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Abstract

As in the world, macrofungi are one of the important food sources in terms of closing the food deficit in our
country. Agaricus pequinii (Boud.) Konrad & Maubl.is a rare and edible mushroom with a mild taste that grows mainly
on forest soils and on meadows. Although this taxon is very common in the meadows of Kayseri, located in central
Anatolia (Tirkiye) and frequently collected and eaten by the folk between October and the end of December, it was never
reported in the checklists of Tiirkiye. In this study, Agaricus pequinii was studied in terms of morphological, anatomical
and molecular aspects and added to the fungal checklist of Tiirkiye.

Key words: Agaricaceae, biodiversity, edible mushroom, ITS gene region.

*

Orta Anadolu'da halk tarafindan yaygin olarak yenilebilen ancak Tiirkiye'den hi¢ bildirilmemis bir makrofungus
taksonu: Agaricus pequinii (Boud.) Konrad & Maubl.

Ozet

Makrofunguslar diinyada oldugu gibi lilkemizde de besin agigimmin kapatilmasi agisindan 6nemli besin
kaynaklarindan biridir. Agaricus pequinii (Boud.) Konrad & Maubl., agirlikli olarak orman topraklarinda ve gayirlarda
yetisen, hafif bir tada sahip, nadir ve yenilebilir bir mantardir. Bu takson, I¢ Anadolu'da (Tiirkiye) yer alan Kayseri'nin
cayirlarinda ¢ok yaygin olmasina ve Ekim ile Aralik sonu arasinda halk tarafindan siklikla toplanip yenmesine ragmen,
Tiirkiye kontrol listelerinde hi¢ bildirilmemistir. Bu ¢aligmada, Agaricus pequinii morfolojik, anatomik ve molekiiler
yonden incelenmis ve Tiirkiye mantar kontrol listesine eklenmistir.

Anahtar kelimeler: Agaricaceae, biyogesitlilik, yenilebilir mantar, ITS gen bdlgesi.
1. Introduction

Although there are around 144,000 identified fungal species in the world, it is estimated that the total number of
fungal species may be between 2.2 and 3.8 million, which is more than 6 times the estimated number of plants [1]. These
revised estimates are based on the analysis of environmental sequence data, which has grown rapidly as a result of
particularly reliable statistical and phylogenetic approaches. Many systematic studies have been carried out on macrofungi
in Tiirkiye and although significant progress has been made in recent years, Tiirkiye's mycota has not been completed yet
[2-4]. Many studies on macrofungal diversity were carried out and yet many are still ongoing both in Turkey and in world.
As aresult of these studies, significant contributions have been made to the macrofungal diversity of Tiirkiye. A checklist
of the fungi of Tiirkiye was published in 2020 with broad cooperation of Turkish mycologists [5]. According to this
checklist, a total of 5865 fungal taxa, including 2782 Basidiomycota, 2728 Ascomycota 282 Myxomycota, 2
Chytridiomycota, 33 Oomycota and 38 Zygomycota species identified in Turkey have been listed so far. There are
approximately 300 edible nature mushrooms in Tiirkiye [6]. With the completion of macrofungi biodiversity in Tiirkiye,

* Corresponding author / Haberlesmeden sorumlu yazar: Tel: +903522076666; Fax.: +903522076666; E-mail: mgullu@erciyes.edu.tr
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the number of macrofungi taxa distributed in Tiirkiye, the distribution areas of these taxa, which ones are edible or
poisonous, and how much the local and general local population witness and consume these mushrooms will be
understood.

In this article, Agaricus pequinii, an edible macrofungi species that is consumed by the folk in Kayseri, has
been studied in terms of morphological, anatomical and molecular aspects. As a result of the molecular studies, it was
concluded that this species is a new record for Tiirkiye. This result was clearly determined by the phylogenetic tree created
with the species belonging to the genus Agaricus taken from the Genbank (Figure 1).

2. Materials and methods
2.1. Collection of Mushroom Sample and Recording of Morphological Characteristics

Photographs were taken of the mushroom sample before it was collected (due to the fact that some morphological
characters (color, dimensions, etc.) change when the mushrooms are dried). In addition, vegetation (vegetation)
characteristics of the area where the fungus was found, GPS (Global Positioning System) coordinates, altitude above sea
level and some other necessary information for morphological diagnosis were recorded. The numbered sample was dried.
Then, the collected mushroom was kept in ziplock plastic bags as a fungarium sample.

For example, when performing morphological characterization, the size, color, shape, slippery or dryness of the
basidiocarps (cap), flesh color, stem dimensions, color (changes in color when cut or not), shape, whether the base of the
stem is swollen or not, whether the stem is straight or completely or not.

2.2. Molecular Characterization
2.2.1. DNA Isolation, PCR and Sequencing

For the molecular characterization of the sample, a dried macrofungi sample was used. DNA isolation from the
macrofungi sample was performed using the protocol included in the DNeasy Plant Mini Kit (Qiagen, Catalog No: 69104).
In the study, the ITS rDNA gene region, which cannot be transcribed, was used for DNA sequence analysis. ITS1F and
ITS4 primers were used for both PCR amplification and DNA sequencing of isolated DNAs [7,8]. At the end of PCR
applications, the amplified gene regions were run on agarose gel (1.5%) with the help of electrophoresis, and then stained
with ethidium bromide and visualized with the help of UV imaging system. Sequencing was done at the BM Labosis
laboratory.

2.2.2. Sequence alignment and phylogenetic analysis

Sequences obtained from the analyzed samples were compared with the samples registered in the GenBank
(NCBI) using the BLAST program and their suitability was determined. Alignment and editing of the raw data obtained
from the DNA sequence analysis system was performed using the BioEdit 7.2.5 (Biological Sequence Aligment Editor)
software program [9]. Alignment was performed using the Clustal W module in the BioEdit 7.2.5 software program. The
sequence data we obtained from the fungus species used in our study were compared with the sequences of the ITS gene
regions of the species belonging to the genus Agaricus in the GenBank. In order to obtain the phylogenetic relationship
and evolutionary trees between the samples, the Maximum Likelihood method was used by selecting the 1000 repetitive
Bootstrap value from the MEGA 7.0 (Molecular Evolutionary Genetics Analysis) modules and the results were evaluated
[10].

3. Results
3.1. Phylogenetics analyses

The dataset comprised 25 sequences. The final alignment comprised a total of 718 characters, of which 378
were conversed sites, 323 variable sites and 136 parsimony-informative. The phylogenetic trees generated by ML.
Collections ERC M 0.001 clustered in the Agaricus gennadii, A.nevoi and Agaricus pequinii clade with strong support
(1/98) (Figure 1).

A macrofungus taxon that is commonly eaten by the folk in Central Anatolia but never reported from Tiirkiye: Agaricus pequinii (Boud.) Konrad &
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99 "MF954619.1 Agaricus albolutescens
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Figure 1. Maximum likelihood analysis inferred from ITS gene region sequences of Agaricus pequinii and related
species

3.2. Taxonomy
3.2.1. Agaricus pequinii (Boud.) Konrad & Maubl.

Pileus 3-7 cm in diam., thick-fleshed, at first spherical or hemispherical, then convex to depressed, margin with
brown membranous remains, sometimes dirty ochraceous in the centre (Figure 2 and Figure 3). Gills free, thin, crowded,

A macrofungus taxon that is commonly eaten by the folk in Central Anatolia but never reported from Tiirkiye: Agaricus pequinii (Boud.) Konrad &
Maubl.
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with an even sterile margin, at first pink, later dark brown, chocolate-brown. Basidia 4 (sometimes 1-3) spored, 23-28 x
7-10 um, clavate. Spore print dark brown. Spores 5-7.5 x 4.5-6 pm, pale brown, broadly ovoid, with refractive droplets
(Figure 4). Flesh white, unchanging on exposure, or becoming slightly pinkish. Odor fugacious. Taste acidulous. Cross
reaction with Schaeffer's reagent negative [11].

Specimen examined: Tirkiye, Kayseri, Kocasinan, Bugdayli, 38° 48' 05" N, 35° 32' 17" E, alt.1072 m,
15.10.2022.

Figure 3. Agaricus pequinii. Cleaned and ready for cooking
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Figure 4. Agaricus pequinii. Basidium and basidispores
4. Conclusions and discussion

According to the phylogenetic tree (Figure 1), Agaricus pequinii (Boud.) Konrad & Maubl.is phylogenetically
close to A. nevoi Wasser and A. gennadii (Chatin & Boud.) P.D. Orton. It differs from A. nevoi in the character of the
remnants of its general veil and spore size [12]. Agaricus pequinii differs from A. gennadii in having spores of a smaller
size, and in the presence of numerous white scales on the stipe and surface of the volva-like remnants of the general veil.
This species has a distribution in Europe (ltaly, Prance, Hungary, Ukraine) and Asia [13].

Morphological and microscopic identification methods are no longer sufficient for species identification.
Morphological features can sometimes be easily affected by environmental factors. As a result of this effect, changes in
properties such as color, mushroom size and shape may occur, which may lead to misdiagnosis. Microscopic analyzes,
on the other hand, may not be distinctive because sometimes very close results are obtained (for example, very close
results are obtained in spore measurements). For this reason, molecular methods based on DNA sequence analysis have
been started to be used in taxonomic studies on fungi. However, although molecular methods provide important clues,
they must be evaluated by combining them with microscopic and morphological studies. The first national study to include
the molecular taxonomy of a fungal genus in Tiirkiye was carried out by Taskin et al. (2010, 2012, 2016) for the genus
Morchella [14-16]. Therefore, it is necessary to increase such studies in our country.
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Abstract

In this study, species of Delphinium turcicum (Ranunculaceae), which is endemic to Tirkiye, for its morphological,
anatomical, palynological, micromorphological and taxonomical significance was investigated. Additionally,
Delphinium venolusum, which is a similar species of Delphinium turcicum, was studied. Anatomic structure
descriptions of these species and seed descriptions of Delphinium turcicum were given for the first time in this work. In
addition, the comparison of these species contributes to the solution of taxonomic problems. Features of anatomic
structures (root, stem, and leaf sections) were shown. Also, these structures were discussed taxonomic significance. The
similarities and differences between D. turcicum and D. venulosum were revealed in this study. In palynological
investigations; polar, equatorial, exine, intine, colpus length and width were measured. Polar/Equatorial (P/E) ratio and
pollen ornamentation were determined. The pollen grains of these two species are spherical and isopolar symmetrical.
Pollen types have determined as monad for D. turcicum and D. venulosum species. Pollen aperture types are tricolpate.
Pollen exine ornamentations are microechinate. In this work photographs of pollen and seed were taken by using light
microscopy and scanning electron microscopy (SEM). Seed micromorphological characteristics were given for both
species. Seeds are subglobose and have continuous rings of transversal squamulose for both species. Seed
ornamentations have continuous rings of transversal squamulose and generally erect papillae.

Keywords: Anatolia, anatomy, morphology, palynology, Pseudodelphinium, taxonomy

*

Tiirkiye icin lokal endemik bir tiir olan mahmuzsuz Delphinium turcicum’'un (Ranunculaceae) morfolojik,
. anatomik, palinolojik, tohum mikromorfolojik ¢alismalari ve taksonomik 6nemi
Ozet
Bu ¢aligmada Tiirkiye endemigi olan Delphinium turcicum (Ranunculaceae) tiiriiniin morfolojik, anatomik, palinolojik,
mikromorfolojik ve taksonomik 6nemi aragtirilmistir. Ayrica Delphinium turcicum'un benzer bir tiirii olan Delphinium
venolusum caligilmigtir. Bu tiirlerin anatomik yapilarimin tamimlar1 ve Delphinium turcicum taksonu igin tohum
tanimlart ilk kez bu ¢aligmada verilmistir. Ek olarak bu tiirlerin kargilastirilmasi taksonomik problemlerin ¢oziimiine
katk: saglamaktadir. Bu makalede anatomik yapilarin (kok, govde ve yaprak kisimlari) 6zellikleri gosterilmistir. Ayrica
bu yapilarin taksonomik onemi tartisilmistir. Bu ¢alismada D. turcicum ve D. venulosum arasindaki benzerlikler ve
farkliliklar ortaya konmustur. Palinolojik arastirmalarda; polar, ekvatoral, ekzin, intin, kolpus uzunluk ve genislikleri
dlgiilmiistiir. Polar/Ekvatoral (P/E) orani ve polen ornamentasyonu belirlenmistir. Incelenen bu iki tiiriin polenleri sferik
(kiiresel) ve izopolar simetriye sahiptir. Polen tipi D. turcicum ve D. venulosum tiirleri i¢in monad olarak tespit
edilmistir. Polen apertiir tipleri trikolpattir. Polen ekzin ornamentasyonlari ise mikroekinattir. Bu galismada 151k
mikroskobu ve taramali elektron mikroskobu (SEM) kullanilarak polen ve tohum fotograflari ¢ekilmistir. Tohum
mikromorfolojik 6zellikleri verilmistir. Tohumlar subglobozdur ve her iki tiir igin de siirekli enine skuamiiloz halkalara
sahiptir. Tohum ornamentasyonlari ise, siirekli enine skuamiiloz halkalara ve genellikle dik papillalara sahiptir.

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903129062384; Fax.: +903129062384; E-mail: yagmurcomertl@gmail.com
© Copyright 2024 by Biological Diversity and Conservation Received: 05.05.2023; Published: 15.04.2024 BioDiCon. 1097-05.05.2023
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Anahtar kelimeler: Anadolu, anatomi, morfoloji, palinoloji, Pseudodelphinium, taksonomi
1. Introduction

The Ranunculaceae family has approximately 2.500 species and 59 genera in the world [1]. Ranunculaceae is
distributed from the Mediterranean Basin to Korea, Japan, Siberia, and North America [2]. In Tirkiye, the family is
described with 230 species and more than 19 genera [3].

The tribe of Delphinieae (subfamily Ranunculoideae) contains 700 species and its constitutes about 25% of all
species diversity in this family [3].

The genus Delphinium has 33 taxa, which 17 of them are endemic in Tirkiye [3]. Delphinium sensu lato
including Consolida and Aconitella sensu [4] contains 58 species [5], making it one of Tirkiye's most species rich
angiosperm genera.

Consolida has been set apart from Delphnium by De Candolle because it has single spurred petals, one follicle,
one year life cycle and Consolida has created in distinct section. Later, Consolida has presented as another genus by
Gray in 1821 [6; 7]. However, in the study based on phylogenetic analysis, Consolida is included in Delphinium [4].
Consolida seperated from Delphinium relatives in the early to middle Miocene, a period of increasing aridity, caused
primarily by a decrease in sea level in the Mediterranean and desertification in Asia [8]. It was stated that the species of
the Delphinium genus found in Tiirkiye are mostly interconnected hybrid species. Because of all these reasons, this
genus is difficult to taxonomically classify [9].

Palynology, anatomy, and morphology studies on the Ranunculaceae family have been undertaken to help
categorization within this family [10]. In addition, seed morphology ensure a significant resource of phylogenetic data
and karyological analysis in taxonomic descriptions of the species [10].

Plant taxonomy and phylogenetic inference rely heavily on data on seed macro- and microstructure [10].

Vural et al. [11] reported a new taxons from Tiirkiye in the Karapimar basin of Konya province. As a result of
field studies, it was reported that first time Pseudodelphinium turcicum H.Duman, Vural, Ayta¢ & Adigiizel and this
species doesn’t spread outside of Karapinar. According to Vural et al. [11], the single population of Pseudodelphinium
turcicum known to date was collected for the first time in 1997. The inflorescences are racemose, with pubescent bracts
and bracteoles similar to the leaves. Flowers are actinomorphic with five free petaloid tepals, numerous free stamens,
sepal and spur absent, perianth uniseriate, and three free carpels longitudinally striate [11].

Recently, based on the results of Espinosa et al. [12] in terms of phylogenetic markers, a different set of
analyses and following molecular evidence, P. turcicum has been regarded as a species of Delphinium. Additionally, in
the light of these molecular phylogenetic analyses, Pseudelphinium was found to be highly similar to the Delphinium
venulosum Boiss. and Delphinium virgatum Poir. Pseudodelphinium turcicum was transferred to the genus Delphinium
and given the scientific name Delphinium turcicum (H.Duman, Vural, Aytag & Adigiizel) F.Espinosa by Espinosa et al.
[12; 14], Espinosa and Myreya [13] and Xiang et al. [15].

The morphological, anatomical, palynological and, seed characteristics of D. turcicum are determined in this
study. Anatomical structures, detailed seed micromorphology and all structures belonging to pollen morphology with
measurements have been given for the first time. Also, D. venulosum's anatomical, palynological, and seed
micromorphological were described. Anatomical measurements and descriptions of D. venulosum were presented for
the first time in this work. According to this information, D. venulosum and D. turcicum, which are sister species, were
revealed in terms of anatomical, palynological, micromorphological similarities and differences. Also, these species
have been discussed systematically.

The microscopic procedures are used for the determinate of species in different plant groups by using seed
morphological, anatomical, and palynological characters [16; 17]. These features limit the species within the genus.
Also, it will provide diagnostic characters for the species studied.

The purpose of this study is to specify and compare the pollen and seed morphology, anatomy, and
micromorphology of D. turcicum and D. venulosum species. It also reveals the taxonomic importance of these species
within the family. In addition, all structural features are presented together with measurements.

2. Materials and methods

Delphinium turcicum sample materials were collected from Konya, Karapinar Village in 2016 (KNYA Herb.
number: 29.400) Specimens of Delphinium venulosum were collected from Konya, Selguklu, and the Northwest slopes
in 2021 (KNYA Herb. number: 29.401). The specimens collected were deposited at KNYA. The collected plant
samples were dried according to common herbarium techniques. During the field study, root, stem and leaf parts were
taken into 70% ethyl alcohol and it used for anatomical studies.

For anatomical studies, samples were embedded in paraffin wax and then approximately 10 pm thick sections
were taken with a Leica RM2125RT rotary microtome. These samples were stained with the fastgreen-safranin staining
method and it made into a fixed preparation using entellan [18]. Measurements and photos were taken using a Leica
DM1000 binocular light microscope and a Leica DFC280 camera. For the anatomical studies of D. turcicum; C4
Konya; Karapinar, Merdivenli Village, step, 22.06.2016, O.Tugay 12.852 registered samples were used. For the
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anatomical studies of D. venulosum; C4 Konya; Selguklu, North West slopes, 1100 m, 03.08.2021, O.Tugay 18.927 &
D.Ulukus registered samples were used.

For palynological examinations; pollen samples was provived from a herbarium specimens. Pollen specimens
were prepared according to the Wodehouse technique [19]. A Leica DM 1000 brand microscope was used for the
morphological examination of the pollen. In light microscopy (LM) studies, pollen grains were dissected from
herbarium samples and it placed on clean microscope slides. Safranin and glycerine-gelatin were mixed into the pollen
before it was scattered with a clean pin. The pollens were photographed with a spot in-sight color digital camera on a
LEICA DM1000 microscope with a digital imaging system, which is a Leica Application Suite program equipped with
an apochromatic 100x oil immersion objective [20]. Morphological observations were carried out under the microscope
in the LM of Selcuk University. The polar length (P), the equatorial length (E), for the pollen dimensions, polar axis (P),
equatorial axis (E), colpus length (Clg), colpus width (CIt), exine and intine were measured under a light microscope
(1000 x) with 20-30 pollen grains per species. P/E rations were calculated using Image Tool software. For the
investigation of pollen surface ornaments, they were photographed using the SEM (Scanning Electron Microscope)
located in Selcuk University Campus Technopolis Building Advanced Technology Research and Application Center
(ILTEK) and in the Electron Microscopy Laboratory of Gazi University. For Scanning Electron Microscopy (SEM),
pollen grains were mounted on double-sided carbon tape affixed to aluminum stubs, covered with gold with an Hummle
VII sputter coater, and photographed at a magnification of x2000 to x7000 with a JEOL-5600. Punt et al. [21]
terminology was used for pollen morphology.

The same method was used in seed and pollen micromorphology studies. Minimum-maximum range, mean,
standard deviations of seed length and width, and length/width rate were determined. Stearn [22] terminology was used
for seed ornamentation.

3. Results

Taxonomy

Delphinium turcicum (H.Duman, Vural, Ayta¢ & Adigiizel) F.Espinosa

Type: Tiirkiye, C4 Konya: Karapmar to Konya road, 30 km, Merdivenli village, 1020 m, dry plain steppes,
growing with Peganum harmala communities, 28.07.1998, H.Duman 6824 & Z.Aytag (holotype: GAZI, isotypes: ANK,
HUB).

Glaucous, virgate, 3-24 cm. Stem simple or branched above, striate. Median cauline leaves shortly petiolate (to
6 millimeter), cuneate, divided with 3 linear—lanceolate, 7 x 3 mm or simple, upper cauline leaves entire, linear-
oblanceolate, all leaves acute. Racemes 3-10 flowered, approximately 5 cm, pubescent; bracts like upper leaves,
bracteoles similar to bracts, pedicels 2-8 mm. Flowers actinomorphic. Perianth uniseriate. Sepal absent. Petals 5, free,
violet, purple, green and dark yellow, lanceolate to oblong or oblanceolate, 5-8 x 2-3 mm. Nectary absent. Stamens
numerous (11-17), anthers 1 mm. Follicles 3, greenish, 5-7 x 2.5 mm, striate; style 1-2 mm, glabrous. Seeds 7-9 in
each follicle, about 1.5 mm, blacklish, subglobose, 4—7 uninterrupted circles of transversal scales [11].

Distribution - habitat: Delphinium turcicum is local endemic species distributing at Konya: Karapinar to Konya
road, 30 km, Merdivenli village, 1020 m (Fig. 1 and Fig. 2).

Anatomical Properties

For the transverse sections of the root, stem, and leaf of the species, significant properties were observed. The
measurements of the anatomical characters of D. turcicum and D. venulosum are given in Table 1.

Root anatomy:— D. turcicum and D. venulosum have epidermis cells 1-layered and these cells of shape are
rectangular. There is a cortex layer below the epidermis. The cortex layer is consists of rectangular parenchymatic cells.
This layer is 5-6 layers for both D. turcicum and D. venulosum. The vascular tissue consists of phloem and xylem. The
metaxilem cells located in the core region (Fig. 3).

Stem anatomy:— D. turcicum and D. venulosum have epidermis cells 1-layered. Under the epidermis are 3-4
layers of cortex parenchyma, vascular tissue and pith region in the center. Epidermis cells are rectangular. The cortex
parenchyma cells have irregular shapes. Under the cortex layer are 8-11 rows of sclerenchyma cells both of this
species. The stem has a colleteral vascular bundle. The outermost sclerenchyma cells are consist of the outer phloem,
cambium, xylem, inner phloem and pith region. Around of the sclerenchyma fibers has respectively the outer phloem
and inner phloem (Fig. 4).

Leaf anatomy:— The leaf of D. turcicum and D. venulosum are consist of upper epidermis, mesophilic layer
(2-layer palisade parenchyma, 2-layer sponge parenchyma and 2-layer palisade parenchyma) and lower epidermis. It is
a mesophile type of equifacial leaves for both of D. turcicum and D. venulosum (Fig. 5).

Pollen:— Pollen types have determined as monad for D. turcicum and D. venulosum species. The pollen grains
of these two species are spherical and isopolar symmetrical. The polar axis (P) was calculated as 21.75-23.39 um for D.
turcicum species and 17.42-22.84 um for D. venulosum species. Equatorial Axis (E): 21.91-23.07 um for D. turcicum
and 18.21-23.57 for D. venulosum. P/E ratio is of D. turcicum 0.83-0.93 um and 0.80—-1.06 pum of D. venulosum. Pollen
aperture types are tricolpate in both of D. turcicum and D. venulosum. Colpus length (Clg) is 12.97-15.00 pm for D.
turcicum and 10.76-15.05 for D. venulosum. Colpus width (CIt) is 13.19-14.54 pum for D. turcicum and 10.93-14.58
for D.venulosum. Exine thickness was measured at 0.40-0.53 pm for D. turcicum and 0.13-0.52 for D. venulosum.
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Intine thickness was calculated at 0.23-0.54 um for D. turcicum and 0.10-0.34 for D. venulosum. For both species; the
equatorial and polar regions of the pollen was found microechinate (Figs. 6-7).

Seed micromorphology:— Each follicle of D. turcicum contains 8-10 seeds. The seed shape of D. turcicum is
subglobose, open-mouthed, circular, and the seed color is blackish. It was measured at 0.69-1.28 mm in length and
0.80-1.34 mm in width. Hilum's position is basal. The seed's surface sculpturing is striped. The cell shape is long and
rectangular. The seed layer is 4—7 uninterrupted circles of transversal squamulose, with the umbilical orifice occupying
one half and 1/3 of the total seed volume. The exotesta layer is rectangular in shape and it has a thick outer wall. The
seed surface is ornamented with spherical to stick-shaped papillae that are usually erect (Fig. 8).

Each follicle of D. venulosum contains 8-10 seeds. The seed shape of the D. venulosum species is subglobose,
circular. The seed color is dark brown to black. It was measured at 1.03—1.23 mm in length and 1.11-1.21 mm in width.
Hilum’s position is basal with wrinkled. The seed layer is 6-8 helicoidal rings of continuous lamellae with minutely
undulating margins because of the digitiform ends of the rectangular formed cells. Seed surface ornamentation is
medium density spherical to stick shaped generally erect papillae (Fig. 8).

