with 65+5% relative humidity, and maintained in complete darkness throughout the day. Finally, the last
stage larvae were harvested from these modified cultures, following the rearing technique adapted from Fracative
et al. (2020), and used in subsequent experiments.

Application of p-acetamide and MPAEMA to Galleria mellonella Larvae

In this experiment, the impact of varying concentrations of specific materials on G. mellonella larvae was
investigated. To achieve this, the larvae were subjected to different doses of the materials, specifically at
concentrations of 400 uM, 800 uM, and 1200 puM. Each dose was administered in a precise volume of 2 ul. The
selection of these specific concentrations was determined dynamically during the course of the study. Prior to
treatment, the larvae were wiped with a sterile swab soaked in 70% alcohol to ensure cleanliness. This step was
crucial for eliminating any pre-existing surface contaminants or microorganisms that could potentially confound
the results of the experiment. Using a micro injector, the materials were directly injected into the left proleg of the
larvae (Alvandial et al., 2016). Specifically, each 2 ul dose was directly injected into the left proleg of the larva.
This specific injection site was chosen to ensure consistent material distribution and to minimize potential
variations in absorption rates. A control group was maintained, receiving no treatment, while both the control and
treated larvae were observed under identical conditions in an incubator set to 28+2°C, with 65+5% relative
humidity, and kept in darkness. To analyze the effects of the treatments, mortality rates were recorded after a 24-
hour exposure period. This specific time point was chosen to allow sufficient time for the materials to exert their

627



KSU Tarim ve Doga Derg 28 (3), 625-635, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (3), 625-635, 2025 Research Article

effects while minimizing the potential for confounding factors related to prolonged exposure or natural larval
mortality. The mortality data collected after this 24-hour period were then subjected to statistical analysis to
determine the significance of any observed differences between the treated and control groups, thereby providing
insights into the impact of the materials on larval survival.

Statistical analyses

Probit analysis was subsequently performed to calculate the LCso and LCgs doses, following the methodology
established by Abbott (1925).

Molecular Docking Studies

3D drawings of the synthesized p-acetamide and MPAEMA molecules were completed in GAUSSIAN programs
(Temiiz et al., 2024; Coban et a.l, 2024; Cankaya et al., 2021). Insects, like vertebrates, have enzymatic and non-
enzymatic defense systems. The main elements of the enzymatic system are superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), glutathione-S-transferase (GST) enzymes. Antioxidant enzymes from G.
mellonella were chosen as target proteins. The sequences of the enzymes were obtained from UniProt
(https://www.uniprot.org/) (Catalase: LOC113521268; Superoxide dismutase: LOC113520545; Glutathione
peroxidase: LOC113509396; Glutathione S-transferase: LOC113515752) (Table 1). Protein structure models were
built using Phyre2 and Itasser online databases (Kelly et al., 2015; Yang et al., 2015; Zheng et al., 2021). The
Autodock Vina program was used for docking analysis (Trott & Olson, 2010; Yalcin et al., 2019; Cankaya & Yalcin,
2022; Cankaya et al., 2022). To detect protein-ligand interactions, the protein-ligand file (.pdbqt), which is the
output of the Autodock Vina program, was selected separately for ligand and protein with Seamdock (Academic
free) program, and then 2- and 3-dimensional protein-ligand interactions were observed at the amino acid level
(Humphrey et al., 1996; Murail et al., 2021; Tuffery & Murail, 2020).

RESULT and DISCUSSION

LCs0 and LCg9 values determined after applying the specified doses of p-acetamide and MPAEMA to the last stage
larvae of the insect are presented in Table 2.

The toxicities of p-acetamide and MPAEMA against the larval stage of G. mellanolla were determined in the study.
The results indicate that p-acetamide has a lethal effect on insect larvae at lower doses. Mortality of larvae
increased with increasing doses. LC50 doses of p-acetamide and MPAEMA were 687,355 and 873,572 uM,
respectively (Table 2).

Table 1. 3D structure of proteins

Cizelge 1. Proteinlerin 3D yapilari
Proteins 3D structure of proteins
Catalase
(LOC113521268)
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Superoxide
dismutase
(LOC113520545)

Glutathione
peroxidase
(LOC113509396)

629



KSU Tarim ve Doga Derg 28 (3), 625-635, 2025 Arastirma Makalesi

KSU J. Agric Nat 28 (3), 625-635, 2025 Research Article
Glutathione S-
transferase
(LLOC113515752)

Table 2. LC50 and LC99 values of Galleria mellanollalarvae treated with p-acetamide and MPAEMA.
Cizelge 2. p-asetamid ve MPAEMA ile muamele edilen Galleria mellanolla larvalarinin LC50 ve LC99 degerleri

10 687,355 1565,612

_ Duration (24 h) N LCso (uM) LCoo (uM)
10 873,572 1989,332

N: Number of the tested larvae.

G. mellonella larvae have become a popular non-mammalian model for studying microbial infections and testing
antimicrobial drugs over the past five years. Additionally, these larvae are now being used to assess chemical
toxicity, potentially offering a more accurate screening method before conducting toxicity tests on mammals. Moya-
Andérico et al. (2021) studied the immediate harmful effects of various kinds of nanoparticles on G. mellanolla
larvae, which were used as a model for nanotoxicology research. In another study, the toxicity of 19 chemicals was
determined against (. mellonella larvae. The findings were compared to LD50 values from in vitro cell toxicity
tests and in vivo acute oral LD50 values (Allegra et al., 2018). Coates et al. (2019) injected and/or force-fed larvae
of G. mellonella with appropriate amounts of okadaic acid. They then observed the survival of the larvae and
calculated the LD50 value. In this study, we used these model insect larvae for testing the toxicity of p-acetamide
and MPAEMA, and we calculated the LC50 and LC99 doses.

According to molecular docking results, it appears that MPAEMA binds to proteins with lower binding energy than
p-acetamide (Table 3). In particular, MPAEMA appears to bind with glutathione peroxidase at -6.8 kcal/mol.
Glutathione peroxidase (GSH-Px) facilitates the reduction of hydrogen peroxide and organic hydroperoxides (such
as lipid and DNA hydroperoxides) using glutathione (GSH). This enzyme plays a crucial role in protecting cells
from oxidative damage (Maiorino et al., 1990).

As a result, molecular docking is considered complementary to previous findings, not only at the research stage
but also at an applied level. This is because this chapter reveals the effect of insecticides and their components on
insect proteins and enzymes. This information is critical to understanding the potential for insects to develop
resistance to these pesticides in the long term. From an environmental perspective, determining which chemical
bonds in insecticides interact more strongly with amino acids in the protein of the target insect allows us to develop
more specific pesticides for certain species without harming other organisms in the environment. In other words,
it helps us to design chemical pesticides that are more specialized at the genetic level on target organisms (Tiwari
et al., 2023; Aioub et al., 2023). In this study, the dock scores obtained with proteins confirmed the inhibitory
potential of the MAPEMA against the GPx enzyme, and, consequently, their impact on insects. This study is a
preliminary study in discovering new molecules to combat agricultural pests.
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Table 3. p-acetamide and MPAEMA molecules docking analysis
Cizelge 3. p-asetamid ve MPAEMA molekiillerinin yerlestirme analizi

Ligand- Docking
Protein energy
(kcal/mol)
p-acetamide-  -5,8 hydrogen bond
catalase
Ligand
atom Receptor
N1 S466(A) O
S466(A)

N1 0G

p-acetamide- -5 hydrogen bond

glutathione

peroxidase Ligand atom Receptor
N1 Y108(A) O
Q2 F110(A) O
01 S12(A) OG
01 SM2(A) OG
02 STZ2(A)N

p-acetamide- -5 hydrogen bond

glutathione S-

transferase Ligand atom Receptor
N1 D36(A) O
N1 A3T(A) O
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p-acetamide-  -4,7 hydrogen bond
superocid

Ligand atom  Receptor

N1 T34(A) OG1
N1 T53(A) 0G1
MPAEMA- -6,1 hydrogen bond
catalase .
L;?:;d Receptor
S466(A)
0G
S466(A)
0G
oG NaN() O
oG NaN() N
NE NaN() O |
MPAEMA - -68 hydrogen bond
glutathione
peroxidase Ligand atom Receptor
E424(A) O
ND1 NaN() O
ND1 NaN() O
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MPAEMA -5,1 hydrogen bond
glutathione S-
transferase Ligand atom  Receptor

C121(A) SG
NH1 NaN() O
0G1 NaN() O
5G NaN() O
MPAEMA- "5,2 hydrogen bond
superocid
Ligand atom Receptor
E41(A) OE1
V42(A) O
CONCLUSION

2-chloro-N-(4-methoxyphenyl)acetamide (p-acetamide) and 2-(4-methoxyphenylamino)-2-oxoethyl methacrylate
(MPAEMA) molecules were resynthesized for this study to investigate the effect of the molecules on the
agricultural pest G. mellonella. The toxicities of p-acetamide and MPAEMA against the larval stage of G.
mellonella were evaluated simultaneously. The findings indicate that p-acetamide is lethal to insect larvae at lower
doses. Additionally, the molecular docking interactions of p-acetamide and MPAEMA with the SOD, CAT, GPx,
and GST proteins were analyzed. The binding energy between MPAEMA and glutathione peroxidase was found to
be -6.8 kcal/mol, suggesting that MPAEMA may inhibit glutathione peroxidase and could be further explored for
developing pesticides targeting this enzyme.
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ABSTRACT Biochemistry
In this study, the phytochemical and biological activities of Kosa

canina (RC) and R. pimpinellifolia (RP) fruit methanol extracts were Research Article
investigated. HPLC analysis revealed that RP and RC extracts

contained high amounts of ascorbic acid and gallic acid as the major Article History
components. In GC-MS/MS analysis, oleic acid, linoleic acid, and Received :13.02.2025
palmitic acid methyl ester were the most abundant compounds in both Accepted $11.04.2025

extracts. The total phenolic contents of RP and RC were 17.28+0.10

and 5.19+0,22 mg GAE/g extract, respectively. DPPH" scavenging Keywords
activities of the extracts (13.45+0.21 pg/mL for RC and 3.41+0.05 FRosa canina
pg/mL for RP) were observed to be higher than ascorbic acid Rosa pimpinellifolia
(42.15+1.35 ug/mL). The reducing power capacities of RC and ascorbic Phytochemistry
acid were 55.57+3.23 and 87.24+2.44 pg/mL, respectively. According Antioxidant

to the BSA denaturation assay, the anti-inflammatory effect of RP was Anti-inflammatory
found to be more effective at low doses with DFS and similar to the

effect at high doses. RC extract showed high xanthine oxidase (XO)

inhibition with an ICso value of 2.28+0.25 pg/mL. The binding

affinities of ascorbic and gallic acid with XO were determined as 6.20

and 6.60 kcal/mol, respectively. In addition, molecular dynamics

simulations of the complexes were applied for 100 ns and observed to

be stable. Binding energies were determined by performing

MM/PBSA, and it was recorded that a high level of gallic acid was

found at 21.50 kcal/mol. In this way, the phytochemical constituents

and biological activities of two different rosehip species were

compared, and ideas for their use in food, cosmetics, and medicine

were presented.

Rosa canina ve Rosa pimpinellifolia meyve o6ziitleri: Fitokimyasal profilleri, in vitro antioksidan, anti-
inflamatuar, ksantin oksidaz inhibitor etkileri ve in silico molekiiler dinamik ¢aligmalar:

OZET Biyokimya
Bu calismada, Rosa canina (RC) ve R. pimpinellifolia (RP) meyve
metanol Ozilitlerinin  fitokimyasal ve biyolojik  aktiviteleri Aragtirma Makalesi

arastinlmigtir. HPLC'de, RP ve RC oziitleri ana bilesenler olarak

biiyiik miktarlarda askorbik asit ve gallik asit igermektedir. GC- Makale Tarihgesi
MS/MS'de, her 6ziitte en yiiksek miktarlarda oleik asit, linoleik asit Gelig Tarihi @ 13.02.2025
ve palmitik asit metil esteri bulunmustur. RP ve RC'nin toplam fenol Kabul Tarihi :11.04.2025
igerikleri sirasiyla 17.28+0.10 ve 5.19+0,22 mg GAE/g 6ziit olarak

bulunmustur. Ozitlerin DPPH' siipiiriicii aktivitesinin (RC igin Anahtar Kelimeler
13.45+0.21 pg/mL ve RP icin 3.41+0.05 pg/mL), askorbik asitten Rosa canina

(42.15+1.35 pg/mL) daha yiiksek oldugu gézlenmistir. RC ve askorbik Rosa pimpinellifolia

asidin indirgeyici giic kapasiteleri sirasiyla 55,57+3,23 ve 87,24+2 44 Fitokimyasal

pg/mL olarak bulundu. BSA denatiirasyon deneyine gére, RP'nin anti- Antioksidan

inflamatuar etkisinin DFS ile diisiik dozlarda daha etkili oldugu ve Anti-inflamatuar

yiiksek dozlardaki etkiye benzer oldugu bulundu. RC 6zuti, 2,28+0,25
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gosterdi. Askorbik ve gallik asidin XO ile baglanma afiniteleri
sirasiyla -6,20 ve -6,60 kcal/mol olarak belirlendi. Ayrica,
komplekslerin molekiiler dinamik similasyonlari 100 ns boyunca
uygulandi ve kararli olduklar1 goézlendi. Baglanma enerjileri
MM/PBSA yapilarak belirlendi ve gallik asidin yluksek degerinin -
21,50 kcal/mol olarak bulundugu kaydedildi. Bu sekilde iki farkl
kugburnu turuniin fitokimyasal bilesenleri ve biyolojik aktiviteleri
karsilagtirilmis ve gida, kozmetik ve ilag¢ gibi alanlarda kullanimina
yonelik fikirler sunulmustur.

Ataf i(;in ! Basar, Y., Yenigin, S., Almai M.H., Demirtas, I., & Ozen, T. (2025). Rosa canina ve Rosa pimpinellifolia meyve
ozutleri: Fitokimyasal profilleri, in vitro antioksidan, anti-inflamatuar, ksantin oksidaz inhibitor etkileri ve in
silico molekiiler dinamik ¢alismalari. KSU Tarim ve Doga Derg 28 (3), 636-649. DOI: 10.18016/ksutarimdoga.
vi.1639294. .

To Cite: Basar, Y., Yenigiin, S., Almai M.H., Demirtas, I., & Ozen, T. (2025). Fruit extracts of Rosa canina L. and Rosa
pimpinellifolia L.: Phytochemical profiles, in vitro antioxidant, anti-inflammatory, xanthine oxidase inhibitory
effects, and in silico molecular dynamics studies. KSU oJ. Agric Nat 28 (3), 636-649. DOI: 10.18016/ksutarim
doga.vi.1639294.

INTRODUCTION

In traditional medicine, plants rich in antioxidants are used as medicines to treat many diseases. Antioxidant
compounds found in plants are often used in the traditional or food industry as vitamins, colorants, sweeteners,
and additives in foods and beverages to extend the shelf life of products or to influence consumer behavior (Sarkar
et al., 2009; Schmidt et al., 2007). Food supplements and nutraceuticals enriched with antioxidants are also
necessary for a healthy life (Gostner et al., 2015). The rose hip is an indispensable and healing plant in alternative
medicine. The rose hip, which can be consumed fresh or dried as a tea or jam any time of the year, also has
significant health benefits. Rosehip, which has a very high nutritional value, is also rich in vitamins and minerals
(Dogan et al., 2006; Giines, 2011). It is a natural food that acts as an antioxidant and protects the body from many
diseases (Shakibaei et al., 2012). Rosehip contains phenolic chemicals that are vital for humans. Since the natural
antioxidants, minerals, carotenoids, bioflavonoids, tocopherol, fruit acids, vitamin C, pectin, tannin, and amino
acids contained in it are good for human health, this type of fruit (Rosa spp.) has recently gained value (Cinar &
Colakoglu, 2004; Su et al., 2007).

The plant known as rosehip is a member of the Rosaceae family's genus Rosa and subfamily Rosaideae (Keles &
Koékosmanli, 1996; Yilmaz, 1996). The Rosaceae family is mainly found in the Northern Hemisphere, although it
is widely distributed worldwide. According to Tanker et al. (1993), this nation has 385 genera and 250 species, while
there are 100-120 genera and 3000—4000 species worldwide. The genus Rosa is divided into four subgenera:
Eurosa, Hesperhodos, Platyrhodon, and Hulthemia (Wissemann, 2017). The Eurosa subgenus has more variants
than the rest of all of these. According to Atienza et al. (2005), the subgenus consists of Rosa banksianae R.Br., R.
bracteatae Wendl., K. carolinae L., R. chinensis Jacq., K. cassiorhodon Dumort., R. gallicanae L., K. pimpinellifolia
L., and R. laevigatae Michx.

Black-fruited rosehip, or K. pimpinellifolia L., is a small tree that resembles a shrub and reaches a maximum
height of one meter. The fruits are hairless, round, and flattened laterally. It's a purple-black color. At 1200-2750
meters, R. pimpinellifolia L. grows on rocky, arid slopes, volcanic rocks, or limestone soils (Kutbay & Kiling, 1996).
R. canina L. grows 1.5—-3.5 meters tall. The fruits range in shape from spherical to egg-shaped. Fruits range in size
from 3 cm to 5 cm, with colors ranging from dark pink to yellowish red. In general, fall is when fruits ripen. The
species R. canina L. is widespread throughout this nation (Kutbay & Kiling, 1996).

The ability of the rosehip plant to thrive in different types of soil, in high and low altitudes, and in harsh continental
climates has led to its spread throughout Turkey and the creation of numerous varieties (Ilisulu, 1992;
Yamankaradeniz, 1983). It has diuretic, antimutagenic, and antibacterial properties and treats various diseases,
including rheumatic diseases, gout, stomach ulcers, sciatica, gallstone formation, biliary tract diseases, and colds.
It is also known to affect hemorrhoids and diabetes. Bronchitis is treated with leaves and root parts of the plant
(Orhan et al., 2009). Rosehip is a traditional remedy for treating kidney and bladder stones, diarrhea, bleeding
gums, side and chest pains, and other ailments. Rosehip seeds have been found to lower triglyceride and cholesterol
levels (Giines & Sen, 2001). Digestive disorders can be avoided by eating rose hip root, fruit, and blossom (Macit
& Kose, 2015). Additionally, it is highly effective in preventing colds by bolstering the immune system (Chrubasik
et al., 2008; Sen & Gunes, 1996).

In this study, we compared the phytochemical contents (total phenolic, total flavonoid, GC-MS/MS, HPLC) and
biological activities (antioxidant, anti-inflammatory, and xanthine oxidase) of methanol extracts from two different
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rosehip species, Rosa canina (RC) In and In Rosa In pimpinellifolia (RP), known as natural vitamin C. In addition,
the inhibitory properties of the compounds that were most pronounced in the HPLC analysis of both species and
their interactions with xanthine oxidase, which plays a role in uric acid metabolism, were determined using the
AutoDock program and the binding energies corresponding to the most appropriate poses were calculated using
GROMACS molecular dynamics simulations and MM/PBSA methods. In this way, the unknown aspects of black
and red rosehip will be revealed, and their use in food and pharmacology will be improved.

MATERIAL and METHOD
Plant Collection and Extraction

Two rosehip species, RC and RP, were collected in September 2023. RC from Yenidogan village (Agr1 Mountains)
in the Aralik district of Igdir province (INWMO00000240, diagnosed by Prof. Dr. Ahmet Zafer Tel) and RP
(ARTH3561, diagnosed by Prof. Dr. Emin Eminagaoglu) from the Ardanug district of Artvin province in Turkey

Dried RC and RP fruits were ground into powder using a grinder. 20 g of each sample was weighed and extracted
with methanol in a 750 ml Erlenmeyer flask for 3 days. The solvent in the extract was evaporated using a rotary
evaporator, and a methanol crude extract was obtained.

Analysis of Phenolic Contents of Extracts by HPLC

HPLC analysis determined the phenolic contents and amounts of RC and RP fruit methanol extracts (Basar et al.,
2024b). It was analyzed using 15 phenolic standards on the HPLC device. The device had a DAD sensor (300/200
nm) and an 8-micron reversed-phase hi-plex analysis column (300x7.7). The column temperature was set to 30°C
for sensitive analysis. The solvents were eluent A, 83% water (0.1 formic acid), and eluent B, 17% acetonitrile (0.1
formic acid). The flow rate of the solvent was set to 0.8 mL/min, and the injection volume to 10 pL. Sample
preparation: 20 mg of the extract was weighed on a precision balance and dissolved in methanol. 1 mL of the
sample was taken with an automatic pipette and filtered through a 0.45-micron filter. It was then diluted 1:1 with
pure water and injected into the device. The content analysis was carried out using 20 different standard phenolic
compounds (Table 1).

Analysis of the fatty acid content by GC-MS/MS

RC and RP fruit n-hexane extracts were analyzed on a GC-MS/MS device, as this previously published article
described. This analysis used an Agilent 7000 A GC/MS Triple Quad with 7890 GC, 7693 Autosampler, and 7697A
Headspace Sampler (Basar et al., 2024c). The instrument was equipped with an Agilent HP-5 (5%-phenyl)-
methylpolysiloxane) (30 m x 0.25 mm x 0.25 pm) GC column. According to the previously established procedure for
the analysis, the initial temperature was set at 50°C and kept constant for two minutes. It was then gradually
increased to 140, 220, and 270°C until it was fixed at 270°C, and the ion temperature of the MS detector was set
to 280°C. 20 mg of the sample was taken, 1 mL of MeOH was dissolved, and 1 mL of n-hexane was added. Then, 1
mL of KOH solution (1 M) was added and mixed with a vortex device at 2500 rpm for 30 seconds to ensure phase
formation. A 0.22 um filtered sample was taken from the upper phase (m-hexane phase) containing fatty acid
methyl ester and analyzed with a 1 mL He gas stream by injecting 1 pL volume at a ratio of 1:10.

Total Phenol and Flavonoid Contents

The total phenol (Folin-Ciocalteu method) and total flavonoid (aluminum chloride method) contents of E. canina
and R. pimpinellifolia fruit methanol extracts were determined. Gallic acid (total phenol) and quercetin (total
flavonoid) were used as standards (Golmakani et al., 2014).

In TPC, 100 uL of extract (or standard gallic acid) solution (1024 ug/mL) was mixed with 500 uL of Folin-Ciocalteu
reagent. After 1 minute, 1.5 mL of 20% Na2COs was added, and the mixture was left in the dark at room
temperature for 2 hours. The absorbance values of the mixture solutions were measured at 760 nm. The TPC
values of the samples were expressed as mg gallic acid equivalent (GAE) using the equation y = 1.9465x + 0.0262
(R2 = 0.99) in the calibration graph of gallic acid.

In TFC, 1.5 mL methanol, 100 uL. 10% aluminum chloride, 100 pL. 1 M potassium acetate, and 2.8 mL deionized
water were added to 500 pL extract and standard quercetin (1024 pg/mL) solutions. The mixture was left at room
temperature in the dark for 30 minutes, and absorbance values were measured at 415 nm. The TFC values of the
samples were expressed as mg quercetin equivalent (QE) using the equation y = 2,2406x + 0,0245 (R2 = 0.99) in
the calibration graph of quercetin.
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Antioxidant Activities

The antioxidant activities of RC and RP fruit methanol extracts were determined with the DPPH" scavenging
(Blois, 1958) and reducing power (Oyaizu, 1986) activities, and also compared with standard ascorbic acid. The
results were recorded as Aos (reducing power), ICs0 (DPPH' scavenging), and expressed ng/mL. The ICso value is
the concentration at which 50% absorbance is effective for DPPH" scavenging activity. The Aos value is the
concentration at which half of the absorbance is effective for reducing power.

The reducing capacities of RC and RP fruit methanol extracts were observed spectroscopically with the Fe3+ to
Fe2+ reduction assay.24 Briefly, 2.5 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% KsFe(CN)s (potassium
ferrisiyaniir) were mixed with 1 mL of extract. The mixture was incubated in an aqueous bath at 50 °C for 20
minutes. After 2.5 mL of 10% TCA (trichloroacetic acid) was added to the mixture medium and centrifuged at 2500
x g for 10 minutes. 2.5 mL of the obtained supernatant was mixed with 0.5 mL of 0.1% FeCls (iron (III) chloride)
and 2.5 mL of ddH20 (double deionized water). The reducing power capacities of the standards and extracts were
measured at 700 nm, and changes in absorbance were followed. Aos (ug/mL) values were calculated using the
absorbance values.

This assay was evaluated by a 1,1-diphenyl-2-picryl-hydrazyl (DPPH’) radical scavenging assay.26 3 mL of the RC
and RP fruit methanol extracts and solutions of standard antioxidant substances were mixed with 1 mL of 0.1 mM
DPPH’ solution. Changes in absorbance at 517 nm were recorded. ICs0 (ug/mL) values were calculated using the
absorbance values.

Anti-inflammatory Activity

The anti-inflammatory effect was evaluated in vitro by testing its effect on bovine serum albumin (BSA)
denaturation (Kandikattu et al. (2013). Briefly, 500 pL of extract or standard (Diclofenac sodium, DFS) at different
concentrations (512, 256, 128, 64 ng/mL) was added tubes to 500 pL of the solution of BSA (0.2% prepared in
ddH:0). A tube with 500 pL of BSA and 500 uL of methanol was also prepared as a control. Then, the mixture was
incubated at 37 °C for 15 minutes and heated at 72°Cfor 5 min. After cooling, the absorbance was measured at 660
nm in a UV-visible spectrophotometer.

0D, — OD
% Inhibition = 100 — ‘EStOD control 100
test

Xanthine Oxidase (XO) Inhibition

50 nL of sample or allopurinol solution, 100 pL of substrate solution (0.041 mM xanthine), and 50 pL of freshly
prepared enzyme solution (0.1 U/mL xanthine oxidase in phosphate buffer (pH 7.5)) were added to the 96-well
microplate. The mixture was incubated at 37°C for 5 min. The reaction was then stopped by adding 100 pL of 1 M
HCl. The absorbance was measured using a 292 nm UV/VIS spectrophotometer (Li et al., 2025). ICso (ug/mL) values
were calculated using the absorbance values.

Statistical Analysis

The arithmetic mean + standard deviation of the mean (std) was used to express the results; n = 3. An ANOVA
was employed since the data acquired using IBM SPSS 20.0 software had a normal distribution. The antioxidant
activities (DPPH and reducing power) and XO inhibition between the methanol extracts and standards were then
compared using the Tukey HSDab test. Additionally, Cohen's d values between the samples were determined by
performing an independent t-test, which showed a significant difference since d>2.0. For every test, the findings
showed significant differences between the samples (p < 0.05).

Molecular Docking, Molecular Dynamics (MD) Simulation, and MM/PBSA Analysis

In the molecular docking studies, the molecular structures were drawn in ChemDraw ultra-18.0, the minimum
energy was adjusted using Chem3D 18.0 programs, and the molecular structure was saved in mol2 format.
Xanthine oxidase [3NRZ] was selected from RSCB (Protein Data Bank). The AutoDock Vina programs were used
for the active site to determine a molecule's interaction with enzymes. All data were integrated to determine the
2D and 3D interaction of the molecules with the active sites of the enzymes using the Discovery Studio (Basar &
Erenler, 2024; Colak et al., 2025; Yenigun et al., 2024).

The stability of the complexes derived from the docking was investigated using MD modeling. The GROMACS
package was used to perform the MD simulations (Abraham et al., 2015). The CHARMM force field was used for
the MD simulations. The unbound enzyme and the complexes were placed in a tricyclic box and solvated with
TIP3P water. Na* and Cl™ ions were added to the system to neutralize its overall charge. Next, 50,000 steps of the
steepest descent method were used to minimize the energy. NVI/NPT then set the pressure and temperature of
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the system to 100 kPa and 310 K, respectively. Finally, the MD simulation was run for 100 ns (Bjelkmar et al.,
2010). RMSD (Root Mean Square Deviation), Rg (Radius of Gyration), RMSF (Root Mean Square Fluctuation), and
ligand hydrogen bonding diagrams were plotted using qtgrace to investigate the MD simulation results (Akkoc et
al., 2023; Basar et al., 2024a). The MM/PBSA method using the tool "gmx_mmpbsa" was preferred to determine
the free energy of binding of the complex formed by protein and ligand" (Valdés-Tresanco et al., 2021; Yenigun et
al., 2024).

RESULTS and DISCUSSION

As a result of the extraction, 1.2 grams (yield; 6%) of RP and 1.8 grams (9%) of RC extracts were obtained. The
phytochemical contents, total phenolics, total flavonoids, antioxidant, anti-inflammatory and xanthine oxidase
(XO) properties of the extracts were determined. In addition, the in silico properties of the main compounds and
the XO inhibitor were investigated.

HPLC Analysis

The contents of phenolic components of the rose hips were determined by HPLC analysis, and it was found that
both plant species contain 15 components. While the RP contained high amounts of ascorbic acid (107.162 ng/ul),
gallic acid (473.077 ng/ul), protocatechuic acid (81.522 ng/ul) and transferulic acid (49.163 ng/ul), the RC fruit
contains high amounts of ascorbic acid (43.670 ng/ul) and gallic acid (281.070 ng/ul) (Figure 1 and Table 1).
Catechin and rutin were found in the RC but not in the RP, and vanillic acid, gentisic acid, neohesperidin, and
coumarin were found in the RP but not in the RC.

The RC species' biochemical characteristics, collected from six distinct regions in Van, Hakkari, and Sirnak, were
investigated by Encii (2015). This species' chemical composition included ascorbic acid, ellagic acid, protocatechin,
rutin, quercetin, catechin, gallic acid, chlorogenic acid, caffeic acid, syringic acid, p-coumaric acid, ferulic acid, and
phloretin. Gallic acid, chlorogenic acid, caffeic acid, ferulic acid, phloroglucinol, protocatechuic acid, p-coumaric
acid, catechin, epicatechin, quercetin-3-glucoside, and resveratrol were detected in the HPLC analysis of the
ethanol extract of RC (Fetni et al., 2020). In the HPLC analysis of the methanol extract of the root and fruit of RP,
benzoic acid, caffeic acid, chlorogenic acid, protocatechualdehyde, and vanillic acid were determined as the main
components (Guven et al., 2021). The content analyses vary depending on the standards used in HPLC analyses.
They may also vary depending on the time of year, climate, and altitude at which the plant is harvested. However,
this results are generally consistent with the literature.