Table 1. Comparative anatomy of the root, stem and leaves D. turcicum and D. venulosum

D. turcicum D. venulosum
Width (um) Length (um) Width (pm) Length (um)
min-max mean+ SD min-max mean+ SD min-max mean = SD min-max mean £+ SD

Epidermiscell | 8.03-12.85 | 1038+1.49 | 23.39-47.13 | 34.4+830 | 18.75-57.37 | 42.02+12.04 | 11.3-30.89 2034457
Cortex cell 5.68-12.95 9024238 | 1029-19.61 | 1532+3.11 | 18.75-49.65 | 32.81+7.77 8.82-19.86 14.51 £4.8

§ Phloem 454-11.36 8.09+2.16 | 4681719 | 1532+3.11 | 393-11.81 6.14 £2.05 3.94-11.82 821+221
Xylem 6.12-28.76 | 15.72+7.10 | 1250-21.85 | 17.01+2.92 | 551-30.73 | 13.24+6.66 7.09-29.95 18.76 £6.77
Core cell 454-11.36 | 18.66+7.36 | 4.68-17.19 | 1592+576 | 6.3-4413 | 2122+10.64 | 551-3586 | 18.47+ 9.55
Epidermiscell | 7.15-12.73 976179 | 7.09-2878 | 18.10+7.18 | 17.47-34.02 | 27.17+594 9.19-20.22 15.79 £4.94
Cortex cell 6.52-34.02 | 21.12+9.65 | 23.33-5024 | 37.08+924 | 866-43.21 | 17.90-+729 | 7.72-28.37 17.41 +7.08
Sclerenchyma | 24.55-79.21 | 50.03 +18.43 | 38.36-68.57 | 53.41+10.64 | 38.62-98.1 | 56.63 +- 20.10 32-78.34 53.92 + 19.44

£

[

@l | Phloem 20.87-54.34 | 40.09+11.50 | 21.12-4854 | 35.51+8.73 | 20.22-25.22 | 22.02+-1.99 | 10.24-12.61 | 11.53+1.09
Xylem 6.20-11.33 896+1.62 | 4.96-11.30 | 7.99+1.97 | 3.86-22.06 9.13+£528 6.06- 15.44 6.58 +3.27
Core 19.97-52.87 | 3499+ 1120 | 20.27-469 | 35.55+£827 | 34.48-74.45 | 47.40+12.61 | 33.1-7448 | 51.77+11.71
Upper 30.53-5255 | 41.50+7.52 | 16.54-42.29 | 30.32+838 | 22.37-50.34 | 39.15+9.4 16.55-55.01 | 37.22+9.62
epidermis cell

g | LOwer 14.49-4156 | 27.53+822 | 14.79-40.26 | 27.50+896 | 16.78-58.18 | 41.03=1245 | 22.37-50.34 | 38.46 6.41

Q| | epidermis cell

g A

S| | Palisade 471-69.05 | 36.75+21.05 | 16.64-63.60 | 38.7+1639) | 4.89-13.28 | 9.99+296 | 26.57-60.83 | 40.38+7.56
parenchyma
Sponge
Parenchyma 4282127 | 1376572 | 3.95-14.14 | 871+331 | 10.48-44.05 | 21.57+745 | 11.18-4235 | 23.36+7.51

Abbreviations: Mean: Average, SD: Standart deviation, Min: Minimum, Max: Maximum, pm: Micrometer

Table 2. Comparative pollen morphology of D. turcicum and D. venulosum showing mean value + standard deviation,
and the range in parenthesis. All measurements are in pm except P/E

. . Equatorial Colpus . Exine Intine
Species Polar axis (P) . P/E Colpus width . .
axis (E) length thickness thickness
D, turci 22.57 +0.49 22.49+0.29 0.88 13.98+0.51 13.86 + 0,34 0.46 +0.07 0.38+0.10
. turcicum

(21.75-23.39) (21.91-23.07) (0.83-0.93) | (12.97-15.00) | (13.19-14.54) (0.40 - 0.53) (0.23-0.54)

D. 20.68+1.37 20.64+1.70 0.91 12,51+1.29 13.25+1.17 0.21+0.07 0.19+0.06
venulosum (17.42-22.84) (18.21-23.57) (0.80-1.06) | (10.76-15.05) | (10.93-14.58) (0.13-0.52) (0.10-0.34)
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Table 3. Comparative seed morphological characteristics of D. turcicum and D. venulosum
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. . Number of Seed surface
Species Seed shape | Seed width (mm) | Seed length (mm) seed layer Seed color ornamentation
D. turcicum | Subglobose 0.80 1.34 0.69 1.28 47 Blackish Spherical to stick shaped
usually erect papillae
D. venulosum | Subglobose 1.11-1.21 1.03-1.23 68 Dark brown | Spherical to stick shaped
to black generally erect papillae
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Figure 2. A-B. General view and flowers of Delphini

.

(Ranunculaceae), a local endemic spurless species for Tiirkiye
Yagmur COMERT, Osman TUGAY, Deniz ULUKUS
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Figure 4. Transverse section of the stem. A—B. Delphinium turcicum; C—D. D. venulosum
X: Xylem, Ph: Phloem, Sc: Sclerenchyma, Co: Cortex, E: Epidermis, C: Core.
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Figure 5. Transverse section of the lamina. A—B. Delphinium turcicum; C-D. D. venulosum
Ue: Upper epidermis, Le: Lower epidermis, Pp: Palisade parenchyma, Sp: Sponge parenchyma.
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Figure 6. SEM micrographs of the pollen grains. A—B. Delphinium turcicum (O.Tugay 12.852);
C-D. D. venulosum (O.Tugay 18.927 & D.Ulukus) polar and equatorial view.
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Figure 7. Light micrographs of the pollen grains A—B. Delphinium turcicum (O.Tugay 12.852);
C-D. D. venulosum (O.Tugay 18.927 & D.Ulukus).
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Figure 8. SEM microphaps of the seed general view and sculpture structure
A-B. Delphinium turcicum (O.Tugay 11.104) C-D. D. venulosum (O.Tugay18.927 & D.Ulukus).
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4. Conclusions and discussion

In this study, morphological, anatomical, palynological, seed morphological and micromorphological data of
D. turcicum, which is endemic to Tiirkiye, were obtained. In our results, anatomical, palynological, and seed features of
D. turcicum species were given for the first time. In addition, anatomical, palynological and seed characterization of D.
venulosum was investigated. In this work, the anatomical study of D. venulosum was reported for the first time. Data on
pollen and seed studies are presented in comparison with other similar Delphinium species.

The root epidermis, the cortex cells and the apex (nucleus) cells of D. venulosum are larger and wider than D.
turcicum. The xylem and phloem cells of D. turcicum are approximately same size comperad to Delphinium species.
Cortex and phloem cells are larger in D. turcicum compared to D. venulosum. The sclerenchyma and xylem cells are
usually the same size for both species.

When the leaf anatomy; the lower epidermis of D. venulosum is wider than D. turcicum. In D. turcicum, the
palisade parenchyma is approximately 4 times larger than D. venulosum. Sponge parenchyma of D. venulosum is larger
than D. turcicum. As a result, all this information provides data of taxonomic importance for the root and stem. For the
leaf anatomy; datas of epidermis width, cortex and phloem cells, size difference of palisade and sponge parenchyma
were determined as distinctive.

D. venulosum and D. virgatum pollen grains, which are sisters to D. turcicum; have a length of 22-31 pum,
pollen shapes are spherical, tricolpate pollen grains and pollen ornaments are microechinate. The pollen of D. turcicum
is heteromorphic; long (22-31 pum), both di- and tricolpate pollen grains were observed [13]. According to Espinosa et
al. [13] pollen grains of D. turcicum are both di- and tricolpate 22—31 long. However, in our study, only tricolpate was
observed among the pollen grains of D. turcicum. The pollen length of D. turcicum was measured at 21-23 pm. We
think that this situation is caused by environmental factors. Our findings are generally consistent with the reporting of
Espinosa et al. [13].

The seeds of the D. turcicum are blacklish subglobose, It was measured as 0.69-1.28 mm in length and 0.80—
1.34 mm in width. Seed surface sculpturing is striped. Seeds have 4—7 layer continuous rings of transversal squamulose.
Seed surface ornamentation is spherical and mostly erect papillae. According to Vural et al. [12], D. turcicum has seeds
eight-ten for every follicle, 2 mm, blackish, subglobose, 5-8 uninterrupted circles of transversal concrescent scales,
umbilical orifice occupying one half, 1/3 of the sum seed size. However, in our study, the number of seed layers for D.
turcicum was determined as 4-7.

Our study, D. venulosum seeds are detected as 8-10 in each follicle. The seed shape of the D. venulosum
species is subglobose, seed color is dark brown to black. It was measured as 1.03—1.23 mm in length and 1.11-1.21 mm
in width. Seed layer is 6-8 helicoidal rings of continuous lamellae. Seed surface ornamentation is medium density
spherical to stick shaped generally erect papillae. According to llarsan et al. [5], D. venulosum brown subglobose seeds
of 1.34 + 0.03 x 1.40 = 0.04 mm with 7-9 helicoidal rings of continuos lamellea with minutely undulate margin, due to
the digitiform ends of the rectangular-shaped cells. Faces with medium-density sphaerical to stick-shaped usually erect
papillae. Seeds are deep crateriform hilum with wrinkled and crested cells. In our study, the seed size was determined to
be smaller, but considering that the seed size of the genus Delphinium is generally less than 1.5. It is consistent with
other results. However, it should not be ignored that there are differences in seed size between different populations of
the same species, which can cause differences according to habitat conditions.

Compared to D. venulosum, it was observed that the granulation on the wing part of the seed layers was less in
D. turcicum. Other structures and measurements for the seeds of both species shows similar characteristics. This work
approves the former molecular studies. These two species have like characters in terms of anatomical and seeds
micromorphological characters.

Morphological, palynological, leaf epidermis and anatomical characters are the most important features in
Ranunculaceae taxonomy [23]. Although there are many publications on Delphinium L. (sensu lato), detailed data for
anatomy and seed studies are scarce [10; 24]. Morphological, anatomical, palynological and seed differences are very
important for taxonomic descriptions. Consequently, it is predicted that the information acquired with this work will
contribute to the literature.
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Abstract

The herb Melissa officinalis L., most commonly recognized as lemon balm, has been used as a treatment for problems
with the brain and central nervous system, headaches, nervousness, digestive disorders, respiratory and circulatory
conditions, various types of cancer and rheumatism. This investigation was designated to compare the impacts of 3
discrete magnetic field strengths (50 mT, 100 mT and 150 mT) with various time periods of exposure (5 min, 15 min,
30 min, 1 hr and 3 hr) on M. officinalis seed germination (rate and onset) and seedling growth (length of shoot-root,
weight of fresh-dry and water content). The seeds, which were surface sterilized in petri plates, were subjected to
different applications, including exposure to various magnetic fields and control (without exposure). Germination was
assessed by observing the radicular protrusion. The number of germinated seeds was recorded over 20 days. In all 3
magnetic field applications, exposure to magnetic field for 1 hr caused the highest number of seed germination (36%,
52% and 50% for 50 mT, 100 mT and 150 mT, respectively) comparing to control (28%). The onset of seed
germination was earlier with magnetic field application (day 7) compared to control (day 11). Growth elements and
water contents of the seedling were assessed in order to understand the impact of different magnetic field applications.
Implementation of 100 mT and 150 mT magnetic field for 1 hr increased shoot and root length in addition to fresh
weight of the seedlings. The maximum dry weight increase was provided by 150 mT-5 min, 15 min and 30 min. The
highest water content (%) was observed with exposure to 150 mT (68%) and 100 mT (66%) for 1 hr compared to
control (44%). Magnetic field intensity of 100 mT and 150 mT for 1 hr was the most efficient in the seed germination
and seedling growth.

Keywords: germination, growth, lemon balm, magnetic field, Melissa officinalis.
%

Ug farkh manyetik alan uygulamasimn Melissa officinalis L.’ nin tohum ¢imlenmesi ve fide gelisimi iizerine
etkileri

Ozet

Ogul otu olarak da bilinen Melissa officinalis L. bitkisi, beyin ve merkezi sinir sistemi ile ilgili sorunlar, basg
agrilari, sinirlilik, sindirim bozukluklari, solunum ve dolasim rahatsizliklari, g¢esitli kanser tiirleri ve romatizma
tedavisinde kullanilmaktadir. Bu arastirma, M. officinalis tohum ¢imlenmesi (hizi ve baglangici) ve fide biiyiimesi
(slirgiin-kok uzunlugu, yas-kuru agirlik ve su igerigi) tizerine ¢esitli maruz kalma stireleri (5 dk, 15 dk, 30 dk, 1 s ve 3 s)
ile 3 farkli manyetik alan siddetinin (50 mT, 100 mT ve 150 mT) etkilerinin karsilastirilmasint amaglamaktadir. Petri
kaplarinda yiizey sterilizasyonu yapilan tohumlar, ¢esitli manyetik alan maruziyeti ve kontrol (maruz birakmadan)
olmak tizere farkli uygulamalara tabi tutulmustur. Cimlenme, radikiiler ¢ikinti gézlemlendiginde degerlendirilmistir.
Cimlenen tohumlarin sayis1 20 giin boyunca kaydedilmistir. Ug manyetik alan uygulamasinin hepsinde, 1 saat boyunca
manyetik alana maruz kalma, kontrol (%28) ile karsilastirildiginda en yiiksek sayida tohum ¢imlenmesine (50 mT, 100
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mT ve 150 mT i¢in sirastyla %36, %52 ve %50) neden olmustur. Tohum ¢imlenmesinin baslangici, manyetik alan
uygulamasiyla (7. giin) kontrole (11. giin) kiyasla daha erken olmustur. Farkli manyetik alan uygulamalarinin etkisini
anlamak i¢in fidelerin biiyiime elementleri ve su icerikleri karsilagtirilmistir. 1 saat siireyle 100 mT ve 150 mT manyetik
alan uygulamasi fidelerin taze agirligina ek olarak gévde ve kok uzunlugunu artirmistir. En fazla kuru agirlik artigi, 150
mT-5 dk, 15 dk ve 30 dk ile saglanmistir. Kontrole (%44) kiyasla en yiiksek su igerigi (%) 1 saat siireyle 150 mT (%68)
ve 100 mT (%66) maruziyetinde gézlemlenmistir. 1 saat boyunca 100 mT ve 150 mT manyetik alan yogunlugu, tohum
¢imlenmesi ve fide bilyiimesinde en etkili olmustur.

Anahtar kelimeler: ¢imlenme, biiyiime, manyetik alan, Melissa officinalis, ogul otu.
1. Introduction

Melissa officinalis L., generally recognized as lemon balm, is an aromatic plant indigenous to the Eastern
Mediterranean area, Western Asia, Southern Europe, Caucasus, and Northern Iran [1, 2]. It has a wide distribution in
the Mediterranean, Marmara and Black Sea regions of Turkey and is locally distributed in Central and Southeastern
Anatolia regions [3]. It is widely cultivated in Europe and is extensively researched because of its chemical constituents
and various therapeutic properties [1, 2, 4]. M. officinalis has a long history of usage in folk therapy due to its calming
and herbal aromatic qualities. It is also used to treat fever, colds, headache, toothache and insomnia in folk medicine [4,
5]. It has tannins, phenolic acids, flavonoids, triterpenes, essential oils, and triterpenes [1, 2]. In general, living things
are beings affected by Earth's magnetism. Magnetic and electromagnetic treatments are a technique used in agriculture
to improve the germination of seeds and increase crop and yield [6]. Particularly, low-level magnetic field is reportedly
stated to positively affect plant seed germination, growth, and content [7-18]. The investigations demonstrate the
advantageous impacts seen on magnetically treated plants under various circumstances, depending on applications like
exposure period and constant or variable magnetic field strength [6]. Applications of magnetic fields in agriculture can
be utilized to increase the quality of its products and yield [6, 9]. Our previous study revealed the impact of 2 different
magnetic field strengths (50 mT and 100 mT) with various exposure durations (1 h, 3 hr, 6 hr, 12 hr, 24 hr, 48 hr, 72 hr,
144 hr and 240 hr) on M. officinalis seed germination [16]. It was found that a magnetic field increased the germinated
seed frequency and decreased the time needed for the germination of seeds [16]. Consequently, our goal was to evaluate
the efficacy of three different magnetic fields strengths (50 mT, 100 mT and 150 mT) with discrete exposure times (5
min, 15 min, 30 min, 1 hr and 3 hr) on seed germination and seedling growth regarding shoot-root length, fresh-dry
weights, and water content.

2. Materials and Methods
2.1. Magnetic Field Settings

Block magnets (neodymium) with dimensions of 100 x 50 x 5 mm were utilized to generate three different
magnetic fields: 50 £ 5 mT, 100 = 5 mT and 150 = 5 mT. The magnets were immobilized on the aluminum stand side
by side to create the magnetic intensity (Figure 1A, B, C and D). Teslameter (Compensation®) was handled to
determine the strength of the magnetic field [6].

2.2. Germination

M. officinalis L. subsp. officinalis L. seeds were collected at Bolu, Turkey and "Flora of Turkey and the East
Aegean Islands" was used to identify the plant [3]. The seeds were cleaned with an antibacterial soap, washed with
distilled water, and surface sterilization was performed after 15 minutes of shaking in 0.1% HgCl, for 15 minutes,
cleaned three more times with sterilized water, sterilized in 70% ethanol for 1-2 minutes, and then cleaned three more
times with sterile water [16]. Completely sterilized seeds were put into sterile and disposable petri plates with
Murashige and Skoog's minimal organics medium [19], which contains 30 g/l sucrose (Caisson®) and 8 g/l agar (BD-
Bacto®) (pH 5.7, autoclaved at 121°C and 105 kPa for 20 minutes). Each petri plate contained ten seeds, and ten petri
plates (90 mm) were utilized for each treatment. Seeds were properly aligned in petri dishes to be exposed to the most
accurate magnetic field strengths (Figure 1E). Surface sterilized seeds in petri plates were placed into 3 different
magnetic field strengths (50 mT, 100 mT and 150 mT) exposing to 5 different durations (5 min, 15 min, 30 min, 1 hr
and 3 hr). Radicle protrusion was the sign to assess the germination. For a period of 20 days, the number of germinated
seeds was recorded. For seedling development, germinated seeds were placed into Magenta containers (GA-7 Vessel,
Sigma-Aldrich®) including MSMO medium for a further six weeks to allow for shoot elongation and root formation
(Figure 1F). After 6 weeks of culture, shoot and root length, fresh and dry weights and water content were recorded
(Figure 1G).
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Figure 1. Magnetic field setup-(A) 50 mT, (B) 100 mT and (C) 150 mT, (D) Control; (E) Seed alignment demonstrated
in magnetic field applications; (F) Seedling exposing 1hr-100 mT magnetic field after 6 weeks; (G) Shoot-root length
measurement of the seedlings after magnetic field exposures

2.3. Statistical analysis

All the data were first tested for normality (Kolmogorov-Smirnov test) and homogeneity of variance (Levene's
test) to meet statistical demands [20]. Then, the results were analyzed using ANOVA by a completely randomized
design and multiple range parametric tests (Duncan's) in SPSS version 26 (SPSS Inc, Chicago, IL, USA). The table's
data was given as a mean number with standard error (SE). Differences between means were considered significant
when P<0.05.

3. Results

M. officinalis seeds were magnetically treated for varying exposure times (5 min, 15 min, 30 min, 1 hr, and 3
hr) to static magnetic fields with an intensity of 50 mT, 100 mT, and 150 mT. When compared to unexposed seeds
(control), it was observed that the strength of the magnetic field and the length of exposure time had a profound impact
on lemon balm seed germination. When the radicle started to protrude, seeds were regarded to have germinated.
Magnetic field intensity of 100 mT and 150 mT with all exposure times enhanced the germination frequency comparing
to control group (non-exposed seeds-28%). Lemon balm seeds required a 1 hr exposure to 50 mT, 100 mT, or 150 mT
to germinate, with 36%, 52%, and 50%, respectively, being the best germination rates. With a 100 mT magnetic field
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applied for one hr, the maximum seed germination was noted (52%) that is 1.9-fold increase regarding control (Figure 2
and 3). It was also noteworthy that magnetic field treatment to the seedlings accelerated germination. The time required
for seed germination was reduced with magnetic field utilizations, with seed germination occurring in 7th day with all
magnetic field applications (except for 50 mT with 3 hrs-8th day) and 11th day with non-treated seeds (Figure 2 and 3).

In order to understand the effect of 3 different magnetic field strength with various exposure durations, the
shoot and root lengths, fresh and dry weights, and water content of the seedlings were compared (Table 1). Application
of 100 mT magnetic field for 1 hr enhanced shoot and root lengths. Furthermore, 150 mT treatment for 1 hr was also
effective in shoot and root length increments. Fresh weight raised the most with 150 mT and 1 hr application. Second,
100 mT treatment for 1 hr increased fresh weight successfully. The maximum dry weight increase was achieved with
the application of 150 mT with 5 min, 15 min and 30 min exposure times. All applied magnetic field intensities with
various durations increased water holding capacities comparing to no magnetic field exposure-control (44%). Water
content (%) results showed that 1 hr exposure to 150 mT (68%) and 100 mT (66%) increased water holding capacity at
most (Table 1).

4. Conclusion and Discussion

Magnetic field intensity and exposure duration to magnetic field were crucial components for lemon balm seed
germinations. Lemon balm seeds dealt with magnetic field germinated more quickly. Germination rate was higher for
magnetically treated lemon balm seeds. Also, germination time was significantly reduced when seeds were exposed to
magnetic fields. Magnetic field intensities of 100 mT and 150 mT for 1 hr were proven to be the most effective in seed
germination and seedling growth. All magnetic field applications increased the amount of water in the seedlings. The
magnetic field strength and duration, which are the most effective in germination and growth also caused more water
retention. Our findings revealed that the fresh weight rose because it retained more water after 1 hr exposure to 100 mT
and 150 mT. On the other hand, dry weight increase was the most efficient with 5 min exposure duration of 150 mT
magnetic field.
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Figure 2. Influences of different applied magnetic fields with different durations on seed germination rate (%) of M.
officinalis

Similar to present study, comparison of 50 mT and 100 mT magnetic field with discrete exposure durations (1
hr, 3 hr, 6 hr, 12 hr, 24 hr, 48 hr, 72 hr, 144 hr and 240 hr) in M. officinalis seed germination in our previous study [16]
showed that among the different duration times, 1 hr exposure showed the best germination rate and seed germination,
and onset of seed germination occurred on the 7th day with both magnetic field treatments. In line with this result,
Reina and Pascual [7] showed that the applied magnetic field increased water uptake rate, which could explain the rise
in germination of treated lettuce seedlings. Their explanation was that variations in intracellular Ca?* levels and ionic
current density across the cellular membrane due to magnetic field treatments generated changes in osmotic pressure
and the capacity of cellular tissues to absorb water. Water intake was reported to increase with magnetic field treatments
in multiple investigations [7] which is supposed to promote cell development. In chickpea, magnetic field treatments
increased germination of the seeds, germination speed, the length of seedling, and dry weight, according to research by
Vashisth and Nagarajan [21]. They came to the conclusion that [21] Ca?* ion separation and subsequent increase of free
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cell Ca?* level may be caused by the mobility of ions in magnetic field (ion-cyclotron resonance). An early mitotic cell
cycle entry signal could be provided by an elevated Ca?* ion concentration. The cell's increased Ca?* ion concentration
may be the cause of the increased biomass in the seedlings.

Table 1. Influences of 3 different magnetic fields with different durations on growth parameter and water content in M
officinalis

Magnetic Field Shoot length  Root length  Fresh weight  Dry weight ~ Water content

Exposures (mm) (mm) (gr) (gn) (%)
50 mT
5 min 55+1.8¢f 3143.1¢f 1.178+4.5f 0.577+1.2¢ 51
15 min 4542 41 36+2.38 1.320+1.38 0.673£2.1%¢ 49
30 min 49+1.9 37+4.1° 1.509+3.44 0.679+0.6" 55
1h 70+4.59 49+(.5¢% 1.782+1.9b¢ 0.695+2.9° 61
3h 59+2.7¢ 35+1.6¢ 1.634+2.1¢d 0.752+0.8° 54
100 mT
5 min 69+1.7¢ 4442 59 1.358+1.8¢ 0.578+1.5¢ 57
15 min 80+2.9¢ 58+3.8bc 1.730+2.1¢ 0.694+2.3b¢ 59
30 min 90+3.0bc 50+£2.27° 1.846+1.0° 0.673+1.8% 64
1h 108+2.82 73+2.32 2.187+4.3% 0.735+1.4° 66
3h 97+3.4b 56+4.6%¢ 1.812+2.7° 0.656+4.25¢ 63
150 mT
5 min 75+1.8¢d 47+1.1¢% 2.161+1.8% 0.908+3.42 58
15 min 74+3.6% 53+2.7¢ 1.767+2.5% 0.848+1.4% 52
30 min 82+0.7¢ 62+6.5° 1.929+0.9° 0.890+0.9% 55
1h 94+4.2b 7244 18 2.327+1.22 0.745+2.1° 68
3h 91+3.6bc 65+0.7° 2.234+1.6% 0.820+2.1% 63
Control 39:0.6' 29:1.6' 11548317 0.6510.7° 44

(no exposure)

The impact of magnetic field implementations (80 mT, 100 mT, and 170 mT) for 1 min, 3 min, 5 min, 10 min,
15 min, 20 min and 25 min on tomato seedling germination and growth was examined by Souza Torres et al. [22]. With
some magnetic field applications, an enhancement in germination rate and seedling height was recorded, and the
stimulus varied according to the magnetic field strength levels and exposure period. Similar to our study, one previous
study evaluated that germination rate of M. officinalis seeds treated with 3.8-4.8 mT magnetic field was higher
comparing to control [12]. However, unlike our findings, the seedlings remained short in length comparing with control
in their study [12].

Different magnetic field treatments promoted the germination rate in numerous other plants, similar to our
findings: Gholami and Sharafi [23] applied magnetic fields of 125 mT or 250 mT for varying lengths of time on wheat
seeds and reported the stimulating effect of different magnetic doses on germination compared to the control. Rice and
maize seeds subjected to 125 mT and 250 mT stationary magnetic fields showed an increase in early growth phases and
an early sprouting [13, 14]. In another study with wheat, it was determined that root dry and fresh weight increased, and
the germination rate raised at the end of magnetic field application [24]. Aladjadjiyan and Ylieva [25] found that
magnetic field caused an increase in seed germination percentage in tobacco plant. It was reported that seedlings grown
from magnetically treated wheat germ (180 mT) collected more water and grew faster than untreated controls [26]. Kavi
[27] determined that the moisture absorption capacity of soybean seeds increased when exposed to a magnetic field of
300 mT [28-30]. In both Salvia officinalis and Calendula officinalis, the application of a magnetic field increased the
percentage of germination in the treated group relative to the untreated group [15].
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Figure 3. Influences of different applied magnetic fields with different durations on seed germination of M. officinalis

In consistent with our findings, Racuciu et al. [11] reported the stimulatory effect of the magnetic fields (50
mT-250 mT) in Zea mays seedlings and plant lengths were higher for all exposed samples. Racuciu et al. [10] evaluated
the impact of varied magnetic field applications (50-250 mT) on the growth and development of maize seedlings during
a 14-day period. They claimed that low magnetic field (50 mT) stimulated growth by increasing fresh tissue mass,
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length of plant, chlorophyll ratio, assimilatory pigments, and average nucleic acid level. On the other hand, they
discovered that high magnetic field utilizations (100 mT-250 mT) inhibited growth. Racuciu [9] showed that the
treatment of seedlings with a 10 mT magnetic field for 4 hr had a substantial effect on the length of Zea mays plants,
and this might be attributable to an improved capacity for water storage following magnetic field exposure. In contrast
to our findings, Ghanati et al. [8] reported a decline in the development of Ocimum basilicum L. (basil) subjected to 30
mT magnetic field for 6 days and 5 hr each day.
It can be concluded that positive effect of stationary magnetic field can be used in agriculture sector for lemon

balm to increase of germinated seeds and their biomass (fresh or dry weight).
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Abstract

In this study; It is aimed to record the wild plants used by local people in making brooms from past to present in
Turkey. The study was carried out in 15 provinces selected from different geographical regions of Turkey between the
years 2019-2022 and face-to-face interviews were conducted with 120 informants. As a result of the study, it was
determined that 69 plant taxa belonging to 32 families were used in broom production. Most of the plants used as brooms
are from the Asteraceae family (8 taxa), followed by the Amaranthaceae (6 taxa) and Fabaceae (6 taxa) families. The
plants most used by the local people as brooms; Bassia scoparia (burning bush), Artemisia scoparia (virgate wormwood),
Erica arborea (tree heath), Spartium junceum (Spanish broom), Hypericum empetrifolium (Crowberry-leaved St. John’s
wort), Phillyrea latifolia (green olive), Sorghum bicolor (great millet), Sorghum halepense (Johnson grass) and Osyris
alba (Osyris) was observed. It was observed that the local people mostly used the brooms made from plants to clean the
courtyards and gardens of the houses (49 taxa), followed by the brooms used for cleaning the barns (3 taxa) and ovens (3
taxa). The above-ground (38 taxa) parts of the plants are mostly used in the construction of the broom; It was determined
that this was followed by branches (19 taxa), whole plant (7 taxa), tassel (2 taxa) and shoot (2 taxa). Natural brooms,
which are made from plants that have fallen in demand compared to the past, can partially continue to be used as a tool
mostly used in courtyards, balconies and gardens in city life. However, it is also seen that natural brooms made from very
different plant species are still used in rural neighborhoods.

Keywords: broom, handicrafts, ethnobotany, Tiirkiye

Tiirkiye’nin farklh cografik bolgelerinde siipiirge yapiminda kullamilan bitkiler iizerine etnobotanik bir calisma

Ozet

Bu ¢aligsmada; Tiirkiye’de ge¢misten giiniimiize degin yerel insanlarin siipiirge yapiminda kullandigi dogal
bitkilerin kayit altina alinmasi amaglanmistir. Calisma 2019-2022 wyillar1 arasinda Tiirkiye'nin farkli cografik
bolgelerinden segilen 15 ilde yiiriitiilmiis ve 120 kaynak kisiyle yiiz ylize goriigmeler yapilmistir. Calisma sonucunda, 32
familyaya ait 69 bitki taksonunun siipiirge yapiminda kullanildig: tespit edilmistir. Siipiirge olarak kullanilan bitkilerin
¢ogunlugu Asteraceae familyasindan (8 takson) olup bunu Amaranthaceae (6 takson) ve Fabaceae (6 takson) familyalari
takip etmektedir. Yerel halkin siipiirge olarak en ¢ok kullandig: bitkiler; Bassia scoparia (Atestopu), Artemisia scoparia
(Karastipiirge), Erica arborea (Funda), Spartium junceum (Katirtirnagi), Hypericum empetrifolium (Cobanyapragr),
Phillyrea latifolia (Ak¢akesme), Sorghum bicolor (Sipiirgedarist), Sorghum halepense (Ekinsiipiirgesi) ve Osyris alba
(Morcak) oldugu gozlenmistir. Yerel halkin bitkilerden yapilan siipiirgeleri daha ¢ok evlerin avlu ve bahgelerini
temizlemek amaciyla kullandig1 (49 takson), bunu ahir (3 takson) ve firin (3 takson) temizligi i¢in kullanilan siipiirgelerin
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takip ettigi goriilmiistiir. Stiplirge yapiminda bitkilerin daha ¢ok toprak iistii (38 takson) kisimlarinin kullanildigt; bunu,
dallar (19 takson), tiim bitki (7 takson), piiskiil ( 2 takson) ve filiz (2 takson) kisimlarinin takip ettigi belirlenmistir. Eskiye
oranla talep azligima diisen bitkilerden yapilan dogal siipiirgeler sehir hayatinda en ¢ok avlu, balkon ve bahgelerde
kullanilan bir ara¢ olarak kullanimini kismen siirdiirebilmektedir. Bununla birlikte kirsal mahallelerde ¢ok farkli bitki
tiirlerinden yapilan dogal siipiirgelerin halen kullanildig1 da goriilmektedir.

Anahtar kelimeler: siipiirge, el sanatlari, etnobotanik, Tirkiye
1. Giris

Bitkilerin insanlar tarafindan kiiltiirel baglamlarda kullanimini inceleyen bir bilim dali olan etnobotanik
kavrami, ilk defa Amerikali botanik¢i John W. Harshberger tarafindan 1896’ da yayimlanan “The purposes of
ethnobotany” baslikli makalesiyle bilim diinyasina tanitilmistir. Harshberger’ in baslattig1 bu etnobotanik akim, degisik
iilkelerde yasayan insanlarin bitkilerden hangi amaglarla (gida, sifa, yakacak, siis, nazarlik, oyuncak, el sanatlar1 vb.)
kullandigini ortaya koyan ve gelecek nesillere aktarilmasini saglayan énemli bir alan1 olusturmustur [1-3]. Tiirkiye’de de
etnobotanik ¢aligmalar son 20 yilda énemli bir ivme kazanmistir. Bu ivmenin kazanilmasinda Anadolu'nun zengin bir
floraya sahip olmasinin yaninda tarih boyunca birgok kiiltiire ev sahipligi yapmis olmasi da etkili olmustur. Bitkilerin
geleneksel olarak tibbi ve gida kullanimlar1 disinda 6zellikle gegmisten giiniimiize el sanatlarindaki zengin bitki kullanim
gelenegi giinimiize kadar ulagmustir [4-6].

Anadolu insani asirlardir bitkileri geleneksel olarak; siipiirge, nazarlik, siis ve mutfak aletleri yapiminda yogun
bir sekilde kullanmaktadir. Bunlar igerisinde de halkin bulundugu cografyaya gore degisen dogal bitkilerden
yararlanilarak yapilmis siipiirgeler 6nemli bir yer tutmaktadir. Zamanla bazi bolgelerde siipiirge iiretimi geklinde ticari
amagla bitkilerin bazilarinin kiiltiire alinmasina da dontismiistiir [7-8].

Halk kiilttiriiniin 6nemli bir pargasi olan siipiirge; gelisen teknoloji karsisinda temizlik araci olarak dnemini
yitirmis olmasina ragmen geleneksel bir sanat {irlinii olarak degerini korumaktadir. Eskiye oranla talep azligina diisen
bitkilerden yapilan dogal siipiirgeler sehir hayatinda en ¢ok balkon ve bahgelerde kullanilan bir arag olarak kullanimini
kismen siirdiirebilmektedir. Bununla birlikte kirsal mahallelerde ¢ok farkli bitki tiirlerinden yapilan dogal siipiirgelerin
halen kullanildigr goriilmektedir [8]. Sehir hayatinda halkin balkon ve bahgelerinde kullandigr siipiirgeler daha gok kiiltiir
formundaki siipiirge otlarindan iiretilen ticari amagla iiretilen siipiirgelerdir. Kirklareli, Edirne ve Trakya civari geleneksel
stiplirgeciligin ge¢misten giiniimiize baglica iiretim merkezleridir [9]. Benzer sekilde Adapazari’nda agilan siipiirge
atolyeleri Anadolu’dan gelen talebin neredeyse hepsini {iistlenmis durumdadir [8]. Kirsal mahallelerde kullanilan
stiplirgeler ise daha ¢ok dogada yabani olarak yetisen tiirlerden yapilmaktadir. Yerlesim yerlerinin ¢evrelerinde yayilis
gosteren ve siiplirge yapimina uygun olan tiirler bu amagla kullanilmaktadir. Ancak Diinya’da ve Tiirkiye’de bu tarz
yabani bitki tiirlerinden yapilmus siipiirgelerle ilgili etnobotanik ¢aligmalar olduke¢a azdir [10-12]. Bununla birlikte gerek
genel etnobotanik ¢alismalarda gerekse el sanatlarin ait etnobotanik ¢aligmalarda siipiirge olarak kullanilan bitkilerden
kismen bahsedilmektedir [13-15].

Bu ¢alismada Tiirkiye’nin farkli bolgelerinde geleneksel olarak siipiirge yapiminda kullanilan bitki tiirleri
belirlenerek etnobotanik 6zellikleri verilmistir.

2. Materyal ve yontem

Tiirkiye yedi cografik bolgeye ayrilmaktadir (Sekil 1). Bu ¢alismanin Tiirkiye’yi temsil etmesi a¢isindan yedi
cografik bolgeden en az bir il olmak {izere toplamda 15 farkli ilde yaklagik 4 yillik (2019-2022) bir etnobotanik arastirma
gerceklestirilmigtir. Tablo 1’ de cografik bolgelerde hangi illerin galisildig1 gosterilmistir. Ayrica ¢alismada etnobotanik

ziyaretler yapilan cografik bolgeler ve iller harita iizerinde sunulmustur (Sekil 1).

Tablo 1. Caligilan cografik bolgeler ve iller

Cografi Bolgeler Cografi Bolgede yer alan il/iller Calisilan il sayisi
Akdeniz Bolgesi Mersin 1

Dogu Anadolu Bolgesi Tunceli 1

Ege Bolgesi Denizli, izmir, Mugla 3

Giineydogu Anadolu Bolgesi Adiyaman, Siirt, Sanliurfa 3

I¢ Anadolu Bolgesi Aksaray, Konya 2

Karadeniz Bolgesi Rize 1

Marmara Bolgesi Balikesir, Bilecik, Canakkale, Edirne 4

Toplam il Sayist 15

An ethnobotanical study on plants used in broom making in different geographical regions of Tiirkiye
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Karadeniz Bolgesi
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Akdeniz Bolgesi

Sekil 1. Etnobotanik ¢aligmalarin gergeklestirildigi cografik bolgeler ve iller (Yildiz ile gdsterilmistir)
2019-2022 yillarimi kapsayan g¢alisma siiresince Tablo 1’ de gosterilen illerdeki bazi kirsal mahallelere
etnobotanik ziyaretler gergeklestirilmis ve ¢ogunlugu bayan ve meslegi ev hanimi olan 120 kaynak kisi tespit edilmistir.
Tespit edilen bu kaynak kisilerin demografik 6zellikleri Tablo 2 de sunulmustur.

Tablo 2. Aragtirma sahalarinda goriisme yapilan kaynak kisilerin demografik 6zellikleri

Demografik Ozellikler Kriter Kaynak Kisi Yiizde (%)
Sayist

Cinsiyet Erkek 22 18
Kadin 98 82

Yas <40 8 6
41 -50 35 29
51-59 47 39
>60 30 25

Egitim Seviyesi Okumamis 11 9
[Ikokul/ilkdgretim 65 54
Ortaokul 28 23
Lise 14 12
Universite 2 2

Meslek Ev hanimi 85 70
Ciftci 21 18
Emekli 14 12

Belirlenen kaynak kisilerle yapilandirilmis ve yar1 yapilandirilmig gériigme yontemi uygulanarak onlara hangi
bitkilerden siipiirgeler yaptiklari ve bu siipiirgeleri hangi amaglar igin (bahge, ahir, firin vb.) kullandiklar gibi etnobotanik
soru tipleri yoneltilmistir.

Saha ¢aligmalari sonucunda, kaynak kisilerin siipiirge olarak kullandiklari bitkiler kaynak kisilerle birlikte dogal
ortamlarindan toplanmis ve herbaryum 6rnegi haline getirildikten sonra ¢esitli floristik eserlerden faydalanilarak teshisleri
gergeklestirilmigtir [16-18]. Taksonlarin Tirkge isimleri “Tiirkiye Florasi”nin yaygin etkisini artirmak amaciyla
hazirlanan Tirkiye Bitkileri Listesine gore verilmistir [19]. Teshisi yapilan 6rneklerden bazilar etiketlenerek herbaryum
materyali olarak Balikesir Universitesi Altinoluk Meslek Yiiksekokulu Botanik Laboratuvari’nda korunmak {izere
saklanmustir.
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3. Bulgular

Calismada, Tiirkiye’ nin farkli bolgelerinde dogal bitkilerden geleneksel olarak siipiirge yapilan ya da siipiirge
yapiminda kullanilan 32 familyaya ait 69 bitki taksonu tespit edilmistir (Tablo 3). En fazla taksona sahip olan familyalar;
Asteraceae (8 takson), Amaranthaceae (6 takson), Fabaceae (6 takson) ve Poaceae (4 takson) oldugu belirlenmistir.
Caprifoliaceae, Cistaceae, Convolvulacae, Fagaceae ve Oleaceae familyalarinda 3’er takson; Apiaceae, Ericaceae,
Hypericaceae, Lamiaceae, Plumbaginacae, Scrophulariaceac ve Thymelacaceae familyalarinda 2’ser takson yer
almaktadir. Geri kalan 16 familyanin her biri ise 1’er taksona sahiptir (Sekil 2).
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Sekil 2. En fazla taksona sahip olan familyalar

Caligma siiresince tespit edilen 69 taksondan siipiirge yapilirken bitkinin ¢esitli organlarinin kullanildig: tespit
edilmigtir. Bitkinin kullanilan organlarina gére siniflandirma yapildiginda; toprakiistii (38 takson), dallar (19 takson),
tiim bitki (7 takson), ¢igek durumu /panikula ( 2 takson), filiz (2 takson) ve gdvde ile dallar (1 takson) olarak ¢oktan aza
dogru bir egilim oldugu goériilmektedir (Sekil 3)

Filiz

Cicek durumu (panikula)
2 takson

2 takson
(%2.89)

(%2.89)

Govde ve dallar
1 takson
(% 1.45)

Toprakiistii
I;:)talliar 38 takson
aKson
(%27.53) (455.1)

Tim bitki
7 takson
(%10.14)

Sekil 3. Stipiirge yapiminda kullanilan bitkilerin kullanildiklari organlarinin dairesel gosterimi

Yapilan etnobotanik saha gozlemlerinde yerel halkin siipiirge yapiminda en ¢ok tercih ettigi bitkiler; Bassia scoparia
(Atestopu), Artemisia scoparia (Karasiipiirge), Erica arborea (Funda), Spartium junceum (Katirtirnagt), Hypericum
empetrifolium subsp. empetrifolium (Cobanyapragr), Phillyrea latifolia (Ak¢akesme), Sorghum bicolor (Siipiirgedarist),
Sorghum halepense var. halepense (Ekinsiipiirgesi), ve Osyris alba (Morcak) oldugu gozlenmistir. Arazi galigmalart
stiresince kaynak kisilerden temin edilen bazi siipiirgeler Sekil 4’ te gdsterilmistir.
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Sekil 4. Arastirma sahasinda siipiirge olarak kullanimi yaygin gozlenen bazi bitkiler. A) Osyris alba, B-C) Phillyrea
latifolia, D) Hypericum empetrifolium subsp. empetrifolium, E) Spartium junceum, F) Artemisia campestris G) Bassia
scoparia

Kaynak kisilerle yapilan soylesilerde; bitkilerden yapilan siipiirgelerin daha ¢ok evlerin avlu ve bahgelerini
temizlemek amaciyla kullanildigi (49 takson), onu ahir (3 takson) ve firin (3 takson) temizligi i¢in kullanilan siipiirgelerin
takip ettigi goriilmiistiir. Ayrica 12 taksonun hem bahge hem de ahir siipiirgesi olarak ayni anda kullanildigs; 2 taksonun
da bahge temizligi disinda ev temizliginde kullanildig: tespit edilmistir. Sekil 5° de siipiirgelerin kullanim sekilleri grafik
ile gosterilmistir.

Sekil 5. Siipiirgelerin farkli kullanim amaglar
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Tablo 3. Siipilirge yapiminda kullanilan bitkiler

NO Familya Tiir Ad1 Tiirk¢e Ad1 Yerel Adi Kullanilan Kisim Kullanildig1 Yo6re Kullanim Sekli
1  Amaranthaceae  Amaranthus albus L. Komiismancari Stiplirge otu, Deli sirken Toprakiistii Tunceli Bahge siiptirgesi
2 Amaranthaceae  Amaranthus retroflexus L. Tilkikuyrugu Bostan bozan Toprakiisti Sanlurfa Bahge siiptirgesi
3 Amaranthaceae  Amaranthus blitoides S.Wats. Mordarimancar:t ~ Gihaye sipirge, bostanbozan Toprakiistii Sanlurfa Bahge siiptirgesi
4 Amaranthaceae  Bassia scoparia (L.) A.J.Scott Atestopu Stiptirge otu, Usub el, Saray siiptirgesi ~ Ttm bitki Sanlurfa Bahge ve ahir siipiirgesi
5  Amaranthaceae  Chenopodium album L.subsp. album Aksirken Sirkenotu Toprakiisti Aksaray Bahge siiptirgesi
6  Amaranthaceae  Suaeda altissima Pall. Cirimotu Stiptirgelik Toprakiisti Adiyaman Bahge siiptirgesi
7  Apiaceae Pimpinella saxifraga L. Tasanasonu Gezik Toprakiistii Bingol Bahge siipiirgesi
8  Apiaceae Pimpinella tragium Vill. subsp. lithophila (Schischk.) Tutin Tekeanasonu Teke anasonu Toprakiistii Bingol Bahge siipiirgesi
9  Asparagaceae Ruscus aculeatus L. Tavsanmemesi Sidikkesen otu Dallar Balikesir Bahge siipiirgesi
10 Asteraceae Artemisia campestris L. var. campestris Karayavsan Kizil piren, siipiirge otu Toprakiistii Denizli Bahge siipiirgesi
11  Asteraceae Artemisia scoparia Waldst. & Kit. Karasiipiirge Kizil piren, siipiirge otu Toprakiistii Denizli Bahge siipiirgesi
12  Asteraceae Centaurea pulchella Ledeb. Giimiissiiptirge Stiptirgelik Toprakiistii Aksaray Bahge siipiirgesi
13  Asteraceae Centaurea virgata Lam. Acislipiirge Stipiirge Otu, Bobrek otu, Aci ot Tiim bitki Adiyaman Bahge siiplirgesi
14  Asteraceae Conyza canadensis (L.) Cronquist Selviotu Siiplirgeotu, Bostan siipiirgesi Toprakiistii Konya Bahge siipiirgesi
15 Asteraceae Inula britannica L. Cayirandizi Sipurge Toprakiistii Sanlurfa Bahge siipiirgesi
16  Asteraceae Xeranthemum annuum L. Kagitcicegi Giivercin gozii,Dag karanfili Toprakdistii Konya Bahge siipiirgesi
17  Asteraceae Crupina crupinastrum (Moris) Vis. Gelindondiiren Gelindondiiren, Melkesasemavik Toprakiistii Mardin Bahge siipiirgesi
18 Brassicaceae Sinapis alba L. subsp. alba Mamanik Gardel Tiim bitki Sanlurfa Bahge siipiirgesi
19 Buxaceae Buxus sempervirens L. subsp. sempervirens Simsir Simsir Tiim bitki Rize Bahge ve ahir siipiirgesi
20 Caprifoliaceae Knautia integrifolia (L.) Bert. var. integrifolia Gotlirotu Kagit siipiirgesi Tiim bitki Balikesir Bahge siipiirgesi
Uyuz otu, yazi siipiirgesi, Zivan,
21 Caprifoliaceae Scabiosa argentea L. Yazisiipiirgesi sipirgeye zer Toprakiistii Sanlurfa Bahge siipiirgesi
22 Caprifoliaceae Scabiosa calocephala Boiss. Cayiruyuzotu Cayiruyuzotu, Melkesasemavik Toprakiistii Mardin Bahge siipiirgesi
23 Caryophyllaceae Eremogone gypsophiloides (L.) Fenzl Covenkumotu stiplirgeotu Toprakiistii Rize Bahge siipiirgesi
24 Cistaceae Cistus creticus L. Laden Pamukla Dallar Canakkale Bahge siipiirgesi
25 Cistaceae Cistus salviifolius L. Kartli Laden Dallar Canakkale Bahge siipiirgesi
Canakkale,

26  Cistaceae Cistus laurifolius L. Karagan Karagan Dallar Balikesir Bahge siipiirgesi
27 Convolvulaceae  Convolvulus dorycnium L. subsp. oxysepalus (Boiss.) Rech.f.  Baglikotu Kizley Tiim bitki Sanlurfa Bahge siipiirgesi
28 Convolvulaceae  Convolvulus galaticus Rost. ex Choisy Bozsarmagik Yer sarmasigi, Boz sarmagik Toprakiistii Sanlurfa Bahge siipiirgesi
29 Convolvulaceae  Convolvulus holosericeus M.Bieb. subsp. holosericeus Giindiizsefasi Siipiirge otu, Tehli siipiirgesi Toprakiistii Sanlurfa Bahge siipiirgesi
30 Ephedraceae Ephedra major Host. subsp. major Hum Deniz tiziimii Dallar Balikesir Bahge siipiirgesi
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31
32
33
34
35
36

37
38
39
40
4
42
43
44
45
46
47
48
49
50
51
52
53

54

55
56
57
58
59
60
61

62

Ericaceae
Ericaceae
Fabaceae
Fabaceae
Fabaceae

Fabaceae

Fabaceae
Fabaceae
Fagaceae
Fagaceae
Fagaceae
Hypericaceae
Hypericaceae
Lamiaceae
Lamiaceae
Myrtaceae
Oleaceae
Oleaceae
Oleaceae
Pinaceae
Plantaginaceae
Plumbaginaceae

Plumbaginaceae
Poaceae

Poaceae
Poaceae
Poaceae
Polygalaceae
Polygonaceae
Rosaceae

Salicaceae

Santalaceae

Erica arborea L.

Erica manipuliflora Salisb.

Alhagi maurorum Medik. subsp. maurorum

Anthyllis hermanniae L.
Cytisus hirsutus L.

Cytisus austriacus L.

Cytisus scoparius (L.) Link
Spartium junceum L.
Castanea sativa Mill.
Quercus cerris L.

Quercus coccifera L.

Hypericum empetrifolium Willd. subsp. empetrifolium

Hypericum triquetrifolium Turra

Rosmarinus officinalis L.

Vitex agnus-castus L.

Myrtus communis L. subsp. communis

Jasminum fruticans L.

Phillyrea latifolia L.

Olea europaea L. subsp. europaea

Pinus brutia Ten.

Anarrhinum orientale Benth.

Limonium graecum (Poir.) Rech.f. var. graecum

Limonium gmelinii (Willd.) Kuntze

Arundo donax L.

Phragmites australis (Cav.) Trin. ex Steud.

Sorghum bicolor (L.) Moench

Sorghum halepense (L.) Pers. var. halepense
Polygala supina Schreb. subsp. supina
Polygonum patulum Bieb. subsp. patulum

Cotoneaster nummularius Fisch. & C.A.Mey.

Salix caprea L.

Osyris alba L.

Funda

Piiren
Aguldikeni
Akilligeven
Kegitirfil
Korukegitirfili

Kusgubugu
Katirtirnagi
Kestane
Saglimese
Kermesmesesi
Cobanyapragi
Pirpirotu
Biberiye
Hayt

Mersin

Boruk
Akgakesme
Zeytin
Kizilgam
Siipiirgeotu
Kumkaranfili

Cardakstipiirgesi
Kargi

Kamig
Siipiirgedarist
Ekinsiipilirgesi
Gihayesipirge
Atmercimelegi
Dagmusmulasi

Sorgun

Morcak

Piren, funda

Piren, funda Siipiirge otu
Aguldikeni, Hurnif, Ceti
siiplirgeotu

Siipiirge otu

Stipiirgelik

Stiptirgelik

Cali siiptirgesi, porut
Kestane

Kizil mege, Palamut mesesi
Pelit, Pinar

Piiren

Kantaron

Biberiye

Hayut, Sirt

Murt

Sar1 Cigekli Yasemin
Pinar

Zeytin

Cam

Siipiirgeotu
Kunduzotu

Cal1 stipiirgesi, ¢ardak siipiirgesi
Sazotu

Sazotu

Siipiirge darist
Ekinsiipiirgesi, Karug, Kalug
Gihaye sipirge

Stipiirge

Dara Cuke, Cuk, Siipiirge, kurt ¢alist

Cirpi

Siyirgi
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Dallar
Govde ve dal
Toprakiistii
Toprakiistii
Toprakiistii

Toprakiistii

Toprakiistii
Dallar
Dallar
Dallar
Dallar
Toprakdistii
Tiim bitki
Toprakdistii
Dallar
Dallar
Toprakdistii
Dallar
Filizler
Filizler
Toprakiistii
Toprakiistii

Dallar

Cicek durumu
(panikula)
Cigek durumu
(panikula)

Toprakdistii
Toprakdistii
Toprakdistii
Toprakdistii
Dallar

Dallar

Toprakiistii
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Balikesir, Bilecik
Canakkale, Mersin
Sanlurfa
Canakkale
Balikesir

Balikesir, Edirne
Balikesir,
Canakkale

Canakkale
Canakkale
Balikesir
Balikesir
Balikesir
Balikesir
Adiyaman
Mardin
Canakkale
Balikesir
Canakkale
Balikesir
Canakkale
Tunceli
[zmir
Denizli

Denizli

Denizli

Izmir, Edirne
Mardin

Sanlurfa
Balikesir, Edirne
Bingol

Bingol

Balikesir, izmir,
Canakkale

Bahge ve ahur siipiirgesi
Bahge siiplirgesi
Bahge siiplirgesi
Bahge ve ahur siipiirgesi
Bahge ve ahir siipiirgesi

Bahge siiplirgesi

Bahge siiplirgesi

Bahge ve ahir siipiirgesi
Ahir siipiirgesi

Firin stiptirgesi

Firin stiptirgesi

Bahge siiplirgesi

Bahge siiplirgesi

Bahge siiplirgesi

Bahge ve ahir siipiirgesi
Bahge siiplirgesi

Ahir siipiirgesi

Bahge ve ahir siipiirgesi
Bahge siiplirgesi

Firin stiptirgesi

Bahge siiplirgesi

Bahge siiplirgesi

Bahge siiplirgesi
Bahge ve ahir siipiirgesi

Bahge siipiirgesi

Ev ve bahge siipiirgesi
Ev ve bahge siipiirgesi
Bahge siiplirgesi

Bahge siiplirgesi

Bahge ve ahir siipiirgesi

Ahir siipiirgesi

Bahge siiplirgesi



63  Scrophulariaceae Scrophularia canina L. subsp. bicolor (Sm.) Greuter Itsiracaotu Siraca Otu Dallar Adiyaman Bahge siiptirgesi
64  Scrophulariaceae Verbascum sinuatum L. Bodanotu Stiplirge otu Toprakiisti Denizli Bahge siiptirgesi
65  Styracaceae Styrax officinalis L. Ayifindigi Teshihlik Dallar Balikesir Bahge siiptirgesi
66 Tamaricaceae Tamarix smyrnensis Bunge Iigin Ilgin, Yilgin Dallar Balikesir Bahge siiptirgesi
67 Theaceae Camellia sinensis (L.) Kuntze var. sinensis Cay Cay Toprakiistii Rize Bahge siiptirgesi
68 Thymelaeaceae  Daphne gnidioides Jaub. & Spach Siyireik Coban siiptirgesi Toprakiisti Tunceli Bahge ve ahir siipiirgesi
69 Thymelaeaceae  Daphne oleoides Schreh. subsp. oleoides Goveek Coban siipiirgesi Toprakiistii Tunceli Bahge ve ahir siipiirgesi
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4. Sonuglar ve tartisma

Tiirkiye’nin farkli cografik bolgelerinde yer alan toplam 15 farkli ilde gergeklestirilen bu caligmada, 32
familyaya ait 69 bitki taksonunun siiplirge yapiminda kullanildig tespit edilmistir. Siipiirge olarak kullanilan bitkilerin
¢ogunlugunu Asteraceae familyasi (8 takson; %12) olusturmakta olup, onu Amaranthaceae (6 takson; % 8.7) ve Fabaceae
(6 takson; % 8.7) familyalar takip etmektedir. Siipiirge olarak kullanilan bitkiler ve yerel isimleri bolgeden bolgeye
degisiklik gosterebilmektedir. Bununla birlikte en ¢ok kullanilan yerel isimlerin; Siipiirge otu, Siipiirgelik ve Cali
stipiirgesi oldugu gézlenmistir (Tablo 3).