Table 1. Analysis of the compounds in RP and RC methanol extracts using HPLC
Cizelge 1. RP ve RC metanol ekstraktindaki bilesiklerin HPLC ile analizi

No Compound name RT (min.) LOD LOQ R? RP (ng/uL) RC (ng/uL)
1 Ascorbic acid 3.307 1.972356 5.976836 0.99129 107.162 43.670
2 Gallic acid 4.161 2.15833 6.540393 0.99041 473.077 281.070
3 Protocatechuic acid 5.633 0.216179 0.655089 0.99989 81.522 17.079
4 Catechin 6.555 0.259225 0.785531 0.99986 ND ND

5 Hydroxybenzoic acid 8.671 0.185641 0.562548 0.99992 ND ND

6 Vanillic acid 9.628 0.202326 0.613109 0.99991 ND ND

7 Gentisic acid 10.460 0.283662 0.859581 0.99983 16.511 ND

8 prcoumaric acid 17.214 0.136218 0.412782 0.99995 ND ND

9 Rutin 19.288 0.237936 0.721018 0.99989 ND ND

10 trans-ferulic acid 20.237 0.373309 1.131241 0.99983 49.163 9.237
11  Naringin 27.357 0.373309 1.131241 0.99972 17.684 11.986
12 o-Coumaric acid 28.565 0.260367 0.78899 0.99986 22.501 8.597
13 Neohesperidin 29.642 0.399215 1.209743 0.99968 ND ND

14 Coumarin 30.696 0.048233 0.14616 0.99999 ND ND

15 Resveratrol 32.573 0.153643 0.465586 0.99995 ND ND

16 Quercetin 34.818 0.160099 0.485149 0.99995 9.753 6.673
17 trans-Cinnamic acid 35.616 0.23304 0.706183 0.99989 11.705 3.567
18  Hesperidin 36.763 0.354821 1.075215 0.99974 ND ND

19  Alizarin 38.661 0.132739 0.402239 0.99995 ND ND

20 Flavon 40.769 3.42617 10.38233 0.99995 ND ND

RT: Retention time, RC: R. canina fruit methanol extract, RP: K. pimpinellifolia fruit methanol extract, ND: Not detected

GC-MS/MS Analysis

GC-MS/MS analysis determined both rosehip species' fatty acids and volatile oils content. The results showed that
21 compounds were detected in RP and seven compounds in RC (Figure 2 and Figure 3). Oleic acid methyl ester
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(41.30%), linoleic acid methyl ester (32.43%), and palmitic acid methyl ester (16.47%) were detected in the highest
amount in the n-hexane extract of RP. In comparison, oleic acid methyl ester (53.87%), palmitic acid methyl ester
(22.72%), and linoleic acid methyl ester (15.46%) were detected in the n-hexane extract of RC (Table 2).
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Figure 1. The HPLC chromatbgram of the RC and RPl
Sekil 1. RC ve RP'nin HPLC kromatogrami
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Figure 2. The GC-MS/MS chromatogram of the RP
Sekil 2. RPnin GC-MS/MS kromatogrami
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Figure 3. The GC-MS/MS chromatogram of the RC
Sekil 3. RC'nin GC-MS/MS kromatogrami
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Table 2. GC-MS/MS analysis of the compounds in the RP and RC hexane extract
Cizelge 2. RP ve RC hekzan ekstraktindaki bilegiklerin GC-MS/MS analizi

No Compound name RT (min.) RI RP (%) RC (%)
1 Lauric acid, methyl ester 35.86 1526 0.13 0.99
2 Myristic acid, methyl ester 42.13 1725 0.54 0.59
3 Pentadecanoic acid, methyl ester 44.87 1820 0.34 ND

4 7-Hexadecenoic acid, methyl ester 46.79 1900 0.53 ND

5 Palmitoleic acid, methyl ester 46.90 1899 0.62 ND

6 Palmitic acid, methyl ester 47.45 1926 16.47 22.72
7 Methyl 8-heptadecenoate 49.29 1986 0.18 ND

8 Methyl 9-heptadecenoate or 9-17:1 49.51 1989 0.18 ND

9 Heptadecanoic acid, methyl ester 49.85 2028 0.18 ND
10 y-Linolenic acid, methyl ester 51.07 2092 0.84 ND
11 Linoleic acid, methyl ester 51.47 2092 32.43 15.46
12 Oleic acid, methyl ester 51.61 2091 41.30 53.87
13 Oleic acid, methyl ester-isomer 51.70 2091 0.62 1.43
14 Stearic acid, methyl ester 52.15 2128 3.38 4.94
15 11-Eicosenoic acid, methyl ester 57.00 2306 0.16 ND
16 Eicosanoic acid, methyl ester 57.92 2329 0.66 ND
17 Behenic acid, methyl ester 66.19 2528 0.21 ND
18 Heptacosane 71.18 2700 0.20 ND
19 Lignoceric acid methyl ester 71.99 2728 0.28 ND
20 Hexacosanol 75.46 2852 0.51 ND
21 Nonacosane 75.82 2900 0.27 ND

RT: Retention time, RI: Retention Index, RC: R. canina, RP: R. pimpinellifolia, ND: Not detected

When GC-MS analyzed the m-hexane extract of RP to determine the fatty acid content, linoleic acid and homo-y-
linolenic acid were determined as the main components (Guven et al., 2021). The fatty acid content of RC was
reported to consist of linoleic acid, palmitic acid, and stearic acid as the main components (Ercisli et al., 2007).
Therefore, this data are generally consistent with the literature.

Phytochemical Contents, Antioxidant and XO Inhibition Activities

The total phenolic content was higher in the RP than in the RC (Table 3). It is hypothesized that the reason why
the total phenolic content of the RP extract is higher than that of the RC extract is due to the higher amounts of
11 compounds determined in the HPLC analysis, the presence of gentisic acid and vanillic acid only in the RP
extract, and the absence of catechin and rutin in the RP extract. The DPPH’ scavenging activity was strongly
influenced by ascorbic acid in both rosehip fruit extracts. However, RP also showed higher activity than other
rosehip species and ascorbic acid. Although RC had a higher effect than ascorbic acid in reducing power capacity,
RP had no effect (Table 3). The antioxidant activity of the extract and the standards differed significantly (p < 0.05)
according to statistical analysis using the Tukey test. The test verified that the RC extract's activity was noticeably
higher than expected (p < 0.05, Table 3). The methanol extracts of RC and RP had a total phenolic content of 176.48
and 225.65 mg GAE/100 g, a total flavonoid content of 0.41 and 2.02 mg QE/100 g, and a DPPH’ scavenger content
of 79.16% and 87.78%, respectively (Fattahi et al., 2012).

XO is an important enzyme that catalyzes the conversion of hypoxanthine to xanthine and then to uric acid. XO
also releases superoxide and hydrogen peroxide anions, which are required to catalyze the primary steps of purine
metabolism. Hyperuricemia is the result of excessive uric acid synthesis, which can lead to gout. XO 1s an important
and specific target for treating gout and hyperuricemia-related diseases, such as metabolic syndrome, diabetes,
and cardiovascular disease (Singh et al., 2020). The discovery of natural substances with xanthine oxidase-
inhibiting properties has increased recently. The activity of this enzyme is mediated by mechanisms that have
been shown to lower uric acid levels in many natural flavonoids, phenylpropanoids, alkaloids, saponins, and
polysaccharides. Flavonoids have attracted much attention due to their efficacy and safety (Xue et al., 2023).

Table 3 shows the xanthine oxidase inhibition values of the extracts and allopurinol. According to these results,
no inhibitory effect of the RP extract was observed. However, it was noted that the RC extract had higher XO
inhibition than the drug. This situation is thought to be because the amount of palmitic acid and oleic acid among
the fatty acids it contains is higher than in the RP extract, and the catechin and rutin compounds are in the RC
extract but not in the RP extract. The XO inhibition of the extract and the standards differed significantly (p <
0.05) according to statistical analysis using the Tukey test. The test verified that the RC extract's inhibition was
noticeably higher than expected (p < 0.05, Table 3).
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Table 3. The total phenol and flavonoid, antioxidant and enzyme inhibition activities of the RP and RC
Cizelge 3. RP ve RC'nin toplam fenol ve flavonoid, antioksidan ve enzim inhibisyon aktiviteleri

Name Total phenol Total flavonoid DPPH' scavenging Reducing power XO inhibition
(mg GAE/g) (mg QE/g) (ICs0 pg/mL) (Aos pg/mL) (ICs0 pg/mL)

RP 17.28+0.10 0.03+0.00 3.41+0.052 NA NA

RC 5.19+0.22 0.13+0.05 13.54+0.53P 55.57+3.232 2.28+0.252

Ascorbic acid NT NT 42.15+1.35¢ 87.24+2.44b NA

Allopurinol NT NT NT NT 19.95+1.441P

Cohen’s d

Between RP and RC NT NT 26.78 24.32 13.06

Between RP and standard NT NT 40.50 50.58 20.05

Between RC and standard NT NT 20.40 9.47 12.46

P value NT NT 0.001 0.000 0.002

GAE: Gallic acid equivalent, QE: Quercetin equivalent, RC: R. canina fruit methanol extract, RP: K. pimpinellifolia fruit methanol extract,
XO: xanthine oxidase. NT: Not tested, NA: Not activity

The average values + standard deviation of three separate samples are represented in the data. A Tukey test indicates that significant
differences are shown by different letters [a-d]. (p < 0.05).

Anti-inflammatory Activity

Numerous studies indicate that the denaturation of proteins is one of the causes of rheumatoid arthritis. In many
rheumatic diseases, the denaturation of proteins can lead to the formation of autoantigens in vivo. Disulfide,
hydrophobic, hydrogen, and electrostatic bond changes will likely be part of the denaturation process. Several anti-
inflammatory drugs have been shown to stop heat-induced protein denaturation dose-dependently (Rahman et al.,
2015).
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Figure 4. Anti-inflammatory activity of RP, RC, and DFS
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The anti-inflammatory effect of diclofenac sodium, which was used as a standard, decreased with decreasing
concentration. On the other hand, RP and RC extracts were found to denature BSA. Of these two extracts, it was
observed that the RP extract denatured more than the standard, while the RC extract denatured less than the
standard (Figure 4). According to this result, it is clear that RP can be used as an anti-inflammatory agent.

Molecular Docking Studies

In this study, we investigated the interactions of gallic acid and ascorbic acid, present in large amounts in both
rosehip species, with xanthine oxidase using the AutoDock Vina program in a computer environment. Ascorbic
acid was found to form ten hydrogen bonds that interact with XO. Four hydrogen bonds are conventional (VAL259,
GLY260, SER347), while the other six are carbon-hydrogen bonds (VAL258, GLY260, ASN261, ALA346, THR262,
SER347) (Figure 5 and Table 4). Gallic acid was shown to interact hydrophobically with xanthine oxidase once,
forming five hydrogen bonds. Two hydrogen bonds are carbon-hydrogen bonds (GLY260, ASN351), and the other
three are conventional (GLY260, SER347). The hydrophobic interaction is an amide-pi stacked interaction
(GLY350) (Figure 5 and Table 4). The binding affinities of ascorbic acid and gallic acid were determined to be -6.20
kcal/mol and -6.60 kcal/mol, respectively (Table 4).

MD Simulation Studies

The investigation of the dynamic behavior of molecules and the complex systems with which they interact is of
crucial importance for drug development methods. MD simulation is used as a computational method for this
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purpose. Molecular docking simulations take into account the flexibility of targets, which is not the case with
conventional docking techniques. Binding energy estimates can more accurately identify putative inhibitors (Liu
et al., 2018).
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Figure 5. 2D (a), and 3D interpolated charge (b) of the interaction of compounds with XO
Sekil 5. Bilesiklerin XO ile etkilesiminin 2D (a) ve 3D interpole edilmis yiikii (b)

Table 4. XO-compounds interaction categories, species and molecular docking distance
Cizelge 4. XO-bilesiklerin etkilesim kategorileri, tiirleri ve molekiiler yerlestirme mesafesi

Compound Name Amino acid Names Distance Bond Types Binding Affinities (kcal/mol)
VAL259 2.28 Hydrogen Bond (Conventional)
GLY260 2.25 Hydrogen Bond (Conventional)
GLY260 2.41 Hydrogen Bond (Conventional)
SER347 2.14 Hydrogen Bond (Conventional)
. VAL258 2.39 Hydrogen Bond (Carbon) i
Ascorbic acid GLY260 2.75 Hydrogen Bond (Carbon) 6.20
ASN261 2.42 Hydrogen Bond (Carbon)
ALA346 2.73 Hydrogen Bond (Carbon)
THR262 2.87 Hydrogen Bond (Carbon)
SER347 2.63 Hydrogen Bond (Carbon)
GLY260 1.71 Hydrogen Bond (Conventional)
GLY260 2.31 Hydrogen Bond (Conventional)
L SER347 1.85 Hydrogen Bond (Conventional) )
Gallic acid GLY260 2.82 Hydrogen Bond (Carbon) 6.60
ASN351 2.89 Hydrogen Bond (Carbon)
GLY350 4.74 Hydrophobic (Amide-Pi Stacked)
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Figure 6. RMSD (a) and RMSF (b) backbone variations within MD trajectories for peptides and the complex, time-
dependent H-bond interactions (c), Rg plotting (d), MM-PBSA energy (e) with gallic acid XO

Sekil 6. Peptitler icin MD yériingeleri icindeki RMSD (a) ve RMSF (b) omurga varyasyonlar: ve karmasik, zamana
bagh H-bag etkilesimleri (c), Rg ¢izimi (d), gallik asit XO ile MM-PBSA enerjisi (e)

The protein remained stable during the entire simulation period, as can be seen from the reduced RMSD values.
RMSD mapping showed that the ascorbic acid and gallic acid complexes changed over a period of 100 ns in 9.0-9.5
nm and 0.5-0.8 nm, respectively. It was found that the complexes formed became more stable (Figures 6a and 7a).
Using the Ca atoms of XO, the RMSF was calculated for all complex systems and showed that the fluctuation
intensity persisted within 0.05-0.45 nm (Figures 6b and 7b). Thus, the stability of the protein structure and the
presence of flexible regions required to achieve the optimal conformations were demonstrated by the RMSF plots.
To determine the stability of a ligand-receptor complex, it was crucial to investigate the binding connections
between proteins and ligands during MD simulations (Majewski et al., 2019). The H-bond that the ligands formed
with xanthine oxidase during the 100-ns MD simulations is shown in Figures 6¢ and 7c. Throughout the MD
simulation period, a continuous interaction of H-bonds between one and six and one and ten occurred for the
complexes of gallic acid and ascorbic acid, respectively. The degree of compactness of a protein is indicated by its
Rg value. The ability of a drug to alter the structure of proteins can be accurately and usefully measured using Rg.
The loose molecular packing of a protein is indicated by its Rg value. The dynamics calculations for ascorbic acid,
gallic acid, and XO for 100 ns were consistently around 2.10-2.20, 0.25, and 0.25 nm, respectively, as shown in
Figures 6d and 7d.

MM/PBSA Analysis

MM-PBSA is a frequently used technique for determining the free energy of binding. It assumes that a ligand-
protein combination with a lower predicted binding free energy is more stable and has higher ligand activity and
potency. AGbinding, the free energy of binding of protein-ligand complexes, was determined using MM-PBSA. The
energy contributions are Ggas and Gsolv, and MM-PBSA is ranked according to binding energy criteria. The GB
estimates in Table 5 show that EGB and ESURF represent the polar and non-polar contributions, respectively.
Although all mutants have a strong electrostatic contribution, this is balanced by a sizable positive polar
contribution (EGB), which is why the van der Waals term contributes the most to the total binding free energy. As
a result, the total polar contribution (EEL + EGB) is positive (Gautam et al., 2021). The AGbinding values for ascorbic
acid and gallic acid are -17.37 kcal/mol and -21.50 kcal/mol for xanthine oxidase (Figures 6e and 7e). Further
analysis of the MM-PBSA data revealed that the van der Waals interaction force, as opposed to the electrostatic
interaction force, is important for protein-ligand binding. The output parameters of the MD simulation show a
strong correlation with the docking results, indicating that the docked protein-ligand complexes remain stable
during the simulation.
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Figure 7. RMSD (a) and RMSF (b) backbone variations within MD trajectories for peptides and the complex, time-
dependent H-bond interactions (c), Rg plotting (d), MM-PBSA energy (e) with ascorbic acid XO

Sekil 7. Peptitler icin MD ydériingeleri icindeki RMSD (a) ve RMSF (b) omurga varyasyonlari ve karmasik, zamana
bagh H-bag etkilesimleri (c), Rg ¢izimi (d), askorbik asit XO ile MM-PBSA eneryjisi (e)

Table 5. Results of the energy calculation of the compound-XO complex with MM/PBSA
Cizelge 5. MM/PBSA ile bilesik-XO kompleksinin enerji hesaplamasinin sonuglari

Compound- VDW EEL EGB Esurr AGaas AGsoLv AGBinding
Enzyme (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
Ascorbic acid -12.46+5.25 -57.28428.55  55.23+20.72 -2.86+0.45 -69.74+25.31  52.38+20.79 -17.37+7.76
Gallic acid -16.39+3.48 -41.72418.40 39.95+11.564  -3.35+0.35 -58.11+£17.29 36.61+£11.38  -21.50+7.21

VDW: van der Waals contribution from MM, EEL: electrostatic energy as calculated by the MM force field, EGB: the electrostatic contribution to the solvation-free
energy calculated by GB, Esurf: hydrophobic contribution to solvation-free energy for GB calculations, AGgas* total gas phase energy (ELE + VDW + INT), AGeoly* sum
of nonpolar and polar contributions to solvation, AGsinding* final estimated binding free energy calculated from the terms above (kcal/mol)

CONCLUSION

Rosehips are used to make tea, juice, jam, and marmalade. It has the highest concentration of vitamin C in all
cultivated and natural plants. In addition to its diuretic, antimutagenic, and antibacterial properties, it is used to
treat various diseases (rheumatic diseases, gout, stomach ulcers, sciatica, gallstone formation, biliary tract
diseases, and colds). For this reason, the phytochemical analyses (total phenol, total flavonoid, GC-MS/MS, and
HPLC) and the bioactivities (antioxidant activities) of the methanol extracts of the fruits of RC and RP were
investigated in this study. According to the GC-MS/MS analysis results, oleic acid methyl ester, linoleic acid methyl
ester, and palmitic acid methyl ester were obtained in high amounts from RP and RC. The HPLC analysis revealed
that ascorbic acid, gallic acid, protocatechuic acid, and trans-ferulic acid were present in high amounts in RP,
whereas RC contained high levels of ascorbic and gallic acid. The total phenolic content was higher in the fruit
extract of RP, likely due to its greater phenolic compound content. The total phenolic content was higher in the
fruit extract of RP. This could be due to the fact that it contains more phenolic compounds. DPPH" scavenging
activity was strongly affected by ascorbic acid in both rosehip fruit extracts. The fruit extract of RC had a higher
effect than ascorbic acid in terms of reducing power. It was observed that RP and RC extracts denatured BSA in
their anti-inflammatory effect. Of these two extracts, the RP extract was more denatured than the standard, while
the RC extract was less denatured than the standard. RC extract also showed a higher inhibition effect than the
standard in XO inhibition. In addition, the interaction of ascorbic acid and gallic acid with XO was investigated by
molecular docking, and it was found that the complex formed by molecular dynamics simulation was stable at 100
ns. In MM/PBSA analysis, the binding energy of gallic acid was found to be higher than that of ascorbic acid. This
result is directly proportional to the docking results. In other words, while the binding affinity of gallic acid is high
in docking, the binding energy of gallic acid is high in MM/PBSA analysis. It was found that RP from both rose
hips can be used as a dietary supplement and medicine due to their high phenolic compound content and high
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antioxidant effect. According to these results, both types of rosehips showed a high antioxidant effect. It is assumed
that this high effect is due to the phenolic compounds and fatty acid esters they contain. It is, therefore, important
to use these plants in areas such as nutrition and pharmacology.
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OZET Bitki Biyokimyas1
Aubrieta alshehbazii, Elsahbaz obrizyas: olarak bilinen endemik bir

tiurdiir. Tamimlanmas1 yeni yapildigindan hakkinda pek calisma Aragtirma Makalesi
bulunmayan bu tiiriin, antioksidatif, antikanserojenik etkileri ile

fenolik madde igeriginin  belirlenmesi amaciyla c¢alisma Makale Tarihgesi
gerceklestirilmigtir. Antioksidatif 6zelliginin belirlenmesi i¢in DPPH Gelig Tarihi  :10.01.2025
radikal savici etkisi, total antioksidan ve oksidan kapasitesi Kabul Tarihi :18.03.2025
Olgilmustur. Antikanserojenik etki kapsaminda saghkli HGF

hiicreleri ve akciger kanser (A549) hiicreleri kullanilmistir. Bitkinin Anahtar Kelimeler
igerdigi fenolik maddeler ise LC-ESI-MS/MS ile belirlenmigtir. Aubrieta alshehbazii
Analizler sonucunda bitkinin 0.1 uM ve 0.5 uM konsantrasyonda DPPH

sentetik antioksidan olan BHT den istatistiksel anlamhlikta (sirasiyla Sitotoksik

p= 0.008 ve p=0.016)) yiiksek bir DPPH radikali savic1 etkiye sahip
bulunmustur. Turin total antioksidan kapasitesi standart
antioksidanlardan dusuktir. Disuk konsantrasyonlarda ekstraktin
Ab49 hicreleri uzeirne etkileri gorulmezken, yuksek
konsantrasyonlarda hem HGF hicreleri ve hem de A549 hiucreleri
uzerine sitotoksik etki gosterdigi belirlenmigtir. Fenolik icerik
analizleri sonucunda yapisinda en ¢ok bulunan bilesenler, fumarik
asit, kafeik asit, kuersetin, kinik asit, rosmarinik asit ve klorojenik
asittir. Sonug olarak tir radikal savici etkisi ile 6n plana cickmaktadir.
Bu etkinin hangi bilesenden kaynaklandiginin belirlenmesine yonelik
calismalar yapilmasi 6nerilmektedir.

ABSTRACT

Aubrieta alshehbazii is an endemic species known as Elsahbaz
Obrizyasi. A study was conducted to determine the antioxidative,
anticarcinogenic effects and phenolic substance content of this species,
which is not well-studied due to its new definition. DPPH radical
scavenging effect, total antioxidant and oxidant capacity were
measured to determine its antioxidant properties. Healthy HGF cells
and lung cancer (A549) cells were used within the scope of the
anticarcinogenic effect. Phenolic substances contained in the plant
were determined by LC-ESI-MS/MS. As a result of the analysis, it was
found that the plant had a statistically significant (p=0.008 and
p=0.016) higher DPPH radical scavenging effect than the synthetic
antioxidant BHT at 0.1 uM and 0.5 uM concentrations. The total
antioxidant capacity of the species i1s lower than standard
antioxidants. While no effects of the extract on A549 cells were
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observed at low concentrations, it was determined that it had a
cytotoxic effect on both HGF cells and A549 cells at high
concentrations. As a result of the phenolic content analysis, the most
abundant components in its structure are fumaric acid, caffeic acid,
quercetin, quinic acid, rosmarinic acid and chlorogenic acid. As a
result, the species stands out with its radical scavenging effect. It is
recommended that studies be conducted to determine which
component is responsible for this effect.

Ataf i(;in :  Aksoy, L., Hazman, O., Yilmaz, M.A., Biyiikben, A., Kargioglu, M., Cakal, F.B., Giimiis, B., & Efiloglu, F. (2025).
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28(3), 650-660. DOI: 10.18016/ksutarimdoga.vi.1616833.
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GIRIS

Brassicaceae, 325 cins ve 3740 tiriin olusturdugu bir familyadir. Giineybat1 Asya'da, 6zellikle Tiirkiye ve Iran-
Turan bélgesinde oldukea fazla tiir yetismektedir (Al-Shehbaz ve ark., 2007; Karl & Koch 2013). Tiirkiye, Aubrieta
ve Brassicaceae cinsi basta olmak iizere tiir zenginligi sahip bir iilkedir. Tiirkiye 600'den fazla tiir (bunlardan 226

s1 endemik) ile Brassicaceae cesitliligi acisindan en zengin ilkeler arasindadir (Mutlu & Karakus 2015;
Yiizbasioglu ve ark., 2015).

Aubrieta alshehbazii, Orta Turkiye'nin kayalik bozkirlarindan toplanan yeni bir tir olarak tanimlanmaktadir.
Aubrieta alshehbazii (A. alshehbazi) TUCN'nin CR tehdit kategorisine atanmistir. Mart-Nisan aylarinda cigek
acan, Mayis-Haziran aylarinda olgun meyve veren bir turdir. A. alshehbazii kendisine en yakin tiir olan A.
pinardii ayn bolgede yetismektedir. Ancak A. alshehbazii sadece kaya tizerinde yetigsirken A. pinariihem toprakta
hem de kaya yariklarinda bulunur. A. alshehbazii, 1000-1300 metre ylikseklikte yetismektedir. Bitkiler
cogunlukla kaya yariklariyla yetismektedir dolayisiyla hayvanlar tarafindan otlanmazlar. Ancak yakinlarda
bulunan mermer ocag tiiriin yayilis alani nispeten dar (yaklasik 10 km?) oldugundan, bu durum yakin gelecekte
ciddi ve biiyiik bir yok olma tehdidine neden olabilir (Al-Shehbaz ve ark., 2007; Koch & Kiefer 2006; Dénmez ve
ark., 2017).

A. alshehbazii bitkisi morfolojik olarak incelendiginde; 4-6 cm cicekli saplar tuylu kapli, 4-5 yaprakli govde
birbirine benzer, sapsiz, hafifce birbirine kenetlenmis durumdadir. Sepal mizraksi, 7-9 x 1-2,2 mm, tiyld, dis:
menekse, i¢l tuysiiz, i¢ sepal keseli, kenarlar zarsi, apeks genis, kiibik sekildedir. Petaller menekse, 14-16 X 6-8
mm, obovat bir uzuv ve 7-10 mm bir pence olarak farklilagsmistir. Filamentler dar kanatli, alt yarida beyaz, tepeye
dogru meneksedir. Meyve genis élciide dogrusal, 15-19 X 3.5-4.5 mm (stil hari¢), hafif kavisli, cogunlukla diiz
yapidadir. Septum; kisa saply, tek tip tiiylii, olgun valfler hafif ags1 damarls; stil 6-8 mm dir (Al-Shehbaz ve ark.,
2006; Al-Shehbaz ve ark., 2007; Dénmez ve ark., 2017).

Turkiye'de A. alshehbazii, morfolojik olarak A. pinardilye benzer, ancak eliptik ila obovat ve butin yapraklar,
daha kisa ciceklenme ve sapsiz yapraklar ile ayirt edilir. Cinsin birgok tiira, yaprak kenari boyunca 1-3 ¢ift dis ile
karakterize edilir. Buna gore, A. alshehbaziinin tim yaprak kenari, A. vulcanica Hayek & Siehe ve A. ekimii gibi
diger birka¢ Aubrieta turuyle birlikte yeni tiir i¢in istisnai ve ¢ok karakteristik bir 6zelliktir. Ayrica A. alshehbazii
sapsiz yapraklara sahiptir ve yapraklarin tabani gévdeye hafifce kenetlenir. A. alshehbaziinin govdeleri zikzak
gériiniimiindeyken, diger ilgili tiirler diiz govdelerle karakterizedir (Dénmez ve ark., 2017; Ancev & Goranova,
2009). Afyon ili Cay ilcesi Karakus Dag1, Aydogmus-Armutlu kdyleri arasi, 38°23'117°K, 030°46'55”°D lokasyonda
1100 m yiikseklikte yetigen bir tiirdiir (Dénmez ve ark., 2017). Bu calismada A. alshehbazii nin sulu ekstraktinin,
total fenolik madde miktari, TAS, TOS ve OSI diizeyleri incelenmistir. Ayrica hiicre kiiltiirti ortaminda belirlenen
sitotoksisite diizeyleri ile bitkinin icerisinde bulunan fenolik maddelerin kalitatif/kantitatif analizi LC-ESI-
MS/MS ile belirlenerek biyolojik aktivitelere sahip olma potansiyelleri degerlendirilmigtir.

MATERYAL ve METOD

Yapilan calismada, kullanilan bitki ekstraktlarinin hazirlanmasi, ekstraktlarin igerik ve aktivite analizleri
gerceklestirilmistir. Ekstraktlarin, agiz i¢i epitel hiicrelerinden elde edilen primer bir hiicre hatti olan insan
gingival fibroblast (HGF) hiicreleri ve kiiciik hiicreli olmayan akciger kanseri (A549) hiicrelerine uygulanmasi ve
laboratuvar analizlerine yer verilmistir.
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Bitki Materyali ve Ekstraksiyonu

A. alshehbazii bitkisi 6rnekleri 2022 y1li temmuz ayinda Afyonkarahisar ili, Cay ilcesi, Karakus Dag1 (38° 35' 30"
Kuzey, 31° 1' 43" Dogu) cevresinden toplanmis ve Dr. Mustafa Kargioglu tarafindan teshis edilmistir. A.
alshehbazii saf suyla yikamp toprak kalintilarindan arindirildiktan sonra kurutulmus ve blender (Waring
32BL8&0, Connecticut, USA) araciligiyla 6giitiilerek toz haline getirilmistir. 25 gram alinan toz formundaki bitkiye
250 mL (1:10 w/v oraninda) deiyonize su eklendi. Sonra ultrasonik su banyosunda 60°C'de 2 saat tutuldu.
Manyetik karistiricida 700 rpm'de 60°C'de iki saat bekletildikten sonra, oda sicakliginda 24 saat karanhk bir
ortamda bekletildi. Elde edilen siv1 ekstrakt, siizge¢ kagidi (Whatman, Grade 589/1) ve nuche erleni kullanilarak
siiziilerek biriktirildi. Bu yéntemle elde edilen ekstraktin ¢oziiciisii, vakum altinda rotary evaporatér ((Heidolph,
562-00000-00-0, Germany) ile uzaklastirilda.