15 il lizerinde yiiriitiilen etnobotanik aragtirmalarda en fazla saha gezileri Marmara Bolgesinde yer alan Balikesir
ve Canakkale illerinde gercgeklestirilmistir. Bu illerde yapilan etnootanik ¢aligmalarda yerel halkin siipiirge bitkisi olarak;
Ruscus aculeatus. (Sidikkesen otu), Knautia integrifolia var. integrifolia (Kagt stiptirgesi), Cistus laurifolius (Karagan),
Ephedra major subsp. major (Deniz iiziimii), Erica manipuliflora (Funda) Cytisus hirsutus (Siipiirge otu), Cytisus
scoparius (Stipiirgelik), Quercus cerris (Kizil mese), Quercus coccifera (Pelit), Hypericum empetrifolium subsp.
empetrifolium (Piiren), Hypericum triquetrifolium (Kantaron), Jasminum fruticans (Sart g¢icekli Yasemin), Olea
europaea subsp. europaea (Zeytin), Phillyrea latifolia (Pinar), Osyris alba (Siyirgr), Styrax officinalis (Tesbihlik),
Tamarix smyrnensis (Ilgin) taksonlarini kullandiklar1 tespit edilmistir. Polat ve Satil (2010)’ in Havran ve Burhaniye’de
(Balikesir) yapmis olduklart etnobotanik c¢aligmalarda 8 bitkinin siipiirge yapiminda kullandiklarini gériilmiistiir. Bu
bitkilerin tiimiine bizim ¢alismamizda da rastlanmistir [20]. Bulut’ un (2008) yapmis oldugu etnobotanik ¢aligsmada;
Bayrami¢ (Canakkale) yoresinde siipiirge yapiminda kullanilan 9 bitkiye yer verilmistir (Anthyllis hermanniae, Castanea
sativa, Cistus creticus, C. salviifolius, Erica manipuliflora, Myrtus communis subsp. communis, Phillyrea latifolia, Pinus
brutia, Spartium junceum). Bu bitkilerin tiimii bizim ¢aligmamizda da tespit edilmis olup baz tiirlerin (Pinus brutia,
Castanea sativa, Myrtus communis subsp. communis) gecmiste yapildigi ve giiniimiizde artik eskisi gibi yapilmadig: kayit
edilmistir [21].

Edirne ilinde 3 taksonun siipiirge yapiminda kullanildigi tespit edilmigtir (Cytisus austriacus (Siipiirgelik)
Polygonum patulum subsp. patulum (Siipiirge otu), Sorghum halepense var. halepense (Ekinsiipiirgesi)). Bu taksonlardan
Ekinsiipiirgesi’nin diger tiirlere nazaran daha yaygin kullanimi oldugu gériilmiistiir. Ege Bélgesinde yer alan Izmir Ilinde
stipiirge yapiminda kullanilan 8 takson tespit edilmistir (Artemisia campestris var. campestris (Kizil piren), Artemisia
scoparia (Kizil piren), Limonium gmelinii (Cali siipiirgesi), Limonium graecum var. graecum (Kunduzotu), Arundo
donax (Sazotu), Phragmites australis (Sazotu), Sorghum bicolor (Stipiirge daris1), Verbascum sinuatum L.(Stipiirge otu)).
Bu taksonlardan en ¢ok kizil piren ve siipiirge darisinin kullanimi tespit edilmis olup diger taksonlarin kullanimlarimin
nadir oldugu goriilmiistiir. Ertug ve ark. (2004)’ min Buldan (Denizli)’ da yapmis oldugu etnobotanik ¢aligmalarinda ti¢
tiirin (Artemisa campestris, Artemisia scoparia ve Bassia scoparia) siipiirge yapimu i¢in bahgelerde yetistirildigi ve
Arundo donax ile Phragmites australis tiirlerinin ¢icek durumlarinin (panikula ¢igek durumu) ocak siipiirgesi yapiminda
kullanildigr ifade edilmistir. Bizim ¢alismamizda bu {i¢ tlire bazi evlerin bahgelerinde rastlanmigtir [22].

Gilineydogu Anadolu Bolgesinde yer alan Sanlurfa ilinde ¢ok ¢esitli etnobotanik arastirmalar
gerceklestirilmistir. Aslan ve ark. (2020). Yaslica beldesi ve Arik6k mahallesi (Sanliurfa)’nde Amaranthus retroflexus,
Centaurea virgata, Sinapis alba, Bassia scoparia Convolvulus dorycnium subsp. oxysepalus taksonlarinin; Fidan ve Akan
(2019), Tek Tek Daglar1 Milli Parki eteklerinde, Bassia scoparia, Centaurea virgata, Scabiosa argentea subsp. argentea,
Convolvulus galaticus, Convolvulus holosericeus subsp. holosericeus, Alhagi maurorum subsp. maurorum taksonlarini
yine; Akan ve ark. (2008) Arat Dag1 ve gevresinde (Birecik, Sanliurfa) Convolvulus holosericeus tiiriiniin stipiirge
yapiminda kullanildigini bildirmislerdir. Bizim ¢aligmalarimizda Sanliurfa ilinde 11 bitki taksonunun siipiirge yapiminda
kullanildig1 ve bu taksonlarin ilgili literatiirlerle uyumlu oldugu goriilmiistiir [23-25].

Modern temizleme aygitlarini ortaya ¢ikmasi ile temizlik aract kullanim islevi son derece daralan siipiirgecilik
heniiz yok olmaya yiiz tutmasa da yok olmak iizere olan el sanatlarimizdan birisidir. Gecekondu yerlesmelerinde varligini
devam ettirmeye c¢alisan bir temizlik araci olarak hala talep edilmekte eskiye nazaran talep daralmasi yasiyor olsa da hala
talebi olan bir iiriin olarak tiretimini siirdiirmektedir. Kullanim esyasi olarak yapimi halen devam eden siipiirgelerin yan1
sira nisan ve diigiin geleneklerinde bir siis esyas1 folklorik bir malzeme hatta batil itikatlar sebebiyle olmasi gereken
siipiirgelerin aynali veya siislii siipiirge diye de anilan gesitleri farkli ebatlarda ve aksesuarlarla, Tiirkiye’nin dort bir
yaninda hala ragbet gérmektedir. Bunun disinda 6zellikle kirsal yerlesim alanlarinda yayilis gdsteren bitkilerin toprak
iistli kisimlar stipiirge olarak kullanilmaktadir. Bitkilerden yapilan siipiirgeler cok ucuz oldugu i¢in hala temizlik amaclh
olarak kirsal bolgelerde kullanilmaktadir.
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Abstract

Sphingolipids are structural molecules of cellular membranes, that regulate biological processes such growth,
proliferation, migration, metastasis by controlling signaling functions of cancer cells. Recent research in cancer therapy
has sought to find mechanical details of tumor growth and roles of sphingolipids and their downstream targets in
chemotherapy, radiotherapy and/or immunotherapy responses, by innovative molecular and pharmacological tools
targeting sphingolipid signaling nodes in cancer cells.

Lung cancer is one of the most common cancers in our country and in the world. An important part of cancer-
derived deaths is lung cancer-derived. New and effective treatment modalities for lung cancer are increasingly needed.

This research investigated the novel and effective treatment approach by inhibiting the formation of ceramidase-
1-phosphate, which inhibits apoptosis, with synthesis of solid lipid nanoparticles of the ceramidase inhibitor-
ARN14974=BOC, thereby increasing the intracellular level of cell and promoting cell viability and proliferation.

Results showed, cytotoxicity, antiproliferative effect, morphological and ultrastructural changes indicating
apoptosis caused by ARN14974=BOC and its nanoparticle formulation on A549 cells. Apoptosis was induced by the
agents via raising ROS, causing cell cycle arrest. The results underlined and prooved that cell death is trigered more
effectively by the nanoparticle formulation of ARN14974=BOC on human non-small cell lung cancer cells.

Keywords: lung cancer, cytotoxicity, ceramidase inhibition, apoptosis, cell culture.

*

ARN14974=BOC tedavisine bagh intraselliiler seramid degisimi aracili proapoptotik ve antikanser etkilerin
insan kiiciik hiicreli dis1 akciger kanserinde arastirilmasi

Ozet

Sfingolipidler hiicre membran yapisinda bulunan ve kanser hiicresinde sinyallesme islevlerini kontrol ederek
biiyliime, proliferasyon, gé¢, metastaz gibi biyolojik fonksiyonlar1 diizenlemekte olan molekiillerdir. Kanser tedavisinde
son yillardaki arastirmalar, kanser hiicrelerindeki sfingolipid sinyallesmesini hedef alan, yenilik¢i molekiiler ve
farmakolojik araclar kullanilarak tiimor biiyiimesinin ve kemoterapi, radyoterapi ve/veya immiinoterapiye yanitta
sfingolipidlerin ve alt hedeflerinin rolii hakkinda mekanik ayrintilar bulmay1 amaglamistir.
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Akciger kanseri iilkemizde ve diinyada en sik goriilen kanser tiirlerindendir. Kanser kaynakli 6liimlerin énemli
bir kism1 akciger kanserine baglidir. Akciger kanseri i¢in yeni ve etkili tedavi yontemlerinin gelistirilmesine her giin daha
¢ok ihtiya¢ duyulmaktadir.

Bu caligmada, ARN14974=BOC seramidaz inhibitdriiniin kati lipit nanopartikiil formunun sentezlenmesi ile
seramidin hiicre igi seviyesini arttirarak hiicrenin yagaminmi ve proliferasyonunu saglayan ve apoptozu inhibe eden
seramidaz-1-fosfatin olusumunu engelleyerek yeni ve etkili bir tedavi yaklasimimin kii¢iik hiicreli dis1 akciger kanseri
hiicre hatti A549 hiicrelerinde arastirilmasi amaglanmustir.

Calisma sonuglar1 ARN14974=BOC’un ve nanopartikiil formunun A549 hiicrelerinde sitotoksik ve
antiproliferatif etkileri tespit edilmis ve bu hiicrelerde apoptozu gosteren morfolojik ve ince yapisal degisiklikler
saptanmustir. Bu molekiillerin A549 hiicrelerinde reaktif oksijen tiirlerinin artmasi ve hiicre dongiistiniin durdurulmasina
neden olarak apoptozu tetiklemistir. Bu sonuglar, insan kiigiik hiicreli dis1 akciger kanseri hiicrelerinde hiicre 6liimiiniin
sentezlenen ARN14974=BOC un nanopartikiil formu tarafindan daha etkin bir bigimde gergeklestirildigini gostermistir.

Anahtar kelimeler: akciger kanseri, sitotoksisite, seramidaz inhibisyonu, apoptoz, hiicre kiiltiirii
1. Giris

Seramidler hiicrelerin membranlarinda bulunan biiyiime, farklilasma ve apoptoz gibi ¢ok dnemli metabolik
stirecte gorev almakta olan yapisal molekiillerdir. Seramid, timdr baskilayici lipit olarak islev gormekte olup, gesitli stres
uyaranlari varliginda hiicre i¢i miktari artarak apoptozise neden olmaktadir. Seramid tiretimi ve sfingolipid metabolizmasi
hatalar1, kanserli hiicre sag kalimi ve kanser tedavisinde 6nemli faktorlerdir. Bu hatalari diizeltmek i¢in seramid
metabolizmasin1 hedeflemek, kanser tedavisinde direncin tstesinden gelmek igin bir alternatif sunma potansiyeli
tagimaktadir.

Seramidler ile yapilan ¢esitli ¢alismalar kanser arastirmalarina yeni boyutlar kazandirmaktadir. Son yillarda
sfingolipid metabolizmasinda etkili olan ilaglarin karsinojen ya da antikanser etkileri tizerine pek ¢ok arastirma
yapilmaktadir. Sfingozin kinaz-1 ve glukozilseramid sentaz seramid metabolizmasinda rol alan kritik enzimlerdir.
Seramidler apoptotik sfingozine seramidazlar ile doniismektedir ve bu sfingozinler; sfingozin kinaz-1’ler ile sfingozin-1-
fosfata fosfatlanirlar. Sfingozin-1-fosfat, hiicrenin yasamini ve proliferasyonunu saglar ayrica apoptozu inhibe eder. Bu
nedenle, sfingolipid metabolizmasinda seramidaz aktivitesinin baskilanmasinin kanser tedavisinde 6nemli bir roliiniin
oldugu vurgulanmustir.

Akciger kanseri, prostat kanserinden sonra en sik goriilen kanser ¢esitidir. Tiim kanser 6liimlerinin yaklasik
ticte birini olusturan akciger kanserleri diinya ¢apinda 6nde gelen kanser insidansinin ve mortalitenin en sik nedenidir [1].
Her yil yaklagik 1 milyon kisi akciger kanseri nedeniyle 6lmektedir. Ortalama siiresi 8 ay olmak ile birlikte 5 yillik sag
kalim orani % 15°tir [2]. Akciger kanserinde kemoterapiyi destekleyen yeni tedavi yaklasimlar: 6nem tagimaktadir. Hiicre
disindan gelen sinyallerin hiicre i¢inde apoptotik mekanizmayi ¢alistirmaya aracilik eden yollardan biri sfingolipid
yolagidir.

Sfingolipidler, kanser hiicresi sinyal iletimindeki sinyal fonksiyonlarmi kontrol etmekte, biiyiime,
proliferasyon, gdg, istila ve/veya metastaz gibi gesitli biyolojik olaylar1 da diizenlemektedirler. Ornegin, sfingozin ve
seramid iretimi, kemoterapi, radyasyon ve/veya oksidatif stres ile indiiklenir ve bu sfingolipidler hiicre Sliimiine,
yaglanmasina ve/veya hiicre dongiisii durdurulmasina aracilik ederler [3]. Sfingozin, sfingozin 1-fosfat ve seramid; hiicre
proliferasyonunu ve apoptozu kontrol etmeye katkida bulunurlar. Seramid ve katabolit sfingozin sfingolipid metabolitleri
olarak bilinir ve bunlar hiicre proliferasyonunun negatif diizenleyicileri olarak gorev yaparlar, apoptozu tesvik ederler.
Ote yandan, bir sfingozin kinaz ile sfingozinin fosforilasyonuyla olusan sfingozin 1-fosfat hiicre biiyiimesinin
uyarilmasinda, apoptozu inhibe etmede rol oynamaktadir [4].

Cesitli uyaranlar morfolojik degisikliklerden 6nce meydana gelen seramidin birikimi esliginde sfingomyelin
hidrolizini indiikleyebilmektedir ve seramidin apoptoz sinyallesmesinde énemli bir rol oynayabilecegi diisiiniilmektedir.
Bununla birlikte, seramidin pro-apoptotik fonksiyonu, apoptotik sinyal yolu boyunca ¢esitli kontrol noktalarinda
diizenlenebilmektedir. Seramid, ayrica apoptozun erken asamalarinda iiretildigi gosterilen sfingozini iiretmek iizere bir
seramidaz ile metabolize edilebilir ve birgok hiicre tipine ekzojen olarak eklendiginde sfingozinin kendisi apoptozu
indiikleyebilmektedir. Sfingozin, Sfingozin-1-fosfat’1 (S-1P) olusturmak tizere sfingozin kinaz ile fosforile edilebilir. S-
1P, seramid aracili apoptozu antagonize eden bir sinyal molekiiliidir. Seramidaz, sfingozin kinaz ve S-1P fosfataz
aktivitelerinin modiilasyonu, seramid, sfingozin ve S-1P arasindaki intraselliiler orami diizenleyerek apoptozun
diizenlenmesinde 6nemli bir rol oynayabilmektedir [5, 6].

Seramid ve sfingozinin hiicre ¢ogalmasini diizenleyen 6nemli roliinden dolay1 kanser tedavisinde &nemli
hedefler haline gelmistir [7]. Buna ilaveten, asid seramidaz sfingolipid metabolizmasini diizenleyen en 6nemli
enzimlerden biri oldugundan, yeni kanser terapi arastirmalarinin birgogu bu enzime odaklanmistir. Ornegin, murin L929
fibrosarkorma hiicrelerinde asid seramidazin asir1 ekspresyonu, muhtemelen seramid diizeylerini azaltarak timor nekroz
faktorii alfa (TNFa) tarafindan indiiklenen apoptotik hiicre 6limiinii bastirmustir [8-10].

Seramidazlar, seramidin sfingozine ve yag asitlerine indirgenmesini katalize eder. Seramid sadece sfingolipid
biyosentezinin ve parcalanmanin merkezi olmakla kalmayip, aym1 zamanda sfingolipid sinyalizasyonunda 6nemli bir
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molekiil olup, farklilasmay1 veya apoptozu tesvik eder. Asit seramidaz inhibisyonu bazi kanser tiirlerini kemo ve
radyoterapiye duyarli hale getirirmektedir. Son yirmi yilda seramidin yapisal ve stereokimyasal modifikasyonlarina dayali
bir seri seramidaz inhibitorii gelistirilmistir. Seramidazin ilk seramidi taklit eden inhibitorii, N-Oleoyle-tololamid
(NOE)’dir ve seramidin endojen hiicresel seviyelerini arttirip farkli hiicre hatlarinda apoptozu indiikler [11].

Sfingolipid metabolizmasi sfingolipidler, metabolik enzimler ve / veya reseptorler dahil olmak iizere ¢oklu
sinyalleme diigimleri, yeni antikanser miidahale stratejilerinin gelistirilmesi igin yeni terapdtik hedefleri temsil
etmektedir. Hiicresel strese yanit olarak seramidin sentezi ve / veya birikimi, apoptoz, nekroptoz, otofaji ve ER stresinin
indiiklenmesi de dahil olmak iizere ¢esitli mekanizmalar yoluyla kanser hiicresi 6liimiine aracilik ettigi bilinmektedir. Bu
seramid aracili hiicre 6liim yollar1 hiicre ve / veya doku tiiriine, seramidin subseliiler lokalizasyonu ve / veya seramidin
asag akis hedeflerinin mevcudiyetine gore farkl sekilde diizenlenmektedir [3].

Kanser tedavisinde kullanilan radyasyon ve kemoterapi sonucu ortaya ¢ikan apoptoz etkisine aracilik eden
seramid, ayni zamanda kanser koruyucu etkileri ile bilinen ilaglarin da (curcumin, resveratrol, nonsteroid
antiinfalamatuvar ilaclar gibi) etkisini diizenlemektedir. Bu ilaglarin kanser hiicrelerinde seramid diizeyini arttirarak
hiicrelerde apoptoza yol agtiklar belirtilmigtir [12].

ARN14974, asit seramidaz1 (ICs50=79 nM) inhibe eden bir benzoksazolon karboksamididir. ARN14974,
hiicrelerde 24 saate kadar asit seramidaz aktivitesini inhibe etme O6zelliginden dolayr kalici etki gostermektedir.
Tamponlar ve plazmada son derece stabil olan ARN14974 farelerde intravendz veya intraperitoneal uygulandiginda son
derece iyi farmakokinetik etki gdstermektedir. Farelerde beyin, karaciger, kalp, akcigerler ve bobrek gibi ¢oklu organlarda
asit seramidaz aktivitesinde belirgin bir azalmaya neden olmaktadir [13]. Benzoksazolon-3-karboksamid yapisi lizerinde
ayrintili olarak gergeklestirilen bir caligmada, 3-karboksamit N-H pargasinin bir asit seramidaz aktivitesinin inhibisyonu
icin zorunlu bir yapisal 6zellik oldugunu ortaya ¢ikarmistir [13].

Kanser hiicrelerinde sfingolipid yolagini hedefleyerek kanser hiicrelerinde o6liimii indiiklemek kanser
tedavisinde yeni ve giincel bir yaklasimdir [14, 15, 16]. Bu kapsamda literatiirde gesitli caligmalar olmakla beraber
kullanilan bilesiklerin kati lipid nanopartikiil formlarinin kullanilmasi daha 6nce hicbir ¢aligmada yapilmamistir.

Bu calisma ile akciger kanser hiicrelerinde bir seramidaz inhibitérii olan ARN14974=BOC ile ¢aligilmustir.
Akciger kanseri hiicrelerinde, hiicre i¢i seramid birikiminin arttirilmasi saglanarak hiicrelerde apoptoz indiiksiyonu
saglanmustir. Bu bilesigin A549 akciger kanser hiicrelerindeki etkin dozu MTT, SRB ve ATP canlilik testleriyle bulunmus
ve akim sitometrisiyle hiicre 6liim kinetikleri saptanmistir. Bunun ardindan hiicresel morfolojideki etkileri belirlemek i¢in
konfokal mikroskop ile hiicre ¢ekirdegi ve iskeletindeki degisiklikler, gegirimli elektron mikroskopi ile de organel
bazindaki ince yapisal degisiklikler belirlenmistir. Boylelikle ilag gelistirme ¢alismalarinin temel ¢alismalari olan in vitro
caligmalar ile ilag etkinlik potansiyeli degerlendirmesi gerceklestirilmistir.

2. Materyal ve yontem
2.1. Materyal

Roswell Park Memorial Institute medium (RPMI), Dimetil siilfoksit (DMSO), Fetal Bovine Serum (FBS),
Tripsin-Etilendiaminotetraasetik asit (Tripsin/EDTA), Dulbecco’s Phosphate Buffered Saline (PBS), Penisilin-
Streptomisin Soliisyonu (10000 U/mL penisilin, 10mg/mL streptomisin), Osmium tetraoksit, Glutaraldehit, Araldit,
Propilen oksit, Uranil asetat, Kursun sitrat (Electron Microscopy Science), 25 ve 75 cm?2’lik flask, 96 ve 6 kuyucuklu
plakalar, Cam pipetler (1, 2, 5 ve 10 mL hacimlerinde), Pastor pipetler, Enjektorler (10, 20 ve 50 mL hacimlerinde), Steril
falkon tiipler (15 ve 50 mL), Steril tek kullanimlik filtreler (0,2 mikron ¢apinda), Kryotiip, Yuvarlak lamel, Bakir grid
deney asamalarinda kullanilmis olup tedarik¢i firmalardan bu materyaller satin alinmistir.

2.2. Yontem

2.2.1.  Kat lipid nanopartikiillerin sentezi

ARN14974=BOC yiiklii kat1 nano partikiilleri (KLN) hazirlamak i¢in sicak homojenizasyon yontemi kullanilmistir.
KLN hazirlanmasinda % 3 lipit, % 5 ARN14974=BOC ve % 1 oraninda Tween 80 kullanilmistir. Oncelikle lipidin
80°C’de erimesi saglanarak, madde ve sonrasinda da Tween 80 eklenerek ultraturaks ile 20.500 rpm’de yaklagik 1 dakika
karigtirilarak madde yiiklii KLN formulasyonu elde edilmistir. Elde edilen siispansiyonlar sogutularak 0.22 pm’lik
filtrelerden gecirip kullanima hazir hale getirilmistir.

2.2.2.  Partikiil boyutu ve zeta potansiyel dlgiimii

ARN14974=BOC yiiklii kat1 lipid nano partikiilleri zeta potansiyel ve elektriksel iletkenlik dl¢timleri Zetasizer
Nano Series (Nano-ZS) (Malvern Insturuments, ingiltere) kullanilarak yapilmustir. Bu islem igin hazirlanan kati lipid
nanopartikiiller NaCl ile iletkenligi 50uS’ye ayarlanip distile suda seyreltilerek siispanse edilmis ve cihazin kiivetine
yerlestirilmistir. Kiivetten yapilan dlglimler sirasinda cihazin sicakligi 25°C, 1sik sagilim agist 90° olacak sekilde
ayarlanmusgtir.
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2.2.3.  A549 hiicrelerinin ¢ogaltilmasi

Akciger kanser hiicreleri A549, sivi azot tankindan ¢ikarilarak, hiicre igerigi eritildikten sonra %10 serum (Fetal
Bovine Serum/FBS) igeren RPMI-1640 besi yeri eklenen falkon tiip igerisine alinip, 1200 rpm’ da 10 dk santrifiy
edilmistir. Santrifiij sonras tlip igerisindeki siipernatant kisim dokiildiikten sonra, hiicreler yeni besi yeri ortaminda
siispanse edilip kiiltiir flasklarina alinmistir. Hiicreler 37°C’de, %5 CO2 ve uygun nem standartlarini igeren inkiibatérde
inkiibe edilmistir. Bu sekilde ¢ogaltilan hiicreler 8. pasajdan sonra deneylerde kullanilmistir. Deneylerde kullanilan
hiicrelerin flask tabanini %85 oraninda kaplamis olmasina dikkat edilmistir.

2.2.4. MTT sitotoksisite testi

A549 hiicreleri 96 kuyulu hiicre kiiltiirii plakalarma, kuyu basma 5x102 hiicre olacak sekilde ekilmistir. Plakaya
ekilen hiicreler 37°C’de ve %5 karbon dioksitli etiivde inkiibe edilmistir. Kullanilan ARN14974=BOC ve nanopartikiil
formiilasyonu 3.13-200 uM konsantrasyon araliginda seri diliisyon yapilarak 24, 48, 72 saat hiicreler ile inkiibe edilmistir.
Inkiibasyon siiresi sonunda kuyucuklara 20 pL MTT boyas: (Smg/mL) ilave edilerek, 37°C’de 2 saat daha inkiibe
edilmistir. Inkiibasyon sonucunda plakada bulunan her kuyucuk igerisindeki s1v1 kisim bosaltilarak 200 uL. DMSO ilave
edilip HTX-Synergy Bio-Tek, plaka okuyucusunda 570 nm dalga boyunda okuma gergeklestirilmigtir. ARN14974=BOC
ve kat1 lipit nano partikiil formiilasyonu ile muamele edilmeyen hiicre grubu kontrol olarak kabul edilmistir. Her doz igin
ayr1 ayri canlilik degerleri kontrol grubuna goére hesaplanmigtir. Uygulanan madde yiiklii kat1 lipit nano partikiillerin A549
hiicreleri tizerindeki ICsg konsantrasyonu bu canlilik degerleri kullanilarak hesaplanmistir.

2.2.5.  Sulforhodamine B metodu (SRB)

A549 hiicreleri, 2500-7500 aras1 degisen yogunlukta, kuyucuk basina 100 puL olacak sekilde 96 kuyucuklu hiicre
kiiltiir kaplarina ekilmistir. Hiicrelerin adaptasyonunu saglamak iizere 24 saat boyunca inkiibe edildikten sonra
ARN14974=BOC bilesigi ve kat1 lipid nanopartikiil formu belirlenen doz arliginda, 24, 48 ve 72 saat siireyle muamele
edilmistir. Hiicreler %50 (w/v) soguk TCA ile in situ fikse edilerek hiicrelere kompleksler eklendigi andaki (Tz) hiicre
populasyonunun &l¢liimii i¢in %1 asetik asit iginde %0.4 (w/v) SRB ile boyanmistir. Komplekslerin her birinin farkli
konsantrasyonlarina maruz birakilan hiicreler ek olarak 24, 48 ve 72 saat siireyle inkiibe edilmistir. Muamele siiresi
sonunda hiicrelere baglanan SRB boyasi tamponlanmamis 10 mM Tris kullanarak ¢ikarilmis ve optik yogunluk
(absorbans) 530 nm’de ELISA “microplate” okuyucusunda (HTX Biotek, USA) dl¢iilmiistiir.

2.2.6. ATP canlilik metodu

Bu amagla, A549 hiicreleri 5x10° hiicre/kuyu olacak sekilde 96 kuyucuklu hiicre kiiltiir kaplarina ekildikten
sonra, ARN14974=BOC ve kat1 lipid nanopartikiil formunun tedavisi, belirlenen doz araliginda 24, 48 ve 72 saat siireyle
uygulanmistir. Tedavi uygulannus hiicrelerdeki ve kontrol hiicrelerindeki ATP igerigi asagida gosterilen lusiferin-
lusiferaz bioluminesans reaksiyonu yardimiyla 6lgme zamam 1 saniye olacak sekilde luminometre (Bio-Tek, USA)
kullanilarak 6l¢iilmiistiir. Sonuclar rolatif 1g1k {initesi (Relative Light Unit, RLU) olarak alinmistir. Boylece tedavi
uygulanmis ve kontrol hiicrelerinden elde edilecek RLU degerlerine gore 6rneklerin % canlilig1 hesaplanmistir. Canlilik
hesabi asagidaki sekilde yapilmustir.

Canlilik (%) = [100 x (Ornek RLU)/(Kontrol RLU)]

2.2.7.  Konfokal mikroskopi yontemi

A549 hiicrelerinin hazirlik asamasinda ilk olarak 3x10° hiicre/kuyu yogunlugunda 6 kuyucuklu plakalarda
inkiibe edilmis ve ARN14974=BOC, ARN14974=BOC yiiklii KLN formulasyonunun ICso konsantrasyonlari ile 24 saat
stiresince inkiibe edilmistir. 24 saatlik inkiibasyon sonunda besi yeri uzaklastirilarak, hiicreler fosfat tamponu (PBS)’de
yikanmis glutaraldehitte fikse edilmistir. Fiksasyon sonrasinda tekrar PBS ile yikanan hiicreler akridin oranj ve falloidin
boyalart ile ikili boyama uygulamasi gerceklestirilerek hiicrelerde olugsan morfolojik degisiklikler konfokal mikroskopta
(Leica TCS-SP5 1) Leica Confocal Software Version 2.00 yazilimi kullanilarak incelenip gériintiilenmistir.

2.2.8.  Gegirimli elektron mikroskopi yontemi

Gegirimli elektron mikroskobunda (TEM) ince yapi degisikliklerini incelemek amaciyla 1x108/mL
yogunlugundaki A549 hiicreleri 12 ayr1 flaska her grup icin iiger tekrarli olacak sekilde ekilerek, 24 saat siiresince CO3
etliv icerisinde inkiibe edilmistir. ARN14974=BOC, ARN14974=BOC yiiklii KLN formunun ICso konsantrasyonlari tiger
flaska uygulanarak ve 24 saat etiiv igerisinde inkiibe edilmistir. Inkiibasyon siiresi sonunda flasklarda glutaraldehit ile
fikse edilen A549 hiicreleri doku takibine alinarak gece boyu +4 °C’de glutaraldehit iginde fikse edilmistir. Bu siire
sonunda tampon ile yikamaya tabi tutulan hiicreler osmiyum tetraoksit igerisinde ikincil fiksasyon uygulamasina tabi
tutulmustur. Daha sonra hiicreler etil alkol serisinde (%50, %70, %90, %96 ve absolii etil alkol) dehidrate edilmistir.
Dehidrasyonu gergeklestirilen hiicreler propilen oksit ile seffaflastirilarak resine aligtirildiktan sonra resin ile bloklanarak,
60°C’de etiiv igerisinde 48 saat boyunca polimerizasyonu yapilmistir. Hazir hale getirilen bloklar traslanip, 80-100 nm’lik
ince kesitleri alinmistir. Hazirlanan ince kesitler bakir gridlere alinip, kursun sitrat ve uranil asetatta boyanarak gegirimli
elektron mikroskobunda 120 KV’de (Biotwin FEI, USA) goriintiileme yapilmistir.
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2.2.9. Ak sitometrisinde anneksin V boyama teknigi ile apoptoz tayini

A549 hiicreleri 6 kuyucuklu plakalara her kuyuda 5x10° hiicre olacak sekilde ekilerek 24 saat siiresince, 37°C’de,
%5 CO; etiiv icerisinde ¢ogaltilmistir. 24 saatlik siire neticesinde A549 hiicreleri ARN14974=BOC, ARN14974=BOC
yiikli KLN formiilasyonunun ICsp konsantrasyonlari ile 24 saat siiresince inkiibe edilmistir. 24 saatlik inkiibasyon siiresi
sonucunda hiicreler flasktan kaldirilip, 2 defa PBS ile santrifiijlenip yikanmistir. Hiicreler yikandiktan sonra 1 mL
icerisindeki sayist hesaplanmistir. Akig sitometri tiipiine 100uL hiicre 6rnegi ve 100uL anneksin eklenip oda sicakliginda
karanlik ortamda 15 dakika bekletilerek hiicre analiz cihazinda (Muse™ Cell Analyzer Merck, Millipore, Hayward,
California, USA) analiz edilmistir.

2.2.10. Oksidatif stres seviyelerinin belirlenmesi

A549 hiicreleri kuyu basina 1 x 108 hiicre olacak sekilde 6 kuyucuklu plakalara ekilmistir. Flask icerisinde CO>
etiivde inkiibe edilen hiicreler proje kapsamindaki maddeler ile tedavi edilmis ve ardindan PBS ile yikanmistir (~ 10 mL).
Daha sonra 5 dakika siiresince 37 °C'de inkiibe edilmistir. Her bir madde i¢in 1x108 sayidaki hiicreler iki farkli 15 mL'lik
tiiplere ayrilmistir. Boylece, en az iki tlip hazirlanmistir. 670 x g'de hiicreler 5 dakika santrifiij edilmistir. Siipernatantlar
hiicre pelletlerini bozmadan dikkatlice atilarak her tiip i¢in 0.5 mL soguk 1X yikama tamponu ile hiicreler yavasca tekrar
stispansiyon haline getirilmistir. 670 x g'de hiicreleri 5 dakika santrifiijlenerek yine siipernatantlari hiicre pelletlerini
bozmadan atilmigtir. Her tiipe 0.5 mL soguk %100 metanol eklenerek yavasga karistirilmigtir. 5 dakika buz iizerinde
inkiibe ederek hiicreleri sabitlenmistir. 670 x g'de hiicreler 5 dakika santrifiijlenerek ortami ve /veya kimyasallar1 aspire
edilmis, ardindan PBS ile yikanmistir (~ 10 mL). Siipernatantlar hiicre pelletleri bozulmadan dikkatlice atilmustir.
Hiicreler iki kez soguk 1X yikama tamponu (her biri 0.5 mL) ile yavag¢a yikanmistir. Siipernatantlar hiicre pelletleri
bozulmadan dikkatlice atilmistir. Her test drnegine 100 uL DNPH soliisyonu eklenerek yavasga karistirilmigtir sonrasinda
45 dakika karanlikta inkiibe edilmistir. Tiip basina 100 pL taze seyreltilmis FITC konjuge anti-DNP antikoru eklenmistir.
Hiicreler ve antikor ¢ozeltisi nazikce pipetlenip arada hafifce karigtirarak karanlikta bir saat boyunca buz iizerinde inkiibe
edilmistir. Hazirlanan 6rnekler Muse™ Cell Analyzer (Merck, Millipore, Hayward, California, USA) cihazinda oksidatif
stres 6lgme programinda analiz edilmistir.

2.2.11. Kaspaz 3/7 aktivitesi
Hiicreler kaspaz 3/7 ¢aligma soliisyonu ile inkiibe edilmistir. Daha sonra kaspaz 7-ADD soliisyonu ile muamele
edilip Muse™ Cell Analyzer (Merck, Millipore, Hayward, California, USA)cihazinda okutulmustur.

2.2.12. Istatistiksel analiz
Sitotoksisite test sonuglart tek yonlii varyans analizi (ANOVA) ile test edilerek belirlenmistir. Tiim testler a 0.05
anlamlilik diizeyinde simannustir. Istatistiksel analizler GraphPad 6.0 bilgisayar paket programu ile degerlendirilmistir.

3. Bulgular
3.1. KLN sentez ve karakterizasyon bulgular
Projede sentezlenmis olan ARN14974=BOC yiikli kat1 lipid nano-partikiillerinin (KLN) sentezlenmesi
gergeklestirilmistir ve ARN14974=BOC KLN formu olusturulmustur. Sentez asamasinda projede belirtildigi {izere sicak

homojenizasyon yontemi kullanilmistir. Elde edilen KLN formunun partikiil boyutu, polidispers indeks ozellikleri
oOlciilerek karakterizasyonu gergeklestirilmistir. Elde edilen 6l¢iim sonuglar1 Figiir 3.1 ve Figiir 3.2°de verilmistir.

Size Distribution by Intensity
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01 1 10 100 1000 10000

Size (d.nm)

Record 120: ARN-BOC-Nano-11.8.18 3|

Figiir 3.1. ARN14974=BOC KLN formu partikiil boyutu, ve polidispers indeks 6l¢iimleri. Yapilan Olgtimler ile,
ARN14974=BOC nanoformulasyonunun partikiil boyutu 310.7 nm ve polidispers indeksi 0.562 olarak tespit edilmistir
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Size Distribution by Intensity
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Figiir 3.2. ARN14974=BOC partikiil boyutu, ve polidispers indeks 6lgiimleri. Gergeklestirilen 6l¢giimler sonucunda,
ARN14974=BOC partikiil boyutu 1483 nm olarak belirlenirken polidispers indeksi ise 0.925 olarak tespit edilmistir

Sentez edilen nanopartikiillerin boyutunun ARN14974=BOC molekiiliiniin partikiilleri ile karsilastirildiginda
yaklagik 4.7 kat bir kiiclilme gosterdikleri tespit edilmistir. Karakterizasyon sonucunda ise nanopartikiil boyutunun ve
polidispers indeksinin uygun ve nanopartikiil sentezinin gerceklestirilmis oldugunu gosterdigi saptanmustir.

3.2. MTT bulgular
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Figiir 3.3. ARN14974=BOC 24 (A), 48 (B) ve (C) 72 saat uygulanmig A549 hiicreleri MTT test sonuglart.

Gergeklestirilen MTT testi sonucunda ARN14974=BOC maddesinin A549 hiicreleri {lizerinde diisiik dozlarda
sitotoksisiteyi 24 saatlik uygulama sonucunda gosterdigi ve etkili bir sitotoksik ajan olabilecegi tespit edilmistir. Deney
sonucunda 24 saat siirede tespit edilen ICso degeri 35.1 uM olarak saptanmustir. 48 saat uygulandiginda bu maddenin
A549 hiicreleri tizerinde 46 uM, 72 saat uygulandiginda ise 43 uM dozunda ICsp degeri verdigi bulunmustur.

A B C

Figiir 3.4. ARN14974=BOC nanopartikiil formunun 24 (A), 48 (B) ve 72 (C) saat siire ile uygulandigi A549
hiicrelerinin MTT sonucunda elde edilen canlilik inhibisyon grafikleri

Proje kapsaminda sentezlenip karakterize edilmis olan ARN nanopartikiil formulasyonu ile A549 hiicreleri iizerinde
gergeklestirilen MTT testi sonucunda nu nanopartikiillerin A549 hiicreleri iizerinde olduk¢a c¢ok diigiik dozlarda
sitotoksisiteyi gosterdigi ve etkili bir ARN14974=BOC ile karsilastirildiginda daha etkili bir sitotoksik ajan olabilecegi
sonucu ¢ikarilabilmektedir. Deney sonucunda 24 saat siirede tespit edilen ICso degeri 3.13 uM iken, 48 saat sonunda bu
nanopartikiillerin yine yaklasik ayni konsantrasyonda A549 hiicreleri iizerinde (3.125 pM) ICsp degeri vermis oldugu
bulunmustur. 72 saat siire ile nanopartikiil uygulandiginda ise elde edilen canlilik degerleri kor kuyu absorbanslarindan
daha diisiik seviyeye diistiiglinden canliliklar ¢ok diisiik eksi (-) degerlerde tespit edilmis olup ICso degeri
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belirlenememistir. Buradan nanopartikiil formunun doza ve zamana bagl olarak A549 hiicrelerinde sitotoksisiteye yol
acmig oldugu saptanmustir.

3.3. SRB test bulgular:
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Figiir 3.5. ARN14974=BOC 24 (A), 48 (B) ve 72 (C) saat siire ile uygulandigi A549 hiicrelerinin SRB sonucunda elde
edilen canlilik inhibisyon grafikleri

A549 hiicrelerine 24, 48 ve 72 saat siire ile farkli dozlarda ARN14974=BOC uygulamasi ile gerceklestirilen SRB
test sonuglarinda tespit edilen ICso degerleri sirasiyla 34.2 uM, 47.8 uM ve 43.1 uM’dir. Bu sonuglar MTT test
sonuglariyla uyumluluk gostermekle birlikte ARN14974=BOC un en diisiik dozda ICso degeri verdigi uygulama siiresinin
24 saat oldugunu ifade etmektedir. Bu durum MTT sonucu elde edilen ARN14974=BOC’un A549 akciger kanseri
hiicreleri lizerinde sitotoksik ajan olma potansiyelini SRB testi sonuglar1 da vurgulamaktadir.
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Figiir 3.6. ARN14974=BOC nanopartikiil formunun 24 (A), 48 (B) ve 72 (C) saat siire ile uygulandigi A549
hiicrelerinin SRB sonucunda elde edilen canlilik inhibisyon grafikleri

A549 hiicrelerine 24, 48 ve 72 saat siire ile uygulanan ARN14974=BOC nanopartikiil formulasyonunun uygulamasi ile
gergeklestirilen SRB testi sonuglarindan elde edilen absorbans degerlerinde 1Cso degeri sadece 14 saat igin 2.95 uM
olarak tespit edilmistir. Diger uygulama siireleri sonunda canlilik degerleri absorbans olarak eksi (-) degerlere diismiis
oldugundan canlilik degerleri eksi olarak bulunup grafikte gosterilmistir. Bu nedenle 1Cso degerleri 48 ve 72 saatlik
uygulama siireleri i¢in hesaplanamamistir. Bu durum ARN nanopartikiil formunun A549 hiicreleri tizerinde ki ileri
derecede sitotoksik oldugunu ifade etmekle birlikte doza bagli hiicre 6liimiine neden oldugunu gostermektedir.

3.4. ATP test bulgular:
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Figiir 3.7. ARN14974=BOC 24 (A), 48 (B) ve 72 (C) saat siire ile uygulandigi A549 hiicrelerinin ATP testi sonucunda
elde edilen canlilik inhibisyon grafikleri

A549 akciger kanseri hiicrelerine 24, 48 ve 72 saat siire ile ARN ve nanopartikiil formulasyonunun farkli dozlar
uygulanmis ve bunun sonucunda ATP testi gergeklestirilmistir. Elde edilen canlilik degerlerinden hesaplanan ICsg
konsantrasyonlar1t ARN i¢in 24, 48 ve 72 saat uygulama siiresince sirastyla 12.5 uM, 9.01 uM ve 9.94 uM olarak
tespit edilirken bu degerler ARN14974=BOC nanopartikiil formulasyonu i¢in sirastyla 3.77 uM, 4.10 uM ve 34.72
uM olarak bulunmustur. Bu degerler ARN’nin A549 hiicreleri iizerine her uygulama siiresinde sitotoksik etki
gosterdigini ifade etmektedir. Bunun yani sira A549 hiicrelerine uygulanan nanopartikiil formunun ARN’ye gore
hiicreleri daha diisiik konsantrasyonlarda dldiirebildigi ve yiiksek sitotoksik kapasiteye sahip oldugu sonuclardan
gOriilmiistiir. Ayrica ARN nanopartikiil formunun hiicreleri doza bagli olarak A549 akciger kanseri hiicrelerini
oldiirdiigii sonucu elde edilmistir.

3.5. Konfokal mikroskopi bulgulari

Figiir 3.8. Kontrol (A), ARN14974=BOC (B) ve ARN14974=BOC nanopartikiillerinin (C) uygulamasindan sonra
A549 hiicrelerinin konfokal mikroskobik goriintiisii. (A); Yildiz: Hiicre ¢ekirdegi, Ok: Hiicre iskeleti. (B); Yildiz:
Hiicre iskeletinde delik, Ok: Kromatin yogunlagmasi, Kare: biizismiis ve yuvarlaklagsmis hiicreler. (C); Ok: Hiicre
iskeletinde parcalanma, Ok basi: Kromatin kondenzasyonu ve ¢ekirdek pargalanmasi, Kare: Pargalanmis ve
yuvarlaklagmis hiicreler

A549 kontrol hiicrelerine gerceklestirilen ikili boyama sonucunda elde edilen konfokal mikroskobik goriintiilerde
hiicre morfolojisinin degismemis oldugu, ¢ekirdegin, hiicre membraninin ve iskeletinin biitiin olarak durdugu
saptanmistir. A549 kontrol hiicrelerine ait konfokal mikroskop goriintiisii Figlir 3.8.A’da yer almaktadir.
ARN14974=BOC uygulanan A549 hiicrelerinin konfokal mikroskop goriintiilerinde hiicre iskeletinde deliklerin
olugtugu, kromatin yogunlagmasiin ve ¢ekirdek par¢alanmasinin meydana geldigi goriilmektedir (Figiir 3.8. B).
Ayrica hiicre biitiiniiniin biiziistiigii ve yuvarlaklagmalarin meydana geldigi saptanmis ve bu degisikliklerin apoptotik
hiicre 6liimiine igaret edebilecegi diisliniilmiistiir. ARN14974=BOC’un proje kapsaminda sentezlenen nanopartikiil
formulasyonunun uygulandigi A549 hiicrelerinde konfokal mikroskopta hiicre iskeletinde biiyiik deliklerin olustugu,
ileri derecede kromatin yogunlagsmasi ve ¢ekirdek pargalanmasinin gergeklestigi saptanmistir (Figiir 3.8. C). Buna
ilaveten hiicre yapisinin meydana gelen biiziismeden dolay1 yuvarlaklastigi tespit edilmistir. Bu morfolojik
degisikliklerin ARN uygulanan A549 hiicrelerinde meydana gelen degisikliklerden daha yogun ve belirgin olarak
meydana gelmis olmasi sentezlenen nanopartikiil formulasyonunun A549 hiicre morfolojisi iizerinde etkin sitotoksik
aktivite gosterdiginin belirtisi olarak yorumlanmustir.
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3.6. Ince yapisal degisiklik bulgular

Figiir 3.9. Kontrol (A), ARN14974=BOC uygulanmis (B) ve ARN14974=BOC nanopartikiil formulasyonunun
uygulandig1 (C) A549 hiicrelerinin TEM goriintiisii. (A); Yildiz: Mitokondri, Ok basi: Hiicre membram, Ok:
Cekirdek membrani. (B); Yuvarlak: Kromatin kondenzasyonu, Kare: Hiicre biiziigmesi ve mitokondri kayibi, Yildiz:
Krista kayibi, Ok basi: ¢ekirdek pargalanmasi ve kromatin kondenzasyonu, Ok: Membran tomurcuklanmasi.(C);
Diktértgen: Membran tomurcuklanmasi, Ok: Kromatin yogunlagmasi ve ¢gekirdek bogumlanmasi, Ok basi: Mitokodri
bozulmalar1 ve krista kayib1

ARN14974=BOC uygulanan A549 hiicrelerinin ince yapisinda mitokondri kristalarinda ve zarli organellerde
kayiplar oldugu tespit edilmistir. Hiicre ¢ekirdeginin kromatin yogunlasmas: sonucunda at nalina benzer biikiilme
gosterdigi bulunmustur. Hiicre seklinin yuvarlaklagsmasi ve membran tomurcuklanmalarinin gergeklestigi TEM
goriintillerinde net olarak goriilmektedir (Figiir 3.9). ARN14974=BOC’un nanopartikiil formulasyonunun 24 saat
uygulandigt A549 hiicrelerinde yogun krista kayibi, ileri seviyede kromatin yogunlagmasi ve ¢ekirdek bogumlanmasi
meydana geldigi tespit edilmistir (Figlir 3.9). Bu ince yapisal degisiklikler de kontrol grubuna goére bakildiginda
(Figiir 3.9) ARN14974=BOC’un ve daha yogun olarak da nanopartikiil formulasyonunun A549 hiicrelerinin ince
yapist iizerinde sitotoksisitesine isaret etmektedir ve konfokal mikroskop bulgulariyla uyumluluk gostererek
apoptotik belirtecler olarak degerlendirilebilecek sonuglar teskil etmektedirler.

3.7. Aneksin V analizi bulgular
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Figiir 3.10 Kontrol (A) ve ARN14974=BOC uygulanan (B) A549 hiicrelerinin apoptotik profili

ARN14974=BOC’un 24 saat uygulandigr A549 hiicrelerinin apoptotik profilindeki apoptotik hiicre yiizdesinin 31.69’a
¢iktigi canli hiicre yiizdesinin ise 60.30’a diistiigii tespit edilmistir. Bu durum ARN14974=BOC maddesinin A549 akciger
kanseri hiicrelerinde apoptozu tetikledigini gostermektedir.
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Figiir 3.11. Kontrol (A) ve ARN14974=BOC nanopartikiil formulasyonu uygulanan (B) A549 hiicrelerinin apoptotik
profili

ARN14974=BOC’un nanopartikiil formulasyonunun 24 saat uygulandigi A549 hiicrelerinin apoptotik profilindeki
hiicrelerin % 75.25’inin canli olup apoptotik hiicre yiizdesinin 24.75 oldugu tespit edilmistir. Bu bulgular

ARN14974=BOC maddesinden sentezlenmis olan nanopartikiil formulasyonunun A549 akciger kanseri hiicrelerinde
apoptozu tetikledigini agikca ifade etmistir.

3.8. Hiicre dongiisii analiz bulgulari
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Figiir 3.12. Kontrol (A) ve ARN14974=BOC uygulanan (B) A549 hiicrelerinde hiicre dongiisii analizi

Yapilan hiicre dongiisii analiz sonuglar1 Figiir 3.12 ve Figiir 3.13’de yer almaktadir. Deney sonuglarindan
anlasilacagi lizere ARN14974=BOC uygulanan A549 hiicrelerinde 24 saatlik inkiibasyon sonucunda GO/G1 evresinde
bulunan hiicrelerin yiizdesi (38.4) kontrol grubuna gore (%43.5) hafif olarak azalmustir.
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Figiir 3.13. Kontrol (A) ve ARN14974=BOC nanopartikiil formulasyonu uygulanan (B) A549 hiicrelerinde hiicre
dongiisii analizi
Nanopartikiil uygulanan A549 hiicrelerinde S ve G2/M evrelerindeki populasyon kontrol grubuna kiyasla azalmustir.

3.9. Kaspaz 3/7 analiz bulgular

APOPTOSIS PROFILE 4 APOPTOSIS PROFILE
i Dead Apoptotic/Dead 8 Dead Apoptotic/Dead
= 1.05 % 0.65 % 061% 1.02 %
3 34
= g
-} o
o 27 = 2.
2 2
= >
13 15 '.-.""-2) .
" 025%| 1g#8E 0.61%
3 04 Apoptotic g . Lwer Apoptotic
Al 1 2 3 4 0 ] 2 3 4
Live CASPASE-3/7 Agoptotic B

Lve  CASPASE-3/7 Agoptotic

Figiir 3.14. Kontrol (A) ve ARN14974=BOC uygulanan (B) A549 hiicrelerinin kaspaz 3/7 analizi bulgulari
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Figiir 3.15. Kontrol (A) ve ARN14974=BOC nanopartikiil formulasyonu uygulanan (B) A549 hiicrelerinin kaspaz
3/7 analizi bulgular

Deney sonuglarindan goriilebildigi ilizere ARN14974=BOC maddesi A549 hiicreleri {izerinde kaspaz 3/7
aktivasyonuna neden olmamustir. Bu grupta elde edilen total apoptotik hiicreler %1.63 (Figiir 3.15), kontrol grubunda ise
(Figlr 3.30) %0,90’dir. Nanopartikiil formulasyonunun uygulandigi A549 hiicrelerinde ise kontrol grubuna kiyasla
kaspaz 3/7 aktivasyonu gergeklesmis ve total apoptotik hiicreler % 21.80 olarak tespit edilmistir (Figiir 3.15). Bu grubun
kontrol hiicrelerinin total apoptotik hiicre yiizdesi ise 0.71’dir (Figiir 3.15).

3.10. Oksidatif stres seviyesi analiz bulgulart

A
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Figiir 3.17. Kontrol (A) ve ARN14974=BOC nanopartikiil formiilasyonu uygulanan (B) A549 hiicrelerinin oksidatif stres
seviyesi bulgulari

Flow sitometrik olarak gerceklestirilen 6lgiimlerde A549 kontrol hiicrelerinde ((Ros (-)=%94.35), Ros (+)= %0.07)
ve (Ros (-)=%94), Ros (+)= %5.64)) reaktif oksijen tiirleri iretmemis populasyon yiizdesi yiiksek iken ARN uygulanmig
A549 hiicrelerinde ((Ros (-)=%88.19), Ros (+)= %11.37)) bu seviye kontrol grubuna gore artis gostermistir. Bu
seviyedeki en biiyiik artisin ARN14974=BOC nanopartikiil formulasyonu uygulamasindan sonra gergeklestigi tespit
edilmistir ((Ros (-)=%52.86), Ros (+)= %46.66)) (Figiir 3.16 ve Figiir 3.17).

4. Sonugclar ve tartisma

Kiigiik hiicreli dis1 akciger kanseri diinyada en sik goriilen ve mortalitesi yiiksek kanserlerden biridir.
Gergeklestirilen istatistiksel ¢aligmalarda yer alan verilere gore akciger kanseri hem erkek hem de kadinlarda diinyada en
yiiksek mortalite gosteren kanser tiirlidiir. Tiim akciger kanseri vakalari igin ve kii¢iik hiicreli dis1 akciger kanserinde de
erken teshis ve tedavi yaklasimlari, hastalarin yagam siiresini ve kalitesini yiikseltmekte ve 6liim oranlarini diistirmektedir.
Aktif olarak kullanilmakta olan tedavi yaklagimlar: ve ilaglar tam tedaviyi saglayamamakla birlikte yiiksek yan etkilere
sahiptirler ve tedavi siireci bu nedenlerle ¢ok sancili bir sekle doniismektedir. Bu nedenle akciger kanserinin tedavisi igin
yeni tedavi yaklasimlari ve ilag potansiyeli olan maddelere ve yan etkisi az olan yeni terapotik ajanlara ihtiyag vardir.
Tiim bu bilgiler kapsaminda bu ¢alismada bir seramidaz inhibitorii olan ARN14974=BOC’un ve bundan sentezlenen kati
lipid nanopartikiil formulasyonunun kiiciik hiicreli dis1 akciger kanseri AS549 hiicre hiicre hatt1 iizerindeki
sitotoksik/sitostatik, antiproliferatif ve proapoptotik potansiyellerinin aragtirilmasi hedeflenmistir.