DPPH Radikali Siipiiriicii Aktivite ile Antioksidatif Ozelliklerin Belirlenmesi

Ekstraktin DPPH radikal stipiiriici aktivitesi belirlemek amaciyla metanol igerisinde 10 pM DPPH c¢6zeltisi
hazirlandi. Bu stok standart kullamilarak seri diliisyonla (0.5-10 pM araliginda) DPPH standartlar: hazirlanda.
Calismada kullanilan numunelerin DPPH inhibisyon diizeylerini kargilagtirabilmek amaciyla BHT kullanildi.
Numuneler ve BHT nin farkli konsantrasyonda cozeltileri hazirlandi. 96 kuyucuklu mikrowellde kuyucuklara
standart DPPH dan 200 pL. hacminde ilave edildi. Kontrol olarak DPPH ¢6zeltisi, blank olarak metanol kullanilda.
Numune kuyucuklarina ise 100 uL. hacminde belirlenen konsantrasyonlardaki numuneler ilave edildi. 100 uL 10
uM konsantrasyonlu DPPH ¢ozeltisi eklenerek 30 dakika 37 °C’de inkiibasyona birakildi. Inkiibasyon sonunda
540 nm’de (BioTek, ELx800) her bir kuyucuktaki numune ve standartlarin absorbans degeri 6lciildii. DPPH’a ait
kalibrasyon egrisi yardimiyla énce her bir kuyucukta bulunan indirgenmis DPPH miktarlar: tespit edildi.
Basglangigta numunelerin tizerine ilave edilen 10 uM DPPH ne kadarinin inhibe edildigi % olarak belirlendi
(Hazman ve ark., 2021).

Ekstraktin oksidatif strese olas1 etkilerini belirleyebilmek amaciyla total antioksidan kapasite (TAC) ve total
antioksidan kapasite (TOC) seviyeleri ticari kitler (Rell Assay, Gaziantep, Tiirkiye) kullanilarak analiz edildi.
Numunelere ait TOC ve TAC diizeyleri oranlanarak deney gruplarina ait oksidatif stres indeksi (OSI) degerleri
(OSI=TOC/TAC) belirlendi (Erel 2004; Erel 2005).

Sitotoksisite ve Antikanserojenik Etkinligin Belirlenmesi

Calismada kullanilan ekstraktin sitotoksik etkileri saglikli bir hiicre hatt1 HGF (insan gingival hiicreleri) ve A549
(adenokarsinomik insan alveolar bazal epitel hiicreleri) kullanilarak 3-[4,5-dimetilthiazol-2-yl]-2,5-
difeniltetrazolium bromid (MTT) analizi ile belirlendi. Calismadaki hiicreler yiiksek glukoz Dulbecco degistirilmis
ortam kulanilarak hazirlanan besiyerinde ¢ogaltildi. Hiicrelere yapilan uygulamalar flow laminer kabin i¢erisinde,
inkiibasyonlar ise uygun sartlar altinda CO:2 inkiibatériinde gergeklestirildi. Hiicreler 96 kuyucuklu mikroplate
her bir wellde 200 pL besiyeri ve 104 tane hiicre olacak sekilde ekildi. Hiucrelerin tutundugundan emin olduktan
sonra, ekstraktlara ait 6nceden besiyerinde hazirlanmis stok c¢ézeltileri yedi farklh (5, 25, 50, 100, 200, 400, 800 ug
mL1) konsantrasyonda su ile ¢éziindiiriilerek hiicrelere uygun hacimde (50 uL) uygulandi. Kontrol kuyucuklarina
ise 50 pL. hacminde besiyeri eklendi. 24 saat inkiibe edildi. Inkiibasyon sonunda her bir kuyucuga fosfat tampon
¢ozeltisi icinde 5 mg mL! konsantrasyonda hazirlanmig olan MTT ¢ozeltisi 25 pL. hacminde eklendi. Hiicreler 3
saat inkiibe edildi. Inkiibasyon sonunda formozan kristallerinin ¢6ziilmesi saglandi. Her bir kuyucukta bulunan
numunenin absorbansi 540 nm’de, ELISA mikroplate okuyucu (Biotek, ELx800) kullarak belirlendi. Herhangi bir
aktif madde eklenmemis olan (kontrol grubu) kuyucuklardaki ortalama hiicre canliligi orani %100 kabul edilerek,
her bir dozun hiicre canlihigina etkisi (%) asagida belirtilen formiil kullamlarak belirlendi (Gérmez ve ark., 2024;
Giinay ve ark., 2016).

Hiicre Canlilign (%) = [(100xAbsorbanssmek)/ (Absorbanskontrol)]

Total Fenolik Madde Miktarinin Belirlenmesi

Ekstrakt iceriginde bulunan toplam fenolik madde miktar: Folin-Ciocalteu’s fenol yéntemi (Slinkard & Singleton,
1977) modifiye edilerek belirlendi. Analizlerde standart olarak 100-1000 pg mL?! aralifinda bes farkh
konsantrasyonda gallik asit ¢ézeltisi kullanildi. Bitki ekstrakti ve standartlarin hazirlanan ¢ézeltilerinden 500 pL
hacminde 15 mL/lik tiiplere ii¢ tekrarl olacak sekilde eklendi. Uzerine 700 uL deiyonize su ve 250 pL Folin-
Ciocalteu reaktifi ilave edildi. Tupler vortekle karistirildi. 5 dakika sonra her bir tiipe %2’1ik Na2COs ¢ozeltisinden
200 pL ilave edilerek inkiibasyona birakildi. Numunelerin 760 nm’deki absorbanslari spektrofotometrede
(Shimadzu UV-VIS 1700) 6l¢iildii. Analizleri sonucunda elde edilen absorbanslar ve gallik asit standart egrisinden
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elde edilen dogru denklemi kullanilarak numunelerin 1 mginda bulunan toplam fenolik asit miktar: gallik asit
esdegeri (ug GAE mg ekstrakt) seklinde hesaplandi (Balkir ve ark., 2023).

Ekstraktlarda Bulunan Bilegenlerin ve Konsantrasyonlarinin Belirlenmesi

Ekstrakt bulunan bilegenlerin kalitatif ve kantitatif tayini i¢in kullanilan LC-MS/MS cihazinda ters faz UHPLC
sistemi kullanilmistir. Bu sistem bir oto érnekleyici (SIL-30AC), bir kolon firin1 (CTO-10ASvp), gradient pompa
sistemi (LC-30AD) ve bir degazer (DGU- 20A3R) bilesenlerinden olusmustur. Kromatografik ayrim 40°C’ye ayarh
kolon kullanilarak yapilmigtir. Mobil faz akis hizi 0.5mL min?, enjeksiyon hacmi sirasiyla 5 pl. olarak
belirlenmigtir. Kullanilan LC-MS/MS sisteminin kiitle spektrometre dedeksiyonu i¢in hem pozitif hem de negatif
modda calisan bir elektrosprey iyonlasma kaynagi ile donanmig Shimadzu LCMS-8040 model sirali kiitle
spektrometresi kullanilmistir (Yilmaz 2020).

LC-ESI-MS/MS verileri LabSolutions yazilimi1 (Shimadzu) ile alinmis ve islenmistir. Fitokimyasallarin miktar
tayini i¢in multiple reaction monitoring (MRM) modu kullanilmistir. MRM metodu, belirli ana iyon-parcalanma
iyonu gecislerinin taranmasina dayali olarak fitokimyasallarin secici olarak tespit edilip miktarsal tayininin
yapilmasi icin optimize edilmistir. Uygulanan MS de; kurutucu gaz (N2) akisi: 15 L/dk, nebiilizer gaz (N2) akisi: 3
L/dk, DL sicakligi: 250°C, heat block sicakligi: 400°C ve araylz sicakligi: 350°C olarak belirlenmistir. Ekstraktlar
igerisinde miktarlar: belirlenen fenolik asit tirlerinin miktarlar1 mg analit g ekstrakt! geklinde ifade edilmistir
(Yilmaz 2020).

Istatistiksel Analiz

Calismada kullanilan ekstraktlar tic tekrarli (n=3) sekilde hazirlanmis, élciilen sonuclar ortalama + standart
sapma (mean + SD) seklinde ifade edilmistir. Bu ¢alismadaki verilerin istatistiki analizinde SPSS 20 paket
program1 kullanilmigtir. Gruplar arasindaki farkliliklar tek yénlii varyans analizi (one-way ANOVA) ile
belirlenmigtir. Hangi gruplar arasinda farkliligin olustugu ise Duncan ¢oklu aralik testine gore p<0.05 6nemlilik
degerinde belirlenmigtir.

BULGULAR ve TARTISMA

Ekstraksiyon, bitkilerden elde edilen dogal antioksidanlari incelemek icin ilk ve énemli adimdir. Ekstraksiyon
solventinin tirld ve konsantrasyonu, ekstraksiyon sicakligi, ekstraksiyon siiresi ve ekstraksiyon pH' gibi birgok
faktor ekstraksiyon verimliliginde 6nemli rol oynar. Bunlar arasinda solvent en etkili faktorlerden biridir.
Gidalardan ve tibbi bitkilerden antioksidanlarin ekstraksiyonunda ¢ok sayida ¢oziicti kullanilmigtir. Céziiclilerin
secimi, ekstrakte edilecek antioksidan bilesiklerin kimyasal yapisina ve polaritesine dayanmaktadir. Fenoliklerin,
flavanoidlerin ve antosiyaninlerin ¢gogu suda ¢éziinebilen antioksidanlardir. Su, etanol, metanol, propanol, aseton
ve bunlarin sulu karisimlar: gibi polar ve orta polar ¢ozicller ekstraksiyon i¢in yaygin olarak kullanilmaktadir
(Xu ve ark., 2017).

Serbest radikal reaksiyonu, 6zellikle saglik ve gida endistrilerinde sorunlarin en énemli nedenlerinden biridir.
Kanser gibi pek ¢ok hastalik ve gidalarin oksidatif bozulmasinin dahil olumsuz sonuca neden olur. Sentetik ve
dogal antioksidanlar, oksidatif hasarlari en aza indirmek igin tip ve gida endustrilerinde rutin olarak
kullanilmaktadir. Ancak, calismalar sentetik antioksidanlarin genellikle olumsuz etkileri ve potansiyel
toksisitelerle iligkili oldugunu gostermistir. Bu nedenle, bitkilerden elde edilen dogal antioksidan alternatifleri
onerilir (Molole ve ark., 2022). Antioksidan-oksidan reaksiyonunun mekanizmasinda hidrojen atomu transferi ve
tek elektron transferi yontemi olarak ikiye ayrilir. Hidrojen atomu transferi yontemi, bir antioksidanin hidrojen
bagis1 yoluyla serbest radikalleri yakalama kapasitesini Olgmektedir. Tek elektron transferi yontemi, bir
antioksidan bilegigin bir radikal tiire karsi tek elektron transferini azaltma yetenegine dayanmir. DPPH ve TEAC
hem hidrojen hem de tek elektron transferini kullanan yéntemler olarak kabul edilir, ¢iinkii bu durumlarda
radikaller, elektron indirgeme veya hidrojen transferini iceren radikal giderme yoluyla temizlenebilir (Prior ve
ark., 2005). A. alshehbazii sulu ekstratinin ve sentetik antioksidan olan BHT nin DPPH serbest radikalini yiizde
inhibisyonlar1 Sekil 1 ve CQCizelge 1 de go6sterilmistir. Ekstraktin radikali giderici etkisinin dugik
konsantrasyonlarda BHT den istatistiksel anlamlilikta (p<0.05) olduk¢a yiiksek oldugu goriilmektedir. Yiiksek
konsantrasyonlarda hem ekstraktin hem de BHT'in olduk¢a yiiksek DPPH radikali savici etki gosterdigi
belirlenmigtir. Ayrica radikal savici etkinin konsantrasyonla birlikte orantili olarak arttigi da goriilmektedir.
Dogal urtinlerden, elde edilen ekstraktlarin antioksidan kapasitelerini daha fazla degerlendirmek i¢in Trolox
esdegerli antioksidan kapasite, demir iyonu azaltici antioksidan gii¢, oksijen radikal absorbans kapasitesi gibi
farkli degerlendirme analizleri uygulanmaktadir. Yapilan c¢alismada, Trolox esdeger antioksidan kapasitesi
analizi, ABTS radikalini temizlemeye yonelik antioksidan yetenegini degerlendirmek i¢in uygulanmistir.
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Cizelge 1. Aubrieta alshehbazii sulu ekstrati ile sentetik antioksidan BHT nin farkli konsantrasyonlarda DPPH
radikalini ylizde inhibisyonu

Table 1. Percentage inhibition of DPPH radical by synthetic antioxidant BHT at different concentrations with
aqueous extract of Aubrieta alshehbazii

Konsantrasyon (uM) AAW BHT P Degeri
0.1 53.58+3.452 7.50+1.42b p=0.008
0.5 61.13+2.062 43.76+2.76b p=0.016
1 72.55+2.742 70.14+2.492 p=0.589
5 87.74+1.972 82.33+1.742 p=0.734
10 94.54+0.872 92.33+2.362 P=0.602

AAW; Aubrieta alshehbazii sulu ekstrakti BHT: Butillenmigs hidroksi toluen. Veriler, ortalama+standart sapma olarak
sunulmustur. (n=3), a, b: Aym satirdaki farkl iislere sahip ortalamalar arasindaki fark istatistiksel olarak anlamlidir.
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Sekil 1. Aubrieta alshehbazii sulu ekstrati ve BHT nin DPPH serbest radikalini yiizde inhibisyonu
Figure 1. Percentage inhibition of DPPH free radical by Aubrieta alshehbazil aqueous extract and BHT

Cizelge 2 de turin total antioksidan kapasitesi, oksidan kapasitesi ve oksidatif stres indeksi degerleri verilmistir.
A. alshehbaziinin TAC ve TOC diizeylerinin standart maddelerden (Vitamin C ve H202) istatistiksel anlamlilikta
(p<0.05) diisiik oldugu goriilmektedir. OSI degeri ise 6.94+1.84 Arbitary Unit olarak hesaplanmistir. ABTS
radikalinin absorbansindaki azalma spektrofotometrik olarak izlenebilir. Test edilen absorbans farki, antioksidan
konsantrasyonlarina gore grafige gecirilir. Antioksidan kapasitesi Trolox esdegerleri olarak ifade edilir. ABTS
antioksidanlarla hizla reaksiyona girebildigi i¢in test, hizlilik ve basitlik avantajlarina sahiptir. Ek olarak ABTS
iyonik glicten etkilenmez ve hem organik hem de sulu solventlerde ¢ézulebilir oldugundan hem hidrofilik hem de
lipofilik antioksidan aktiviteleri tespit etmek icin birden fazla ortamda uygulanabilir (Awika ve ark. 2003).
Yapilan bir calismada kuzeybati Anadolu endemigi Aubrieta ekimiihin, toplam antioksidan aktivitesi, flavonoid
ve toplam fenolik icerigi belirlenmistir. Bitkinin 6ziitlerinin toplam antioksidan aktivitesi 1298.51 CRE (uM bakar
indirgemesine esdeger), ve toplam fenolik icerigi 28.24 mg mg GAE g 6ziit! olarak belirlenmistir. Bir bagka
calismada ise Aubrieta deltoideamnin cesitli 6ziitlerinin (etanol, aseton ve su) fenolik bilesikleri ve antioksidan
kapasiteleri incelenmigtir. Ayrica toplam fenolik, flavonoid ve tanen igerikleri de belirlenmistir. A. deltoidea
ozutlerinin toplam fenolik igerilerinin 15.21+2.29 ile 58.08+8.10 mg GAE g! arasinda degistigini belirlenmistir
(Kaska ve ark., 2017). Sunulan calismada literatiirle uyumlu olarak total fenolik icerik 55.97+9.58 mg GAE g'!
bulunmustur.

Pek ¢ok ¢aligsma, antioksidan aktivitelerinin toplam fenolik igerikleriyle ylksek oranda iligkili oldugunu
gostermigtir. Antioksidanlar, oksidatif zincir reaksiyonlarinin baglatilmasini ve yayilmasini engelleyerek lipitlerin
ve diger molekiillerin oksidasyonunu geciktirebilen veya engelleyebilen bilesiklerdir. Fenolik bilegiklerin
antioksidan aktivitesi esas olarak, serbest radikalleri nétralize etme, tekli ve Ugli oksijeni séndiirme veya
peroksitleri parcalamada énemli bir rol oynayabilen redoks ézelliklerinden kaynaklanmaktadir (Chahardehi ve
ark., 2009; Eruygur ve ark., 2024)
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Cizelge 2. Aubrieta alshehbazii sulu ekstrati ile standart maddelerin total antioksidan statiisi, total oksidan
statiisi, oksidatif stress indeksi ve total fenolik icerigi

Table 2. Total antioxidant status, total oxidant status, oxidative stress index and total phenolic content of standard
substances with Aubrieta alshehbazil aqueous extract

AAW Standartlar
TAC (mmol Trolox Egdegeri L1 1.214+0.342 2.198+0.33b
TOC (umol H202 Esdegeri L-1) 7.827+0.882 10.31+1.02b
OSI (Arbitary Unit) 6.94+1.842 4.72+0.86b
Toplam fenolik icerik (mg GAE g ekstrakt!) 55.97+9.582 923.14+59.15b

TAS; Total antioksidan statiisii, TOS; Total oksidan statiisti, OSI; Oksidatif stress indeksi, AAW; Aubrieta alshehbazii sulu
ekstrakti, GAE; Gallik asit esdegeri, TAS i¢in Vitamin C, TOS i¢in H202, Total fenolik asit igerigi i¢in kafeik asit standart
olarak kullanilmistir. Veriler ortalama + standart sapma olarak sunulmustur. (n=3), a, b: Aym satirdaki farkl iislere sahip
ortalamalar arasindaki fark istatistiksel olarak anlamlidir.

Kanser, insan viicudundaki hiicrelerin stirekli olarak ¢ogalmasi ve kontrol edilememesi veya durdurulamamasiyla
karakterize edilir. Sonucunda metastatik olma potansiyeline sahip kotii huylu hiicrelerden olugan timérler
olusturmaktadir. Mevcut tedaviler arasinda kemoterapi, radyoterapi ve kimyasal koékenli ilaglar yer aliyor.
Kemoterapi gibi tedaviler hastalar: cok fazla zorlayabilir ve saghklarina daha fazla zarar verebilir. Bu nedenle
kansere kars1 alternatif tedavilere odaklanilmaktadir (Greenwell & Rahman 2015). Kanser tedavisi veya adjuvan
tedavi i¢in daha dusiik toksisiteye ve yan etkilere sahip ve etkili bir ila¢ tiriiniin arastirilmasi énemlidir. Tumor
olusumu ve gelisimi birden fazla yolu, birden fazla baglantiy1 ve birden fazla hedefi icerir. Cesitli baglantilar
arasindaki etkilesimlerin karmasikligi, sinirh terapétik etkiler ve daha biiyiik yan etkiler gibi klinik yanitlara yol
acabilir. Son zamanlarda, kanser tedavisinde yeni bir terapotik strateji olarak dogal bilesiklerin uygulanmasina
yogun ilgi gosterilmektedir (Reyes-Farias & Carrasco-Pozo, 2019). Bitki materyalinden ekstrakte edilen
metabolitler, kanser hiicrelerinde apoptozu indiiklemek i¢in kullanilir. Bununla birlikte bitkiler malignite
doéntusiiminin ve kanser gelisiminin 6nlenmesinde de kritik bir rol oynar. Bu tir bitkisel trinlerin etkilerinin
anlagilmasinin artmasiyla birlikte farkli kanser tiirlerine karsi etkileri de tespit edilmistir. Ancak bitkisel
bilesikler ilag olarak kabul edildiginde, bunlarin giivenlik ve yan etki agisindan herhangi bir sorunu olmadig:
yanilgisina distilmektedir. Saghga zararh yizlerce bitki tiirtt bulunmaktadir. Ayni1 sekilde, dost bitkilerde de
sitotoksisiteye neden olan bircok bilesik vardir. Testlere dayanarak antikanser bitkilerinin bile sitotoksik etkilere
yol actig1 kanmitlanmistir (Khan ve ark., 2019; Ghorani-Azam ve ark., 2018; Giiclii ve ark., 2022; Pal & Shukla,
2003).

A. alshehbazii turlu ve Aubrieta cinsiyle ilgili antikanserojen aktivite ¢calismalarina literatirde rastlanmamagtir.
A. alshehbazii gibi Brassicaceae ailesine ait bazi bitkilerin antikanserojenik etkilerinin incelendigi bir ¢alismada,
ailenin sulforafane, erusin, indole-3-carcinol igerikleri nedeniyle prostat, meme, yumurtalik ve kolon kanserlerine
kars1 etkili oldugu belirlenmistir (Mandrich & Caputo,2020).

Brassicaceae familyasina ait yenilebilir bir bitki olan Brassica incana Ten. ile yapilan bir ¢calismada, B. incananin
yapraklarindan ve cicekli tepelerinden elde edilen hidroalkolik 6zutlerin fenolik bilesimi ve antioksidan ve
sitotoksik 6zellikleri incelenmiltir. Oziitlerin insan kolorektal adenokarsinomu (CaCo-2) ve meme kanseri (MCF-
7) hiicre hatlarina kars1 sitotoksisitesi, 3-(4,5-dimetiltiazol-2-i1)-2,5-difeniltetrazolium bromiir (MTT) testi ve
laktik dehidrogenaz (LDH) saliniminin belirlenmesi yoluyla degerlendirilmistir. Ekstraktin Caco-2 hiicrelerine
kars: sitotoksik etkinlik gosterdigi, cicekli iist ekstraktin en etkili oldugu belirtilmistir (Miceli ve ark., 2020).
Sunulan ¢alismadaki Aubrieta alshehbazii sulu ekstratinin A549 ve HGF hiicrelerindeki sitotoksisite diizeyleri
Sekil 2 de gosterilmistir. Yiiksek doz (0.25-2 mg mL) ekstre uygulamasinin A549 kanser hiicre hattinda
antikanserojenin etkileri gorilmekle birlikte bu dozlarda HGF hicrelerinin viabilitesinde azalmada
belirlenmigtir. 0.1 mg mL?! ekstre uygulamasinin A549 kanser hiicre hattinda etkili degilken, HGF hiicrelerinin
canlihigini azaltici etkisi bulunmustur. 0.03 mg mL1! ekstre uygulamas: da A549 kanser hiicre hattinda etkili
degilken, HGF hiicrelerinin canliliginmi artiric: etkisi bulunmustur.

Aubrieta alshehbaziinin fitokimyasal bilesimini belirlemek i¢in LC-ESI-MS/MS analizi gerceklestirildi. Bitki ve
hastaliklar arasindaki iligkiyi analiz etmeye yonelik arastirmalara katk: saglayabileceginden fenolik profile iliskin
calismalara ihtiya¢ vardir. Fenolik icerik analizi ile bitkilerden yeni Uriinlerin gelistirilmesi ve bitkilerin daha
fazla kullanim alam olugabilir. Ayrica bu analizler, biyolojik g¢esitliliginin korunmasina da katki saglayabilir.
Cizelge 3 de Aubrieta alshehbazii sulu ekstraktinin icerisinde bulunan LC-ESI-MS/MS ile belirlenen
fitokimyasallarin konsantrasyonlari verilmigtir.
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Sekil 2. Aubrieta alshehbazii sulu ekstrati'nin A549 ve HGF hiicrelerindeki sitotoksisite diizeyleri
Figure 2. Cytotoxicity levels of Aubrieta alshehbazii sulu ekstrati in A549 and HGF cells

Cizelge 3. Aubrieta alshehbazii sulu ekstraktinin igerisinde bulunan LC-ESI-MS/MS ile belirlenen

fitokimyasallarin konsantrasyonlari
Table 3. Concentrations of phytochemicals determined by LC-ESI-MS/MS in

the aqueous extract of Aubrieta

alshehbazii
Konsantrasyon
Bitki Bilegenleri RTa %r/{l/Iz) b FI (m/z)c r2 {;O/D/DI;OQ (mg analyte g
HE ekstrakt1)
1. Kinik asit 3.0 190.8 93.0 0.996 25.7/33.3 0.248
2. Fumarik asit 3.9 115.2 40.9 0.995 135.7/167.9 4.566
3. Akonitik asit 4.0 172.8 129.0 0.971 16.4/31.4 N.D.
4. Gallik asit 4.4 168.8 79.0 0.999 13.2/17.0 N.D.
5. Epigallokatesin 6.7 304.8 219.0 0.998 237.5/265.9 N.D.
6. Protokatekuik asit 6.8 152.8 108.0 0.957 21.9/38.6 0.116
7. Katesin 7.4 288.8 203.1 0.999 55.0/78.0 N.D.
8. Gentisik asit 8.3 152.8 109.0 0.997 18.5/28.2 N.D.
9. Klorojenik asit 8.4 353.0 85.0 0.995 13.1/17.6 0.237
10. Protokateuik aldehit 8.5 137.2 92.0 0.996 15.4/22.2 0.042
11. Tanik asit 9.2 182.8 78.0 0.999 15.3/22.7 N.D.
12. Epigallokatesin gallat 9.4 457.0 305.1 0.999 61.0/86.0 N.D.
13. Sinarin 9.8 515.0 191.0 0.999 5.8/9.4 N.D.
14. 4-OH Benzoik asit 10.5 137,2 65.0 0.999 68.4/88.1 N.D.
15. Epikatesin 11.6 289.0 203.0 0.996 139.6/161.6 N.D.
16. Vanilik asit 11.8 166.8 108.0 0.999 141.9/164.9 N.D.
17. Kafeik asit 12.1 179.0 134.0 0.999 17.7/9.5 1.656
18. Siringik asit 12.6 196.8 166.9 0.998 82.3/104.5 N.D.
19. Vanilin 13.9 153.1 125.0 0.996 24.5/30.4 0.061
20. Siringik aldehit 14.6 181.0 151.1 0.999 19.7/28.0 N.D.
21. Daidzin 15.2 417.1 199.0 0.996 7.0/9.5 N.D.
22. Epikatesin gallat 15.5 441.0 289.0 0.997 19.5/28.5 N.D.
23. Piceid 17.2 391.0 135/106.9 0.999 13.8/17.8 N.D.
24. p-Kumarik asit 17.8 163.0 93.0 0.999 25.9/34.9 N.D.
25. Ferulik asit-D3-ISh 18.8 196.2 152.1 N.A. NA. N.A.
26. Ferulik asit 18.8 192.8 149.0 0.999 11.8/15.6 N.D.
27. Sinapik asit 18.9 222.8 193.0 0.999 65.2/82.3 N.D.
28. Kumarin 20.9 146.9 103.1 0.999 214.2/247.3 N.D.
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29. Salisilik asit 21.8 137.2 65.0 0.999 6.0/8.3 0.021
30. Siranozid 23.7 447.0 284.0 0.997 12.1/16.0 N.D.
31. Miquelianin 24.1 477.0 150.9 0.999 10.6/14.7 N.D.
32. Rutin-D3-IS 25.5 612.2 304.1 N.A. NA. N.A.
33. Rutin 25.6 608.9 301.0 0.999 15.7/22.7 0.094
34. Izokersitrin 25.6 463.0 271.0 0.998 8.7/13.5 N.D.
35. Hesperidin 25.8 611.2 449.0 0.999 19.0/26.0 0.044
36. o-Kumarik asit 26.1 162.8 93.0 0.999 31.8/40.4 N.D.
37. Genistin 26.3 431.0 239.0 0.991 14.9/21.7 N.D.
38. Rosmarinik asit 26.6 359.0 197.0 0.999 16.2/21.2 0.239
39. Ellagik asit 27.6 301.0 284.0 0.999 56.9/71.0 N.D.
40. Kozmosiin 28.2 431.0 269.0 0.998 6.3/9.2 0.047
41. Kuersitrin 29.8 447.0 301.0 0.999 4.8/6.4 0.178
42. Astragalin 30.4 447.0 255.0 0.999 6.6/8.2 0.052
43. Nikotiflorin 30.6 592.9 255.0/284.0 0.999 11.9/16.7 0.168
44. Fisetin 30.6 285.0 163.0 0.999 10.1/12.7 N.D.
45. Daidzein 34.0 253.0 223.0 0.999 9.8/11.6 N.D.
46. Kuercetin-D3-IS 35.6 304.0 275.9 N.A. N.A. N.A.
47. Kuersetin 35.7 301.0 272.9 0.999 15.5/19.0 0.423
48. Naringenin 35.9 270.9 119.0 0.999 2.6/3.9 N.D.
49. Hesperetin 36.7 301.0 136.0/286.0 0.999 7.1/9.1 N.D.
50. Luteolin 36.7 284.8 151.0/175.0 0.999 2.6/4.1 0.002
51. Genistein 36.9 269.0 135.0 0.999 3.7/5.3 N.D.
52. Kaempferol 37.9 285.0 239.0 0.999 10.2/15.4 N.D.
53. Apigenin 38.2 268.8 151.0/149.0 0.998 1.3/2.0 0.005
54. Amentoflavon 39.7 537.0 417.0 0.992 2.8/5.1 N.D.
55. Krizin 40.5 252.8 145.0/119.0 0.999 1.5/2.8 N.D.
56. Akasetin 40.7 283.0 239.0 0.997 1.5/2.5 0.006

aR.T.: Tutma siiresi, PMI (m z1): Standart analitlerin molekiiler iyonlari1 (m z! oran1), °FI (m/z): Parca iyonlar: r2d: Belirleme
katsayisi, *RSD: Bagil standart sapma, fLOD/LOQ (ug L'): Tespit/miktar belirleme smir1, N.A.; Uygulanamaz, N.D.; Tespit
Edilmedi

Bitkinin sulu ekstraktinin icerisinde en ¢ok bulunan bilegenler sirasiyla; fumarik asit, kafeik asit, kuersetin, kinik
asit, rosmarinik asit ve klorojenik asittir. Protokatekuik asit, protokatekuik aldehit, vanilin, salisilik asit, rutin,
hesperidin, kozmosiin, kuersitrin, astragalin, nikotiflorin, luteolin, apigenin ve akasetin bitkide daha az
konsantrasyonda bulunan diger fitokimyasallardir. Kafeik asit, bitkilerde ikincil metabolit olarak tiretilen bir
polifenoldiir. Kafeik asit ve tiirevlerinin antioksidan (Genaro-Mattos ve ark., 2015; Tosovic, 2017), ve antikanser
aktivitelerinin (Genaro-Mattos ve ark., 2015) gésterildigi pek cok calisma bulunmaktadir. Yapilan calismada
kafeik asitin kontrol hiicreleri olan saglikli insan bronsg epiteli hiicrelerinde canliligini azaltmadig, kii¢tik hiicreli
olmayan akciger kanseri H1229 hiicrelerinin canliligini azalttigi belirtilmektedir. H1299 hiicrelerinde, kafeik asit
ve sitostatik paklitaksel ile birlikte maruz kalma, hiicre proliferasyonunu tek basina paklitakselden daha fazla
inhibe etmistir (Min ve ark., 2018). Yapilan bir bagka calismada kafeik asit uygulanmasinin bir kiigiik hiicreli dis1
akciger kanseri hiicre dizisi olan A549'da anti-apoptotik proteinler survivin ve Becl-2'nin ekspresyonunu da
arttirdig: belirtilmektedir (Lin ve ark., 2012). Kafeik asit acisindan zengin gidalarin tiiketiminin, karsinomide ana
indiikleyici olan nitro bilesiklerinin (nitrozaminler ve nitrozamidler) olusumunu 6nleyerek karsinojeneze kargi
koruyucu bir etkiye yol actifini gostermistir (Damasceno ve ark., 2017). Anti-karsinojenik etkisi esas olarak
antioksidan ve pro-oksidan kapasiteleri ile iligkilidir. Kimyasal yapisinda serbest fenolik hidroksillerin varligi,
OH-bag ayrismasinin entalpisini azaltmay: ve peroksil radikalleri i¢in H atomlarinin transfer hizini ve bunlarin
fenil halkas: (katekol) iizerindeki sayilarini ve konumlarini arttirmayr miimkiin kilar. Ayrica karbon zincirinde
cift bagin varhign (doymamis yan zincir 2,3 ¢ift bag) fenolik radikalin stabilitesini arttirir (Son ve ark., 2002). Yapisi
dolayisiyla, serbest radikallerin yok edilmesini saglayarak reaktif oksijen tiirleri tiretimini énlemenin yani sira,
cesitli kanser tiirlerinde bulunan kanser hiicrelerinin DNA oksidasyonunun indiiklenmesini saglar (Sidoryk ve
ark., 2018; Li ve ark., 2000; Silva ve ark. 2014). Kuersetin de toksik olmayan ve tiimér olusumunun ¢esitli yollar
tizerinde cesitli 6nleyici etkilere sahip olan flavonoid bir bilegiktir. Kuersetin'in antikanser mekanizmasi temel
olarak kanser hiicresi proliferasyonunu inhibe etmek, apoptozu indiklemek, kanser hiicrelerinin otofajisini
indiiklemek, sinyal yollarini diizenlemek, istilasini ve metastazi inhibe etmek, kemoterapi duyarliligini arttirmak
ve ilac direncini tersine cevirmek yoluyla gerceklesir (Tang ve ark., 2020; Neamtu ve ark., 2022)
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Yapilan bir calismada bu ailenin, mineraller, besinler ve fitokimyasallar (6rnegin selenyum, folat ve lif) acisindan
zengin oldugu belirlenmigtir. Ozellikle, keskin ve baharath tatlarindan sorumlu olan glukozinolat bilegikler
acisindan zengindir. Ailenin kemopreventif potansiyelinin muhtemelen glukozinolatlar ve bunlarin ikincil
metabolitlerinden (izotiyosiyanatlar gibi) kaynaklandig1 gésterilmistir (Mandrich & Caputo, 2020). Aubrieta
alshehbazii sulu ekstraktinin icerisinde de flavonoid glicosidler (rutin, hesperidin, ve astragalin gibi)
bulunmaktadir.