A549 hiicreleri iizerinde sitotoksik, sitostatik ve antiproliferatif etkiler ARN ve ARN nanopartikiil
formulasyonlarinin uygulamalar1 ile MTT, SRB ve ATP canlilik tesleri ile belirlenmistir. Nanopartikiil formulasyonunun
sitotoksik etkisinin daha ¢ok oldugu gosterilmistir. Bu bulgularimiz seramidaz inhibitdrii kullanilarak kanser hiicrelerinde
sitotoksik etkinin olugtugunu raporlayan ¢aligmalarla uyumludur [13, 14]. Hiicrelerin 6liim seklinin yapisal degisiklikler
bazinda belirlemek igin konfokal mikroskopi ile morfolojik degisiklikler ve gegirimli elektron mikroskobunda ise ince
yapisal degisiklikler analiz edilmistir. Flow sitometrik analizler ile hiicrelerde ger¢eklesen 6liim yollar1 ve bu yolaklarda
etkili olan proteinlerin aktivasyon ve ekspresyon seviyeleri belirlenmistir. Deneyler sonucunda ARN14974=BOC’un
A549 hiicreleri tizerindeki ICso degeri 35.1 uM olarak hesaplanmistir. Hiicrelerde ARN14974=BOC’un meydana getirdigi
morfolojik degisiklikler ise konfokal mikroskopi yontemi ile saptanmistir. Bunun i¢in AS549 hiicreleri
ARN14974=BOC’un ICsp degerine yine 24 saat siire ile maruz birakilarak falloidin ve akridin oranj ile boyandiktan sonra
morfolojik yapilar1 konfokal mikroskobunda goriintiilenmistir. Hem ince yapisal degisiklikler hem de morfolojik
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degisiklikler seramidaz inhibitérii ARN14974=BOC ve nanopartikiil formulasyonunun A549 hiicrelerinde tetikledigi
6liim seklinin apoptoz oldugunu gostermistir. Literatiirde hiicre i¢inde seramid birikime neden olan seramidaz inhibiyonu
nedenli 6liimiin apoptoz oldugu vurgulanmus [3] olup ¢alisma sonug¢larimizi desteklemistir. Hiicre dongiisiinii durdurma,
proapoptotik etki, reaktif oksijen tiirlerinin iiretimi gibi biyolojik siireglerin ¢alismamiz sonucunda A549 hiicrelerinde
ARN14974=BOC uygulanmasindan sonra aktive oldugu ve bu aktivasyonun yeni sentezlenmis olan ARN14974=BOC
kat1 lipit nanopartikiilde daha belirgin oldugu ve diisiik dozda gergeklestigi literatiir bilgisine [1] uyumlu olarak ve bu
alandaki diger ¢aligmalarin verileri ile tutarh oldugu [1, 3, 13, 14] bulunmustur.

Sonug olarak ARN14974=BOC’un ve nanopartikiil formunun A549 insan kiigiik hiicreli dis1 akciger kanseri
hiicrelerinde sitotoksik ve antiproliferatif etkileri saptanmistir. ARN14974=BOC ve KLN formiilasyonunun bu
hiicrelerde morfolojik ve ince yapisal degisikliklere neden olmus ve bu degisiklikler apoptoz indikatdrii olarak
yorumlanmislardir. Hem ARN14974=BOC hem de KLN formiilasyonunun A549 hiicrelerinde reaktif oksijen tiirlerinin
artmast ve hiicre dongiistiniin durdurulmasina neden olarak apoptozu tetikledigi bulunmustur. Tim sonuclar
degerlendirildiginde, insan kiiciik hiicreli dis1 akciger kanseri hiicrelerinde hiicre oliimiiniin sentezlenen
ARN14974=BOC’un nanopartikiil formu tarafindan daha etkin bir bigimde gerceklestirildigini géstermistir. Bu nedenle
ARN14974=BOC KLN formulasyonunun kanser tedavisinde kullanilmak {izere ilag potansiyeli tasidig1 ortaya konulmus
olup daha ileri farmakokinetik ve farmasétik ¢aligmalardan sonra ilag gelistirilmesinde kullanimi 6nerilmektedir.
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Bu ¢alisma Anadolu Universitesi Bilimsel Arastirma Projeleri Kapsaminda 19015014 proje numarasi ile
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Abstract

This study was planned and completed to reveal the bryophyte flora of the Aydin Mountains. A total of 268
bryophytes were identified from the research area, of which 216 taxa belong to Bryophyta, 51 taxa belong to
Marchantiophyta and one taxon belongs to Anthocerotophyta. Acaulon mediterraneum Limpr. has been recorded for the
second time for Turkish bryophyte flora. Among liverworts, Riccia (17 taxa), and among mosses, Didymodon (13 taxa),
Tortula (13 taxa), Grimmia (12 taxa), Syntrichia (12 taxa), Orthotrichum (11 taxa), Ptychostomum (10 taxa), Fissidens
(9 taxa) and Lewinskya (7 taxa) were found as the richest genera. In addition, different habitats in Aydin Mountains and
bryophytes representing these habitats were determined, as well. The study of a large mountain range which was not
known for bryophytes in Western Anatolia has filled a significant gap in this area.

Keywords: Aydn, biodiversity, cryptogams, Western Anatolia, Tiirkiye

*

Aydin Daglan karayosunlari florasi

Ozet

Bu ¢aligma, Aydin Daglari'nin karayosunlari florasini ortaya ¢ikarmak amaciyla planlanmis ve tamamlanmistir.
Aragtirma alaninda yaprakli karayosunlarina ait 216, cigerotlarma ait 51 ve boynuzlu otlara ait 1 takson olmak iizere
toplam 268 karayosunu tespit edilmistir. Acaulon mediterraneum Limpr. Tiirkiye karayosunlari florasi igin ikinci kez
kaydedilmistir. Cigerotlarindan Riccia (17 takson), karayosunlarindan Didymodon (13 takson), Tortula (13 takson),
Grimmia (12 takson), Syntrichia (12 takson), Orthotrichum (11 takson), Ptychostomum (10 takson), Fissidens (9
takson) ve Lewinskya (7 takson) en zengin cins olarak bulunmustur. Ayrica Aydin Daglari'ndaki farkli habitatlar ve bu
habitatlar1 temsil eden karayosunlar1 da belirlenmistir. Bati Anadolu'da karayosunlar1 agisindan bilinmeyen genis bir
dag silsilesinin incelenmesi bu alanda biiyiik bir boslugu doldurmustur.

Anahtar kelimeler: Aydin, biyogesitlilik, tohumsuz bitkiler, Batt Anadolu, Tiirkiye
1. Introduction

Studies aimed at determining the diversity of bryophytes in Turkey are continuing intensively [1, 20, 24, 25].
In this sense, Western Anatolia is one of the most studied areas with regard to Bryophytes [2, 3, 4, 9]. Despite this high
level of research activity, there is a noticeable scarcity of studies conductud in the Aydin Mountains [10, 12,14].

Aydin Mountains, determined as the study area, is a mountain range located between Bozdag and Mentese
Mountains in the Western Anatolian Mountain ranges. It extends perpendicularly to the Aegean Sea conforming to the
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typical mountain structure of the region. Aydin Mountains are surrounded by the districts of Buldan in Denizli, Camlik,
Selcuk, Tire and Beydag in Izmir, Germencik, Incirliova, Sultanhisar, Nazilli, Kuyucak, and Buharkent in Aydmn
(Figure 1). The important peaks of the mountain range, which includes large and small elevations, are Bayrak Tepe
(1724m.), Karhk Mountain (1675m.), imam Baba (1648m.), Beydag (1575m.), Oyuk Mountain (1479m.), Dela
Mountain (1413m.), They can be listed as Kara Mountain (1390m.), Malgagemir (1349m.), and Kurusivri (713m.). The
valleys formed between these elevations contain important habitats for bryophytes and other organisms. Wetlands in the
study area are important for bryophytes. Located within the borders of Buldan district, Yayla Lake is at an altitude of
1100 meters and is fed by snow and rainwater. Additionally, there are many large and small rivers which are active in
the rainy season in the north and south directions. The majority of these streams, which exhibit heightened activity
especially during the rainy season, dry up by the middle of summer. Nevertheless, they provide extremely important
habitats for the bryophytes under study, due to their ability to retain moisture, particularly in deep and closed valleys.
The most widespread plant communities of the region are Pinus brutia Ten. and Pinus nigra Arn. subsp. pallasiana
(Lamb) Holmboe communities. Quercus coccifera L. assemblages, though mostly degraded, are distributed across
elevations ranging from 250 t01200 meters in the west, south and north of our study area. Elevations between 800 and
1250 meters host Cistus laurifolius L. assemblages especially in Nazilli's Oyukbaba location and in the upper parts of
Aksu village. There are Pinus nigra subsp. pallasina communities either in pure form or mixed compositions at 1400
meters around Aydin Pasa plateau. In the south of Aydin Mountains, especially within the borders of Kuyucak Kara
Mountain and Buharkent, there exists Quercus ithaburensis subsp. macrolepis (Kotschy) Hedge & Yalt. assemblage
that spans a wide area, ranging from 150 t01400 meters. The Liquidambar orientalis Miller assemblage is locally
distributed in Aydin, Umurlu Akdz stream bed. These taxa, found in individual small communities, are important in
terms of their role in forming the northernmost distribution area of these plants.

This study was carried out to determine the bryophytes of the Aydin Mountains, which was previously
unexplored as mountain range in terms of bryophytes.
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Figure 1. Study area with collecting localities
2. Materials and methods

Between the years 2018 and 2022, a total of 182 field studies were carried out in different habitats within the
research area and aproximately 10.000 bryophyte samples were collected. During the sample collection process, an
effort was made to collect ephemeral taxa as much as possible, taking into account the different vegetation periods. The
collecting localities of bryophyte samples are shown in Table 1 and listed below. Relevant flora books and revisions
were used to identify the plants. The nomenclature of bryophytes was arranged according to Hodgetts et al. (2020) [8].
Also, all names were checked from Tropicos web page URL 1 [23]. The term “common” is used for taxa found in more
than 20 localities in the floristic list. The samples were preserved in Aydin Adnan Menderes University Herbarium
(AYDN). Only one collector numbers are given for every taxon in the study. Second records are marked ‘*’. Collector
and identifying author abbreviation is GZD (G6zde Aslan) and the others Substrt: Substrat, R: Rock, S: Soil, SCR: Soil
Covered Rock, E: Epiphytic.
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Table 1. Collected localities
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No Date Latitude Longitude Altitude Locality
(m)
1 06.11.2018 | 37°59'379"N 28°44'52.6"E 518 Aydmn: Buharkent, Ortake1
2 06.11.2018 | 38°00'174"N 28°45'25"E 684 Denizli: Buldan, Catak
3 06.11.2018 38°01'21.3"N 28°41'33.3"E 900 Aydimn: Buharkent, Giindogan
4 20.12.2018 | 37°52'19"N 27°42'43"E 50 Aydn: Incirliova, Hiirriyet
5 20.12.2018 37°52'42" N 27°42'38" E 60 Aydin, Incirliova, Karabag
6 07.02.2019 | 37°54'1"N 27°58'51"E 250 Aydin: Efeler, Cayyiizii
7 07.02.2019 37°56'33"N 27°58'41"E 740 Aydm: Efeler, Egrikavak
8 07.02.2019 37°58'26" N 27°59'7"E 850 Aydin: Efeler, Egrikavak
9 13.02.2019 37°57'12.0"N 27°53'19.7"E 630 Aydin: Efeler, Pasayaylasi
10 15.04.2019 | 37°59'139"N 28°41'22.2"E 250 Aydin: Efeler, Feslek
11 15.04.2019 37°59'38" N 28°45'1"E 560 Aydmn: Buharkent, Ortake1
12 15.04.2019 | 38°02'08" N 28°44'34"E 1140 Aydimn: Buharkent, Ericek
13 15.04.2019 | 38°01'37"N 28°47'44"E 1150 Denizli: Buldan, Siileymanli
14 15.04.2019 | 38°01'18"N 28°47'16"E 1220 Denizli: Buldan, Catak
15 15.04.2019 37°59'39" N 28°45'55" E 670 Denizli: Buldan, Between Catak Savcilli
16 07.05.2019 | 38°00'10"N 28°32'42"E 1040 Aydim: Kuyucak, Oren
17 07.05.2019 | 38°00'24"N 28°32'55"E 1110 Aydm: Kuyucak, Oren
18 07.05.2019 38°00'48" N 28°33'32"E 1290 Aydin: Kuyucak, Belenova
19 07.05.2019 38°01'06" N 28°33'34"E 1290 Aydin: Kuyucak, Belenova
20 21.12.2019 37°52'59" N 27°50'32"E 90 Aydin: Efeler, Danisment/Kalfakoy
21 21.12.2019 37°53'37"N 27°50'46" E 200 Aydin: Efeler, Ambarcik koyii/Eski Degirmen
22 21.12.2019 37°56'19" N 27°52'7"E 510 Aydin: Efeler, Karakoy/Tire road
23 21.12.2019 37°57'49" N 27°52'21"E 640 Aydin: Efeler, Karakdy
24 28.12.2019 37°52'30" N 27°45'5"E 170 Aydn: Incirliova Dereagzi/Incirliova Tire road
25 28.12.2019 | 37°54'30"N 27°47' 8" E 300 Aydm: Efeler, G6zpinar/Sirindere-Kahvedagi
location
26 28.12.2019 | 37°55'58"N 27°47'43"E 440 Aydin: Incirliova, east of Karagdzler/Sirindere
27 28.12.2019 37°55'58" N 27°47'43"E 440 Aydin: Incirliova Karagézler/Arpadere
28 28.12.2019 38°0'3"N 27°45'39"E 850 Izmir: Tire, Dagdere/incirliova Tire road
29 28.12.2019 38°2'27" N 27°44' 52" E 1070 Izmir: Tire Kiigiikkomiircii/Incirlioava Tire road
30 14.02.2020 | 37°58'48"N 28°44'53" E 250 Aydin: Buharkent
31 24.02.2020 37°59'40" N 28°43'33"E 640 Aydin: Buharkent, Muratdag:
32 24.02.2020 | 38°3'22"N 28°43'26"E 1140 Denizli: Buldan, Kavanoluk
33 24.02.2020 | 38°0'31"N 28°43'34"E 810 Aydin: Buharkent, Muratdag:
34 24.02.2020 | 38°3'3"N 28°44'46" E 1100 Denizli: Buldan, Kavanoluk
35 24.02.2020 | 38°3'23"N 28°44'25"E 1180 Denizli: Buldan, Kavanoluk
36 24.02.2020 38°4'28" N 28°41'17"E 1123 Denizli: Buldan, Kurudere
37 24.02.2020 38°4'59"N 28°38'47.5"E 1140 Aydin: Kuyucak, Musakolu
38 24.02.2020 | 38°2'33.5"N 28°39'58.8"E 850 Aydin: Kuyucak, Tagoluk
39 07.03.2020 | 37°59'19"N 28°56'35"E 172 Denizli: Buldan, Mahmutlu
40 07.03.2020 | 37°59'14"N 28°56'17"E 193 Denizli: Buldan, Mahmutlu
41 07.03.2020 | 38°0'45"N 28°54'34"E 298 Denizli: Buldan, Bélmekaya
42 07.03.2020 | 38°1'18"N 28°53'42"E 328 Denizli: Buldan, Bélmekaya
43 07.03.2020 | 38°2'29"N 27°47'43"E 763 Denizli: Buldan, Siileymanli
44 07.03.2020 38°2'56" N 28°46'21"E 1157 Denizli: Buldan, Yayla lake
45 07.03.2020 | 38°0'10"N 28°45'20"E 640 Denizli: Buldan, Aktag
46 09.03.2020 | 37°57'I"N 28°53'1"E 180 Denizli: Saraykdy, Karatag
47 09.03.2020 37°57" 1" N 28°52'37"E 160 Denizli: Saraykoy, Karatas water tank
48 09.03.2020 | 37°56'53"N 28°49'2"E 330 Aydin: Buharkent, Kizildere village
49 09.03.2020 | 37°58'6" N 28°44'30"E 390 Avydin: Buharkent, Savcili
50 20.03.2020 37°52'19" N 27°56' 15" E 110 Aydin: Efeler, Emirdogan village
51 20.03.2020 | 37°55'20"N 27°55'59"E 655 Aydm: Efeler, Ortakdy
52 20.03.2020 | 37°54'33"N 27°55'57T"E 457 Aydin: Efeler, Asagi Kayacik
53 20.03.2020 | 37°54'26" N 27°56'5"E 318 Aydin: Efeler, Asagi Kayacik
54 26.03.2020 37°58'49.6" N 28°36'12" E 1079 Aydin: Kuyucak, Derekdy
55 26.03.2020 37°59'5.8" N 28°36'0.2" E 1233 Aydin: Kuyucak, Derekdy
56 26.03.2020 | 38°0'39.7"N 28°36'2.4"E 1480 Aydin: Kuyucak, Derekdy
57 20.04.2020 | 38°05'14.0" N 28°22'09.0" E 540 Aydin: Nazilli, Cayli
58 20.04.2020 38°06'46.6" N 28°22'04.6" E 1056 Aydin: Nazilli, Derebasi
59 29.04.2020 37°56'52.0" N 28°09'56.0" E 330 Aydin: Sultanhisar, Malgagmustafa
60 29.04.2020 | 37°58'50.0" N 28°09'04.0" E 540 Aydin: Sultanhisar, Malgagmustafa
61 29.04.2020 37°58'02.0" N 28°09'24.0" E 560 Aydin: Sultanhisar, Malgagmustafa
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62 29.04.2020 37°57'04.0" N 28°09'20.0" E 510 Aydm: Sultanhisar, Malgagmustafa
63 29.04.2020 37°56'01.0" N 28°09'16.0" E 470 Aydm: Sultanhisar, Malgacemir
64 29.04.2020 | 37°55'44.0" N 28°08'36.0" E 540 Aydm: Sultanhisar, Kavakli village
65 06.05.2020 | 37°51'24.0"N 28°00'06.0" E 260 Aydin: Efeler, Kuyucular

66 06.05.2020 37°59'56.0" N 28°07'05.0" E 840 Aydin: Kosk, Saricam

67 06.05.2020 38°00'55.0" N 28°07'31.0"E 1040 Aydm: Sultanhisar, Malgagmustafa
68 06.05.2020 | 37°57'24.0"N 28°02'30.0" E 980 Aydin: Kosk, Ilidag

69 11.05.2020 | 37°5423.1"N 27°5123.7"E 320 Aydin: Efeler, Zeytinkdy

70 11.05.2020 | 37°54'33.2" N 27°51'42.6" E 400 Aydm: Efeler, Zeytinkdy

71 11.05.2020 | 37°55'12.5"N 27°52'03.8" E 530 Aydm: Efeler, Zeytinkdy

72 11.05.2020 | 37°57'32.8" N 27°57'50.3" E 1000 Aydin: Efeler, Egrikavak

73 28.05.2020 | 37°55'58.0" N 27°52'05.0" E 480 Aydin: Efeler, Zeytinkdy

74 28.05.2020 37°56'36.0" N 27°52'09.0" E 530 Aydin: Efeler, Karakdy

75 28.05.2020 37°56'59.0" N 27°52'10.0" E 560 Aydin: Efeler, Karakdy

76 28.05.2020 | 37°57'45.0"N 27°52'18.0" E 650 Aydin: Efeler, Karakdy

77 28.05.2020 | 37°59'43.0" N 27°54'14.0" E 920 Izmir: Tire, Egridere

78 28.05.2020 | 38°00'08.0" N 27°55'04.0" E 950 Izmir: Tire, Egridere

79 28.05.2020 | 37°59'36.0" N 27°53'57.0" E 880 Izmir: Tire, Egridere

80 01.02.2021 | 37°54'51.0"N 28°28'56.0" E 110 Aydin: Kuyucak, Aydinoglu

81 01.02.2021 | 37°56'08.0" N 28°29'16.0 E 310 Aydin: Kuyucak, Cobanisa

82 01.02.2021 | 37°56'30.0" N 28°32'52.0" E 230 Aydimn: Kuyucak, Pamukéren /Degirmendere
83 01.02.2021 37°56'24.0" N 28°32'14.0" E 440 Aydin: Kuyucak, Oren

84 03.02.2021 | 37°5721.0"N 28°26'04.0" E 300 Aydin: Nazilli, Kestel

85 03.02.2021 | 37°57'01.0"N 28°26'47.0" E 430 Aydin: Nazilli, Kestel

86 03.02.2021 | 38°01'58.0" N 28°27'14.0" E 590 Aydin: Nazilli, Ketenova

87 03.02.2021 | 38°04'32.0" N 28°28'18.0" E 940 Aydmn: Nazilli, Kahvederesi

88 03.02.2021 | 38°04'43.0"N 28°29'18.0" E 830 Aydin: Nazilli, Asagiyakacik

89 03.02.2021 | 38°04'24.0"N 28°31'47.0" E 910 Aydin: Kuyucak, Yukariyakacik
90 27.02.2021 | 37°58'01.0" N 28°22'47.0" E 170 Aydin: Nazilli, Kardeskoy/Beydag-Nazilli road
91 27.02.2021 | 38°03'54.0" N 28°20'50.0" E 620 Aydin: Nazilli, Isiklar/Beydag-Nazilli road
92 27.02.2021 | 38°04'37.0"N 28°19'48.0" E 720 Aydin: Nazilli, Aksu

93 27.02.2021 | 38°04'36.0"N 28°17'15.0" E 700 Izmir: Beydag, Palamutcuk

94 27.02.2021 | 38°04'43.0" N 28°16'32.0" E 680 Izmir: Beydag, Aktepe

95 27.02.2021 | 38°04'53.0" N 28°16'14.0" E 620 Izmir: Beydag, Aktepe

96 27.02.2021 | 38°05'39.0"N 28°1524.0" E 380 Izmir: Beydag

97 27.02.2021 | 38°0521.0"N 28°18'12.0" E 830 Izmir: Beydag, Yesiltepe

98 02.03.2021 | 37°53'S5.0" N 27°36'10.0" E 100 Aydin: Germencik, Dagkaraagag
99 02.03.2021 37°51'14.0" N 27°36'10.0" E 120 Aydin: Germencik, Reiskdy

100 | 02.03.2021 | 37°59'01.0"N 27°34'46.0" E 520 Aydin: Germencik, Dampinar
101 | 02.03.2021 | 37°59'01.0"N 27°33'17.0" E 440 Aydin: Germencik, Dagyeni

102 02.03.2021 38°00'21.0" N 27°36'39.0" E 580 Aydin: Germencik, Habibler
103 | 02.03.2021 | 37°59'36.0" N 27°39'03.0" E 330 Izmir: Tire, Bagkoy

104 | 02.03.2021 | 38°02'01.0"N 27°40'50.0" E 590 Izmir: Tire, Yemisler

105 | 02.03.2021 | 38°02'32.0"N 27°41128.0" E 890 Izmir: Tire, Cukurkdy

106 | 02.03.2021 | 38°00'08.0" N 27°41'31.0" E 660 Izmir: Tire, Akmescit

107 | 07.03.2021 | 37°53'54.0" N 27°28'35.0" E 110 Aydin: Germencik, Balat¢ik

108 | 07.03.2021 | 37°5321.0"N 27°29'41.0" E 120 Aydin: Germencik, Ortaklar

109 | 07.03.2021 | 37°5322.0"N 27°25'38.0" E 280 Izmir: Selguk, Havuteulu

110 | 07.03.2021 37°53'40.0" N 27°2622.0" E 260 Izmir: Selguk, Havutculu

111 | 07.03.2021 37°53'53.0" N 27°26'35.0" E 190 Izmir: Selguk, Havutculu

112 | 07.03.2021 37°53'54.0" N 27°26'55.0" E 200 Izmir: Selcuk, Havutculu

113 | 07.03.2021 | 37°5820.0"N 27°29'43.0" E 410 Izmir: Tire, Selatin

114 | 07.03.2021 | 37°56'31.0" N 27°31'01.0" E 180 Izmir: Tire, Selatin

115 | 08.03.2021 | 37°53'36.0" N 27°4124.0" E 120 Aydn: Incirliova, Hiirriyet

116 | 08.03.2021 37°53'51.0" N 27°41'51.0" E 150 Aydn: Incirliova, Arzular

117 | 08.03.2021 37°56'34.0" N 27°41'31.0" E 270 Aydn: Incirliova, Cariklar

118 | 13.03.2021 | 37°55'01.0"N 28°12'24.0" E 200 Aydin: Sultanhisar, Yagdere
119 13.03.2021 37°56'40.0" N 28°12'44.0" E 380 Aydin: Sultanhisar, Incealan
120 | 13.03.2021 37°59'18.0" N 28°1322.0" E 720 Aydin: Nazilli, Cobanlar

121 | 13.03.2021 37°59'05.0" N 28°13'38.0" E 740 Aydin: Nazilli, Cobanlar

122 | 13.03.2021 | 37°58'37.0"N 28°15'13.0" E 680 Aydin: Nazilli, Yaylapimar

123 | 13.03.2021 | 38°00'02.0" N 28°15'19.0" E 1010 Aydin: Nazilli, Yaylapmar

124 | 13.03.2021 | 38°02'01.0"N 28°14'46.0" E 1340 Aydin: Nazilli, Beykdy,

The bryophyte flora of Aydin Mountain
Gozde ASLAN, Mesut KIRMACI, Hatice OZENOGLU, Ugur CATAK




Table 1. Continued

Biological Diversity and Conservation— 17/1 (2024)

53

125 | 13.03.2021 | 38°02'01.0"N 28°14'45.0" E 1330 Aydin: Nazilli, Beykdy

126 | 13.03.2021 | 38°0222.0" N 28°1421.0" E 1210 Izmir: Beydag, Beykdy

127 | 13.03.2021 | 37°57'32.0"N 28°16'25.0" E 510 Aydm: Nazilli, Haskoy

128 | 13.03.2021 | 37°56'30.0" N 28°16'49.0" E 190 Aydmn: Nazilli, Ocakli

129 | 21.03.2021 | 37°52'42.0"N 28°0323.0" E 180 Aydin: Kosk, Baklakoy

130 | 21.03.2021 | 37°53'04.0"N 28°03'48.0" E 290 Aydin: Kosk, Baklakoy

131 | 21.03.2021 | 37°54'52.0"N 28°04'32.0" E 790 Aydm: Kosk, Mezekdy

132 | 21.03.2021 | 37°56'10.0" N 28°05'22.0" E 840 Aydimn: Kosk, Karatepe

133 | 21.03.2021 37°56'31.0" N 28°05'36.0" E 830 Aydin: Kosk, Karatepe

134 | 21.03.2021 37°57'35.0" N 28°06'30.0" E 610 Aydin: Kosk, Kizilcakdy

135 | 10.04.2021 | 37°55'34.0"N 28°00'55.0" E 160 Aydm: Kosk, Kogak

136 | 10.04.2021 | 37°5622.0"N 28°01'09.0" E 330 Aydm: Kosk, Giindogan

137 | 10.04.2021 | 37°57'38.0"N 28°01'38.0" E 640 Aydin: Kosk, Akgakdy

138 | 10.04.2021 | 37°59'40.0"N 28°00'30.0" E 660 Aydin: Kosk, Cayir

139 | 10.04.2021 | 38°00'34.0" N 27°59'51.0" E 610 Izmir: Odemis, Hamam

140 | 10.04.2021 | 38°01'17.0" N 27°59'36.0" E 650 Izmir: Odemis, Kiiciikéren

141 | 10.04.2021 | 38°02'45.0" N 27°59'37.0" E 890 Izmir: Odemis, Kiire

142 | 10.04.2021 | 38°03'34.0" N 27°59'58.0" E 1030 Izmir: Odemis, Kiire

143 | 10.04.2021 | 38°03'47.0" N 28°01'20.0" E 1030 Izmir: Odemis, Bademli

144 | 10.04.2021 38°05'07.0" N 28°03'43.0" E 300 Izmir: Odemis, Between Bademli/Pringci, dam
edge