SONUC ve ONERILER

Aubrieta alshehbazii tiruinun temel biyolojik aktivite analizleri ile fenolik i¢eriginin belirlendigi bu ¢alisma, diger
calismalara basamak olmasi adina 6nemlidir. Tirin DPPH radikalini savicl etkisinin sentetik antioksidanlardan
¢ok daha yiiksek oldugu belirlenmistir. Yiiksek konsantrasyonda bitki ekstraktinin A549 kanserli hiicreler tizerine
bir etkiden s6z edilse bile HGF hiicrelerinin canliligini azaltici etkisi olmasi dolayisiyla antikanserojenik etkisi net
olarak ortaya konulamaz. Ancak saglik hiicrelerin viabilitisinin azalmasinin sebepleri daha ileri ¢alismalarla
arastirilabilir. Bunun disinda tir icerisinde antioksidan ve antikanserojen etkileriyle bilinen fitokimyasallarin
varligi da belirlenmigtir. Bundan sonraki c¢aligmalar, biyolojik aktivitelerin olusmasina sebep olan
mekanizmalarin ve sorumlu bilesenlerin arastirilmasi yoniinde olabilir.

Aragtirmacilarin Katk: Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Cikar Catigmas1 Beyan1i
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ABSTRACT

Seed sowing density is a key parameter that directly affects plant
growth and the final product quality in microgreens. Proper
adjustment of sowing density ensures optimal growth conditions,
enhancing yield and supporting healthy and vigorous plant
development. In this study, broccoli, black radish, red beet, pea,
sunflower, and bean seeds were used; three different sowing densities
were determined, and the seeds were sown in containers measuring
16x9x7 cm. The study investigates the effects of different seed sowing
densities on plant height, hypocotyl length, stem diameter, individual
plant weight, leaf area, yield, dry matter content, and chlorophyll
content in microgreens. Significant changes in plant growth
parameters were observed as the sowing density increased. These
findings highlight the necessity of carefully optimizing sowing density
in microgreens production.

OZET

Mikroyesilliklerde tohum ekim sikligi, bitki gelisimini ve nihai triun
kalitesini dogrudan etkileyen temel bir parametredir. Tohumlarin
ekim sikliginin dogru ayarlanmasi, optimal buyime kosullarini
saglayarak verimi artirip bitkilerin saghkli ve glicli gelisimini
destekler. Bu ¢alismada, brokoli, siyah turp, kirmizi pancar, bezelye,
aycicegl ve fasulye tohumlari kullamilmig; tU¢ farkli ekim sikligi
belirlenmis ve 16x9x7 cm boyutlarindaki kaplarda tohum ekimi
gerceklestirilmigtir. Calisma, farkli tohum ekim sikliginin
mikroyesilliklerde bitki boyu, hipokotil boyu, govde capi, tek bitki
agirligl, yaprak alani, verim, kuru madde ve krolofil icerigi tizerine
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etkilerini ortaya koymaktadir. Tohum ekim sikligi arttikca bitki Fiziksel parametreler
biyltume parametrelerinde onemli degisiklikler oldugu
gozlemlenmigtir. Bu bulgular, mikroyesillik tiretiminde tohum ekim
sikliginin  dikkatli bir sekilde optimize edilmesi gerektigini

vurgulamaktadir.

Ataf I¢in : Balik, S., & Yildiz-Daggan, H. (2025). Alt1 Farkh Mikroyesillikte Ekim Yogunlugunun Biyiime Parametreleri
Uzerine Etkisi.. KSU Tarim ve Doga Derg 28(3), 661-671. DOI: 10.18016/ksutarimdoga.vi.1574906.
Balik, S., & Yildiz-Daggan, H. (2025). The Effect of Seed Sowing Density on Growth Parameters in Six Different

Microgreen.. KSU J. Agric Nat 28(3), 661-671. DOI: 10.18016/ksutarimdoga.vi.1574906.
INTRODUCTION

It is estimated that approximately 2 billion individuals worldwide suffer from hidden hunger, a chronic deficiency
in essential micronutrients such as vitamins and minerals (Lowe, 2021). In today's world, healthy nutrition is
prioritized for the prevention of certain diseases. As global public health awareness increases, the demand for
functional foods offering various health benefits is also rising (Yasa et al., 2023). Vitamins are crucial
micronutrients for human health, and deficiencies can lead to various illnesses. Therefore, in addition to being
consumed through foods, they are also made available as supplements or incorporated into functional foods.
(Saman & Tomas, 2022). It has been reported that microgreens contain significantly higher levels of functional
components, such as phenolic compounds and antioxidants, compared to the amounts found in mature leaves (Gok
et al., 2024).

Microgreens have garnered substantial attention for their health and beauty benefits, boasting nutritional content

To Cite:
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up to 40 times higher than mature vegetables. Their versatility in culinary applications and positive impact on
environmental sustainability and economic viability further contribute to their popularity. Grown either in soil or
hydroponically, microgreens are a leading crop in controlled environment agriculture. These young greens,
harvested between the sprout and baby green stages, have gained widespread appeal due to rising public interest
in healthy eating. Derived from herb, vegetable, and grain seeds, microgreens typically develop a central stalk
with two sets of immature true leaves, following the emergence of cotyledons (Kyriacou et al., 2020;
Chandrashekharaiah, 2013).

Microgreens production involves the use of dense sowing techniques, which increase competition for resources and
consequently require higher seed quantities. Variations in seed size among vegetable species necessitate the
adjustment of sowing density according to the specific species. Improper sowing density, whether excessive or
insufficient, can lead to negative outcomes. In this context, preliminary research to determine the optimal seed
quantities for different species is crucial (Sariyer et al., 2024). Sowing density is a significant factor influencing
microgreens yield; as sowing density increases, the weight of each plant decreases due to competition among plants,
while the overall yield rises with the increased number of seeds per unit area. This increase continues until the
maximum production capacity is reached (Thuong et al., 2020; Palmitessa et al., 2020; Moraru et al., 2022).

This study addresses significant issues in microgreens cultivation by focusing on the effects of seed sowing density
on product quality, yield, and economic profitability. The amount of seeds used during cultivation significantly
influences the physical characteristics, germination rate, and growth performance of microgreens. While higher
seed sowing densities may enhance yield in the short term, they can also increase production costs, thereby
reducing profit margins. Therefore, determining the optimal seed sowing density for each species is crucial for
improving both growth quality and economic efficiency. This research aims to identify the ideal seed sowing density
for selected microgreens species to optimize growth performance, minimize production costs, and maximize
profitability. By investigating the effects of sowing density on physical characteristics and yield, this study seeks
to contribute to the improvement of production processes and the provision of higher-quality products to
consumers.

MATERIAL and METHOD
Plant Material

This study was conducted in the climate chamber of the Department of Horticultural Sciences, Faculty of
Agriculture, Cukurova University. The seeds used in the study included black radish (Raphanus sativus niger)
and broccoli (Brassica oleracea italica) from the Brassicaceae family, red beet (Beta vulgaris cicla) from the
Amaranthaceae family, pea (Pisum sativum) from the Leguminosae family, sunflower (Helianthus annuus) from
the Asteraceae family, and bean (Phaseolus vulgaris) from the Leguminosae family. The seeds were not subjected
to any chemical treatment or pesticide application. The black radish, broccoli, and red beet seeds were obtained
from the standard varieties of Arzuman Seed Company, the pea seeds from the standard variety of Intfa Company,
the sunflower seeds from the standard variety of AGR Company, and the bean seeds from the germplasm bank of
the Department of Horticultural Sciences.

Plant Growing Conditions

The experiments were conducted in a climate-controlled growth chamber to determine the optimal seed sowing
density for microgreens plants. Black radish, broccoli, and red beet were cultivated at 20 °C[Balik et al., 2024al,
while pea, bean, and sunflower were grown at 23 °C, all under conditions of 50% relative humidity. The growth
environment was supported by LED lamps designed to provide a balanced light spectrum similar to natural
sunlight. These lamps ensured consistent light quality and intensity (350 pumol m—2 s—1), optimizing
photosynthesis. Microgreens were subjected to 16-hour light and 8-hour dark cycles during cultivation.
Transparent plastic containers measuring 16 cm X 9 cm X 7 cm (length x width x height) were used as growing
trays, each filled with 250 cm? of peat. Experimental treatments were arranged in a completely randomized design,
ensuring equal distribution across all parcels. This systematic approach aimed to enhance the accuracy and
reliability of the research findings.

In this study, the selected plant species were sown at three different planting densities or seed rates based on seed
size and weight (Table 1). The treatments for each plant species were as follows:

1. Treatment (Control): Seeds were sown to fully cover the surface area of the containers.
2. Treatment: Seeds were sown at 50% higher than the surface area capacity.

3. Treatment: Seeds were sown at 100% higher than the surface area capacity.
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Table 1. The seed sowing density levels established for each application (g)
Cizelge 1. Her uygulama igin belirlenen tohum ekim yogunlugu seviyeleri (g)

Plant species Treatment 1 Treatment 2 Treatment 3
Broccoli 13 19.5 26
Black radish 32 48 64
Red beet 16 24 32
Pea 100 150 200
Sunflower 28 42 56
Bean 70 105 140
Plant Nutrition

The sown seeds were irrigated with pure water until the first green cotyledon leaves appeared. Immediately after
the emergence of the green cotyledons, irrigation was performed with the nutrient solution specified below.
Modified Hoagland nutrient solutions at half strength were used for microgreens production. The plants were
supplied with the following nutrient solution at % strength (in mg/L): N (200), P (50), K (300), Ca (200), Mg (65),
Fe (5.0), Mn (0.8), Cu (0.3), Zn (0.3), B (0.3), and Mo (0.05). The pH was set at 5.5, and the electrical conductivity
(EC) was maintained between 1.2-1.6 dS cm-1 (for both initial and later stages) during irrigation [Balik et al.,
2024b].

Plant Harvest

Microgreens were cultivated for a period of 7-15 days, depending on the growth rate of six different plant species.
Harvesting was conducted when the seedlings had fully developed their first true leaf, the second leaf had begun
to emerge, and the cotyledon leaves had reached the rounded margin stage.

Measurements of Plant Growth Parameters

During the harvest, measurements of plant height, hypocotyl length, stem diameter, and individual plant weight
were taken for microgreens from six different plant species, with four replicates and ten plants measured per
replicate under various cultivation conditions. Yield per unit area was calculated. The leaf area per plant was
determined using a leaf area meter (Li-3100, LICOR, Lincoln, NE, USA), expressed in square centimeters. After
harvest, the plants were weighed using a digital scale to determine the fresh leaf weight per plant in grams.
Chlorophyll content in the leaves was measured using a SPAD chlorophyll meter (Minolta 502, Osaka, Japan). The
fresh leaves were subsequently dried in an oven at 65 °C for 48 hours, and the dry weight per plant was recorded.

Statistical Analyses

All data were analyzed using JMP v5.0.1 statistical software, and an analysis of variance (ANOVA) was conducted.
Treatment means were compared using LSD's significant difference test at p < 0.05. The significance levels for the
three-way ANOVA analyzing the effects of plant species, cultivation environment, and their interactions are
presented in Table 2.

RESULTS

Microgreens, a nutrient-rich source, exhibit varying growth patterns depending on the seed sowing density applied
during cultivation. This study investigates the effects of three different sowing densities—Full Surface Coverage
Sowing (T'1), 50% above the surface area capacity (T2), and 100% above the surface area capacity (T3)—on plant
height, hypocotyl length, stem diameter, single plant weight, leaf area, yield, dry matter ratio, and SPAD-
chlorophyll content across six microgreens species: broccoli, black radish, red beet, pea, sunflower, and bean (Table
3).

Broccoli

In broccoli microgreens, under Full Surface Coverage Sowing (T1) conditions, plant height was measured at 6.81
cm, hypocotyl length at 5.03 cm, and stem diameter at 0.70 mm. The single plant weight was recorded at 0.081 g,
leaf area at 0.64 cm?, yield at 0.64 g/cm?, and dry matter ratio at 6.25%. The SPAD-chlorophyll value was 42.06.
In T2, plant height increased to 7.62 c¢cm, while stem diameter decreased to 0.64 mm. The single plant weight
decreased to 0.069 g, and leaf area slightly reduced to 0.62 cm? however, yield increased to 1.00 g/cm?. The
chlorophyll content also showed a slight increase to 45.40. In T3, plant height further increased to 7.81 cm,
maintaining the same stem diameter (0.70 mm), while the single plant weight decreased to 0.052 g. Leaf area was
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reduced to 0.59 cm?, yet yield reached its maximum at 1.20 g/cm?, with a chlorophyll value of 43.08. Overall, despite
higher sowing densities increasing yield, plant weight decreased, indicating increased competition for resources,
which led to thinner stems. The chlorophyll content was highest at T2 density, while T1 exhibited the lowest value
(Figure 1).

4% T Cae . » y 3

Figure 1. Image of broccoli microgreens subjected to different seed sowing density treatments
Sekil 1. Farkli tohum ekim yogunlugu uygulamalarina maruz kalan brokoli mikrofilizlerinin goriintiisti

Black Radish

In black radish microgreens, under Full Surface Coverage Sowing (T1) conditions, plant height was measured at
12.60 cm, hypocotyl length at 8.91 cm, and stem diameter at 1.09 mm. The single plant weight was recorded at
0.26 g, leaf area at 1.41 cm?, yield at 0.65 g/cm?, and SPAD-chlorophyll value at 46.17. In T2 seed sowing density,
plant height decreased to 10.89 cm, and stem diameter reduced to 1.01 mm. The single plant weight dropped to
0.186 g, while leaf area was measured at 1.15 cm2. However, the chlorophyll value increased to 49.67. At T3 seed
sowing density, plant height further declined to 10.74 ¢m, with stem diameter recorded at 1.05 mm and single
plant weight measured at 0.178 g. Leaf area and yield slightly decreased, but the SPAD-chlorophyll value peaked
at 50.76. Overall, T1 resulted in the highest plant height and weight, while T3 seed sowing density provided the
highest chlorophyll content, indicating an increase in chlorophyll concentration with higher sowing densities
(Figure 2).

Figure 2. Image of black radish microgreens subjected to different seed sowing density treatments
Sekil 2. Farkli tohum ekim yogunlugu uygulamalarina maruz kalan siyvah turp mikrofilizlerinin goriintiisi

Red Beet

In red beet microgreens, the Full Coverage Sowing (T1) application resulted in a plant height of 7.23 cm, a
hypocotyl length of 5.17 cm, and a stem diameter of 0.74 mm. The single plant weight was measured at 0.058 g,
leaf area at 0.36 cm?, yield at 0.17 g/cm?, and the chlorophyll content was recorded at 31.96. Under T2 seed sowing
density, plant height increased to 7.86 cm, stem diameter to 0.77 mm, and single plant weight to 0.061 g. The leaf
area expanded to 0.43 cm?, the yield reached 0.23 g/cm?, and chlorophyll content improved to 33.67. At T3 seed
sowing density, plant height slightly decreased to 7.81 cm, with a stem diameter of 0.78 mm, leaf area of 0.41 cm?,
and chlorophyll content of 33.34. The results indicate that the T2 seed sowing density provided the best growth in

664



KSU Tarim ve Doga Derg 28 (3), 661-671, 2025 Aragtirma Makalesi
KSU J. Agric Nat 28 (3), 661-671, 2025 Research Article

terms of plant height, leaf area, and yield, while chlorophyll content also remained highest at this density (Figure
3).

Figure 3. Image of red beet microgreens subjected to different seed sowing density treatments
Sekil 3. Farkli tohum ekim yogunlugu uygulamalarina maruz kalan kirmizi pancar mikrofilizlerinin gortintiist

Pea

In pea microgreens, the T1 application resulted in a plant height of 14.41 cm, a hypocotyl length of 7.10 cm, and a
stem diameter of 1.76 mm. The single plant weight was recorded at 0.416 g, leaf area at 0.71 cm?, and chlorophyll
content at 33.24. Under T2 seed sowing density, plant height increased to 14.51 ¢m, stem diameter to 1.82 mm,
and single plant weight to 0.433 g. Leaf area expanded to 0.85 cm?, while the chlorophyll value decreased to 31.1.
At T3 density, plant height slightly decreased to 14.29 cm; stem diameter was measured at 1.71 mm, and leaf area
was reduced compared to T2 density. However, the chlorophyll value increased to 33.71. The data suggest that
while T2 density promoted higher plant weight and leaf area, T3 density resulted in the highest chlorophyll content
(Figure 4).

Figure 4. Image of pea microgreens subjected to different seed sowing density treatments
Sekil 4. Farkli tohum ekim yogunlugu uygulamalarina maruz kalan bezelye mikrofilizlerinin gortintiisti

Sunflower

In sunflower microgreens, under T1 conditions, the plant height was measured at 12.08 cm, with a hypocotyl length
of 8.40 cm and a stem diameter of 2.00 mm. The single plant weight was recorded at 0.884 g, leaf area at 3.39 cm?,
yield at 0.67 g/cm?, and the chlorophyll value at 74.68. Under T2 seed sowing density, the plant height slightly
decreased to 11.71 cm, while the stem diameter was measured at 1.91 mm, and the single plant weight declined to
0.821 g. Leaf area reduced to 2.93 cm?; however, yield increased to 0.81 g/cm?, with a chlorophyll value rising to
77.68. At T3 seed sowing density, the plant height was recorded at 11.65 cm, with a stem diameter of 1.95 mm.
Leaf area decreased to 2.59 cm?, but yield increased to 0.92 g/cm?, and the chlorophyll value reached 81.62. In
sunflower microgreens, higher sowing densities enhanced chlorophyll content, leaf area, and yield, while plant
weight was greater at lower densities (Figure 5).
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Figure 5. Image of sunflower microgreens subjected to different seed sowing density treatments
Sekil 5. Farkli tohum ekim yogunlugu uygulamalarina maruz kalan ay¢icek mikrofilizlerinin goriintiisti

Bean

In bean microgreens, the T1 application resulted in a plant height of 24.16 cm, a hypocotyl length of 20.56 ¢cm, and
a stem diameter of 2.86 mm. The single plant weight was recorded at 2.910 g, and the chlorophyll value was 35.14.
Under T2 density, the plant height slightly decreased to 23.57 cm, with a stem diameter of 2.71 mm, and the single
plant weight dropped to 2.790 g. The chlorophyll value remained nearly constant at 35.03. At T3 density, the plant
height further decreased to 23.26 cm, the stem diameter was recorded at 2.50 mm, and the single plant weight was
2.560 g. However, the chlorophyll value increased to 36.27. Overall, higher densities in bean microgreens resulted
in a slight decrease in plant height and weight, while the chlorophyll value reached its highest level at T3 density.

Figure 6. Image of bean microgreens subjected to different seed sowing density treatments
Sekil 6. Farkli tohum ekim yogunlugu uygulamalarina maruz kalan fasulye mikrofilizlerinin gortintiisti

Table 2. Significance levels in a three-way ANOVA analyzing the effects of plant type, seed sowing density, and
their interactions

Cizelge 2. Bitki tiirit, tohum ekim yogunlugu ve bunlarin etkilesimlerinin etkilerini analiz eden ii¢ yonlii
ANOVA'daki anlamlilhik seviyeleri

Plant species (Ps) Seed Sowing Density (Ssd) Ps x Ssd

Plant length Fkdkk * Tkkk
Hypocotyl length dededede * o
Stem diameter ke ek Fedekk
Single plant weight ks ke Fkkk
Leaf Area wekkk *ekkk P
SPAD-Chlorophyll dededede X% *

Yield wekkk Fekdk P
Dry Matter Ratio Fdkkd ek =,

*p>0.05, **: p <0.05, ***: p <0.01, ****: p <0.001, ns: not significant.
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Table 3. The effects of different seed sowing quantity treatments on plant height, hypocotyl length, stem diameter, single plant weight, leaf area, yield, dry matter, and
SPAD-chlorophyll in microgreens

Cizelge 3. Farkli tohum ekim miktar: uygulamalarinin mikrofilizlerde bitki boyu, hipokotil uzunlugu, sap ¢api, tek bitki agirligi, yaprak alani, verim, kuru madde ve
SPAD-klorofil iizerindeki etkileri

Factor Plant Hypocotyl length Stem Single plant Leaf Area Yield Dry Matter SPAD-
length(cm) (cm) diameter(mm) weight (g) (cm?/plant) (g/cm?) Ratio (%) Chlorophyll
Plant species
Broccoli 741e 5.70 d 0.68 f 0.067 e 0.62 e 0.95a 5.78 d 43.51¢c
Black radish 11.41d 8.63 b 1.05d 0.208d 1.20 ¢ 0.89Db 5.09e 48.87b
Red beet 7.63 e 5.41d 0.76 e 0.060 e 0.40f 0.23 e 4.16 f 32.99 e
Pea 14.41b 7.19c¢ 1.76 ¢ 0.420 ¢ 0.78d 0.21e 9.54Db 32.95e
Sunflower 11.51¢ 8.38Db 1.95b 0.840 b 2.97b 0.80c 7.88 ¢ 77.99 a
Bean 23.66 a 20.03 a 2.69 a 2.753 a 15.11 a 0.71d 11.45a 35.48d
Pvalue <,0001* <,0001* <,0001* <,0001* <,0001* <,0001* <,0001* <,0001*
LSD 0.3872 0.3415 0.0427 0.0181 0.0497 4.2032 0.2850 1.8074
Seed sowing density
T1 12.88 a 9.19a 1.52 a 0.76 a 3.81a 0.50 ¢ 7.18Db 43.88 b
T2 12.69 ab 9.13 a 1.47b 0.72b 3.34 ¢ 0.67b 7.30 ab 45.56 a
T3 12.59b 9.35a 1.45b 0.67c 3.38Db 0.72 a 7.48 a 46.46 a
Pvalue 0,1146 0,1837 <,0001* <,0001* <,0001* <,0001* 0,0189* 0,0006*
LSD 0.2738 0.2415 0.0302 0.0128 0.0351 2.9721 0.2015 1.2780
Plant speciesxSeed sowing density.
Broccoli T1 6.81h 5.03 h 0.70 k1 0.0811 0.64 Im 0.64f 6.25 f 42.06 e
T2 7.62¢g 5.89 fg 0.641 0.0691 0.62 m 1.00 b 5.68¢g 45.40d
T3 7.81g 6.18 f 0.70 k1 0.0521 0.59 m 1.20 a 5.41 gh 43.08 de
Black radishT1 12.60d 891¢c 1.09h 0.26 g 141g 0.65f 4.56.1 46.17d
T2 10.89f 8.45¢ 1.011 0.186 h 1.15h 1.00 b 5.07h 49.67 ¢
T3 10.74f 8.52 ¢ 1.05 0.178 h 1.051 1.03 b 563 ¢g 50.76 ¢
Redbeet T1 7.23gh 517h 0.74 jk 0.058 1 0.36 n 0.17j 4171 31.96 g
T2 17.86¢ 5.53 gh 0.77 ik 0.0611 0.43n 0.23h 4.04j 33.67 fg
TS 78l¢g 5.54 gh 0.78 0.0611 0.41n 0.30 g 4.281] 33.34 fg
Pea T1 14.41c 7.10 de 1.76 fg 0.416f 0.71 kl 0.187j 9.66 ¢ 33.24 fg
T2 14.51¢ 6.86 e 1.82f 0.433 f 0.85) 0.22h 9.34 ¢ 31.1g
T3 14.29¢ 7.61d 1.71¢g 0.411f 0.78 jk 0.24h 9.63 ¢ 33.71 fg
Sunflower T1 12.08 de 8.40 ¢ 2.00d 0.884 d 3.39d 0.67 ef 7.565¢e 74.68 b
T2 11.71e 8.36 ¢ 191e 0.821e 2.93 e 0.81d 7.91 de 77.68Db
T3 11.65e 8.38 ¢ 1.95 de 0.815e 2.59f 0.92 ¢ 8.19d 81.62 a
Bean T1 24.16a 20.56 a 2.86 a 2910 a 16.38 a 0.70 e 10.92 b 35.14 f
T2 23.57 ab 19.68 b 2.71b 2.790 b 14.06 ¢ 0.78 d 11.74 a 35.03 fg
T3 23.26b 19.86 b 2.50 ¢ 2.560 ¢ 14.91Db 0.92 ¢ 11.71 a 36.27f
P value <,0001* 0,0016 <,0001* <,0001* <,0001* <,0001* <,0001* 0,0436*
LSD 0.6706 0.5916 0.0740 0.0314 0.0861 7.2802 0.4936 3.1306

T1: Seeds are sown to fully cover the surface area of the containers. T2: Seeds are sown at 50% above the surface area capacity, T3: Seeds are sown at 100% above the surface area capacity.
*There are no statistical (p «0.05) differences between values with the same letters in the same columns.
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DISCUSSION

Although it is well known that different seed sowing density applications significantly affect yield outcomes, these
effects vary depending on the species. Dubey et al. (2024) emphasized the importance of seed sowing density in the
microgreens literature due to its direct impact on the growth of microgreens. In this study, it was observed that
increasing seed sowing density led to a rise in the overall yield of microgreens. However, a proportional decrease
in single plant weight was noted in broccoli, black radish, sunflower, and bean microgreens. In contrast, in red
beet and pea microgreens, a reduction in single plant weight was observed only beyond the optimal growth level
(Table 3). Choe et al. (2018) reported a linear relationship between seed sowing density and fresh weight yield.
However, the findings of this study, while supporting this relationship, also demonstrate that high seed sowing
density leads to a reduction in single plant weight. This outcome indicates increased resource competition among
plants, where limited space and nutrient availability adversely affect the growth conditions of individual seedlings.
Microgreens grown at high densities are subjected to reduced access to light, water, and nutrients per plant,
resulting in a significant decline in individual development. Lee et al. (2004) reported a linear relationship between
seed sowing density and yield in beet and chard microgreens. Similarly, Murphy et al. (2010) observed a
comparable relationship between seed sowing density and yield in arugula (rocket). As seed sowing density
increases, yield also improves; however, the associated seed costs must be carefully evaluated. Sariyer et al. (2024)
noted that densely sown okra, garden cress, and spinach microgreens exhibited higher yield values compared to
sparsely sown counterparts. Consistent with these findings, this study also observed an increase in yield with
higher seed density. When evaluating yield performance and the amount of seeds used, it is crucial to consider
seed input to ensure an accurate yield performance analysis. A similar study conducted by Cowden et al. (2024)
highlighted that the effects of increased density on biomass exhibited a similarly non-linear relationship,
emphasizing that such changes in density do not always result in the expected yield improvements.

In broccoli microgreens, an increase in seed sowing density was observed to result in taller plants, while in red
beet and pea microgreens, plant height increased until reaching the optimal growth level (Table 3). This
phenomenon can be attributed to the closer spacing of microgreens at higher seed sowing densities, leading to
competition for sunlight (Ntsoane et al., 2023). The height of microgreens plays a significant role in facilitating
manual harvesting. Research indicates that taller microgreens are generally easier to harvest, as increased height
simplifies the process (Palmitessa et al., 2020). Senevirathne et al. (2019) recommend an optimal harvest height
of approximately 6 cm for maximum efficiency. A study conducted by Lerner et al. (2024) observed that microgreens
exceeding this height exhibited a tendency to bend due to excessive elongation of the hypocotyls. This was reported
as an undesirable trait from a commercial perspective, as it negatively impacts both visual appeal and post-harvest
processing. In this study, we found that the height and hypocotyl length of microgreens varied depending on the
species. Notably, as the height and hypocotyl length of large-seeded microgreens increased, bending and curling
were observed in bean and pea microgreens. Priti et al. (2022) stated that in microgreens, seed density is directly
related to seed size. This result aligns with findings by Panyapruek et al. (2016), who reported that lettuce grown
at low plant density developed thicker stems. Differences in species’ responses to seed sowing density likely reflect
their genetic traits, physiological processes, and adaptive mechanisms to environmental factors. In densely
growing species such as broccoli, this can lead to increased light competition, resulting in elongated but thinner
stems. To better understand the underlying causes of such differences, in-depth investigations into genetic
composition, physiological responses, and species-specific resource utilization strategies are necessary.

Overall, it was observed that an increase in seed sowing density led to a reduction or partial reduction in stem
diameter across all microgreens species except for red beet (Table 3). This variation may be attributed to the
stronger adaptability of red beet to high seed sowing density. Red beet appears to be a species that thrives better
under dense conditions and is more resistant to competition, which may prevent a reduction in stem diameter. In
contrast, for other microgreens species, high seed sowing density likely led to increased competition among plants,
making access to nutrients and water more challenging and resulting in reduced stem diameter. The differing
response of red beet to this condition could be explained by a combination of genetic and environmental factors. In
the study by Balik et al. (2024), it was noted that certain environments were more effective in terms of plant height,
hypocotyl development, stem diameter, and yield, while other environments performed less effectively. The study
demonstrated that some environments yielded moderate results, whereas others were less effective in promoting
plant growth due to factors such as low water retention capacity, insufficient nutrient support, and the inability
to provide suitable structures for root development. The findings align with these observations, suggesting that
without selecting an appropriate growing medium, seeds may encounter developmental challenges. This is further
supported by the results of Ntsoane et al. (2023), which show a reduction in stem diameter with increasing seed
sowing density in radish, cabbage, and arugula microgreens.

In this study, we observed that as seed sowing density increased, the leaf area of microgreens decreased in some
species, while in others, it showed a partial decrease. This finding is consistent with the results of Maboko et al.
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(2009), who reported that high seed sowing density in microgreens can increase the incidence of fungal diseases,
thereby reducing the quality of the microgreens. Similarly, Signore et al. (2024) observed that rapini seedlings
grown at the lowest seed sowing density exhibited more developed and larger true leaves compared to those grown
at the highest density.

Chlorophyll pigment is essential for plants to carry out photosynthesis and significantly influences growth and
yield (Hasanuzzaman & Fujita, 2022). Chlorophyll content generally increases with higher seed sowing density,
aligning with the findings of Ntsoane et al. (2023). The potential contribution of increased chlorophyll content at
higher seed sowing densities to photosynthetic capacity and product quality warrants further investigation. While
increased chlorophyll typically supports photosynthetic efficiency, this effect may vary depending on the growing
environment, genetic traits, and environmental factors. The observation of lower chlorophyll levels in some species
under low seed density may indicate species-specific responses and adaptation mechanisms. To better understand
these differences, more specific and controlled studies are needed.

In this study, a decrease in dry matter content was observed in broccoli microgreens, while in other species, it
either increased or showed a partial increase. Several potential reasons could explain the reduction in dry matter
content in broccoli microgreens. Although broccoli exhibited higher growth and yield compared to other species,
this may have led to an increase in water content, consequently lowering the dry matter ratio. In microgreens,
increases in yield and size are typically accompanied by a rise in water content, which suggests that while the total
biomass of the plant may increase, the dry matter percentage could decrease. Additionally, the fast growth rate of
broccoli may have accelerated photosynthesis and carbon accumulation, leading to higher water retention, which
could negatively affect dry matter content. Changes in seed sowing density also influence dry matter content in
microgreens; higher dry matter content generally extends the shelf life of microgreens (Sdnchez et al., 2018;
Valverde-Miranda et al., 2021). Producers should be informed not only about the variables examined in this study
(growth stage, harvest height and leaf characteristics, yields) but also about additional factors such as fungal
infections when selecting sowing densities (Nolan, 2018).

CONCLUSION

This study observed that as seed sowing density increased, the results varied according to the genetic differences
of the species. From an economic perspective, an increase in seed sowing density in broccoli microgreens resulted
in higher yields and better quality products. This suggests that producers may consider increasing sowing density
during broccoli microgreens production, as denser sowing can lead to more plants and thus higher yields. However,
in red beet and pea microgreens, partial positive results were observed after reaching the optimal growth level;
this emphasizes the importance of determining the ideal seed sowing density for each species.

Economically, determining the appropriate seed sowing density can optimize production costs while also improving
productivity and quality. Excessive seed density can increase competition between plants for nutrients and water,
which may lead to lower yields. Therefore, producers, particularly for fast-growing species like broccoli, need to
carefully determine the sowing density, taking into account the economic benefits of higher sowing density. These
findings can help microgreens producers develop more efficient and cost-effective production strategies. However,
further research is needed, particularly to conduct more in-depth analyses of the economic impact of seed sowing
density on different species.
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and an ordered transparent gland was found in the mesophyll layer of
the Petal. It was noted that the anther consisted of three thecae, and
the ovary had a very dense C-type glandular duct.

This research aims to emphasize that not only the vegetative parts of
plants but also the generative parts should be examined and
considered as a whole, as a result, more accurate information about
plants can be obtained and it will be helpful for taxonomic
classification.

OZET Botanik
Bu calismada, Hypericum L. cinsine ait H. calycinum tiiriniin toprak
usti kisimlari anatomik acidan detayli bir sekilde incelenmigtir. Aragtirma Makalesi
Cinsin Tirkiye’de 119 taksonu bulunmaktadir. Bunlardan 49u
endemiktir. Bunlardan en bilineni H. perforatum L. tiiri, yara, yank, Makale Tarihgesi
depresyon tedavilerinde etkili oldugu klinik c¢alismalarda Gelig Tarithi  :10.10.2024
gosterilmigtir. Tirin govde enine kesitlerinde 4 adet govde kanadi, Kabul Tarihi :17.04.2025
kanatlarinda seffaf gland, ve 06z bolgesinde de seffaf gland‘a
rastlanilmig, ayrica ¢calismada diger ¢alismalardan farkli olarak gévde Anahtar Kelimeler
boyuna da kesitler alinmigtir. Yapraklarin hipostomatik, stoma Hypericaceae
tiplerinin anizostik ve anomostik oldugu, mezofil tabakasinin Hypericum
bifasiyal oldugu gorilmustir. Sepalin ust tabakasinda iki sirali Hypericum calycinum
epidermis ve sirali bir sekilde seffaf gland rastlanilmis, Petal’in Anatomi
mezofil tabakasinda sirali geffaf gland tespit edilmigtir. Anter
kisminin ¢ teka’dan olustugu, ovaryum’da C tipi salgi kanalinin ¢ok
yogun bir sekilde yer aldigi kaydedilmistir. Bu arastirmadaki amag,
bitkilerin sadece vejetatif kisimlarinin degil, generatif kisimlarinin da
incelenip bir biitin olarak distnilmesinin gerekliligini, bunlarin
sonucunda bitkiler hakkinda daha dogru bilgilere ulagilabilinecegini
ve taksonomik smiflandirma i¢in de yardimeci olacagini
vurgulamaktadir.
A Comprehensive Anatomical Study of Hypericum calycinum L.
ABSTRACT Botany
In this study, the above-ground parts of H. calycinum species
belonging to the genus Hypericum L. were examined in detail Research Article
anatomically. There are 119 taxa of the genus in Turkey. 49 of them
are endemic. The most well-known of these, H. perforatum L., is Article History
effective in treating wounds, burns, and depression in clinical studies. Received $10.10.2024
In the transverse sections of the stem of the species, 4 stem wings, Accepted 117.04.2025
glandular pockets on the wings, and glandular pockets in the pith area
were found, and in our study, unlike other studies, stem longitudinal Keywords
sections were also taken. It was observed that the leaves were Hypericaceae
hypostomatic, stomatal types were anisoplastic and anomositic, and Hypericum
the mesophyll layer was bifacial. Two rows of epidermis and an Hypericum calycinum
ordered transparent gland were found in the upper layer of the sepal, Anatomy
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GIRIS

Hypericum L. cinsi (Hypericaceae, Guttiferae) familyasina ait olup, diinyada yaklasik 500 takson ile temsil
edilmektedir. Turkiye’'de ise 119 takson bulunmaktadir. Bunlardan 49’u endemik ve endemizm orani1 %41,17dir.
Cinsin en iyi bilinen tiri H.perforatum L. ‘dir. Yapraklar: ginese tutuldugunda gseffaf binbirdelige sahip oldugu
icin binbirdelikotu da denilmektedir. St.John’un askerleri kili¢ yaralarini iz birakmadan ge¢irdigi i¢in kili¢ otu
ismi ile, ingilizce olarak da St. John’s Wort olarak bilinmektedir (Yalim Kaya & Can, 2018). Iliman, yiiksek
daglarda ¢ogunlukla agiklik alanlarda rastlanilan ve toprak tistii kismi tibbi acidan kullanilan 6nemli bir bitkidir
(Crockett ve ark., 2011; Giiner ve ark., 2012; Meseguer ve ark., 2013). Yara ve yanik tedavilerinde etkili bir etki
gdstermesinin yani sira orta siddetli depresyon tedavisinde de kullamilmaktadir (Scotti ve ark., 2019; Wills ve ark.,
2000). Uzerinde en ¢ok ¢aligma yapilmis olan H. perforatum tiirii 6ziitlerinin depresyon tedavisinde kullanilma
etkinligi plasebo etkisi ile karsilagtirmali olarak klinik agidan incelenmis ve plaseboya kiyasla olumlu sonuglar
verdigi goriilmiistiir (Linde ve ark., 2008; Bombardelli ve Morazzoni, 1995). Son yillarda yapilan calismalar
incelendiginde Hypericum cinsi lzerinde anti-inflamatuar, anti-kanser, antioksidan aktiviteleri acisindan da
kullanilabilirligi gésterilmistir (Cardile ve ark, 2023; Deng ve ark., 2022; Zhai ve ark., 2022; Rafailovska ve ark.,
2023). Oztiirk ve ark. (1996)’nin yapmis oldugu ¢calisma da H. perforatum ve H. calycinum tiirlerinden elde etmis
olduklar1 ektraktlar kullanilarak hayvan modelleri tizerinde antidepresan etkileri incelenmis ve sonug olarak
ekstrelerin desipramin ve trimipramin iceren antidepresan ilaglar kadar etkili olduklari, H. calycinuniun
antidepresan etkisinin de H. perforatum kadar gii¢li olabilecegi ve depresyon tedavilerinde terapotik amaclarla
kullanilabilir potansiyele sahip oldugu rapor edilmistir.

Bu denli 6neme sahip tibbi bitkiler dikkatleri ¢ekmekte ve ftizerlerinde yapilan calismalar da git gide
yogunlagmaktadir. Hypericum tirleri lizerine yapilmis olan ¢alismalar incelendiginde kimyasal ¢aligsmalarin
anatomik calismalara gére daha fazla yapildig1 tespit edilmistir (Perrore vd. 2013; Potoglu ve Tokur 2004;
Ciccarelli vd. 2001). Yapilmis olan calismalar incelendiginde Hypericum L. taksonlarinin ayirt edilmesinde gévde
de yer alan kanat sayis1 ve yapisi, salg1 kanal tipleri, seffaf veya siyah gland yapisinin var olup olmamasi ¢ok
onemli rol oynamaktadir (Cicarelli ve ark., 2001a; Cicarelli ve ark., 2001b). Bu zamana kadar yapilmis olan
calismalar incelendiginde bitkilerin genellikle vejetatif organlarinin c¢alisildigi, generatif organlarin anatomisi
sadece Altintas (2015) ve Tekin (2016) tarafindan calisildigi ve bu konudaki ¢alismalarin kisith kaldig1 net bir
sekilde gorilmektedir. Calismadaki amac, bitkilerin sadece vejetatif organlari1 acisindan degil, generatif
organlarini (cicek)’da ele alarak bir biitiin halinde gérmek, farkliliklarini ortaya koymak ve bu sekilde yapilacak
olan degerlendirmelerin bitki tiir teghis anahtarlarinin dogrulugunun arttirilmasi ve tiirlerin deskripsiyonlarinin
daha dogru bir sekilde yapilmasi acisindan katki sunmasi ve sonraki calismalara da yon vermesi beklenilmektedir.

MATERYAL ve METOD

Calismanin ana materyali Bat1 Karadeniz bolgesi, Diizce ili, Gélyaka ilgesi, Giizeldere Koyl yol kenar1 golgelikli
alanlardan 2023 yil1 haziran ayinda toplanmistir (Sekil 1, 2). Taksonomik teshisi icin Davis'in yazmis oldugu Flora
of Turkey kitabindan yararlanilmistir (Davis, 1978). Anatomik ¢calismalar icin dogadan toplanan 25 adet 6rnegin
20 adeti %70’lik etanol’de tespit edilmistir. El yardimi ile gévde, yaprak, sepal, petal, anter ve ovaryum’dan 20
tekeriirlii kesitler alinmig, 1:9 oraninda safranin — fast green boyasi ile boyandiktan sonra (Bozdag ve ark., 2016)
gliserin-jelatin ile kalici preparat haline getirilmigtir. Kesitlerin fotograflandirilmasi ve yapilarin 6l¢giimleri Nikon
Eclipse E200 marka mikroskop, Nikon Digital Sight DS-L3 marka 6l¢giim cihaz ile 6l¢tilmustir. Salgi kanallarinin
tipleri Cicarelli ve ark. (2001a) ‘a, stoma tipleri Prabhakar (2004) ve Barclay (2007)’a gére belirlenmistir. Stoma
indeksinin hesaplanmasi i¢in SI= Stoma sayis1 / Stoma sayis1 +Epidermal hiicre sayis1 x 100 formuli’'nden
yararlanilmistir (Paul ve ark., 2017).

Istatisik Analizler

Calisma sonucunda elde edilmis olan verilerin ortalama ve standart sapma degerleri IBM SPSS statistics 25 paket
programi kullanilarak hesaplanmigtir (SPSS, 2017). Ol¢timler 20 adet bireyde vegetatif ve generaif kistmlarindan
alinan kesitler 25 tekrarl yapilmis olup, X: Ortalama(um) + Standart sapma seklinde verilmistir (Standart hata
yapilan ¢aligmalarin guvenirliligi agisindan énem arz ettigi i¢in ortalamanin yaninda standart hatanin verilmesi
uygun gorilmiistir).

BULGULAR ve TARTISMA

Cicarelli ve ark. (2001a)nin yapmig olduklari ¢alisma da salg1 yapilarin1 temelde 2’ye ayirmistir bunlar; (a) seffaf
glandlar: bunlar kiire veya elips bigimlidir. Iki hiicre katmani ile simirlanmis subepidermal bogluklardan olusur.
(b) 3 gesit salg1 kanali bulunmaktadir. A Tipi: Genellikle dar capa sahip doért kogeli hiicrelerden olugsmaktadir. B
Tipi: Genis limenlere sahip olan ve uzun, soluk gérinime sahiptir. C Tipi: Yogun renkli ve daha fazla hicre
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katmanlariyla ¢evrili genis bogluklardan olusur. Yapilan calismadaki salg1 yapilarinin siniflandirilmasinda da bu
kaynaktan yararlamilmistir (Altinbasak, 2015; Sengiiler, 2009). Calismada bitkinin toprak iistii kisimlarinin
tamami detayl bir sekilde incelenmigtir.

; |r s i o S

L3 N Y L

2 X Tl s
Sekil 1. H. calycinum tirinin dogadaki gériinimii. A- Habitat, B,C- Ci¢egin yakindan gérinimu
Figure 1° Natural appearance of H. calycinum. A - Habitat, B, C - Close-up views of the flower

e

Sekil 2. H.calycinum turunin yayilis gosterdigi alanlar ve orneklerin toplandigi, yildiz ile igaretli lokalite
(Aslan,2012).

Figure 2: The areas where the H. calycinum species is distributed and the locality marked with a star where the
samples were collected (Aslan,2012).

674



KSU Tarim ve Doga Derg 28 (3), 672-682, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (3), 672-682, 2025 Research Article

Govde Anatomik Yapisi

Govde enine kesiti incelendiginde dort adet kisa gévde kanadi ve her bir kanatta seffaf gland’in varligi dikkat
cekmektedir (Sekil 3 A-D). H. tetrapterum Fr. tiiriinde de dort adet govde kanadi ve kirmizims: bir seffaf glandin
varhig belirtilmistir (Yagan ve ark., 2012). Altintas (2024) calismasinda, H. androsaemum L., H. linarioides ssp.
Iinarioides Bosse, H. lydium Boiss., H. montanum L., H. perforatum L. ve H. pruinatum Boiss. & Balansa
tirlerinin hepsinde iki adet kanat tespit ederken, sadece H. lydium Boiss. tiirtinde kanatlarda salgi kanalina
rastlandigini ifade etmistir. H. thymopsis Boiss. tiriinde de iki adet kanat ve glandifer6z emergens olusumuna
dair bilgiler vermistir (Tekin, 2017). Tuzlu habitatta yasayan H. salsugineum N. Robson & Hub.-Mor. tiiriinde ise
govde kanat sayisinin iki oldugu tespit edilmistir (Acar, 2023). Tiirde gévdenin dis kisminda tek sirali epidermis
tabakasi yer almaktadir. Altinbasak (2019) calismasinda H. spectabile Jaub. & Spach tiiriinde iki sirali epidermis
tabakasinin varligindan, H. thymopsis turini gévdesinin dig kisimda papilli yapida belirgin uzantilara sahip tek
sirali epidermis tabakasi gézlemlendigini ifade etmistir. Tirtin Epidermis tabakasinin altinda 9-10 sirali korteks
tabakas1 tespit edilmistir. H. orientale L.'de 7-13 siral, H. bithynicum Boiss.'da 3-7 sirali ve H. origanifolium var.
origanifolium Wild'da 4-6 sirali korteks gozlemlenmistir (Altintas, 2015). Ayrica incelemis oldugumuz tiiriin
endoderma tabakasi net bir sekilde tek sirali oldugu gézlemlenmistir. Incelenen tiiriin floem tabakasi 11-15 sirah
olup, iistiinde A tipi salg1 kanali bulunmakta, ksilem tabakas1 genis bir alan kaplamaktadir (Sekil 3 E). Tekin
(2017) calismasinda H. thymopsis tiiriinde de floem tabakasinda A tipi salg1 kanallarinin varligini rapor etmistir.
H. capitatum var. luteum N. Robson, H. microcalycinum Boiss. & Heldr. ve H. uniglandulosum Hausskn. ex
Bornm. taksonlarindan sadece H. capitatum var. luteum N.Robson'da floemde A tipi salg1 kanali gérilmedigini
fakat digerlerinde bulundugunu ifade etmislerdir (Giirhan & Arabaci, 2022). H. aviculariifolium Jaub. et Spach
tirinde govde kesitinde salgi yapisinin var olup olmadigr belirtilmemis, H. bithynicum Boiss. turiinde de salg:
kanali oldugu fakat tipi belirtilmemistir (Tiirkten, 2022). Gévde de yer yer iki sirali olmak tizere ¢ogunlukla tek
sirali 6z 1sinlar1 bulunmaktadir. Tekin (2017) yapmis oldugu calisma da H. thymopsis tiiriinde de 1-2 sirali 6z
1sinlar: yer aldig: belirtilmistir. Gévdenin 6z kisminda parankimatik hiicreler bulunmakta olup 6z kisminda siral
bir sekilde salg1 ceplerine rastlanilmistir (Sekil 3 A,F). Gévde boyuna kesiti ilk defa calismada incelenmis ve stoma
hiicrelerinin varhg tespit edilmistir (Sekil 3 G,H). Gévde enine ve boyuna kesitlerinde yer alan yapilara iliskin
6lcimler Cizelge 1 ve 2'de verilmigtir.

Yaprak Anatomik Yapisi

Yaprak iist yiizeyinde stoma bulunmamakta, yani yapraklar hipostomatiktir (Sekil 4 A-D). 1 mm?'ye diisen
epidermis sayis1 ortalama 1168 olarak belirlenmistir. Yaprak alt yluzeyindeki stomalar anizostik ve anomostik
tiplerde olup (Sekil 4 C-F), 1 mm?'deki stoma sayis1 ortalama 384, epidermis sayisi ortalama 1380 ve stoma indeksi
27.82 olarak hesaplanmistir (Cizelge 3). H. scabrum tiirii yapraginin amfistomatik oldugunu rapor etmistir (Ergin
ve ark., 2022). Acar, (2023) calismasinda H. salsugineum’un yapraklarinin amfistomatik oldugunu ve stoma
tiplerinin anizostik oldugunu belirtmistir. Tirin yaprak enine kesitleri incelendiginde, mezofil tabakasinin
bifasiyal yapida (Sekil 5 A,C), alt ve ist yiizeylerde tek sirali epidermis tabakasi, cok az sayida epidermis
tabakasinin altinda hipodermis hiicreleri icinde druz kristalleri gézlemlenmistir (Sekil 5 C). Palizat
parankimasinin iki sirali oldugu, mezofil tabakasinda B tipi (Sekil 5 C,D), iletim demetlerinin floem tabakasinin
tizerinde de A tipi salg1 kanallarinin tespit edildigi goriilmiistiir (Sekil 5 B). Ayrica alt yiizeydeki stomalarin
kseromorfik ézellikler gosterdigi belirlenmistir (Sekil 5 D). Yapilara iliskin él¢iimler Cizelge 4’de verilmistir. A.
perforatum tiiriiniin yaprak mezofilinin bifasiyal oldugunu belirtmislerdir (Giirhan & Arabaci, 2022; Verma ve
ark., 2022). Altintas (2024) ise H. perforatum’un ekvifasiyal mezofile sahip oldugunu ifade etmistir. Ergin ve ark.,
(2022) H. scabrum L. tiiriiniin ekvifasiyal oldugunu belirtmistir. H. salsugineum tiiriinde ise yaprak mezofil tipinin
ekvifasiyal oldugu ve yer yer salg1 bezi varliindan bahsedilmistir (Acar, 2023). Yaprak enine kesitinde alt yiizeyde
bulunan stomalarin epidermis seviyesinden altinda oldugu yani kseromorfik oldugu anlasilmaktadir (Sekil 5 D).

Sepal Anatomik Yapisi

Sepal enine kesiti incelendiginde Ust yiizeyinde iki sirali epidermis tabakasi, alt yluzeyinde ise tek sirali epidermis
yer almaktadir (Sekil 6 A). Ust yiizeydeki epidermisler, alt yiizeydekilerden daha biiyiik boyutlardadir (Sekil 6 A,
Cizelge 5). Mezofil tabakasinin tek tip oldugu ve alt epidermis’e dogru sirali bir sekilde salgi ceplerinin bulundugu
goriillmiis, iletim demetlerinin floem’lerinin iizerinde A tipi salg1 kanal tespit edilmistir (Sekil 6 A,B, Cizelge 5).
H. orientale tirinin floeminde A tipi salg1 kanali, H. bithynicum’un mezofilinde siyah gland, H. origanifolium
var. origanifolium’da ise B tipi salg1 kanali bulunmaktadir (Altintas, 2015). Tekin (2017) calismasinda sepalin
iletim demetlerinde floem tizerinde A tipi, mezofilde B tipi salgi kanali varligini ifade etmigtir.

Petal Anatomik Yapisi

Petalin her iki ylzeyi tek sirali epidermisle gevrili olup, alt yiizeydeki epidermisler papillams1 bir yap:
gostermektedir. Ust yiizeydeki epidermisler, alt yiizeydekinin boyutlarindan biiyiiktiir (Sekil 6 C,D, Cizelge 5).
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Sekil 3. H. calycinum tiiriiniin gévde (A-F: gévde enine, G-H: gévde boyuna) kesitleri (a: A tipi salg1 kanali, en:
endoderma, f:floem, k'ksilem, kr: korteks, sc: seffaf gland, st:stoma, o: 6z). Bar:100 um

Figure 3. Cross-sections of H. calycinum species (A-F: transverse sections, G-H: longitudinal sections). (a‘ type A

secretory canal, en’ endoderma, f phloem, k’ xylem, kr: cortex, sc: secretory pocket, st stomata, o pith)

Bar: 100 ym.
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Cizelge 1. Incelenen H. calycinum tiiriiniin govde enine kesitindeki yapilarin anatomik boyutlar:
Table 1. Anatomical dimensions of the structures in the stem cross-section of the studied H. calycinum species

X £S.sapma

Epidermis en 16.90 + 3.42
Epidermis boy 9.23+1.18
Korteks en 26,95 + 5.50
Korteks boy 12.11 + 3.08
Endodermis en 29.36 £4.52
Endodermis boy 9.54 + 2.39
Oz hiicreleri ¢ap 41.71 +6.98
Floem en 8.33+2.44
Floem boy 6.60 + 1.25
Ksilem cap 19.73 +2.91
Govde kanadindaki salg1 hiicresi ¢cap1 47.22 + 8.52
_O_z_ bolgesindeki salgi hiicresi ¢cap: 58.04 + 9.69

X: Ortalama(um), S.sapma :Standart sapma

Cizelge 2. Incelenen H. calycinum tiiriiniin gévde boyuna kesitindeki yapilarin anatomik boyutlar:
Table 2. Anatomical dimensions of the structures in the longitudinal section of the stem of the studied H. calycinum

species B
X £S.sapma
Epidermis en 11.22+£1.91
Epidermis boy 23.94 + 6.37
Stoma en 21.13 £ 3.01
Stoma boy 26.90 + 3.85

X: Ortalama(um), S.sapma :Standart sapma

Sekil 4. H. calycinum tiiriiniin yaprak yiizeysel kesitleri (A,B: Yaprak iist yiizeyi, C-F: Yaprak alt yiizeyi) (ue:iist
epidermis, le: alt epidermis, st:stoma). Bar:100 pm

Figure 4. Surface cross-sections of H. calycinum leaves (A, B: Upper leaf surface, C, D: Lower leaf surface) (ue:
upper epidermis, le: lower epidermis, st: stoma). Bar: 100 um.

Mezofilde sirali bir sekilde seffaf gland tespit edilmistir (Sekil 6 D, Cizelge 5). H. thymopsis tiiriinde ise iletim
demetinde floem iizerinde A tipi, mezofilde B tipi salg1 kanallarinin varhig: rapor edilmistir (Tekin, 2017).
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Cizelge 3. Incelenen H. calycinum tiiriiniin yaprak yiizeysel anatomik boyutlary
Table 3. Surface anatomical dimensions of the leaves of the studied H. calycinum species

X +S.sapma
Ust epidermis en 23.40 + 4.96
Ust epidermis boy 20.53 + 3.93
Alt epidermis en 17.85 +4.01
Alt epidermis boy 20.89 + 5.82
Alt ylizey stoma en 21.85+ 3.34
Alt ylizey stoma boy 23.04 +2.74

X: Ortalama(um), S.sapma :Standart sapma

Sekil 5. H. calycinum tiiriiniin yaprak enine kesitleri (ok: druz kristali, y1ldiz: kseromorf stoma) (a: A tipi salg1
kanali, b: B tipi salg1 kanali, sp: siinger parankimasi, pp: palizat parankimas1). Bar:100 um

Figure 5. Cross-sections of H. calycinum leaves (arrow- druse crystal, star: kseromorph stoma) (a* type A secretory
duct, b’ type B secretory duct, sp- sponge parenchyma, pp- palisate parenchyma). Bar: 100 um.