145 | 10.04.2021 | 38°03'51.0" N 28°06'45.0" E 550 Izmir: Odemis, Bicakc1

146 | 10.04.2021 | 38°02'55.0" N 28°07'04.0" E 900 Izmir: Odemis, Bicake1

147 | 10.04.2021 | 38°02'03.0" N 28°07'32.0" E 1240 Izmir: Odemis, Bicakc1

148 | 20.04.2021 | 38°00'32.0" N 27°26'56.0" E 30 Izmir: Selcuk, Belevi

149 | 20.04.2021 | 38°00'57.0" N 27°27'S5.0" E 20 Izmir: Selcuk, Belevi,

150 | 20.04.2021 | 37°59'43.0" N 27°29'02.0" E 120 Izmir: Selcuk, Tire road

151 | 20.04.2021 | 37°59'03.0" N 27°30'08.0" E 250 Izmir: Tire, Halkapinar

152 | 20.04.2021 | 38°01'41.0" N 27°31'50.0" E 110 Izmir: Tire, Kiiciikkale

153 | 20.04.2021 38°04'09.0" N 27°41'35.0" E 190 Izmir: Tire, Hisarlik

154 | 20.04.2021 | 38°02'49.0" N 27°3721.0"E 160 Izmir: Tire, Akcasehir

155 | 20.04.2021 | 38°01'02.0" N 27°35'50.0" E 220 Izmir: Tire, Akyurt

156 | 20.04.2021 | 38°0025.0" N 27°3724.0" E 470 [zmir: Tire, Akyurt

157 | 20.04.2021 37°57'08.0" N 27°35'35.0" E 340 Aydin: Germencik, Camkoy

158 | 17.02.2022 | 37°54'40" N 27°22'40" E 150 Izmir: Selcuk, Acarlar

159 | 17.02.2022 | 37°56°49” N 27°2324” E 210 Izmir: Selcuk, Between Selcuk-Sirince

160 | 17.02.2022 37°56°49” N 27°23°24” E 490 Izmir: Selguk, Sirince

161 17.02.2022 37°57°19” N 27°27°21” E 520 [zmir: Selguk, Sirince

162 | 17.02.2022 | 37°57°44” N 27°28°37” E 430 Aydm: Germencik, between Sirince-Selatin
village

163 | 17.02.2022 37°57°28” N 27°25°6” E 160 Izmir: Selguk, between Selguk-Sirince (old way)

164 | 17.02.2022 | 37°57°27” N 27°23’12” E 50 Izmir: Selcuk, Zafer

165 | 19.02.2022 38°5°5” N 27°45°42” E 190 Izmir: Tire, Karaca Ali

166 | 19.02.2022 38°4°46” N 27°47°6” E 410 Izmir: Tire, Boynu Yogun

167 | 19.02.2022 | 38°3’17”N 27°48°46” E 970 Izmir: Tire, Dallik South ridge

168 | 19.02.2022 | 38°1’53”N 27°50’45” E 1350 Izmir: Tire, Yamandere

169 19.02.2022 38°2°53” N 27°49°57” E 890 [zmir: Tire, Yamandere

170 | 19.02.2022 | 38°3°22” N 27°49°40” E 690 [zmir: Tire, Kiirdiillii

171 | 19.02.2022 | 38°4’23” N 27°49°54” E 500 Izmir: Tire, between Ekindik-Kiirdiillii

172 | 19.02.2022 38°5°35” N 27°49°12” E 140 Izmir: Tire, Kiirdiillii Kuyucak road

173 | 15.03.2022 | 37°5725"N 28°37'22" E 410 Aydimn: Kuyucak, Kurtulug, Derekdy entrance

174 | 15.03.2022 37°58'55" N 28°36'52" E 710 Aydin: Kuyucak, Derekdy ahead

175 | 15.03.2022 37°58'37" N 28°36'15" E 1060 Aydin: Kuyucak, Derekdy

176 | 15.03.2022 37°59'1" N 28°36'3" E 1190 Aydin: Kuyucak, Derekdy

177 | 15.03.2022 | 37°5827"N 28°35'43" E 1030 Aydimn: Kuyucak, Derekdy

178 | 15.03.2022 37°5528" N 28°26'54" E 190 Aydin: Kuyucak, Mustafapasa

179 | 15.03.2022 37°55'56" N 28°28'6" E 400 Aydm: Kuyucak, Cumhuriyet

180 | 15.03.2022 37°57'12" N 28°2845" E 980 Aydin: Kuyucak, Cobanisa

181 | 15.03.2022 37°57'30" N 28°28'48" E 1130 Aydin: Kuyucak, above Cobanisa

182 | 15.03.2022 | 37°58'32"N 28°28'54" E 990 Aydimn: Kuyucak, Kayran
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3. Results

As a result of the examination of approximately 10000 samples collected during field studies in the Aydin
Mountains, designated as the research area, 216 taxa (26 families and 76 genera) belonging to Bryophyta, 51 taxa (22
families and 25 genera) belonging to Marchantiophyta and only one taxon belonging to Anthocerotophyta were found.
In total, the moss diversity of the research area was recorded as comprising 102 genera and 268 taxa belonging to 49
families. The list of taxa is provided with a list with their Turkish names [15]. The floristic list is presented in
evolutionary order. [7].

Floristic List of Aydin Mountains

ANTHOCEROTOPHYTA/BOYNUZLUOTLAR

1- NOTOHYLADACEAE [YESILBOYNUZGILLER]
Phaeoceros laevis (L.) Prosk. [Yesilboynuz] Common, Substrt: S, SCR, GZD 552

MARCHANTIOPHYTA/ CiGEROTLARI

1- CEPHALOZIELLACEAE [SARGINCIKGILLER]

Cephaloziella baumgartneri Schiffn. [Kire¢ sargincigi] Loc: 103, Substrt: S, GZD 1530

C. divaricata (Sm.) Schiffn. [Koyu sargincik] Loc: 163, Substrt: SCR, GZD 2110

C. hampeana (Nees) Schiffn. [Sargincik] Loc: 69,73, 92, 96, 100, 117,125, Substrt: S, R, GZD 1155

2- SCAPANIACEAE [SATIRCAGILLER]

3- Scapania undulata (L.) Dumort. [Kath satirca] Loc: 78, Substrt: R, GZD 1223

4- GYMNOMITRIACEAE [KURTCUKGILLER]

Marsupella emerginata (Ehrh.) Dumort. [Dikilcik] Loc: 116, Substrt: S, R, GZD 1677

5- JUNGERMANNIACEAE [YAKACIKGILLER]

Mesophytica turbinata (Raddi) L. Soderstr & Vana [Sokulgan] Loc: 6, 59, 60, 82, 101, 103, 107, 114, 115, 116, 119,
120, 134, Substrt: S, R, SCR, GZD 1714

6- SOLENOSTOMATACEAE [BAGIRCIKGIiLLER]

Solenostoma hyalinum (Lyell) Mitt. [Parlak bagircik] Loc: 82, Substrt: S, GZD 1258

7- SOUTHBYACEAE [GERCEKYAKALIGILLER]

Gongylanthus ericetorum (Raddi) Nees [Dikyakali] Loc: 129, Substrt: R, GZD 1810

Southbya nigrella (De Not.) Henriques [Kara yakali] Loc: 101,130, 152, Substrt: S, R, SCR, GZD 1824

S. tophacea (Spruce) Spruce [Yakali] Loc: 6, 21, 25, 26, 63, 69, 73, 75, 82, 101, 108, 114, 115, 129, 134, 138, 149,
Substrt: S, R, GZD 447

8- FRULLANIACEAE [MiGFERCEGILLER]

Frullania dilatata (L.) Dumort. [Migferce] Loc: 43, 60, 117, 119, 120, 133, 134, 139, Substrt: E, GZD 1872
9- PORELLACEAE [KATLICAGILLER]

Porella cordeana (Hiibener) Moore [Sar1 katlica] Loc: 125, Substrt: R, SCR, GZD 1774

P. pinnata L. [Su katlicas1] Loc: 77, 125, Substrt: R, SCR, GZD 1779

P. platyphylla (L.) Pfeiff. [Katlica] Loc: 23, 66, 75, 77, 78, 88, 120, 125, 126, 133, 134, 144, Substrt: R, SCR, GZD
1191

10- RADULACEAE [YASSICIKGiLLER]

Radula complanata (L.) Dumort. [Yassicik] Loc: 120, Substrt: E, GZD 1726

11- METZGERIACEAE [TULLUCEGILLER]

Metzgeria furcata (L.) Corda [Tiilliice] Loc: 58, 63, 77, 120, 133, Substrt: SCR, E, GZD 1058

12- FOSSOMBRONIACEAE [FIRFIRLIGiLLER]

Fossombronia angulosa (Dicks.) Raddi [Uzun firfirli] Loc: 69, 77, 149, 151, 158, Substrt: S, SCR, GZD 2013
F. caespitiformis (Raddi) De Not.ex Rabenh [Zar firfirli] Loc: 101, Substrt: S, GZD 1518

F. echinata Macvicar [Diken firfirli] Loc: 107, 109, 158, 159, Substrt: S, GZD 1607

F. pusilla (L.) Nees [Firfirli] Common, Substrt: S, GZD 877

13- PETALOPHYLLACEAE [DALGALIKGILLER]

Petalophyllum ralfsii (Wilson) Nees &Gottsche ex Lindenb [Dalgalik] Loc: 90, 107, Substrt: S, GZD 1367
14- PELLIACEAE [SUPULCUGUGILLER]

Apopellia endiviifolia (Dicks.) Nebel & D. Quandt [Catalsupulcugu] Loc: 23, 59, 62, 68, 76, 78, 92, 103, 120, 134, 145,
154, 158, Substrt: S, SCR, GZD 1727

15- LUNULARIACEAE [AYCANAKGILLER]

Lunularia cruciata (L.) Dumort. ex Lindb. [Ay¢anak] Common, Substrt: S, SCR, GZD 514

16- AYTONIACEAE [KAPAKLIGILLER]

Mannia androgyna (L.) A. Evans [Mantarbag] Common, Substrt: S, SCR, E, GZD 587
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M. fragrans (Balb.) Frye & L. Clark [Kokar mantarbas] Loc: 50, Substrt: S, GZD 639

Plagiochasma rupestre (J.R. Forst. & G. Forst.) Steph. [Catalparmak] Loc: 26, Substrt: SCR, GZD 620

Reboulia hemisphaerica (L.) Raddi [Yarimbag] Common, Substrt: S, R, SCR, GZD 859

17- CONOCEPHALACEAE [KONIKBASGILLER]

Conocephalum conicum (L.) Dumort. [Konikbas] Loc: 23, 32, 56, 59, 62, 77, 78, 119, 120, 134, 160, Substrt: S, SCR,
GZD 937

18- CORSINIACEAE [BAGRIYARIKGILLER]

Corsinia coriandrina (Spreng.) Lindb. [Bagriyarik] Common, Substrt: R, SCR, GZD 1616

19- MARCHANTIACEAE [CIGEROTUGILLER]

Marchantia polymorpha L. [Cigerotu] Loc: 77, Substrt: SCR, GZD 1201

20- OXYMITRACEAE [KARNIYARIKLIGILLER]

Oxymitra incrassata (Brot.) Sérgio & Sim-Sim [Karniyarikli] Loc: 22, 24, 30, 83, 107, 111, 118, 129, 158, Substrt: S,
R, SCR, GZD 1692

21- RICCIACEAE [CATALCIKGILLER]

Riccia beyrichiana Hampe ex Lehm. [Kanalli ¢atalcik] Loc: 6, 21, 96, 107, 108, 146, Substrt: S, GZD 1468

. bicarinata Lindb. [Ciftdisli ¢atalcik] Loc: 87, 107, 110, 118, 129, 148, 158, Substrt: S, GZD 1304

. bifurca Hoffm [Ayrik gatalcik] Loc: 87, 96, 107, 118, 158, Substrt: S, GZD 1311

. ciliata Hoffm [Kusatiiylii gatalcik] Loc: 83, 96, 141, 158, Substrt: S, GZD 1272

. ciliifera Link [Killi ¢atalcik] Loc: 44, Substrt: S, GZD 819

. crinita Taylor [Sakall1 ¢atalcik] Loc: 83, Substrt: S, GZD 1271

. crozalsii Lev. [Ege ¢atalcigi1] Loc: 96, 107, 109, 111, 116, 128, 129, 146, 148, 158, Substrt: S, GZD 1792

. glauca L. [Catalcik] Loc: 83, 107, Substrt: S, GZD 1270

. gougetiana Durieu & Mont. [Koca catalcik] Common, Substrt: S, GZD 432

. gougetiana Durieu & Mont. var. armatissima Levier ex Miill. Frib. [Yoz gatalcik] Loc: 24, 44, Substrt: S, GZD 901
. lamellosa Raddi [Akgatalcik] Loc: 26, 41, 107, 123, Substrt: S, GZD 1751

. macrocarpa Lev. [iri catalcik] Loc: 83, Substrt: S, GZD 1269

. michelii Raddi [Pasli ¢atalcik] Loc: 21, 44, 85, 89, 101, 103, 179, Substrt: S, GZD 821

. nigrella DC. [Kara gatalcik] Loc: 24, 28, 81, 83, 85, 86, 91, 96, 107, 171, 174, 176, Substrt: S, GZD 1464

. papillosa Moris. [Sigilli ¢atalcik] Loc: 22, 30, 83, 89, 96, 179, Substrt: S, GZD 1465

. sorocarpa Bisch. [Bol ¢atalcik] Common, Substrt: S, GZD 450

. subbifurca Warnst. ex Croz. [Uzun ¢atalcik] Loc: 20, 28, 92, 96, 99, 109, 110, 116, 118, 121, 128, 129, 136, 144,
Substrt: S, GZD 533

22- TARGIONIACEAE [ARDIKARAGILLER]

Targionia hypophylla L. [Ardikara] Common, Substrt: S, GZD 1098

23- SPHAEROCARPACEAE [DiSIKUREGILLER]

Sphaerocarpos michelii Belardi [Diken disikiire] Loc: 107,153,172, Substrt: S, GZD 2037

S. europaeus Lorb. [Disikiire] Common, Substrt: S, GZD 442

BRYOPHYTA/YAPRAKLI KARAYOSUNLARI

1- POLYTRICHACEAE [BORKLUCEGILLER]

Polytrichum juniperinum Hedw. [Bol borkliice] Loc: 18, 32, 36, 57, 89, 93, 133, 141, Substrt: S, SCR, GZD 676
2- TIMMIACEAE [YILDIZVERENGILLER]

Timmiella barbuloides (Brid.) Moénk. [Duvarlik] Common, Substrt: S, R, SCR, GZD 2042

3- ENCALYPTACEAE [DUVAKLIGILLER]

Encalypta rhaptocarpa Schwagr. [Koca duvakli] Loc: 55, 131, Substrt: R, GZD 1842

E. streptocarpa Hedw. [Kivrik Duvakli] Loc: 162, Substrt: SCR, GZD 2106

E. vulgaris Hedw. [Duvakli] Loc: 12, 14, 19, 23, 26, 93, 105, 113, 131, 155, 169, Substrt: S, R, SCR, GZD 1553
4- FUNARIACEAE [KEPCEBASGILLER]

Enthostodon attenuatus (Dicks.) Bryhn [Uzun topuzcuklu] Loc: 158, Substrt: S, GZD 2076

E. convexus (Spruce) Brugués. [Sis topuzcuklu] Loc: 90, 136, Substrt: S, GZD 1911

E. fascicularis (Hedw.) Mill. Hal. [Kat topuzcuklu] Loc: 107, Substrt: S, GZD 1573

E. muhlenbergii (Turner) Fife [Topuzcuklu] Loc: 45, 107, 121, 153, 158, Substrt: S, GZD 2038

E. pulchellus (H. Philib.) Brugués [Bol topuzcuklu] Loc: 62, 96, 99, 101, 103, 118, 121, 127, 128, 131, 133, 142, 148,
157, Substrt: S, R, GZD 1538

Funaria hygrometrica Hedw. [Kepgebas] Common, Substrt: S, R, SCR, GZD 1083

5- DICRANELLACEAE [iINCELIiKGILLER]

Dicranella howei Renauld & Cardot. [Ayr incelik] Common, Substrt: S, SCR, GZD 2012

D. varia (Hedw.) Schimp. [Incelik] Loc: 98, 108, 163, Substrt: S, GZD 1595

6- FISSIDENTACEAE [CEPKENLIGILLER]

Fissidens dubius P. Beauv [Yoz cepkenli] Loc: 63, 69, 70, 73, 136, 155, Substrt: S, E, GZD 2058

F. taxifolius Hedw. [Zarif cepkenli] Loc: 152, 160, Substrt: S, GZD 2094
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. arnoldii R.Ruthe [Ciice cepkenli] Loc: 50, 103, Substrt: R, GZD 1141

. bryoides Hedw. [Bol cepkenli] Loc: 158, Substrt: S, GZD 2081

. crispus Mont. [Kivir cepkenli] Loc: 57, 71, Substrt: S, SCR, GZD 964

. incurvus Starke ex Rohl. [Doniik cepkenli] Loc: 98, Substrt: S, GZD 1487

. rufulus Bruch & Schimp. [Uzun cepkenli] Loc: 26,154, Substrt: SCR, GZD 621

. viridulus (Sw. ex anon.) Wahlenb. [Cepkenli] Common, Substrt: S, R, SCR, GZD 1938

. exilis Hedw. [Yitik cepkenli] Loc: 158, Substrt: S, GZD 2079

7- RHABDOWEISIACEAE [BAKIRLIKGILLER]

Dicranoweisia cirrata (Hedw.) Lindb. [Kiitiikcan] Loc: 5, 25, 32, 34, 72, 88, 99, 125, 134, 145, Substrt: S, SCR, E,
GZD 1774

8- DITRICHACEAE [CATALDISGILLER]

Ceratodon conicus (Hampe) Lindb. [Sivri boynuzdis] Loc: 85, Substrt: R, GZD 1285

C. purpureus (Hedw.) Brid. [Boynuzdis] Loc: 5, 36, 125, Substrt: R, SCR, GZD 419

Cheilothela chloropus (Brid.) Broth. [Ayrikdis] Loc: 22, 47, 48, 55, 57, 101, 107, 108, 111, 113, 123, 149, 158, 159,
171, Substrt: S, SCR, GZD 1625

Pleuridium acuminatum Lindb. [Silli kapaksiz] Loc: 92, Substrt: S, GZD 1402

9- POTTIACEAE [POTURCUKGILLER]

Acaulon fontiquerianum Casas & Sérgio [Kit boncukguk] Loc: 83, Substrt: S, GZD 1274

*A. mediterraneum Limpr. [Ege boncukguk] Loc: 95, 172, Substrt: S, GZD 1433

A. muticum (Hedw.) Miill. Hal. [Boncukguk] Loc: 47, Substrt: S, GZD 838

A. triquetrum (Spruce) Miill. Hal. [Uggen boncukguk] Loc: 39, 50, 54, 128, 135, 179, Substrt: S, GZD 1792

Aloina aloides (Koch ex Schultz) Kindb [Pidecik] Loc: 5, 15, 25, 39, 50, 71, 100, 101, 102, 107, 111, 116, 159, 163,
Substrt: S, R, SCR, GZD 400

A. ambigua (Bruch & Schimp.) Limpr. [Etli pidecik] Loc: 46, 84, 85, 90, 96, 107, 108, 127, 129, 149, 153, Substrt: S,
R, SCR, GZD 1563

B. unguiculata Hedw. [Fir¢acik] Common, Substrt: S, SCR, GZD 2021

Crossidium aberrans Holz. & E.B.Bartram [Diiz kartpulcuk] Loc: 58, Substrt: S, GZD 982

C. squamiferum (Viv.) Jur [Kartpulcuk] Loc: 2, 24, 41, 46, 80, 85, 100, 107, 108, 130, 159, Substrt: S, R, SCR, GZD
1830

Dialytrichia mucronata (Brid.) Broth. [Gergeflice] Loc: 21, 154, Substrt: R, GZD 2049

Didymodon acutus (Brid.) K. Saito [Sivri ikizcik] Common, Substrt: S, R, SCR, GZD 1519

. australiase (Hook. & Grev.) R.H.Zander [Yaban ikizcik] Loc: 134, Substrt: S, GZD 1897

. bistratosus Hébrard & Pierrot [Katli ikizcik] Loc: 50, 64, Substrt: S, GZD 1060

. cordatus Jur. [U(;gen ikizcik] Loc: 5, 81, 93, 146, Substrt: S, R, Substrt: S, R, SCR, GZD 1239

. fallax (Hedw.) R.H. Zander [Déniik ikizcik] Loc: 44, 84, 170, Substrt: S, SCR, GZD 1281

. insulanus (De Not.) M.O. Hill [Uzun ikizcik] Common, Substrt: S, R, SCR, E, GZD 2065

. luridus Hornsch. [Bol ikizcik] Common, Substrt: S, R, SCR, GZD 1648

. rigidulus Hedw. [Boncuklu ikizcik] Loc: 47, 57, 64, 93, 95, 115, 125, 131, 156, Substrt: S, R, SCR, GZD 1849

. spadiceus (Mitt.) Limpr. [Diiz ikizcik] Loc: 2, 3, 36, 48, GZD 695

. tophaceus (Brid.) Lisa [Cok ikizcik] Loc: 23, 26, 46, 57, 62, 63, 97, 103, 115, 119, 120, 135, 138, 156, 157, 158,
163, Substrt: S, R, SCR, Substrt: S, R, SCR, GZD 2071

D. tophaceus subsp. sicculus M.J.Cano, Ros, Garcia- Zam. & J.Guerra) Jan Kucera [Kiigiik ikizcik] Loc: 142, Substrt:
S, GZD 1953

D. umbrosus (Miill. Hal.) R.H. Zander [Dalgali ikizcik] Loc: 3, 24, 64, 92, 96, 147, Substrt: S, R, SCR, E, GZD 579
D.vinealis (Brid.) R.H. Zander [ikizcik] Common, Substrt: S, R, SCR, GZD 1546

Microbryum curvicollum (Hedw.) R.H.Zander [Kivrik kiifecik] Loc: 47, Substrt: S, GZD 838

M. rectum (With.) R.H. Zander [Son kiifecik] Loc: 46, 107, Substrt: S, GZD 1563

M. starkeanum (Hedw.) R.H. Zander [Kiifecik] Common, Substrt: S, SCR, GZD 2003

Pseudocrossidium hornschuchianum (Schultz) R.H. Zander [Doniikge] Loc: 5, 18, 24, 46, 96, 102, 105, 107, 111, 118,
123, 127, Substrt: S, SCR, GZD 1697

P. revolutum (Brid.) R.H. Zander [Kivrik doniikge] Loc: 100, Substrt: SCR, GZD 1503

Pterygoneurum ovatum (Hedw.) Dixon [Atkilica] Loc: 13, Substrt: S, GZD 495

Syntrichia calcicola J.J. Aman [Kire¢ ulduzu] Loc: 89, 142, Substrt: S, GZD 1350

S. caninervis Mitt var. gypsophila (J.J. Amann ex G. Roth) Ochyra [Kurak ulduz] Loc: 55, 88, 133, Substrt: R, SCR,
GZD 1862

S. handelii (Schiffn.) S.Agnew & Vondr. [Oz ulduz] Loc: 126, Substrt: R, GZD 1783

S. laevipila Brid. [Aga¢ ulduzu] Loc: 4, 167, Substrt: E, GZD 356

S. mindr (Bizot) M.T.Gallego [Ciice ulduz] Loc: 167 Substrt: E, GZD 2127

S. montana Nees [Bol ulduz] Loc: 14, 21, 57, 59, 134, Substrt: R, E, GZD 1894

S. papillosissima (Copp.) Loeske [Uzun ulduz] Loc: 58, Substrt: SCR, GZD 979
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S. princeps (De Not.) Mitt. [Kaba ulduz] Common, Substrt: S, R, SCR, GZD 1747

S. ruraliformis (Besch.) Mans.[Sivri ulduz] Loc: 44, 88, 122, 125, Substrt: S, SCR, GZD 1737

S. ruralis (Hedw.) F. Weber & D. Mohr [Ulduz] Common, Substrt: S, R, SCR, E, GZD 1339

S. subpapillosissima (Bizot & R.B. Pierrot ex W.A. Kramer) M.T. Gallego & J. Guerra [Zarif ulduz] Loc: 17, 18, 58,
124,131, 133, 142, 176, Substrt: S, R, SCR, GZD 1844

S. virescens (De Not.) Ochyra [Kii¢iik ulduz] Loc: 60, 91, 94, 141, Substrt: E, GZD 1390

Tortula acaulon (With.) R.H. Zander [Ciice kurucan] Loc: 39, 50, 80, 83, 95, 96, 128, 131, 162, 181, Substrt: S, GZD
1793

. acaulon var. pilifera (Hedw.) R.H. Zander [Tiiylii kurucan] Loc: 127, Substrt: S, GZD 1790

. atrovirens (Sm.) Lindb. [Kiit kurucan] Loc: 5, Substrt: R, GZD 426

. brevissima Schiffn. [Narin kurucan] Loc: 5, 39, 51, 168, 180, Substrt; S, GZD 391

. canescens Mont. [Boz kurucan] Loc: 107, 127, Substrt: R, SCR, GZD 1789

. caucasica Broth. [Kaf kurucan] Loc: 144, Substrt: S, GZD 1961

. cuneifolia (Dicks.) Turner [Seyrek kurucan] Loc: 47, 66, 91, 96, 118, 158, 165, 171, Substrt: S, R, SCR, GZD 1075

. inermis (Brid.) Mont [Tiiysiiz kurucan] Loc: 2, 13, 18, 54, 57, 99, 105, 120, 133, 142, 156, Substrt: S, R, SCR, E,
GZzZD 1954

T. marginata (Bruch & Schimp.) Spruce [Kenarli kurucan] Loc: 83, 84, 95, 96, Substrt: S, GZD 1283

T. muralis Hedw. [Kurucan] Loc: 2, 5, 45, 59, 65, 84, 104, 105, 118, 122, 127, 137, 153, 165, Substrt: S, R, SCR, E,
GZD 1918

T. muralis Hedw. var. aestiva Hedw. [Kose kurucan] Loc: 141, 154, Substrt: SCR, GZD 409

T. subulata Hedw. [Biz kurucan] Common, Substrt: S, R, SCR, E, GZD 1653

T. vahliana (Schultz) Mont [Efe kurucan] Loc: 80, 122, 130, 180, Substrt: R, SCR, GZD 1828

Streblotrichum convolutum (Hedw.) P.Beauv. [Bol firgacik] Common, Substrt: S, R, GZD 422