Cizelge 4. Incelenen H. calycinum tiiriniin yaprak enine anatomik boyutlar
Table 4. Anatomical dimensions of the leaf cross-section of the studied H. cal [ycinum species

X +S.sapma
Ust epidermis en 22.39+ 7.06
Ust epidermis boy 10.30 + 2.31
Alt epidermis en 16.93 £ 4.26
Alt epidermis boy 9.16 + 2.36
Palizat en 12.17 +1.83
Palizat boy 26.70 + 3.89
Stunger en 15.22 £ 4.59
Stinger boy 18.74 £ 6.79
Salg1 kanal ¢ap1 86.50 = 7.40
Floem en 4.09 + 0.96
Floem boy 3.92+0.96
Ksilem ¢ap 11.63 £ 2.55
_K_o_rteks cap 27.19+ 14.22

X: Ortalama(um), S.sapma :Standart sapma
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Sekil 6. H. calycinum tiiriiniin generatif (cicek) organlarinin enine kesitleri (A.B: Sepal, C,D: Petal, E,F: Anter,
G,H: Ovaryum) (a: A tipi salg1 kanali, b: B tipi salg1 kanali, c: C tipi salg1 kanal, at: ara tabaka, e:
epidermis, sc: seffaf gland). Bar:100 pm

Figure 6. Cross-sections of the generative (flower) organs of H. calycinum (A, B: Sepal, C, D: Petal, E, F- Anther,
G, H: Ovary) (a: type A secretory duct, b’ type B secretory duct, c: type C secretory duct, e’ epidermis, sc:
secretory pocket). Bar: 100 um.
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Cizelge 5. Incelenen H. calycinum tiriiniin Generatif (Cigek) organlarinin anatomik boyutlar:
Table 5. Anatomical dimensions of the generative (flower) organs of the studied H. calycinum species

¥ +£S.sapma
Sepal list epidermis en 22.49 £ 5.61
Sepal tist epidermis boy 14.64 £ 2.24
Sepal alt epidermis en 18.39 +4.77
Sepal alt epidermis boy 11.67+1.91
Sepal salg1 kanali ¢ap 66.12 + 12.66
Sepal stinger parankimasi ¢cap 19.25+5.44
Sepal floem en 6.00 £ 1.37
Sepal floem boy 4.53+ 1.41
Sepal ksilem ¢ap 4.61+1.15
Petal tst epidermis en 23.29 + 3.60
Petal tist epidermis boy 29.00 + 5.82
Petal alt epidermis en 19.27 + 4.36
Petal alt epidermis boy 16.14+4.71
Petal stinger parankimasi ¢ap 16.40 + 3.05
Petal Salg1 kanali ¢cap 48.62 + 11.63
Anter epidermis en 28.08 £ 4.55
Anter epidermis boy 18.18 + 3.37
Anter polen ¢ap 17.63 + 1.56
Ovaryum epidermis en 13.89 £ 2.30
Ovaryum epidermis boy 27.46 + 3.17
Ovaryum korteks ¢ap 18.45 + 3.50

Ovaryum salg1 kanali ¢ap 51.38 +16.33

X: Ortalama(um), S.sapma :Standart sapma

Anter Anatomik Yapisi

Anter yapisina bakildiginda, 3 tekadan olustugu, epidermis, endotesyum ve ara tabakanin gorilebildigi,
tapetum’un mevcut olmadig1 ve polenlerin 3 apertiirlii oldugu tespit edilmistir (Sekil 6, Cizelge 5). H. orientale, H.
bithynicum ve H. origanifolium var. origanifolium taksonlarinin anterlerinin 2 teka’dan olustugu ve konektif
kisminda da druz kristalleri bulundugunu belirtmistir (Altintas, 2015).

Ovaryum Anatomik Yapisi

Ovaryumun ust ylzeyinde tek sirali epidermis yer almakta, aksilar plasentalanma ve 5 karpelli oldugu
gozlemlenmistir. H. orientale, H. bithynicum ve H. origanifolium var. origanifolium, H. androsaemum, H.
Iinarioides ssp. Ilinarioides, H. lydium, H. montanum, H. perforatum ve H. pruinatum taksonlarinin hepsinde
karpel sayisinin 3 oldugu gérillmiistiir (Altintas, 2015; Altintas, 2024). Karpel hiicrelerinde yogun bir sekilde C
tipi salg1 kanallar1 ve iletim demetlerinin floem tzerinde A tipi salgi kanali tespit edilmigtir. Ovil tipi anatrop
olarak belirlenmistir (Sekil 6, Cizelge 5). Altintas (2015) calismis oldugu H. orientale, H. bithynicum ve H.
origanifolium var. origanifolium taksonlarindan sadece H. origanifolium var. origanifolium’un ovaryumunda salgi
kanalina rastlanmadigini digerlerinde ise C tipi salg1 kanalina rastlandiginmi ifade etmistir. H. thymopsis tirinin
ovaryumun karpel hiicrelerinde tek sirali C tipi salgi kanali bulundugu ifade edilmistir (Tekin, 2017).

SONUC ve ONERILER

Bu ¢alismada, H. calycinum turinin anatomik 6zellikleri detayl bir sekilde incelenmistir. Bitkinin gévde kanat
sayisinin 4 olmasi, daha 6nemlisi gévde kanatlarinda ve 6z bolgesinde salg1 ceplerinin varligi, ayrica gévdenin
boyuna kesiti de incelendiginde stoma varliginin tespit edilmesi de daha énce anatomisi ¢alisilmis olan diger
tiirlerden ayirt edilmesinde yardimei olmaktadir (Sekil 3 A-H). Yapraklarin hipostomatik (Sekil 4 A-D), mezofil
tipinin bifasiyal fakat, palizat parankimasinin iki sirali olmasi, palizat parankimasinda druz kristallerinin varligi
dikkat cekmektedir (Sekil 5 A-D). Cicek kisimlar: (sepal ve petal)’ nda seffaf gland'in varligi, ayrica sepal’in iist
yuzeyinde iki sirali epidermisin varligi, Anter'in 3 teka’dan olusmasi, ovaryum’da daha 6nce calisilan diger
tirlerde tek sirali C tipi salg1 kanali bulunurken bu tirde ¢ok yogun bir sekilde bulunmasi diger tiirlerden ayiran
ozelliklerden oldugu gériilmektedir (Sekil 6 A-H). Elde edilen bulgular, bu tiirlerin bitki anatomisi ve sistematigi
acisindan 6nemli veriler sagladig1 goriilmektedir. Govde enine kesitinde goézlemlenen kanat sayis1 ve kanat
uzunlugu, kanat’ta salgi yapisinin bulunmas vb. agilarindan tiirler arasinda farklhiliklar géstermektedir. Ozellikle
H. tetrapterum ve H. androsaemum tirlerinde bulunan salg1 cepleri, salgi kanal tipi bu gruptaki bitkilerin
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anatomik 6zelliklerinin belirlenmesine katki saglamaktadir (Yagan ve ark., 2012; Altintas, 2024). Yaprak
yapisinda, hipostomatik ozellikler ve stomalarin cesitliligi, H. scabrum tiuriinde amfistomatik ozelliklerle
karsilastirildiginda farkli morfolojik adaptasyonlarin varligina isaret etmekte oldugu ifade edilmistir (Ergin ve
ark., 2022). Yaprak mezofilinin bifasiyal yapida olmasi, H. perforatum gibi tiirlerde gériilen ekvifasiyal 6zellikler
ile karsilastirildiginda, bitkilerin farkl ekolojik kosullara yanit verme bicimlerini ortaya koymaktadir (Giirhan &
Arabaci, 2022; Altintas, 2024). Cicek kistmlarinin da incelenmesi farkli epidermis yapilarina ve salgi yapilarinin
farkhiliklarina dikkat c¢ekmekte ve bunlarin ortaya konulmasi sayesinde taksonlarin taksonomik
smiflandirilmasina katkida bulunmaktadir (Altintas, 2015).

Genel olarak, bu ¢alisma, H. calycinum tiruinin vegetatif organlarinin yanisira generatif organlarinin anatomik
farkliliklarini belirleyerek, sonraki yapilacak olan ¢alismalarda taksonomik siniflandirmanin da daha dogru bir
sekilde yapilmas: i¢in yardimei olmasi beklenmektedir. Sonu¢ olarak, bitki taksonlarinin 6zellikle de generatif
kisimlarinin da incelenmesi, bitki sistematigi ve bitkiler hakkinda daha derin bilgi sahibi olunmasi a¢isindan ve
gelecekte yapilacak olan arastirmalar i¢in de 1s1k tutacaktir.
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ABSTRACT Botany

Using plants as ornamentals is one of the most important ways of

introduction to the new ecosystems for alien species. Crorocosmia x Research Article
crocosmiiflora seems to be a good example of this situation in Eastern

Black Sea Region of Tirkiye where it has been planted in many parks Article History

and graveyards as an ornamental plant. This hybrid taxon was Received 125.07.2024
observed in 37 different locations, outside of parks and graveyards in Accepted :09.01.2025
Artvin (5 records), Rize (17 records), Trabzon (8 records) and Giresun

(7 records) cities, mainly on roadsides, fields, thickets, forest margins Keywords

and waste areas during the field studies on Bur Cucumber. Present Alien species

observations revealed that Montbretia clearly escaped from Anatolia

cultivation area and continue to increase its distribution range and Crocosmia

population density/number in the North East Anatolia. Like other Naturalization
naturalized alien species in Tirkiye, Montbretia is rapidly Iridaceae

naturalizing in the Eastern Black Sea Region, which is the most
important naturalization center of exotic plants in Tirkiye, so it will
become a part of the wild flora of the this region in the near future.

KD Anadolu (Tiirkiye)’da Crocosmia x crocosmiiflora (Iridaceae)min Park ve Mezarliklar Digindaki

Dagilim
OZET Botanik
Bitkilerin stis bitkisi olarak kullanilmasi, yabanci tiirlerin yeni
ekosistemlere giriginin en 6nemli yollarindan biridir. Crorocosmia x Aragtirma Makalesi
crocosmiiflora, bircok park ve mezarhikta sus bitkisi olarak
yetistirildigi Turkiyenin Dogu Karadeniz Bolimiinde bu duruma iyi Makale Tarihgesi
bir 6rnek olarak gértinmektedir. Bu hibrit takson, Itdolanbaci tiirii Gelig Tarihi @ 25.07.2024
uizerine yapilan arazi ¢alismalar: sirasinda, mezarlik ve park alanlar: Kabul Tarihi :09.01.2025
disinda, Artvin (5 kayit), Rize (17 kayit), Trabzon (8 kayit) ve Giresun
(7 kayt) illerinden toplam 37 lokasyonda, cogunlukla yol kenarlari, Anahtar Kelimeler
tarla kenarlari, c¢aliliklar, orman kenarlari ve bos alanlarda Yabanc tur
gozlenmigtir. Mevcut gozlemler, Afrika Yildizimin kiiltiirden acgikca Anadolu
kactigini ve Kuzey Dogu Anadolu'da yayilis alanini ve populasyon Crocosmia
yogunlugu/sayisin1 artirmaya devam ettirdigini ortaya koydu. Dogallasma
Turkiye'deki yabanci turlerin 6ncelikli dogallasma merkezi olan bu Iridaceae

bolgede, diger bircok yabanc tiur gibi Afrika Yildizi da yakin gelecekte
bé6lgenin dogal florasinin bir pargasi olma yolundadir.

Ataf Igin :  Terzioglu, S., & Coskuncelebi, K (2025). Distribution of Crocosmia x crocosmiiflora (Iridaceae) Outside of Parks
and Graveyards in NE Anatolia (Tirkiye). KSU Tarim ve Doga Derg 283), 683-689. DOIL: 10.18016/
ksutarimdoga.vi.1573879.

To Cite:  Terzioglu, S., & Coskuncelebi, K (2025). KD Anadolu (Tirkiye)da Crocosmia x crocosmiiflora (Iridaceae)'nin

Park ve Mezarhiklar Disindaki Dagihmi. KSU J. Agric Nat
ksutarimdoga.vi.1573879.

INTRODUCTION

Today, 3.9% of the world's plants have naturalized outside their natural habitats as a result of human mobility
and activities (van Kleunen et al., 2015). Using plant species for ornamental purposes is one of the most important
reasons of naturalization. Due to heavy rainfall throughout the year, North East Anatolia is home to many of
ornamentally used alien genera (i.e. Duman & Giiner, 1996) and species (i.e. Terzioglu & Coskuncelebi, 2017;
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Terzioglu & Coskuncelebi, 2022; Coskuncelebi & Terzioglu, 2022). It is reported that the total number of vascular
plant taxa of Tiirkiye is 12354 (Terzioglu et al., 2021) of which the 340 alien ones introduced to Tiirkiye (Uludag
et al., 2017). However, the compilation studies carried out within the scope of the TERIAS project (final report)
show that this number is over 400 (Terzioglu & Coskuncelebi, 2020).

Crocosmia x crocosmiiflora (Lemoine) N.E.Br. (Montbretia, Iridaceae) called as "Mezarlik ¢igegi/Graveyard’s flower
Turkish/English" by local people is a well-known garden hybrid flower (Nelson, 1993). Although the parent species
of this horticultural originated taxon are native to South Africa, C. x crocosmiiflora is recorded as an introduced
plant in many countries (POWO, 2024; Figure 1). In the world, it has been widely used as an ornamental plants
and has become an invasive species in many countries by escaping into nature (CABI, 2024). Montbretia is firstly
planted as an ornamental plant in graveyards and parks due to its attractive flowers since an unknown date in
North East Anatolia. However, it is listed as an exotic plant by Ergiil-Bozkurt (2017) and Terzioglu (2022)
depending on herbarium records and field observations without any further remarks. It is well known that the
intentional or unintentional movement of such taxa by humans from one region to another accelerates the
naturalization process of ornamental plants (Richardson, et al., 2000). Present observation during the field studies
on invasive alien plant species in North East Anatolia revealed that Montbretia have many healthy populations
outside of parks and graveyards such as in roadsides, fields, thickets, forest margins and waste areas and gained
an invasive feature in this region. However, this hybrid is not listed in the vascular plant check list of Tiirkiye by
Giiner et al. (2012), alien flora of Tiirkiye by Uludag et al. (2017) or any other relevance literatures, up to now.

In the present paper, several new localities outside of parks and graveyards of Crocosmia x crocosmiiflora in the
Eastern Black Sea Region of Tirkiye are recorded for the first time and discussed.

‘ ’

1 Distribution of Crocosmia x crocosmiifiora in the world
I Native
B ntroduced
B study area

Figure 1. Distribution of C. x crocosmiiflora in the world (Modified from POWO, 2024).
Sekil 1. C. x crocosmiiflora’unin diinyadaki yayilis1 (POWO, 2024 den uyarlanmistir).

MATERIAL and METHODS

Crocossmia x crocosmiiflora was identified by using relevant literature (Goldblatt & Brown, 2002; Goldblatt &
Manning, 2020; Zurawik et al, 2015; NRA, 2010) and samples of both KATO (21808!, 21952!, 24454!, 24455,
24456!) and KTUB (Coskuncelebi 1470!, 1471!) which stored in the herbarium of Forest Botany (KATO) and
Biology (KTUB) at Karadeniz Technical University. As well, field observations and remarks of the present authors
during the excursions on invasive plant species distributed in North East Anatolia were also used in identification.
List of records belong to the Montbretia is ordered alphabetically by the names of the cities including the name of
administrative area, the mname of localities with GPS coordinates, altitudes and the date of
collection/observation. The distribution map was prepared with the help of ArcGIS 10.5 program (Esri, 2014) based
on the records mentioned in Ergiil-Bozkurt (2017), Terzioglu (2022) and observations in the current study. The
hybrid taxon was named in Turkish according to guidelines of Menemen et al. (2016).
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RESULTS and DISCUSSION

Crocosmia x crocosmiiflora (Lemoine) N. E. Brown, Trans. Roy. Soc. South Africa. 20: 264, 1932 (Figure 2).

Syn.: Montbretia x crocosmiiflora Lemoine, The Garden 18: 188 (21 August 1881) [as M. crocosmiaefloral. Tritonia
x crocosmiiflora (Lemoine) Nicholson, Illustrated Dictionary of Gardening 4: 94 (1888) [as 7. crocosmifloral.

Type: Illustration in Morren, La Belgique Horticole 31: t. 14 (1881), neo., designated by Goldblatt et al. (2004).
The description of present alien hybrid was prepared based on fresh materials and herbarium specimens together
with Goldblatt & Brown (2002) and Goldblatt & Manning (2020).

Stiff, leafy, clump—forming geophyte with underground rhizome, 35—-100 cm. Rootstock a depressed-globose corm,
1.5-2.5 ¢cm in diam., rooting from below. Stem laxly, 2—4-branched. Leaves 5-8, mostly basal, plane, narrowly
lanceolate, = 2/3 as long as stem, 8—-20 mm wide, cauline narrower than basal. Spike lightly flexuose, mostly 6—10
flowered; bracts reddish with dry brown tips, 6-10 mm. Flowers distichous, bright orange, paler in throat,
unscented; perianth tube funnel-shaped, slightly curved forward, 12 mm, tepal spreading, subequal, 15—-22 mm.
Filaments 15-22 mm, anthers 6—-8 mm long, yellow. Style arching over stamens, dividing, branches + 4 mm,
apically bifid. Fruit an inflated globose, 3—lobed capsule, ca. 8 mm. Seeds blackish, ca. 2.5 mm diam., often aborted
or + globose, reddish brown.

Flowering period: July-September.

Habitat: Parks, graveyards, near sea coast, roadsides, thickets, wood margins and waste grounds.

Altitude: 4-577 m.

Vernacular (Turkish) name: Afrika yildiz1 according to guidelines of Menemen et al. (2016).

Figure 2. Some distinctive parts and habitat types of C. x crocosmiifolia; A-Inflorescence (Lightly flexuose spike),
B—Coordinate information of the 13th record (Rize: Ardesen, Isikl)), C—Fruit (Globose capsules), D—
Rootstock (Rooted corm), E-H-Habitats (Sea coast, roadside, wood margin and waste ground,
respectively).

Sekil 2. C. x crocosmiifolia’nin bazi ayirt edici kisimlar: ve habitat tipleri; A- Cicek kurulu (Gevsek—zigzag basak),
B-13. Noktaya (Rize: Ardesen, Isikl) ait koordinat bilgisi, C-Meyve (Yuvarlagims: kapsiiller), D-
Toprakalt: gévdesi (Koklenmis kormus), BE- H-Habitatlar (Sirasiyla; deniz kenari, yol boyu, orman
kenar1 ve bos alan).

The genus Crocosmia Planch. includes 8 species and one hybrid taxa, C. x crocosmiifolia, native to Sudan to S.
Africa and Madagascar (POWO, 2024). It has been widely cultivated as an ornamental and has escaped from
cultivation area (parks, graveyards, etc.) to field sides, disturbed sites, wasteland, along roadsides, and shrub lands
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in many countries (Ensbey et al., 2014). A total of 39 locations were coordinated by GPS during the field study in
Black Sea Region of Tiirkiye (Table 1, Figure 3). These findings confirmed that this hybrid taxon escaped from
parks and graveyards to roadsides, thickets, sea coast, wood margins, field sides and waste grounds and going on
to widen its distribution in Black Sea Region of Tiirkiye (Table 1, Figure 3). So, every new habitat it reaches is a

potential expansion point for this taxon.

Table 1. Records of Crocosmia x crocosmiiflora in Eastern Black Sea Region of Tirkiye
Cizelge 1. Tiirkiye'nin Dogu Karadeniz Boliimii'nde Crocosmia x crocosmiiflora kayitlar:

Square (Davis, 1974) and Locality

Altitude

No Information (m) Latitude Longitude Remarks
A8 Artvin, Hopa, Camli, Hopa-Sarp road, %

1 07 August, 2090 6 41.372.486.439 41.342.479.343 NR
A8 Artvin, Kemalpasa, Sarp,

2 04 August, 2020 42 41.518.013.981 41.548.646.122 NR
A8 Artvin, Kemalpasa, Kayakoy,

3 04 August, 2020 79 41.525.029.928 41.624.675.336 NR

4 A8 Artvin, Hopa, 15 June 2013 200 g%glu;)_ Bozkurt
A8 Artvin, Kemalpasa, Kayakoy,

5 04 August, 2020 305  41.504.271.178 41.563.190.466 NR
A8 Rize, Camlihemsin, Kavak,

6 18 August, 2020 344  41.052.362.452 41.037.985.002 NR

7 A8 Rize, Gamhihemsin, Behice, Hincipici, 274  41.086.406.697 41.037.155.908 NR
18 August, 2020 )
A8 Rize, Kalkandere, Unalan,

8 19 Augnst, 2020 577  40.928.060.077 40.494.783.202 NR

9 A8 Rize, Merkez, Tekke, 19 August, 2020 201  40.954.852.400 40.532.291.834 NR

10 A8 Rize, Iyidere,Hazar, 08 August, 2020 147  40.992.175.141 40.347.411.440 NR

11 A8 Rize, Cayeli, Yesilkdy, 05 August, 2020 14 41.023.629.628 40.691.158.492 NR
A8 Rize, Cayeli, Yaka, Hopa-Sarp road,

12 G4 Avgust, 3020 24  41.080.475.637 40.702.828.844 NR

13 A8 Rize, Ardesen, Isikli, 07 August, 2020 4 41.209.954.608 41.043.465.768 NR
A8 Rize, Ardesen, Firtina,

14 47 August, 2090 16 41.180.190.026 40.969.852.283 NR

15 A8 Rize, Ardesen, Bayircik, 07 August, 2020 322  41.125.113.012 41.087.334.392 NR

16 A8 Rize, Cayeli, Yenitepe, 07 August, 2020 186  41.046.717.364 40.726.301.393 NR

17 A8 Rize, Cayeli, Haremtepe, 07 August, 2020 231  41.043.065.475 40.728.359.355 NR

18  A8Rize, Cayeli, Haremtepe, 07 August, 2020 235  41.041.184.589 40.730.047.097 NR

19 A8 Rize, Cayeli, Haremtepe, 07 August, 2020 247  41.040.908.754 40.730.420.575 NR

20 A8 Rize, Cayeli, Haremtepe, 07 August, 2020 269 4.103.682.587 40.736.571.024 NR

21 A8 Rize, Cayeli, Haremtepe, 07 August, 2020 371  41.035.278.658 40.732.842.619 NR

22 A8 Rize, Cayeli, Haremtepe, 07 August, 2020 413  41.032.022.422 40.732.543.101 NR

23 A8 Trabzon, Of, Sefakdy, 26 August, 2020 365  40.901.691.045 40.295.484.226 NR
A8 Trabzon, Siirmene, Camburnu, Kuleli,

24 07 August, 2020 18 40.916.928.213 40.194.083.880 NR

g5 A8 Trabzon, Stirmene, Camburnu, Kutlular, 52 40.908.066.915 40.203.363.869 NR
07 August 2020

g9 A8 Trabzon, Stirmene, Camburnu, Kutlular, 194  40.902.198.732 40.205.465.768 NR
07 August 2020

g7 ~ A8Trabzon, Stirmene, Camburnu, Kutlular, 189  40.902.132.803 40.204.016.136 NR
07 August 2020

Terzioglu
28 A8 Trabzon, Caykara,2022 250 (2022)
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Ergiil-Bozkurt

29 A8 Trabzon, Stirmene,16.07.2013 150 - (2017)
A8 Trabzon, Stirmene, Yeniay, Kumru,

30 07 August, 2020 . 124 40.911.733.175 40.192.090.544 NR
A7 Giresun, Eynesil, Oren, Camidiizii

31 Mahallesi,11 August, 2020 289 41.032.518.202 39.148.425.712 NR

gg AT Giresun, Eynesil, Gorapgilar, Derebag, 58 41.062.773.267 39.150.897.784 NR
11 August, 2020
A7 Giresun, Eynesil, Corapcilar,

33 11 August, 2020 254 41.055.030.022 39.173.847.553 NR
A7 Giresun, Merkez, Yukarialinli,

34 12 August, 2020 550 40.858.664.334 38.366.928.912 NR
A7 Giresun, Merkez, Samanhkkirani,

35 12 August, 2020 90 40.890.750.513 38.419.732.441 NR

36 A7 Giresun, Kesap, Gecit, 12 August, 2020 731 32.289.255.469 82.097.187.668 NR

g7 A7 Giresun, Tirebolu, Arageris, Minak, 155  40.951.717.075 38.766.344.261 NR

12 August, 2020
NR*: New Record.

Crocosmia x crocosmiifiora
® LM LAeentan

§ R (New ecod "

meond] 3 03080 120

) T
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Figure 3. Distribution map of Crocosmia x crocosmiiflora in Eastern Black Sea Region of Turkiye.
Sekil 3. Crocosmia x crocosmiiflora’nin Tiirkiye’nin Dogu Karadeniz Boliimii'ndeki yayilis haritasi.

Spread of alien species, especially invasive ones, considered the second most significant threat to biodiversity after
habitat loss (Wilcove et al., 1998). Depending on the adaptation capacity, alien taxa spends decades in their newly
introduced ecosystems, before becoming invasive according to their abilities. Thanks to their ecological adaptation
capacities, they begin to change the species composition and some ecological conditions in these ecosystems (Reaser
et al., 2020). C. x crocosmiiflora is a hybrid taxon that it is disease resistant, remarkably vigorous and easily
propagated (Kumar et al., 2019). So, it remains widely cultivated today because it is so easy to grow, is
undemanding of care and soil, and thrives in a wide range of habitats and climate zones (Goldblatt & Brown, 2020).
Its rapid vegetative reproduction capacity, it persists in abandoned gardens and slowly spreads into meadows,
roadsides and eventually into undisturbed vegetation, and it in order to escape from the parks and graveyards in
Turkiye. This rapid spreading is estimated that this taxon will be a serious weed in Turkiye starting from Black
Sea Region. Although Montbretia could be confused with equitant leaved Iristaxa distributed in this region before
blooming, it is easy to distinguish from other taxa by the distinct shape and attractive orange scarlet flowers in
flowering stage.

Although this hybrid taxon was carried to Tiirkiye as an ornamental plant, this study underlined that it has started
to spread out of control outside parks and graveyards in NE Anatolia. It has also been observed that this hybrid
formed dense populations over the years in this region. This is because it should be monitored regularly and if
necessary physical/mechanical control should be conducted. It is reported that the most practical way of preventing
and managing invasions is to provide detailed information about introduction routes and vectors. This information
also is necessary both to prevent the escape of alien species to natural habitats and to prevent their further spread.
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ABSTRACT Botany

The aim of this study was to determine the floristic characteristics,

EUNIS habitat types, and general vegetation structure of Caglayan, Research Article

Ilisu, and Yerkopru Waterfalls, Goksu Delta, Narlikuyu, Roman Ruins,

Seytanderesi, and Cambazli Cistern and Akdere Tahta Port natural site Article History

areas in Giilnar and Silifke districts of Mersin (Tiirkiye). According to the Received 127.11.2024
findings, 214 different taxa belonging to 65 families and 173 genera were Accepted :21.03.2025
identified. A total of 31 taxa were identified in Caglayan Waterfall, 32 in

Ihsu Waterfall, 54 in Yerkopru Waterfall, 62 in Goéksu Delta, 47 in Keywords

Narlikuyu, 26 in Roman Ruins, 63 in Akdere Tahta Port, 84 in Biodiversity

Seytanderesi, and Cambazli Cistern. A total of 8 (3.66%) endemic plant Convertion area

taxa were identified in the research areas. According to the Phytogeography
phytogeographic regions, 77 taxa are Mediterranean (35.32%), 11 taxa Thread categories

are Euro-Siberian (5.04%), 7 taxa are Irano-Turanian (3.21%), 45 taxa Mersin

are widely distributed (20.64%), and 76 taxa are of unknown
phytogeographic region (35.77%). In this study, 9 main habitats and 22
sub-habitat types were identified. In terms of general vegetation

structure, characteristic species of Quercetea 1ilicis and Cisto-

Micromerietea syntaxonomic classes were found in all study areas.
Character species of Quercetea pubescentis class were observed in all
areas except Goksu Delta, Seytan Creek, and Cambazli Cistern. In
Seytanderesi and Cambazli Cistern, and Akdere Tahta Port, character
species belonging to the Querco-Fagetea syntaxonomy class were found
differently from the others. These results contribute to the flora and
vegetation literature by determining the flora of Mersin province,
determining the EUNIS habitat types of natural sites in this country, and
determining the general vegetation structure of the research area.

Giilnar ve Silifke (Mersin-Tiirkiye) ilcelerindeki baz dogal sit alanlarimin flora, genel vejetasyon yapisi
ve EUNIS habitat tiplerinin incelenmesi

OZET Botanik

Bu arastirma Mersin (Tiirkiye) ili Giilnar ve Silifke il¢elerinde bulunan )
Caglayan, Ilisu ve Yerkopru Selalesi, Goksu Deltasi, Narlikuyu, Roma Aragtirma Makalesi
Kalintilar1, Seytanderesi ve Cambazli Sarnici ile Akdere Tahta Limani Makale Tarihcesi

dogal sit alanlarimin floristik ézelliklerini, EUNIS habitat tiplerini ve @ ;i;,;arﬁfi‘ 9‘3:5;7.11'2024

genel vejetasyon yapisini belirlemek amaciyla gergeklestirilmigtir.
Aragtirmada toplam 65 familya ve 173 cinse ait 214 farkh takson tespit
edilmigtir. Caglayan Selalesinde 31, Ilisu Selalesinde 32, Yerkopru

Kabul Tarihi :21.03.2025

Selalesinde 54, Goksu Deltasinda 62, Narhkuyuda 47, Roma g;;ao};z:gtfi{l(ﬂ{lmeler
Kalintilarinda 26, Akdere Tahta Limaninda 63, Seytanderesi ve Korunan alan
Cambazh Sarnicinda 84 takson belirlenmistir. Bu aragtirmada toplam 8 Bitki cografyast
adet (%3.66) endemik bitki taksonu tespit edilmistir. Fitocografik s Tt e
bélgelere gére taksonlarin 77 taksonun Akdeniz (%35.32), 11 taksonun Miesasim

Avrupa-Sibirya (%5.04), 7 taksonun Iran-Turan (%3.21) elementi, 45
taksonun Genis yayilish (%20.64) ve 76 taksonun fitocografik bélgesi belli
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olmayan (%35.77) seklinde dagihm gosterdigi belirlenmistir. Bu
calismada 9 ana habitat, 22 alt habitat tipi tanimlanmigtir. Genel
vejetasyon yapisi itibariyle ¢calisma alanlarinin tamaminda Quercetea
ilicis ve Cisto-Micromerietea sintaksonomik siniflarinin karakter
turlerine rastlanilmistir. Goksu Deltas1 ile Seytan Deresi ve Cambazli
Sarnici hari¢ diger tim alanlarda Quercetea pubescentis sinifinin
karakter tiirleri gozlemlenmistir. Seytan Deresi ve Cambazli Sarnici ile
Akdere Tahta Limaninda digerlerinden farkli olarak Querco-Fagetea
sintaksonomi sinifina ait karakter tirler bulundugu belirlenmistir. Bu
sonuclar Mersin ili florasi, tilkemizdeki dogal sitlerin EUNIS habitat
tiplerinin ve arastirma alaninin genel vejetasyon yapisinin belirlenmesi
ile flora ve vejetasyon literatiiriine katki saglamaktadir.
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INTRODUCTION

Tirkiye is one of the significant plant diversity regions in the world in terms of its plant taxa and the total number
of endemic plant species it contains (Avc1,1993). Due to the diverse climatic, edaphic, and geographical features
among its regions, Tiirkiye exhibits a rich plant diversity (Davis, 1965-1985; Davis et al., 1988; Giiner et al., 2000;
Davis & Hedge, 1975). In the flora of Tiirkiye, 3,649 taxa (31.82%) out of 11,707 are endemic (Giiner et al., 2012).
The significance and diversity of Turkey's flora become clearer when compared to the overall number of plant
species across the entire European continent. The first studies on Turkish plants began in the early 1700s, carried
out by Tournefort (Baytop, 2010). The most extensive research was conducted by Davis (1965-1985; Davis et al.,
1988). Subsequently, Giiner et al. (2012) published a list of the plants of Tiirkiye, and 6 volumes of the Illustrated
Flora of Turkey have been published since 2014 (Giiner & Ekim, 2014; Giiner et al., 2018; 2022; 2023a; 2023b;
2024).

The study areas in this research are eight natural sites in Mersin province, in the Mediterranean region of Tiirkiye.
The definition of a Natural site is as follows: "Areas belonging to geological epochs, possessing extraordinary
features due to their rarity, located on the surface, underground, or underwater, and requiring preservation."
(Anonymous, 1983). Natural sites, defined as first, second, and third-degree natural sites during the dates of the
conducted research, have been redefined into three categories with the regulation published in 2022 (Anonymous,
2022). According to the redefinition in Anonymous (2022), they are now categorized as 1- Areas of Absolute
Protection, 2- Areas of Qualified Natural Conservation, and 3- Areas of Sustainable Conservation and Controlled
Use. Areas of Absolute Protection are land, water, and marine areas where all impacts related to use and access
are restricted to ensure the preservation of resource values. In these areas, human entry may be prevented, and
special measures may be taken for scientific research, education, or environmental monitoring purposes. Qualified
Natural Conservation Areas are land, water, and marine areas characterized by an unchanged natural structure,
minimal impact from human activities, dominance of natural processes, and the preservation of traditional ways
of life based on the natural environment. These areas allow residents to utilize existing resources in line with
conservation goals while safeguarding the traditional lifestyles dependent on the natural habitat. On the other
hand, areas of Sustainable Conservation and Controlled Use are areas where low-intensity activities, wind and
solar energy facilities, tourism, settlements, and livestock are permitted while considering the region's natural
structure, ecological values, and natural landscape features.

The study areas are situated in the Mediterranean phytogeographic region of Turkiye. While the Irano-Turanian
phytogeographic region spans a larger area than other regions, the Mediterranean phytogeographic region has the
highest concentration of endemic plant species in Turkey, with 3,321 endemic plant locations (34.3%) (Avci, 1993;
Giiner et al., 2012; Senkul & Kaya, 2017). Despite being a rich region in terms of plant diversity and endemic
plants, there are many areas in the Mediterranean region where flora and vegetation studies have not been
conducted. Floristic studies carried out in the natural protected areas of this region are also scarce (Tel et al.,
2022a).

Identifying the floristic characteristics of the area will enhance understanding of the floristic structure flora of
Tirkiye and the Mediterranean region. Floristic studies have been carried out by Gemici (1992), Tezcan (1995),
Diizenli et al. (1996a), Diizenli et al. (1996b), Savran et al. (1999), Ekim et al. (2000), Zeren & Ispirgil (2001), Ucar
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(2002), Everest & Rauss (2004), Orcan et al. (2004), Aksay (2006), Karaémerlioglu & Diizenli (2008), Ding (2008),
Yildizbakan et al. (2010), Yildiztugay & Kii¢iik6diik (2010), Sirin & Ertugrul (2015), Sen (2019), Topal et al. (2022)
in the surrounding area of the study site. In addition to these, floristic and vegetation-oriented studies have been
conducted in Natural and Cultural sites by Tel (2009), Tel et al. (2010), Tel & Tak (2012), Tel & ilgim (2016), Tel
& Egilmez (2015), Anonymous (2016), Ortac (2017), Tel & Tak (2018), Tel et al. (2018), Tel et al. (2019), Ortac &
Tel (2021), Tel et al. (2021), Tel et al. (2022a; 2022b), Tel et al. (2023), Tel et al. (2024), Tel et al. (2025).

There 1s no study on habitat classification in the research area. Habitat classification is known to be a very
important issue for the sustainability of natural resources (Moss & Roy, 1998). The European Union has
established the European Nature Information System (EUNIS) (Anonymous, 2024a; Davies et al., 2004) to utilize
existing natural resources better, compare different habitat types, analyze habitats in more detail, create a
common classification system, and build a database. Today, species and habitats are constantly threatened by
extinction due to intensive use (Arslan et al., 2012). Therefore, the EUNIS classification system records habitat
data comparably and provides a reference for the conservation of natural resources. Davies et al. (2004) ranked
EUNIS habitat types hierarchically. The system is currently organized into 10 main categories and their
subheadings. A: Marine habitats, B: Coastal habitats, C: Inland surface waters, D: Mires, bogs and fens, E:
Grasslands and lands dominated by forbs, mosses or lichens, F: Heathland, scrub and tundra, G: Woodland, forest
and other wooded land, H: Inland unvegetated or sparsely vegetated habitats, I: Regularly or recently cultivated
agricultural, horticultural and domestic habitats, J: Constructed, industrial and other artificial habitats (Eunis
habitat type hierarchical view (Davies et al., 2004).

The European Union has established the European Nature Information System (EUNIS) (Davies et al., 2004;
Anonymous, 2025) to utilize existing natural resources better, compare different habitat types, analyze habitats
in more detail, create a common classification system, and build a database. Today, species and habitats are
constantly threatened by extinction due to intensive use (Arslan et al., 2012). Therefore, the EUNIS classification
system records habitat data comparably and provides a reference for the conservation of natural resources. Davies
et al. (2004) and Anonymous (2025) ranked EUNIS habitat types hierarchically. It is necessary to precisely
determine the legally binding protected habitat types in EUNIS (Arslan et al. 2012). In Tiirkiye, although not at
the habitat type level, some species or specific plant communities are protected on-site in areas with conservation
statuses such as national parks, nature conservation areas, genetic conservation forests, research forests, etc.
(Arslan et al. 2012).

Most countries have not yet fully developed the EUNIS habitat classification and generally use their own habitat
classification types on a country-by-country basis. Turkey is ahead of other countries in this context and has
reached the stage of determining EUNIS habitat types with the National Biodiversity Inventory and Monitoring
Project (Terzioglu et al., 2015).

In this way, one or more habitat types are preserved in these areas (Arslan, 2012). The eight areas in this study
are natural sites with conservation status. Studies on habitat classification in Turkey are few and include
Karadémerlioglu (2007), Karaémerlioglu & Diizenli (2008), Arslan & Arslantiirk (2009), Arslan et al. (2014), Ulu et
al. (2014), Mergen & Karacaoglu (2015), Ciftci (2015), (Terzioglu et al., 2015), Erdogan (2016), Geven et al. (2016),
Sahin & Karavelioglu (2018a), Sahin & Karavelioglu (2018b), Tug et al. (2018), Seyfe (2019), Ozen & Urker (2020),
Cakmak & Aytac (2020), Cakmak & Aytac (2021) and Demir et al. (2022).

This study aims to identify the floristic characteristics, EUNIS habitat types, IUCN threat categories of endemic
taxa, and the general vegetation structure of the natural protected areas in the Caglayan, Ilisu, and Yerkopri
Waterfalls, Goksu Delta, Narlikuyu, Roman Ruins, Seytanderesi, and Cambazl Cistern, and Akdere Tahta Port,
located in the Giilnar and Silifke districts of Mersin province, Turkey. In this study, the general vegetation
characteristics and Eunis habitat types of the study areas were revealed. The study areas are protected areas as
they have natural protected status and provide information about the general vegetation and floristic structure of
the region.

The Study Area and Its General Characteristics

The study areas in this research include eight localities located in the districts of Gilnar and Silifke within the
Mersin province, situated in the Mediterranean region of Turkey. These localities include Caglayan, Ilisu, and Yer
Kopru Waterfall, Goksu Delta, Narlikuyu, Roman Ruins, Seytanderesi, and Cambazli1 Cistern, as well as Akdere
Tahta Port (Table 1). All of these areas are designated as natural sites.

The Caglayan Waterfall is located in the Gulnar district and is designated as a third-degree natural site. It covers
an area of 0.8 hectares. The prominent natural landscape elements in the area include the Caglayan waterfall,
which gives the region its name, and the surroundings. Within the natural site, the waterfall occupies 0.59
hectares, 0.34 hectares of forested areas, and 0.25 hectares are designated as irrigated agricultural land. The Ilisu
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Waterfall is situated in the Giilnar district of Mersin. It has been classified as a third-degree natural site and spans
an area of 98.2 hectares (Anonymous, 2016). Although the area in the Giilnar district exhibits natural landscape
characteristics, the presence of an energy facility and associated structures has led to changes in this natural
landscape. The study area has a unique geomorphology due to the waterfalls and features of prominent hills.
Limestone rocks are abundant in the hills in and around the study area. The study area has an elevation ranging
from 700 to 900 meters. Yerkopri Waterfall is located at the Mersin province intersection of Mut and Gilnar
districts. It spans an area of 204.6 hectares and is distinguished by mainly mountainous, rocky landscapes, with
some occasional flat areas. The Mediterranean climate primarily influences the study area. Geomorphologically,
it is situated within a valley with a length of 2.1 km. Of the total area of Yerkoprit Waterfall, 188.35 hectares
consist of bare rock and debris, 26.33 hectares are covered with scrubland, 6.3 hectares include rivers and streams,
3.36 hectares are dry farming land, and 0.68 hectares are forested. The altitude of the study area is 650 meters
(Anonymous, 2016).

Table 1. General characteristics, coordinates, and protection status of the research areas (Anonymous, 2016)
Cizelge 1. Arastirma alanlarinin genel ézellikleri, koordinatlar: ve koruma statiileri (Anonim, 2016)

No  Study area Size Coordinates Conservation Status
(hectare)

1 Caglayan Waterfall 0.8 36° 09' 38.95" North 33° 33' 30.27" East  IIl. Degree Natural Site

2 Ilisu Waterfall 98.2 36° 33' 33.81" North 33° 04' 53.78" East  IIl. Degree Natural Site

3 Yerkopru Waterfall 204.6 36° 32' 31.41" North 33° 10' 54.10" East  Natural Site

4 Goksu Delta 5381,48 36° 19' 06.32" North 33° 53' 17.56" East I and IIl. Degree Natural Site

5 Narlikuyu 175,07 36° 26' 27.18" North 34° 06' 52.29" East  I.and III. Degree Natural Site

6 Roma Ruins 13,99 36° 22' 33.17" North 33° 55' 47.54" East  I.Degree Natural Site

7 Seytanderesi and 813,19 36° 31' 26.27" North 34° 02' 58.98" East 1. Degree Natural Site
Cambazlh Cistern

8 Akdere Tahta Port 345,91 36° 16" 12.10” North 33°48' 24.29" East I and IIl. Degree Natural Site

The Goksu Delta lies to the south of the Silifke district in Mersin province, where the G6éksu River meets the sea
between Silifke and Tasucu. As a wetland, it is under protection and holds the status of Tiirkiye's first Ramsar
site, as well as being designated as a Special Environmental Protection Area. The total area covered by Goéksu
Delta is 5381.48 hectares. Within this area, 118.63 hectares are comprised of lakes, 21.73 hectares are river
floodplains, 1792.61 hectares are coastal dunes, 410.18 hectares are abandoned land, 19.7 hectares are designated
as settlement areas, and 3018.63 hectares are used for irrigated agriculture (Anonymous, 2016). Narlikuyu is a
natural site designated as a first and second-degree area. The site covers an area of 175.07 hectares, including the
coastal strip and the offshore Dana Island. Within the area, there are numerous coves and settlements of various
sizes. The Narlikuyu location has an approximate elevation of 50 meters and is composed of alluvial materials and
limestone. The Roman Ruins are located in the district of Silifke. The Natural site covers an area of 13.99 hectares,
including 0.82 hectares of scrubland and 13.17 hectares of dry farming land. It holds the designation of a first-
degree natural site, and its altitude is 280 meters. Seytanderesi and Cambazli Cistern are located in the district
of Silifke. The area covers a total of 813.19 hectares, comprising 677.26 hectares of bare rock and debris, 115.42
hectares of scrubland, 16.64 hectares of dry farming land, and 3.87 hectares of irrigated agricultural land. The
area exhibits natural landscape characteristics, extending along a deep valley's approximately 26 km long riverbed.
Cambazli Cistern, located next to Seytanderesi, shares similar habitat features. Akdere Tahta Port is in Silifke.
The area possesses first and third-degree natural site characteristics, covering a total of 345.91 hectares. Within
this area, 310.87 hectares of scrubland, 24.28 hectares are designated as forested land, and 10.76 hectares are
allocated for irrigated agriculture. The site has an approximately 200-meter coastline (Anonymous, 2016).

The Climate Characteristics of Study Areas
The climate characteristics of the Silifke district

The Mediterranean climate prevails in the Silifke district. Hot and arid conditions characterize the summer season,
while the winter season is mild and rainy. The climate changes as one moves inland from sea level (Anonymous,
2023c). The average annual temperature is 18.8°C, with the highest average temperature reaching 23.4°C and the
lowest at 14.9°C. August is the hottest month, while January is the coldest. The yearly average precipitation totals
611.6 mm, with the dry season lasting from March to October. December, January, and February receive the most
rainfall, whereas July has the least rain. The highest precipitation, with an average of 122 mm, is observed in
December (Anonymous, 2023c). The Ombro-thermic climate diagram for the Silifke district is presented in Figure
1-2.
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Figure 1. Study area location map 1. Caglayan Waterfall, 2. Ilisu Waterfall, 3. Yerkopri Waterfall, 4. Goksu Delta,
5. Narlikuyu, 6. Roma Ruins, 7. Seytanderesi and Cambazh Cistern, 8. Akdere Tahta Port. (Anonymous,
2023a; 2023b)

Sekil 1. Calisma alani konum haritasi 1. Caglayan Selalesi, 2. Ilisu Selalesi, 3. Yerkoprii Selalesi, 4. Goksu Deltasi,
5. Narlikuyu, 6. Roma Harabeleri, 7. Seytanderesi ve Cambazli Sarnici, 8 Akdere Tahta Limani.
(Anonim, 2023a; 202.3b)
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Figure 2. Ombro-thermic climate diagram of Silifke
Sekil 2. Silitke'nin ombro-termik iklim diyagrami

Figure 3. Ombro-thermic climate diagram of Giilnar
Sekil 3. Giilnarin ombro-termik iklim diyagrami
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The climate characteristics of the Giilnar district

A Mediterranean climate prevails in the Gulnar district. In the higher elevations of the district, winters are cold
and snowy, while summers are cool and rainy. Continental climate characteristics become more evident as we
move towards the interior (Anonymous, 2023d). Throughout the year, temperatures range between -2 and 30°C,
with daily average highs exceeding 26°C. The hottest month in Gulnar is July. The cold season begins at the end
of November and lasts until mid-March, with January being the coldest month in Gilnar. The rainy season starts
at the end of October and continues until the beginning of April (Anonymous, 2023d). The Ombro-thermic climate
diagram for the Gilnar district is presented in Figure 3.

MATERIAL and METHOD

The data for this study includes plant samples gathered from the study areas between 2014 and 2016. The study
areas where identified plant taxa were collected are depicted in Figure 1, and their general characteristics are
provided in Table 1. Accordingly, the figures and tables refer to the following locations: (1) Caglayan Waterfall, (2)
Ilisu Waterfall, (3) Yerképrii Waterfall, (4) Géksu Delta, (5) Narlikuyu, (6) Roman Ruins, (7) Seytanderesi and
Cambazl Cistern, (8) Akdere Tahta Port. In the flora list (Appendix-1) and tables, the International Union for
Conservation of Nature (IUCN) and the European Nature Information System (EUNIS) have been abbreviated.

Sampling Method

The study areas were in two different districts of Mersin province and were considered in the same study since
their habitats and general vegetation structures were similar. The plants collected from the study area were dried,
identified, and placed in the herbarium of Adiyaman University (Secmen et al., 2000).

The Braun-Blanquet method was not used in the vegetation assessment of the study areas. As a result of the
observations made and the evaluation of the plant samples collected, the general vegetation structure of the areas
was determined based on observation. For Eunis habitat types, habitat types were observed in all study areas, and
1st and 2nd level habitat types were determined according to Anonymous (2024a).

Laboratory Analysis

The identification and diagnosis of the samples were based on The Flora of Turkey and the East Aegean Islands
(Davis, 1965-1985; Davis et al., 1988; Giiner et al., 2000; Giiner & Ekim, 2014; Giiner et al., 2018; 2022; 2023;
2024). Prof. Dr. Ahmet Ilgim and Biologist Ergiin Ozuslu identified the plants that presented difficulties in
diagnosis. Plant specimens are housed in the Adiyaman University Herbarium. Taxon names were assigned based
on The International Plant Names Index (Anonymous, 2024b), The WFO PlantList (Anonymous, 2024c), Bizim
Bitkiler (Anonymous, 2024d), and the Turkey Plant List Vascular Plants (Giiner et al., 2012). The threat categories
of endemic taxa were established based on Ekim et al. (2000), Giiner et al. (2012), and the TUCN Red List
(Anonymous, 2024e). Habitat types were determined by utilizing the EUNIS habitat type hierarchical view (Davies
et al., 2004).

RESULTS and DISCUSSION

In the study areas, 214 distinct taxa (170 species, 29 subspecies, and 15 varieties) from 65 families and 173 genera
were identified. Specifically, 31 taxa were identified at Caglayan Waterfall, 32 at Ilisu Waterfall, 54 at Yer Kopru
Waterfall, 62 at Goksu Delta, 47 at Narlikuyu, 26 at Roman Ruins, and 63 at Akdere Tahta Port, while 84 taxa
were determined at Seytanderesi and Cambazlh Cistern. The distribution and percentages of identified taxa based
on phytogeographic regions are presented in Table 2.

Table 2. Phytogeographic distributions and rates of taxa
Cizelge 2. Taksonlarin fitocografi dagilimlari ve oranlari

Phytogeographic Region Taxa Number Rate (%)
Mediterranean 77 35.98
Euro-Siberian 11 5.14
Irano-Turanian 7 3.27
Widespread 45 21.02
Unknown 76 35.50

As a result of the separate evaluation of the study areas, a total of 31 taxa belonging to 23 families and 30 genera
were identified at Caglayan Waterfall. No taxa in the Natural Protected Area are considered as critical species (in
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any endangered category). The surroundings of the waterfall have been converted into a garden, resulting in
partial disruption of natural conditions. The area contains maquis and aquatic vegetation. The distribution of taxa
across phytogeographic regions is as follows: 14 Mediterranean, 7 Widespread, 1 Irano-Turanian, and 9 taxa with
unknown distribution. The taxa distribution across phytogeographic regions is as follows: 14 Mediterranean, 7
Widespread, 1 Irano-Turanian, and 9 taxa with an unidentified distribution. Regarding the number of taxa, the
families are listed as follows: Fabaceae with 5, Asteraceae with 3, and Rosaceae with 2.

At Thisu Waterfall, a total of 32 taxa belonging to 22 families and 31 genera were identified. The streambed
surroundings consist of typical Mediterranean vegetation, comprising maquis elements and a mixture of Pinus
brutia Ten. The waterfall, being relatively difficult to access and distant from residential areas, has preserved its
natural state. The phytogeographic regions of the identified taxa include 13 Mediterranean, 7 Widespread, 1 Irano-
Turanian, 1 Euro-Siberian, and 10 taxa with unknown distribution. The families are listed according to the number
of species and subspecies as follows: Poaceae with 5, Lamiaceae with 3, and Brassicaceae with 2. No endemic taxa
were found in the study area.

A total of 54 taxa from 37 families and 52 genera were identified at Yerkopri Waterfall. The research area and its
surroundings are characterized by forested, shrubland, aquatic, and rocky habitats. The area hosts typical
Mediterranean phytogeographic region plant species such as Pinus brutia Ten. Forest, Quercus cocciferae L.,
Phillyrea latifolia L., Paliurus spina-christi Mill., and Asphodelus aestivus Brot.. In the area, a limited amount of
rocky and evergreen forest habitat, as well as streamside habitat, is observed. There are three endemic taxa
evaluated as “critical species” in the area (Table 3). The dominant species in the area is Pinus brutia Ten. The
phytogeographic regions of the identified taxa include 18 Mediterranean, 5 Widespread, 2 Irano-Turanian, 2 Euro-
Siberian, and 28 taxa with unknown distribution. Families are listed in terms of the number of taxa as Asteraceae
7, Lamiaceae 3, and Fabaceae 3.

A total of 61 taxa from 30 families and 55 genera were identified at Goksu Delta. The phytogeographic regions of
the identified taxa include 14 Mediterranean, 2 Euro-Siberian, 18 Widespread, and 27 taxa with unknown
distribution. The Irano-Turanian element was not identified. The ranking of families based on the number of taxa
is as follows: Asteraceae 8, Brassicaceae 8, Fabaceae 7, and Poaceae 4. No endemic taxa were found in the study
area. There 1s a rare species, Pancratium maritimum L. in the area, and the IUCN danger category is Least
Concern (LC) (Juan Vicedo, 2018) (Table 3).

In Narlikuyu, there are 26 taxa belonging to 19 families and 25 genera. The plants are listed according to
phytogeographic regions as 14 Mediterranean, 1 Euro-Siberian, and 11 taxa with unknown distribution.
Widespread and Irano-Turanian element plants were not identified. Based on the number of taxa in the study
area, the families are listed as Asteraceae 3, Asparagaceae 2, Fabaceae 2, and Lamiaceae 1. No endemic taxa were
identified in the study area. There are two rare taxa in the area. These are Dianthus polycladus Boiss. and
Zygophyllum album L.f. both taxa are in the Vulnerable (VU) category. (Table 3).

Table 3. Endemic and rare taxa found in the research area
Cizelge 3. Arastirma alaninda bulunan endemik ve nadir taksonlar

Family Taxa Phytogeographic IUCN Threat Study
Region Category Area

Asteraceae Centaurea chrysantha Wagenitz Mediterranean End./JEN 3
Boraginaceae Alkanna hispida Hub.-Mor. East Mediterranean  End./EN 5,3
Lamiaceae Nepeta isaurica Boiss. & Heldr. Ex Benth. East Mediterranean. End./L.C 7
Lamiaceae Phlomis nissolii L. Irano-Turanian End./LLC 7
Lamiaceae Stachys rupestris Montbret & Aucher ex Benth. East Mediterranean  End./LL.C 7
Lamiaceae Stachys buttlerii R.R. Mill East Mediterranean  End./EN 7
Lamiaceae Sideritis rubriflora Hub.-Mor. Mediterranean End./NT 8
Boraginaceae Paracaryum calycinum Boiss. & Balansa Irano-Turanian End./LLC 3
Caryophllaceae  Dianthus polycladus Boiss. East Mediterranean  Rare/VU 5
Amaryllidaceae  Pancratium maritimum L. Mediterranean Rare/LL.C 4
Fabaceae Lathyrus variabilis (Boiss. & Kotschy) Celak. East Mediterranean  Rare/VU 7
Zygophyllaceae  Zygophyllum album L.f. Rare/VU 5

End: Endemic, EN: Endangered, Vu: Vulnerable, NT: Near Threatened, L.C: Least Concern.

At the Roman Ruins, there are 47 taxa belonging to 27 families and 45 genera. The phytogeographic regions of
these taxa include 22 Mediterranean, 2 Irano-Turanian, 2 Euro-Siberian, 7 Widespread, and 14 taxa with unknown
distribution. In terms of the number of taxa in the study area, the families are listed as Fabaceae 7, Asteraceae 6,
and Asparagaceae 3. The only endemic taxon in the area is Alkanna hispida Hub.-Mor. (Table 3). It is categorized
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as Endangered (EN) according to the IUCN threat category. Maquis vegetation was observed in the area.

At Seytanderesi and Cambazli Cistern, a total of 85 taxa belonging to 39 families and 75 genera were identified.
The phytogeographic regions of these taxa include 39 Mediterranean, 16 Widespread, 4 Irano-Turanian, 4 Euro-
Siberian, and 22 taxa with unknown distribution. Four endemic and one rare taxa were identified (Table 3). The
families are organized in order of the number of taxa they contain, as follows: Asteraceae with 12, Lamiaceae with
11, and Fabaceae with 10. Maquis and rocky vegetation were observed in the area.

At Akdere Tahta Port, a total of 63 taxa belonging to 29 families and 59 genera were identified. The
phytogeographic regions of these taxa include 29 Mediterranean, 11 Widespread, 2 Irano-Turanian, 2 Euro-
Siberian, and 19 taxa with unknown distribution. In terms of the number of taxa in the study area, the families
are listed as Fabaceae 11, Asteraceae 10, Lamiaceae 5, Brassicaceae 4, and Primulaceae 3. The endemic taxon
Sideritis rubriflora Hub.-Mor. was identified in the area (Table 3). The area contains Pinus brutia Ten. and maquis
vegetation. In this study, a total of 8 taxa (3.68%) of endemic plants were identified. The IUCN threat categories
of endemic taxa were determined as follows: three taxa in Endangered (EN), one tax in Near Threatened (NT), and
four taxa in Least Concern (LC). Additionally, four taxa that are not endemic but rare in the area were identified.
One of these taxa was determined to be in the Endangered (EN) category, and three of them were determined to
be in the "Vulnerable" (VU) category. This study identified eight endemic taxa and four rare taxa. The IUCN threat
categories of endemic taxa according to the Tiirkiye Plant Red List (Ekim et al. 2000) and the areas where they
were collected are provided in Table 3.

In examining the overall vegetation structure of the study areas, although this research does not include a detailed
vegetation analysis, the taxa present in the field were identified as characteristic species of higher syntaxonomic
units to outline the general vegetation structure of the area. This will aid in future, more detailed vegetation
studies. In this context, at Caglayan Waterfall, the Cisto-Micromerietalia Oberd (1954) alliance of the Cisto-
Micromerietea Oberd (1954) class is defined by the characteristic species Cistus creticus L. The Quercion ilicis Br.-
Bl. ex Molinier 1934 alliance within the Quercetea ilicis Br.-Bl. ex A. & O. Bolos 1950 class is defined by the
defining species Quercus coccifera L. and Phillyrea latifolia L., whereas the Olea-Ceratonion Br.-Bl. Ex Guinochet
et Drouineau 1944 and Ceratonio Pistacion lentisci Zohary et Orshan 1959 (Synonym: Ceratonio- Rhamnion
oleoidis Barbero et Quézel 1979) alliances are represented by the key species Ceratonia siliqua L.. The Pistacio-
Rhamnetalia Rivas-Martinez 1974 order is represented by the characteristic species Quercus coccifera L., which is
the characteristic species of the Andrachno-Quercion cocciferae Barbero et Quézel 1979 alliance. The characteristic
species defining the Alneto-Ulmion Br.-Bl. et Tx. (1943) alliance of the Populetalia Albea Br.-Bl. ex Tchou 1948
order, within the Querco-Fagetea Quezel et al. 1980 class, is Alnus glutinosa subsp. antitaurica Yalt.. The
Quercetalia ilicis order is represented by the characteristic species Phillyrea latifolia L. and Laurus nobilis L. while
the Clisto-Micromerietalia order is represented by the characteristic species Cistus creticus L.. In the area,
although the Cisto-Micromerietea class is defined by the characteristic species Calicotome villosa L. and the
Quercetea ilicis class by Smilax aspera L., no characteristic species were identified for any order or alliance. The
Quercetea pubescentis Quezel et al. 1978 class and the Querco-Cedretalia libani Barbero et al. 1974 order are
represented by the characteristic species Pinus brutia Ten. in the area.

At Ilisu Waterfall, higher syntaxonomic units representing the general vegetation structure of the area have been
1dentified. The Cisto-Micromerietalia order of the Cisto-Micromerietea class is shown by the characteristic species
Cistus creticus L. of the Cistion Orientale alliance. The Quercetalia ilicis order of the Quercetea ilicis class is
described by the characteristic species Quercus coccifera L. and Phillyrea latifolia L. of the Quercion ilicis alliance.
Additionally, the Pistacio-Rhamnetalia order is described by the characteristic species Quercus coccifera, which is
the characteristic species of the Andrachno-Quercion Cocaterae alliance. The Quercetalia ilicis order 1s described
by the characteristic species Phillyrea latifolia L., the Cisto-Micromerietalia order is represented by the
characteristic species Cistus creticus, and the Querco-Cedretalia libani order is described by the characteristic
species Pinus brutia Ten. In the area, although the Cisto-Micromerietea class is defined by the characteristic
species Cistus creticus L. and Calicotome villosa (Poir.) Link., and the Quercetalia ilicis class is represented by the
characteristic species Hedera helix L., no characteristic species for any order or alliance was identified. The
Quercetea pubescentis (Oberd, 1948), Doing Kraft, 1955 class, and the Querco-Cedretalia libani order are defined
by the characteristic species Pinus brutia Ten. in the area.

At Yerkopru Waterfall, higher syntaxonomic units representing the overall plant composition of the region have
been identified. The Cisto-Micromerietalia order of the Cisto-Micromerietea class is described by the characteristic
species Cistus creticus L. of the Cistion Orientale alliance. The Quercetalia ilicis order of the Quercetea ilicisclass
is described by the characteristic species Quercus coccifera, Jasminum fruticans L., and Phillyrea latifolia of the
Quercion ilicis alliance. The Olea-Ceratinion alliance is described by the characteristic species Capparis spinosa
L. and Olea europaea L.. The Pistacio-Rhamnetalia order is defined by the characteristic species Quercus coccifera
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L. and Arbutus andrachne L. of the Andrachno-Quercion cocaterae alliance, and the Querco-Juniperion excelsae
Barbero and Quézel 1979 alliance is represented by the characteristic species Punica granatum L.. The Populetalia
albea order of the Querco-Fagetea class 1s defined by the characteristic species Salix alba L. of the Populion albae
Br.-Bl. ex Tchou 1949 alliance, and the Querco-Cedretalia libani order of the Quercetea pubescentis class is
represented by the characteristic species Ostrya carpinifolia Scop. of the Ostryo-Quercion Quézel, Barbero &
Akman 1978 alliance. The Quercetalia ilicis order is represented by the characteristic species Phillyrea latifolia
L.. The Pistacio-Rhamnetalia order is represented by the characteristic species Cercis siliquastrum and Laurus
nobilis L., the Cisto-Micromerietalia order is described by the characteristic species Cistus creticus L., and the
Querco-Cedretalia Iibaniorder is defined by the characteristic species Pinus brutia. In the area, although the Cisto-
Micromerietea class is represented by the characteristic species Calicotome villosa (Poir.) Link. Cistus creticus,
and Micromeria myrtifolia Boiss. & Hohen, the Quercetea ilicis class is represented by the characteristic species
Hedera helix L., and the Quercetea ilicis class is represented by the characteristic species Geranium purpureum
Vill.., no characteristic species for any order or alliance was identified. The Quercetea pubescentis class and the
Querco-Cedretalia libani order are described by the characteristic species Pinus brutia Ten. in the area.

In the Goksu Delta, the Cisto-Micromerietea class is described by the characteristic species Sarcopoterium
spinosum of the Cisto-Micromerietalia order, and the Quercetea ilicis class is defined by the characteristic species
Mpyrtus communis L. of the Pistacio-Rhamnetalia order. The Quercetalia ilicis order, represented by the Olea-
Ceratinion alliance, is also represented by the characteristic species Myrtus communis L.

In Narhikuyu, the Cisto-Micromerietea class is represented by the characteristic species Sarcopoterium spinosum
of the Cisto-Micromerietalia order. The Querceta ilicis class is described by Pistacia terebinthus L. and Quercus
coccifera of the Pistacio-Rhamnetalia order. The Querco-Cedretalia Iibani order, belonging to the Quercetea
pubescentis class, is defined by Pinus brutia. The Cisto-Micromerietea class is described by Calicotome villosa L.,
while the Quercetae ilicis class is represented by the key species Quercus coccifera, Asparagus acutifolius, Pistacia
terebinthus L., Olea europaea L., and Smilax aspera L... The Quercion ilicis alliance, representing the Quercetalia
1licis order of the Quercetea ilicis class, is characterized by species such as Phillyrea latifolia L., Quercus coccifera
L., Asparagus acutifolius L., and Pistacia terebinthus L.. The Olea-Ceratinion alliance is described by species such
as Ceratonia siliqua L., Capparis spinosa L., and Olea europaea L.. The Quercion calliprini (Zohary 1962) Quézel,
Barbéro and Akman 1978 alliance is defined by the key species Pistacia terebinthus, belonging to the same
Quercetea ilicis class. The Querco-Fagetea class is represented by the key species Smilax excelsa L., belonging to
the Castaneo sativae Carpinion orientalis Quézel, Barbéro and Akman 1980 alliance of the Rhododentro-Fagetalia
orientalis Quézel, Barbéro and Akman 1980 order.

In the Roman ruins, the Cisto-Micromerietalia order of the Cisto-Micromerietea class is defined by the character
species Cistus creticus belonging to the Cistion Orientale alliance. The Quercetalia ilicis order of the Quercetea
1licis class 1s defined by the character species Laurus nobilis. The Pistacio-Rhamnetalia order 1s represented by
the character species Pistacia terebinthus and Clematis cirrhosa L. The Querco-Cedretalia libani order of the
Quercetea pubescentis class is represented by the character species Quercus cerris L. The Cisto-Micromerietea
class is represented by the key species Micromeria myrtifolia. The Quercetea ilicis class is represented by the
character species Laurus nobilis, Quercus coccifera, Asparagus acutifolius, Pistacia terebinthus, Jasminum
fruticans, and Olea europaea. The Quercion ilicis alliance, belonging to the Quercetalia ilicis order of the Quercetea
1licis class, is represented by the character species Quercus coccifera, Asparagus acutifolius, and Pistacia
terebinthus. The Olea-Ceratinion alliance is represented by the character species Ceratonia siliqua, Clematis
cirrhosa, and Olea europaea. The Quercion Calliprini alliance is represented by the character species Pistacia
terebinthus. The Pistacio-Rhamnetalia order, within the Andrachno-Quercion Cocaterae alliance, is represented
by the character species Quercus coccifera. It has been established that the Querco-Cedretalia Libani order, which
belongs to the Quercetea pubescentis class, is characterized by the defining species Quercus cerris, also serving as
the characteristic species of both the Ostryyo-Quercion Quézel, Barbéro and Akman 1978 and Geranio-Cedrion
Barbéro and Akman 1978 alliances. Furthermore, it has been determined that the Querco cerridis-Carpinetalia
orientalis Quézel, Barbéro and Akman 1980 order is represented by Quercus cerris, the defining species, which
also serves as the characteristic species of the Quercion frainetto Horvat 1954 alliance.

In Seytanderesi and Cambazli Cistern, the character species representing the Cisto-Micromerietea class are
Micromeria myrtifolia and Calicotome villosa (Poir.) Link. It has been determined that the Cisto-Micromerietalia
order of the Cisto-Micromerietea class is described by the key species Cistus creticus L. and Sarcopoterium
spinosum (L..) Spach.. The Querco-Cedretalia libani order, belonging to the Quercetea pubescentis class, is
represented by the character species Pinus brutia Ten.. The Quercetalia ilicis order of the Quercetea ilicis class is
represented by the character species Laurus nobilis L. and Phillyrea latifolia L... The Pistacio-Rhamnetalia order
is represented by the character species Pistacia terebinthus and Myrtus communis L. It has been determined that
the Cisto-Micromerietalia order of the Cisto-Micromerietea class is represented by the character species Cistus
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creticus L.. The Quercetea ilicis class is represented by the character species Jasminum fruticans L., Laurus nobilis
L., Quercus coccifera L.., Arbutus unedo L., Pistacia terebinthus L., Olea europaea L., and Smilax aspera L.. It has
been observed that the Quercetalia ilicis order of the Quercetea ilicis class is represented by the character species
Arbutus unedo L., Quercus coccifera L., Phillyrea latifolia L., and Pistacia terebinthus L., which are the character
species of the Quercion ilicis alliance. The Quercion Calliprini alliance is defined by the character species Pistacia
terebinthus L.. The Olea-Ceratinion alliance is represented by the character species Olea europaea L., Myrtus
communis L., Capparis spinosa L., and Ceratonia siliqua L... The Pistacio-Rhamnetalia order of the Quercetea ilicis
class, within the Andrachno-Quercion Cocaterae alliance, is represented by the character species Quercus coccifera
and Arbutus andrachne. It has been determined that the Populetalia Albea order of the Querco-Fagetea class is
represented by the character species Salix alba L. of the Populion albea alliance.

In Akdere Tahta Port, it has been determined that the Cisto-Micromerietalia Oberd (1954) order of the Cisto-
Micromerietea Oberd (1954) class is represented by the character species Cistus creticus L. and Sarcopoterium
spinosum L.. Additionally, it is represented by Pinus brutia Ten, which belongs to the Querco-Cedretalia libani
order of the Quercetea pubescentis class. The Cisto-Micromerietalia order of the Cisto-Micromerietea class is
represented by the character species Cistus creticus L., which belongs to the Cistion Orientale alliance. The Cisto-
Micromerietea class is described by the character species Cistus creticus L., Calicotome villosa L., and Micromeria
myrtifolia L.. The Quercetea ilicis Br.-Bl. ex A. & O. Bolos 1950 class is represented by the character species
Phillyrea latifolia L., Pistacia terebinthus L., and Olea europaea L.. The Querceta pubescentis (Oberd, 1948), Doing
Kraft, 1955 class is represented by the character species Securigera varia(L.) Lassen (syn. Coronilla varia L.).
Lastly, the Querco-Fagetea class is represented by the character species Hedera helix. The Quercion ilicis Br.-Bl.
ex Molinier 1934 em. Rivas-Martinez 1975 alliance of the Quercetalia ilicis Br.-Bl. ex Molinier 1934 em. Rivas-
Martinez 1975 order, belonging to the Quercetea ilicis class, is represented by the character species Phillyrea
latifolia L. and Pistacia terebinthus L.. The Quercion calliprini alliance is represented by the character species
Pistacia terebinthus L. and Cyclamen persicum Mill. The Olea-Ceratinion alliance is represented by the character
species Olea europaea L., Ceratonia siliqua L., and Capparis spinosa L.. Additionally, the Ceratonio-Rhamnion
Oleoides alliance is represented by the character species Ceratonia siliqua L.. It has been determined that the
Quercetalia ilicis order of the Quercetea ilicis class is represented by the character species Phillyrea latifolia L..
The Pistacio-Rhamnetalia order is represented by the character species Pistacia terebinthus L. and Capparis
spinosa L.. The Quercetea pubescentis class is defined by Coronilla varia in the Querco Cerridis-Carpinetalia
Orientalis order and the Quercion anatolicae Akman, Barbéro and Quézel 1979 alliance. Additionally, Securigera
varia (L.) Lassen (syn. Coronilla varia L.)is represented in the Ostriyo-Quercion alliance of the Querco-Cedretalia
Iibani order and in the Quercus cerris character species of the same order. Furthermore, the Quercion frainetto

alliance of the Querco Cerridis-Carpinetalia orientalis order is represented by the character species Quercus cerris
L.

When the study areas were compared among themselves in terms of syntaxonomic superunits and character
species; Cistion orientale, Quercion ilicis and Querco-Cedretalia libani are similar in these three areas, and the
syntaxonomic superunits in Caglayan, Ilisu and Yerkopru waterfalls are similar to each other, It was determined
that the syntaxonomic superunits of Seytanderesi and Cambazli Cistern, and Akdere Tahta Port were similar, and
that Cistion orientale, Quercion ilicis, Olea-Ceratinion, Quercion Calliprini and Andrachno-Quercion Cocaterae
were found in the study areas.

It was observed that the vegetation structure and syntaxonomic superunits of Goksu Delta, Narlikuyu, and Roman
Ruins are different. It is thought that this is due to the differences in habitat, distance between the study areas,
geographical structure and altitude.

As a result of the comparison of Narlikuyu and Roman Ruins, it was observed that these two areas were similar
to each other and the common upper units in both areas were Cistion orientale, Olea-Ceratinion, and Quercion
Calliprini. It is thought that this situation may be due to the same geographical structure, habitat, and climate
characteristics of both study areas.

Goksu Delta, on the other hand, showed a different vegetation structure from the other areas due to its wetland
characteristics.

Due to the detailed study of the vegetation structure of this study areas not being conducted with the Braun-
Blanquet method (Braun-Blanquet, 1932), plant communities have not been established. Therefore, there is no
opportunity for comparison with similar vegetation studies in the nearby surroundings.

As a result of the work carried out on EUNIS in Tirkiye between 2011-2020, a total of 140 EUNIS habitat types
were identified in the 3rd Level. In addition, it has been determined that there are 26 new habitat types that are
not defined in EUNIS, without any level restrictions (Cakmak & Aytac, 2021). Tak & Tel (2024) identified 37
habitat types belonging to the European Nature Information System (EUNIS) in Akdag (Malatya).
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Within the scope of the National Biodiversity Inventory and Monitoring Project, 10 basic habitat types were
identified across the provinces where the project was completed, and a total of 257 habitat records were given from
46 different habitat types across 25 provinces (Terzioglu et al., 2015).

The study conducted by Cakmak & Aytac (2021) in Tiirkiye, it was determined that out of the 326 third-level
habitat types in the EUNIS habitat classification, 138 are found in Turkey. In this study, 22 habitat types at Level
2 were identified related to 9 habitat types at Level 1 (Cakmak & Aytac, 2021). Turkey is a country with high
biological and habitat diversity (Kanca et al., 2019). Therefore, in the future, data obtained from determining all
habitat types in Turkey and establishing geographic information systems can be utilized by various disciplines.
Many countries have completed the EUNIS habitat classification and EUNIS habitat types of nearly 30 provinces
in Turkey have been determined (Terzioglu et al., 2015; Kanca et al., 2019). All of these provinces have inland
water habitats, grasslands and non-grass herbaceous habitats, forests, agricultural areas and man-made habitats
(Terzioglu et al., 2015). This situation will ensure that Turkey's habitat richness is known, utilized properly and
EUNIS habitat types are obtained for the whole of Turkey. When the literature studies are examined, it is seen
that marine habitats, marshes and peatland habitats are represented at very low levels, while heathland,
scrubland and tundra are highly represented (Terzioglu et al., 2015; Kanca et al., 2019; Cakmak & Aytac, 2021).
It is thought that this is due to the fact that most of the studies were conducted in terrestrial areas and the data
on heathland, shrubland and tundra are high. Since terrestrial habitats are mostly in this study, the habitat types
of the study are similar to the study of Terzioglu et al. (2015).

According to Terzioglu et al. (2015), the habitats found in all study provinces in Turkey are C (Inland water
habitats), E (Grasslands and non-grass herbaceous habitats), G (Forests), I (Agricultural areas) and J (Man-made
habitats). Of these habitats, J (Man-made habitats) and G (Forests) are the most densely populated habitats. The
same results were obtained in this study.When analyzing the EUNIS habitat types in the study area, the
classification of habitat types in the research areas based on the EUNIS habitat categorization system (Davies et
al., 2004; Anonymous, 2024a) revealed the presence of 22 habitat types at level 2 across 9 habitat types at level 1
(Table 4). When individually evaluated in the study areas: At Caglayan Waterfall, 6 habitat types at level 1 and
11 habitat types at level 2. Ilisu Waterfall exhibited 5 habitat types at level 1 and 10 habitat types at level 2
Yerkopru Waterfall demonstrated 5 habitat types at level 1 and 9 habitat types at level 2. Goksu Delta displayed
7 habitat types at level 1 and 16 habitat types at level 2. Narlikuyu showcased 5 habitat types at level 1 and 9
habitat types at level 2. Roman Ruins presented 2 habitat types at level 1 and 4 habitat types at level 2.
Seytanderesi and Cambazli Cistern featured 4 habitat types at level 1 and 9 habitat types at level 2 Akdere Tahta
Port revealed 5 habitat types at level 1 and 13 habitat types at level 2 These identifications were based on
classification according to the EUNIS habitat classification system.

A total of 214 taxa (170 species, 29 subspecies and 15 varieties) from 65 families and 173 genera have been
identified in this study. The phytogeographic regions are distributed as follows; 11 taxa are of the Euro-Siberian
region (5.14%), 7 taxa belong to the Irano-Turanian region (3.27%), 45 taxa are of the Widespread (21.02%), 76
taxa have an unknown phytogeographic region (35.50%), and 77 taxa represent the Mediterranean element
(35.98%). The prevalence of species from the Mediterranean phytogeographic region is due to the fact that the
study areas are situated within the Mediterranean region. In the study areas, Asteraceae is the largest family by
the number of taxa, particularly in Yerképrit Waterfall, Goksu Delta, Narlikuyu, and Seytanderesi and Cambazl
Cistern; Fabaceae in Caglayan Waterfall, Roman Ruins, and Akdere Tahta Port; and Poaceae in Ilisu Waterfall.
In the Flora of Turkey, Poaceae is the family with the greatest number of taxa (Davis, 1965-1985; Davis et al.,
1988). Nevertheless, it has been noted that in the study areas, Asteraceae, Fabaceae, and Lamiaceae are the
families with the greatest number of taxa. This result is anticipated given the study area's location in the
Mediterranean region.

Eight endemic taxa were identified in the research area. The endemism rate is 3.68%. Compared to studies
conducted in neighboring regions, the highest endemism rate was reported by Tel et al. (2018) with 18.60%, while
the lowest endemism rate was found in the floristic study of Tel et al. (2022a) with 1.30%. The high endemism rate
reported in the studies by Tel et al. (2018) can be explained by the region's distinct microclimate characteristics,
elevation, and habitat diversity. On the other hand, the lowest endemism rate in the study by Tel et al. (2022a)
can be attributed to the presence of wetland habitats in the area, as well as the vegetation structure consisting of
dune and halophyte plants (Table 5).

When the studies conducted on the natural sites in the research area and its surroundings are compared based on
the phytogeographic regions of taxa, it is observed that, except Ortac & Tel (2021), all other areas exhibit a higher
presence of Mediterranean phytogeographic region elements (Aksay, 2006; Yildiztugay & Kiiciikédiik, 2010;
Tezcan, 1995; Tel et al., 2018; Tel et al., 2019; Tel et al., 2021; Tel et al., 2022a; 2022b; Tel et al., 2023). This result
is an expected outcome due to the research areas being in the Mediterranean area (Table 5).
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Table 4. EUNIS Habitat classification types and codes in the study areas
Cizelge 4. Calisma alanlarindaki FUNIS Habitat siniflandirma tipleri ve kodlari
Study area EUNIS Habitat Name EUNIS sub- classification code and
Classification description
Code
C Inland surface waters C2: Surface running waters (Running waters, including
springs, streams and temporary water courses)
Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
Mediterranean brushes
F F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
F6.21: Eastern Quercus coccifera garrigues
51 F9.1: Riverine scrub
\%3;1 gt:;'};':ﬁ G Woodland, forest and other wooded land G3.75: Pinus brutia forests
H Inland areas with minimal or absent H3:Inland cliffs, rock pavements and outcrops H3.4: Wet
vegetation inland cliffs
Regularly or recently cultivated  11.2: Mixed farming of market gardens and horticultural
I agricultural, horticultural and domestic crops
habitats
J Constructed, industrial and other J1.2: Housing structures in villages and urban outskirts
artificial habitats
C Inland surface waters C2: Surface running waters (Running waters, including
springs, streams and temporary water courses)
Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
Mediterranean brushes
F F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
Ihsu F6.21: Eastern Quercus coccifera garrigues
Waterfall F9.1: Riverine scrub
G Woodland, forest and other wooded land G3.75: Pinus brutia forests
H Inland areas with minimal or absent H3: Inland cliffs, rock pavements and outcrops H3.4: Wet
vegetation inland cliffs
J Constructed, industrial and other J1.2: Residential buildings of villages and urban
artificial habitats peripheries
C Inland surface waters C2: Surface running waters (Running waters, including
springs, streams and temporary water courses)
Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
Mediterranean brushes
F F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
Yerkoprii gg.illf{}j]asiiern Quercus coccifera garrigues
.1: Riverine scrub
Waterfall G Woodland, forest and other wooded land G3.75: Pinus brutia forests
H Inland areas with minimal or absent H3: Inland cliffs, rock pavements and outcrops H3.4: Wet
vegetation inland cliffs
Regularly or recently cultivated 11.2: Mixed crops of market gardens and horticulture
I agricultural, horticultural and domestic
habitats
B Coastal habitats B1.2: Sand beaches above the driftline B1.3:
Shifting coastal dunes B1.5: Coastal dune heaths
Inland surface waters C1 Surface standing waters
C C2: Surface running waters C2.4: Tidal rivers, upstream
from the estuary
C3.1: Diverse helophyte communities
D Mires, bogs and fens D2: Valley mires, poor fens and transition mires
Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
Mediterranean brushes
F F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
Géksu F6.2.13 East}ern Quercus coccifera garrigues
Delta F9.1: Rlv‘erme scrgb
G Forests, woodlands, and other wooded G3.75: Pinus brutia forests
areas
Regularly or recently cultivated 11.2: Mixed crops of market gardens and horticulture
I agricultural, horticultural and domestic
habitats
Constructed, industrial and other J1.2: Residential buildings of villages and urban
artificial habitats peripheries
J
Coastal habitats B1.2:Sand beaches above the driftline B1.3:
Narlikuyu B

Shifting coastal dunes B1.5: Coastal dune heaths
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A Marine habitats Al.1: High energy littoral rock
Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
F Mediterranean brushes
F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
G Woodland, forest and other wooded land G3.75: Pinus brutia forests
J Constructed, industrial and other J1.2: Residential buildings of villages and urban
artificial habitats peripheries
Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
F Mediterranean brushes
Roma F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
Ruins Regularly or recently cultivated 11.2:Mixed crops of market gardens and horticulture
I agricultural, horticultural and domestic
habitats
C Inland surface waters C2: Flowing surface waters (including springs, streams,
and seasonal waterways)
Inland areas with minimal or absent H3:! Inland cliffs, rock pavements and outcrops H3.5:
H vegetation Almost bare rock pavements, including limestone
pavements
Seytanderesi Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
and Cambazh Mediterranean brushes
Cistern F F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
F6.21: Eastern Quercus coccifera garrigues
F9.1: Riverine scrub
Regularly or recently cultivated  11.2: Mixed crops of market gardens and horticulture
I agricultural, horticultural and domestic
habitats
Coastal habitats B1.2: Sand beaches above the driftline B1.3:
B Shifting coastal dunes B1.5: Coastal dune heaths B2.1:
Shingle beach driftlines
Heathland, scrub and tundra F5: Maquis, arborescent matorral and thermo-
Mediterranean brushes
F F5.2: Maquis; F5.5: Thermo-Mediterranean scrub
F6.21: Eastern Quercus coccifera garrigues
Akdere Tahta F9.1: Riverine scrub
Port G Forests, woodlands, and other wooded G3.75: Pinus brutia forests
areas
Inland areas with minimal or absent H3: Inland cliffs, rock pavements and outcrops H3.5:
H vegetation Almost bare rock pavements, including limestone
pavements H3.4: Wet inland cliffs
Regularly or recently cultivated 11.2: Mixed crops of market gardens and horticulture
I agricultural, horticultural and domestic

habitats

Table 5. Distribution rates of taxa determined in studies in

phytogeographic regions (%)
Cizelge 5. Arastirma alani ve ¢evresinde yapilan ¢alismalarda tespit edilen taksonlarin fitocografik bolgelere gore

dagihim oranlari (%)

and around the research area according to

Studies Mediterranean Euro- Irano- Widespread Endemism
Element Siberian Turanian and Rate
Element Element Unknown
Research Area 35.98 5.14 3.27 56.52 3.68
Tezcan (1995) 40.60 2.00 3.50 54.13 7.01
Aksay (2006) 26.48 7.33 13.90 52.31 5.29
Yildiztugay & Kiigiikodiik (2010) 35.10 3.10 4.90 56.90 3.70
Tel et al (2018) 23.20 6.90 10.50 59.30 18.60
Tel et al. (2019) 38.40 6.10 4.30 51.20 9.10
Tel et al. (2021) 36.80 3.90 4.50 54.80 4.50
Ortac & Tel (2021) 14.50 6.10 29.60 49.80 4.04
Tel et al. 2022b) 48.69 1.73 6.08 43.47 2.60
Tel et al. (2022a) 34.60 4.50 5.00 55.90 1.30
Tel et al. (2023) 56.07 0.00 0.00 43.93 1.51
Tel et al. (2024) 29.32 0.00 7.01 63.15 14.03

Comparing research studies conducted in the study area and surrounding regions based on the families with the
highest number of taxa, it is observed that in the works of Yildiztugay & Kiiciikédiik (2010), Ortac & Tel (2021),
Tel et al. (2018; 2022a) and Tezcan (1995) Asteraceae family is in the first place. In contrast, this study, as well as
the works of Aksay (2006), Tel et al. (2019), Tel et al. (2021; 2022b), and Tel et al. (2023), indicated that Fabaceae
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family holds the first place. It is thought to result from the fact that the Asteraceae and Fabaceae families, which
contain the most taxa, also have a high ranking in terms of the total number of taxa in the Flora of Turkey.(Davis,
1965-1985; Davis et al. 1988). This is attributed to their strong generative reproductive capacity (Table 6).

Table 6. Families containing the most taxa in studies in the study area and nearby areas
Cizelge 6. Calisma alani ve yakin bolgelerdeki ¢alismalarda en fazla takson igeren familyalar

Studies Fabaceae Lamiaceae Asteraceae
Research area 26 16 28
Tezcan (1995) 25 20 39
Aksay (2006) 18 17 17
Yildiztugay & Kiiciikédiik (2010) 35 15 40
Tel et al (2018) 5 4 13
Tel et al. (2019) 26 13 13
Tel et al. (2021) 22 15 13
Ortag & Tel (2021) 27 27 43
Tel et al. (2022b) 32 12 4
Tel et al. (2022a) 15 10 33
Tel et al. (2023) 12 6 9
Tel et al. (2024) 7 10 5

When the research areas were compared among themselves, it was seen that the highest number of endemic taxa
was found in Seytanderesi and Cambazli Cistern, while there were no endemic taxa in Caglayan Waterfall, Ilisu
Waterfall, Goksu Delta and Narlikuyu. This may be due to the different climate, altitude, soil structure and habitat
of Seytanderesi and Cambazli Cistern. When the identified taxa in the study areas are compared according to
phytogeographic regions, it is observed that elements from the Mediterranean phytogeographic area are common
in all areas. This can be attributed to the fact that the study areas are situated within the Mediterranean
phytogeographic region.

Regarding the general vegetation structure of the area, plant communities have not been established, as the
vegetation structure of the study areas was not analyzed in detail using the Braun-Blanquet method. When
compared with some phytosociological studies conducted in nearby and distant regions, it was observed that the
study area is similar to the Quercetea ilicis, Quercetea pubescentis Doing-Kraft ex Scamoni et Passarge 1959
classes, and Quercetalia ilicis order in Tel et al. (2010)'s study, but no similarity was found in lower syntaxonomic
units (Tel et al., 2010; Tel & Tak, 2012; Tel & Egilmez, 2015). The vegetation structure of the study area has been
determined to show similarities with the Quercetea ilicis, Quercetea pubescentis classes, Quercetalia ilicis, and
Querco-Cedretalia libani Barbero et al. 1974 orders as identified in the study by Ucar (2002). When compared with
the study by Aksay (2006), it was observed that the vegetation structure of the study area shows similarity with
the Quercetea ilicis class, but no similarity was found in lower syntaxonomic units. Additionally, in the study by
Tel & Tak (2021), while there is similarity with the Quercetea pubescentis class, no similarity was found in the
lower subunits. The reason for this could be the differences in phytogeographic regions, climate, elevation, and soil
structure of the study areas. The evaluation indicates similarity at the class level but differences at the order and
alliance levels. This 1s thought to be due to the diversity of habitat types.

As a result of human activities, plant and animal species can often be adversely affected. This situation can
frequently conflict with biodiversity conservation efforts. Therefore, it is essential to preserve habitat diversity,
which is one of the key factors enhancing biological diversity (Arslan et al., 2012). This can only be achieved
through the establishment of a habitat classification system and databases that ensure the efficient utilization of
resources. The study conducted by Cakmak & Aytac (2020) in Tiirkiye, it was determined that out of the 326 third-
level habitat types in the EUNIS habitat classification, 138 are found in Turkey. In this study, 22 habitat types at
level 2 were identified related to 9 habitat types at level 1. Turkey is a country with high biological and habitat
diversity (Kanca et al., 2019). Therefore, in the future, data obtained from determining all habitat types in Turkey
and establishing geographic information systems can be utilized by various disciplines.

CONCLUSION

In conclusion, 214 taxa (170 species, 29 subspecies and 15 varieties) belonging to 65 families and 173 genera were
identified in this study conducted to determine the floristic and general vegetation structure of the study areas in
the Mediterranean region. When the distribution of taxa according to phytogeographic regions was analyzed, it
was seen that the Mediterranean phytogeographic region elements ranked first with a rate of 35.98%. 170 species,
29 subspecies and 15 varieties) In this study, 22 level 2 habitat types were identified related to 9 level 1 habitats.
As a result of the classification of habitat types in the research areas according to the EUNIS habitat classification
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types when individually evaluated in the study areas: At Caglayan Waterfall, 6 level 1 habitats and 11 level 2
habitat types were identified. Ilisu Waterfall exhibited 5 level 1 habitats and 10 level 2 habitat types. Yerkopri
Waterfall demonstrated 5 level 1 habitats and 9 level 2 habitat types. Géksu Delta displayed 7 level 1 habitats and
16 level 2 habitat types. Narlikuyu showcased 5 level 1 habitats and 9 level 2 habitat types. Roman Ruins presented
2 level 1 habitats and 4 level 2habitat types. Seytanderesi and Cambazli Cistern featured 4 level 1 habitats and 9
level 2 habitat types. Akdere Tahta Port revealed 5 level 1 habitats and 13 level 2habitat types.

Although this study does not offer an in-depth vegetation analysis, the taxa observed in the field were recognized
as characteristic species of higher syntaxonomic units to outline the general vegetation structure of the area.
Accordingly, at Caglayan Waterfall, the Cisto-Micromerietalia alliance of the Cisto-Micromerietea class is defined
by the characteristic species Cistus creticus. The Quercion ilicis alliance of the Quercetea ilicis class is represented
by the characteristic species Quercus coccifera and Phillyrea latifolia, while the Olea-Ceratonion and Ceratonio-
Rhamnion Oleoides alliances are represented by the characteristic species Ceratonia siliqua. The Pistacio-
Rhamnetalia order is represented by the characteristic species Quercus coccifera, which is the characteristic
species of the Andrachno-Quercion Cocciferae alliance. The Alneto-Ulmion alliance of the Populetalia Albea order,
belonging to the Querco-Fagetea class, is represented by the characteristic species Alnus glutinosa subsp.
antitaurica. The Quercetalia ilicis order is represented by the characteristic species Phillyrea latifolia and Laurus
nobilis while the Cisto-Micromerietalia order is represented by the characteristic species Cistus creticus. In the
area, although the Cisto-Micromerietea class is represented by the characteristic species Calicotome villosa, and
the Quercetea ilicis class is described by the characteristic species Smilax aspera, no characteristic species for any
order or alliance was identified. The Quercetea pubescentis class and the Querco-Cedretalia Libani order are
defined by the characteristic species Pinus brutia in the area.
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