S. convolutum P.Beauv. var. commutatum (Jur.) J.J.Amann [Yoz fir¢acik] Loc: 13, 95, 137, Substrt: SCR, E, GZD 1918
Ephemerum serratum (Hedw.) Hampe [Ciice tezgiden] Loc: 22, Substrt: S, GZD 567

Eucladium verticillatum (With.) Bruch & Schimp. [Sizincik] Common, Substrt: S, R, SCR, E, GZD 1637
Gymnostomum aeruginosum Sm. [Damlacik] Loc: 50, 108, Substrt: SCR, GZD 1593

G. calcareum Nees & Hornsch. [Kire¢ damlacik] Common, Substrt: S, R, SCR, GZD 1602

G. viridulum Brid. [Yesil damlacik] Loc: 21, 22, 39, 81, 100, 130, 163, Substrt: S, R, SCR, GZD 1826

Gyroweisia tenuis (Schrad. ex Hedw.) Schimp [Dilcikli] Loc: 24, 59, 63, 64, 101, 108, 114, 130, 135, 152, 163, 170,
Substrt: S, R, SCR, GZD 1823

Hydrogonium bolleanum (Miill.Hal.) A.Jaeger [Dere fircacigi] Loc: 6, Substrt: R, GZD 446

Hymenostylium recurvirostrum (Hedw.) [Ince kivrik] Loc: 23, Substrt: R, GZD 573

Tortella flavovirens (Bruch) Broth. [Kokar camtaban] Loc: 21, 107, 108, Substrt: R, SCR, GZD 1577

T. humilis (Hedw.) Jenn. [Bodur camtaban] Loc: 48, 107, 108, 115, 130, 151, Substrt: S, R, SCR, GZD 2027

T. nitida (Lindb.) Broth. [Cibil camtaban] Loc: 108, 115, Substrt: R, GZD 1589

T. squarrosa (Brid.) Limpr. [Doniik camtaban] Common, Substrt: S, R, SCR, GZD 427

T. tortuosa (Hedw.) Limpr. [Camtaban] Loc: 2, 45, 49, 50, 52, 60, 69, 77, 82, 92, 114, 133, 179, Substrt: S, SCR, GZD
1026

Trichostomum brachydontium Bruch [Dik kayik¢ik] Loc: 24, 69, 125, Substrt: S, GZD 1607

T. crispulum Bruch [Kayik¢ik] Common, Substrt: S, R, SCR, GZD 1775

Weissia brachycarpa (Nees & Hornsch.) Jur. [Kisa kivircikli] Loc: 66, 67, Substrt: S, GZD 1099

W. condensa (Voit) Lindb. [Bol kivircikli] Loc: 87, 95, 100, 107, 111, 148, Substrt: S, R, SCR, GZD 1508

W. controversa Hedw. [Kivircikli] Common, Substrt: S, SCR, GZD 1620

W. longifolia Mitt. [Uzun kivircikli] Loc: 148, Substrt: S, GZD 2003

10- GRIMMIACEAE [YASTIKCIKGILLER]

Grimmia anodon Bruch & Schimp. [Diiz yastik¢ik] Loc: 17, 124, GZD Substrt: S, R, 1757

G. dissumulata E. Maier [Zeytin yastik¢ik] Loc: 88, Substrt: S, GZD 1327

G. elongata Kaulf. [Boylu yastik¢ik] Loc: 28, 80, 105, 125, 135, 142, 129, 133, 148, Substrt: R, SCR, GZD 1869

G. funalis (Schwégr.) Bruch & Schimp. [Sar yastik¢ik] Loc: 55, 66, 125, 133, 166, 169, Substrt: R, GZD 1768

G. laevigata (Brid.) Brid. [Akea yastik¢ik] Loc: 17, 22, 46, 54, 55, 67, 80, 123, 129, 130, 142, 168, Substrt: R, SCR,
GzD 1815

G. lisae De Not. [Cam yastik¢ik] Loc: 14, 47, 50, 57, 58, 66, 88, 102, 106, 115, 123, 124, 136, 139, 148, 164, Substrt:
S, R, SCR, E, GZD 1323

. nutans Bruch. [Oz yastik¢ik] Loc: 130, Substrt: SCR, GZD 1829

. orbicularis Bruch ex Wilson [G6z yastik¢ik] Loc: 47, GZD 836

. ovalis (Hedw.) Lindb. [Kath yastik¢ik] Loc: 1, 2, 58, 87, 117, 145, 168, Substrt: R, GZD 330

. pulvinata (Hedw.) Sm. [Yastik¢ik] Common, Substrt: R, SCR, GZD 1686

. torquata Hornsch. in Grev. [Kivriml yastikeik] Loc: 125, Substrt: R, GZD 1766

. trichophylla Grev. [Bol yastik¢ik] Loc: 86, 130, 133, 141, 148, Substrt: SCR, GZD 1293
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Schistidium apocarpum (Hedw.) Bruch & Schimp. [Aldisli] Loc: 53, 125, Substrt: R, GZD 907

S. confertum (Funck) Bruch & Schimp. [Pek aldisli] Loc: 170, Substrt: R, GZD 2153

S. flaccidum (De Not.) Ochyra [Oykii aldisli] Loc: 56, 124, 168, Substrt: R, GZD 1762

S. helveticum (Schkuhr) Deguchi [Mine aldisli] Loc: 58, Substrt: SCR, GZD 989

11- HEDWIGIACEAE [AKTUYLUGILLER]

Hedwigia ciliata (Hedw.) P.Beauv [Aktiiylii] Loc: 1, 31, 57, 58, 126, 133, Substrt: R, GZD 1780

H. stellata Hedenis [Kivrik aktiiylii] Loc: 14, 66, Substrt: R, GZD 502

12- BARTRAMIACEAE [KURELIGILLER]

Anacolia webbii (Mont.) Schimp. [Misket¢ik] Loc: 49, 55, 56, 58, 125, 18, 87, 124, 125, 142, 169, Substrt: S, R, GZD
984

Bartramia pomiformis Hedw. [Kavir kiireli] Loc: 14, 34, 36, 89, 92, 93, 125, Substrt: S, R, GZD 1763

B. aprica Miill. Hal. [Kiireli] Loc: 2, 10, 50, 54, 57, 81, 83, 92, 129, 133, 136, 152, 155, 165, Substrt: S, R, SCR, GZD
2030

13- BRYACEAE [ILIMIKGILLER]

Bryum argenteum Hedw. [Boz ilimik] Loc: 30, 50, 95, 96, 111, 130, 142, 143, Substrt: S, SCR, GZD 1958

B. dichotomum Hedw. [Al tomurcuklu] Loc: 41, 96, 99, 107, 111, 127, 143, 153, 164, Substrt: S, R, SCR, E, GZD 1789
B. gemmilucens (R.Wilczek & Demaret) J.R.Spence [Ciice tomurcuklu] Loc: 95, Substrt: S, GZD 1437
Ptychostomum capillare (Hedw.) Holyoak & N.Pedersen [Giililimik] Common, Substrt: S, R, SCR, E, GZD 1149

P. cellulare (Hook.) D.Bell & Holyoak [Dik 1limik] Loc: 64, 141, 146, Substrt: S, SCR, GZD 1950

P. cernuum (Hedw.) Hornsch. [Damla karayosunu] Loc: 57, Substrt: S, GZD 974

P. donianum (Grev.) Holyoak & N.Pedersen [Bey karayosunu] Loc: 57, 59, 97, 99, 134, 147, Substrt: S, R, SCR, GZD
1880

P. elegans (Nees) D.Bell & Holyoak Loc: 54, Substrt: S, GZD 916

P. imbricatulum (Miill.Hal.) Holyoak & N.Pedersen [Pul tomurcuklu] Loc: 39, 96, 104, 105, 107, 129, 143, 163, 168,
Substrt: S, SCR, GZD 1578

P. inclinatum (Sw. ex Brid.) J.R.Spence [Ece karayosunu] Loc: 96, Substrt: S, GZD 1468

P. moravicum (Podp.) Ros & Mazimpaka [Giir giilillimik] Loc: 93, Substrt: SCR, GZD 1423

P. pseudotriquetrum (Hedw.) J.R.Spence & H.P.Ramsay ex D.T.Holyoak & N.Pedersen [Bol karayosunu] Loc: 78, 169,
Substrt: S, GZD 1221

P. torquescens (Bruch & Schimp.) J.R.Spence [Kivrik giililimik] Loc: 25, 43, 87, 88, 104, 156, Substrt: S, R, GZD
2061

14- MNIACEAE [YISILCAGILLER]

Pohlia artropurpurea (Wahlenb.) H. Lindb. [Mor balircik] Loc: 125, Substrt: S, GZD 1767

P. elongata Hedw. [Yaban balircik] Loc: 36, 39, 145, Substrt: S, GZD 1971

P. melanodon (Brid.) A.J. Shaw [Kara balircik] Loc: 39, 120, Substrt: S, GZD 1723

P. wahlenbergii (F.Weber & D.Mohr) A.L.Andrews var. calcarea (Warnst.) E.F.Warb. [Kire¢ balircigi] Loc: 23, 59,
Substrt: R, GZD 576

Epipterygium tozeri (Grev.) Lindb. [Zarkanat] Loc: 145, Substrt: S, GZD 1978

Plagiomnium affine (Blandow ex Funck) T.J.Kop. [Yatkin yisilcali] Loc: 134, Substrt: S, GZD 1886

P. cuspidatum (Hedw.) T.J. Kop. [Biz yisilcali] Loc: 59, Substrt: S, GZD 1018

P. medium (Bruch & Schimp.) T.J. Kop. [Orta yisilcali] Loc: 69, 70, 77, 103, 134, 155, Substrt: S, SCR, GZD 1886
P. undulatum (Hedw.) T.J. Kop. [Yisilcali] Loc: 59, 78, 120, 139, Substrt: S, R, E, GZD 1927

15- ORTHOTRICHACEAE [YOSGUNCUKGILLER]

Lewinskya acuminata (H. Philib.) F. Lara, Garilleti & Goffinet [Sivri yosguncuk] Loc: 86, 141, Substrt: E, GZD 1944
L. affinis (Schrad. ex Brid.) F. Lara, Garilleti & Goffinet [Deli yosguncuk] Common, Substrt: E, GZD 1872

L. breviseta (F. Lara, Garilleti & Mazimpaka) F. Lara, Garilleti & Goffinet [Kisa Yosguncuk] Loc: 126, Substrt: E,
GzZD 1788

L. rupestris (Schleich. ex Schwégr.) F. Lara, Garilleti & Goffinet [Yosguncuk] Common, Substrt: R, SCR, E, GZD
1746

L. shawii (Wilson) F. Lara, Garilleti & Goffinet [Cizik yosguncuk] Loc: 2, Substrt: E, GZD 345

L. speciosa (Nees) F. Lara, Garilleti & Goffinet [Giiz yosguncuk] Loc: 16, 56, 89, 92, 123, 132, 134, 167, 169, 172,
Substrt: E, GZD 682

L. striata (Hedw.) F. Lara, Garilleti & Goffinet [Koru yosguncuk] Loc: 67, 77, 88, 91, 105, 118, 123, 127, 132, 137,
139, 143, 170, Substrt: E, GZD 1750

Orthotrichum bistratosum (Schiffn.) Guerra [Kath yosguncuk] Loc: 59, 68, 87, 130, 146, Substrt: S, R, GZD 1303

O. cupulatum Hoffm. ex Brid. [Yosguncuk] Loc: 17, 53, 67, Substrt: R, SCR, E, GZD 908

O. diaphanum Schrad. ex Brid. [Tiiylii yosguncuk] Common, Substrt: R, SCR, E, GZD 1712

O. macrocephalum F.Lara, Garilleti & V. Mazimpaka [Kabuklu yosguncuk] Loc: 143, 154, Substrt: E, GZD 1959

O. pallens Bruch ex Brid. [Soluk yosguncuk] Loc: 37, 91, 136, 141, 153, Substrt: E, GZD 699

O. pulchellum Brunt. [Kit yosguncuk] Loc: 51, Substrt: E, GZD 899
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O. pumilum Sw. ex anon. [Bidik yosguncuk] Loc: 50, 57, 72, 86, 87, 91, 132, 140, 165, Substrt: R, E, GZD 1858

O. scanicum Gronvall [Uglu yosguncuk] Loc: 44, 52, 173, Substrt: E, GZD 2166

O. schimperi Hammar [Sirin yosguncuk] Loc: 8, 91, Substrt: E, GZD 455

O. stellatum Brid. [Y1ldiz yosguncuk] Loc: 167, Substrt: E, GZD 2117

0. tenellum Bruch ex Brid. [Ince yosguncuk] Loc: 2, 17, 21, 51, 52, 59, 91-106-120-129-131-134-136-137-140, 172,
Substrt: R, E, GZD 331

Pulvigera lyellii (Hook. & Taylor) Plasek, Sawicki & Ochyra [Pasli yosguncuk] Common, Substrt: E, GZD 1756
Zygodon catarinoi C. Garcia, F. Lara, Sérgio & Sim-Sim [Katl girisik] Loc: 119, 120, Substrt: E, GZD 1720

Z. rupestris Schimp. ex Lorentz [Girisik] Common, Substrt: R, E, GZD 1788

Z. viridissimus (Dicks.) Brid. [Yesil girisik] Loc: 167, Substrt: E, GZD 2127

16- AULACOMNIACEAE [YiVLICEGILLER]

Aulacomnium androgynum (Hedw.) Schwigr. [Er yivlice] Loc: 89, Substrt: E, GZD 1355

17- FABRONIACEA [KADEHLIGILLER]

Fabronia pusilla Raddi. [Kadehli] Common, Substrt: SCR, E, GZD 1581

18- PTERYGYNANDRACEAE [TELKILiIMGILLER]

Pterigynandrum filiforme Hedw. [Telkilim] Loc: 88, Substrt: R, GZD 1324

19- HABRODONTACEAE [KABUKTUYUGILLER]

Habrodon perpusillus (De Not.) Lindb. [Kabuktiiyii] Loc: 120, 136, Substrt: E, GZD 1913

20- AMBLYSTEGIACEAE [USUMGILLER]

Cratoneuron filicinum (Hedw.) Spruce [Kancacik] Loc: 26, 56, 60, Substrt: R, SCR, GZD 611

Palustriella commutata (Hedw.) Ochyra /Kancali] Loc: 23, Substrt: R, GZD 578

Amblystegium serpens (Hedw.) Schimp. [Usiim] Loc: 71, 77, 120, 154, 166, Substrt: S, R, GZD 1731
Hygroamblystegium humile (P.Beauv.) Vanderp., Goffinet & Hedenas [Koca yastisiim] Loc: 89, Substrt: E, GZD 1363
H. tenax (Hedw.) Jenn. [Yasiisiim] Loc: 23, 26, 76, 116, Substrt: R, SCR, GZD 1199

H. varium (Hedw.) Monk. [Ala yagiistim] Loc: 139, Substrt: S, GZD 1933

Leptodictyum riparium (Hedw.). Warnst. [Islak dereiisiimii] Loc: 89, Substrt: E, GZD 1362

21- BRACHYTHECIACEAE [OSUMLUKGILLER]

Eurhynchium striatum (Hedw.) Schimp. [Dikburun] Loc: 25, Substrt: S, GZD 596

Rhynchostegium confertum (Dicks.) Schimp. [Ince gagalik] Loc: 88, 89, Substrt: S, GZD 1318

R. megapolitanum (Blandow ex F. Weber & D. Mohr) Schimp. [Kaba gagalik] Loc: 89, 173, Substrt: S, GZD 1352

R. riparioides (Hedw.) Cardot [Gagalik] Loc: 26, 77, 88, 101, 106, 134, 140, 147, 149, 153, 154, 164, Substrt: R, SCR,
GzZD 1523

Scorpiurium circinatum (Bruch) M. Fleisch. & Loeske [Kivrik akrepli] Loc: 4, 21, 50, 59, 108, 114, 128, 151, Substrt:
S, SCR, GZD 2026

S. deflexifolium (Solms) M. Fleisch. & Loeske [Kiit akrepli] Loc: 68, 71, Substrt: R, GZD 1119

S. sendtneri (Schimp.) [Akrepli] Loc: 21, 28, 50, 134, 150, Substrt: R, E, GZD 1891

Cirriphyllum crassinervium (Taylor) Loeske & M. Fleisch. [Kaba tugluca] Loc: 34, 69, Substrt: R, E, GZD 1129
Microeurhynchium pumilum (Wilson) Ignatov & Vanderp. [Ciice dikburun] Loc: 59, 70, 153, Substrt: S, R, SCR, GZD
1013

Oxyrrhynchium hians (Hedw.) Loeske [iri emzikli] Loc: 4, 6, 56, 67, 69, 77, 78, 92, 103, 118, 120, 134, 136, 139, 145,
154, Substrt: S, R, SCR, GZD 365

O. schleicheri (R. Hedw.) Roll [Kivrik emzikli] Loc: 4, 59, 67, 158, 166, 167, Substrt: S, R, GZD 361

O. speciosum (Brid.) Warnst [Emzikli] Loc: 4, 35, 71, 77, 89, 120, Substrt: S, R, GZD 1142

Rhynchostegiella curviseta (Brid.) Limpr. [Kivrik gagalica] Loc: 28, 70, 77, 103, 134, 140, Substrt: S, R, SCR, GZD
1539

R. litorea (De Not.) Limpr. [Tas gagalicasi] Loc: 13, 14, 89, 92, 97, 115, 120, Substrt: S, R, E, GZD 1358

R. teneriffae (Mont.) Dirkse & Bouman [Narin gagalica] Loc: 59, Substrt: R, GZD 1005

Brachytheciastrum velutinum (Hedw.) Ignatov & Huttunen [Kadifeli] Loc: 29, 36, 43, 50, 70, 89, 92, 93, 108, 117, 167,
Substrt: S, R, SCR, E, GZD 1597

Brachythecium albicans (Hedw.) Schimp. [Ak 6stimliik] Loc: 43, 50, 67, 134, Substrt: R, GZD 1087

B. rivulare Schimp. [Islak 6siimliik] Loc: Common, Substrt: S, R, SCR, E, GZD 1773

B. rutabulum (Hedw.) Schimp. [Kaba 6stimliik] Loc: Common, Substrt: S, R, SCR, E, GZD 1671

Eurhynchiastrum pulchellum (Hedw.) Ignatov & Huttunen [Hunicik] Loc: 36, 77, 82, 93, 116, 120, 134, Substrt: S, R,
SCR, GZD 1265

Homalothecium lutescens (Hedw.) H. Robins [Yesil Halicik] Loc: 21, Substrt: E, GZD 547

H. sericeum (Hedw.) Schimp. [Halicik] Common, Substrt: S, R, SCR, E, GZD 1718

Kindbergia praelonga (Hedw.) Ochyra [Narince] Loc: 34, 59, Substrt: S, GZD 671

Sciuro-hypnum starkei (Brid.) Ignatov & Huttunen [Bey 6stimce] Loc: 43, Substrt: SCR, GZD 802

Scleropodium cespitans (Wilson ex Miill. Hal.) L.F. Koch. [Cemrecik] Loc: 77, 82, 86, 89, 90, 99, 102, 117, 125, 166,
Substrt: S, R, SCR, E, GZD 1202
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S. tourettii (Brid.) L.F. Koch. [Bey cemrecik] Loc: 21, 25, 34, 50, 56, 57, 66, 81, 104, 131, 150, 169, Substrt: S, E, GZD
2022

22- HYPNACEAE [ORAKLIGILLER]

Hypnum andoi A.J.E. Sm. [Bay orakli] Loc: 25, Substrt: SCR, GZD 597

H. cupressiforme Hedw. [Orakli] Common, Substrt: S, SCR, GZD 1799

H. cupressiforme Hedw. var. lacunosum Brid. [Kaba orakli] Loc: 58, Substrt: SCR, GZD 988

H. resupinatum Taylor [Zarif orakli] Loc: 21, 25, 89, Substrt: E, GZD 599

23- LEUCODONTACEAE [ORTENCEGILLER]

Leucodon sciuroides (Hedw.) Schwigr. [Ortence] Common, Substrt: R, SCR, E, GZD 1916

Nogopterium gracile (Hedw.) Crosby & W.R. Buck [Ortiiciik] Common, Substrt: R, SCR, E, GZD 1527

24- ANTITRICHIACEAE [TELLiICANGILLER]

Antitrichia californica Sull. [Tellican] Common, Substrt: R, SCR, E, GZD 1760

A. curtipendula (Hedw.) Brid. [Kaba tellican] Loc: 126, Substrt: R, GZD 1782

25- NECKERACEAE [YISSACAGIGILLER]

Leptodon smithii (Hedw.) F. Weber & D. Mohr [Kayasagagi] Loc: 59, 63, 120, 126, 131, 133, 134, 136, Substrt: S, R,
SCR, E, GZD 1850

Neckera menziesii Drumm [Yissacagi] Loc: 125, 126, 131, 169, Substrt: R, GZD 1772

26- LEMBOPHYLLACEAE [BALIRLIKGiLLER]

Isothecium alopecuroides (Lam. ex Dubois) Isov. [Bol balirlik] Loc: 69, 100, Substrt: S, R, GZD 1134

I. myosuroides Brid. [Balirlik] Loc: 28, 119, Substrt: S, R, GZD 634

4. Conclusions and discussion

268 bryophyte records obtained from the research area indicate the highest rate of representation among
bryofloristic studies conducted in nearby regions to date [2, 12, 13]. Ricciaceae (17 taxa belonging to 1 genus),
Aytoniaceae (4 taxa belonging to 3 genera), Fossombroniaceae (4 taxa belonging to 1 genus), Southbyaceae (3 taxa
belonging to 2 genera) and Cephaloziellaceae (3 taxa belonging to 1 genus) families with 8 genera and 31 taxa
constitute 60,7 % of the liverworts in study area. Considering the taxa determined from the research area at the genus
level, Riccia emerges as the richest genus with 17 taxa. While Fossombronia is the second with 4 taxa, Cephaloziella
and Porella are represented by 3, Sphaerocarpos, Mannia, Southbya, 2 taxa each. Reboulia hemisphaerica, one of the
liverworts distributed in the study area, is the most common taxon when the percentage ratio is calculated according to
the number of localities (34,6 %). This taxon is followed by Lunularia cruciata, Riccia sorocarpa, Mannia androgyna,
Targionia hypophylla, Corsinia coriandrina and Fossombronia pusilla, respectively. As it can be understood from the
floristic list, many ephemeral liverwort records were given from our research area. Among these, the genus Riccia has a
very important place in terms of the taxa it contains. The representation rate of this genus, which is represented by
approximately 250 taxa in the world [21], in our country has increased to 28 (26 species and 2 subspecies) in recent
studies [19, 20]. The genus Riccia determined from the research area constitutes 60% of the total number in our country
with 17 taxa, and Aydin Mountains is seen as an important refuge area for this genus. Among the liverworts recorded in
our research area, there are also taxa with limited distribution. Scapania undulata, Fossombronia caespitiformis, F.
echinata, Petalophyllum ralfsii, Gongylanthus ericeterum, Southbya nigrella, Cephaloziella baumgartneri, Solenostoma
hyalinum and Marsupella emarginata are examples of this category. Scapania undulata is one of the remarkable taxa
among liverworts. Especially, this taxon, which is more common in the Black Sea Region, was also recorded in
Western Anatolia [17]. It was found in only one locality in our study area. This finding can be considered as an
indication of the formation of microhabitats in the north-facing and relatively heavy rainfall areas of the Aydin
Mountains. The presence of the high cover Conocephalum conicum in the areas where Scapania congregates supports
this situation. Another remarkable liverwort taxon included in our list is Solenostoma hyalinum, primarily found in the
eastern Black Sea Region. Like Scapania, it thrives in acidic or slightly calcareous streams and in permanently moist,
sandy, or clayey areas. Similarly, Marsupella emarginata is a common taxon in the Eastern Black Sea Region. This
taxon, registered in Kiitahya province, is likely to appear in different localities in Western Anatolia depending on the
appropriate environmental conditions [17].

Pottiaceae (75 taxa belonging to 21 genera), Brachytheciaceae (26 taxa belonging to 14 genera),
Orthotrichaceae (22 taxa belonging to 4 genera), Grimmiaceae (16 taxa belonging to 2 genera), Bryaceae (13 taxa
belonging to 2 genera), Fissidenteceae (9 taxa belonging to 1 genus), Miniaceae (9 taxa belonging to 2 genera),
Amblystegiaceae (7 taxa belonging to 5 genera), Funariaceae (6 taxa belonging to 2 genera), Hypnaceae (4 taxa
belonging to 1 genus) and Ditrichaceae (4 taxa belonging to 3 genera) are the most crowded family among the other
families. These families constitute 88,4 % of the mosses in our research area with a total of 57 genera and 191 taxa.
Tortula and Didymodon with 13, Grimmia and Syntrichia with 12, Orthotrichum with 11, Ptychostomum with 10,
Fissidens with 9, Lewinskya with 7 and Tortella with 5 is the most crowded genera among the flora. A very large
percentage of these families and the taxa they encompass include taxa adapted to xeric environments and this
observation aligns with findings from other studies conducted in the region [2, 10, 12, 13,]. Among the mosses
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distributed in the study area, the most common taxa are Grimmia pulvinata, Homalothecium sericeum, Didymodon
luridus, Dicranella howei, D. insulanus, D. acutus, D. vinealis, Barbula unguiculata, Syntrichia princeps, Tortella
squarrosa, Lewinskya rupestris, Orthotricum diaphanum, Brachytecium rutabulum, Fissidens viridulus, Funaria
hygrometrica. Grimmia torquata was recently collected from the research area and added to the bryophytes of Turkey
as a new record [14]. With the addition of the new record, the number of representative taxa of the genus in Turkey
increased to 32 [16]. Acaulon mediterraneum was determined as the 2nd record, Fissidens arnoldii, Pohlia
arthropurpurea, Lewinskya shawii, Acaulon fontiquerianum and Crossidium aberans as the 3rd record [2, 5, 6, 11, 12,
13, 20].

Grimmia elongata, previously recorded in Trabzon, Rize, Giresun, Giimiishane, Kastamonu, Bartin,
Zonguldak, Artvin, Ordu, Igdir and Ankara in earlier studies, has now been discovered in 8 different localities in our
research area [18]. The taxon, which has a distribution in different habitats from 30 m to 1330 m in our research area, is
likely to be found in other parts of the country. The genus Plagiomnium, which always prefers moist and wet places, is
represented by 8 taxa in our country and generally spreads in the Black Sea Region of these, P. medium was recorded
from a single locality in Western Anatolia [18]. The taxon, which we frequently encounter in our research area,
continues to thrive in suitable habitats in the Aydin Mountains. Although the basement rock formation of our study area
is composed of schists, in some localities, limestone rocks are encountered among this formation. The waters,
particularly enriched with CaCQOs, especially when they percolate through these rocks, interact with the CO, released
through the respiration of mosses and other plants that grow in these areas. This interaction leads to the precipitation of
calcium bicarbonate The most common taxa in this special habitat, also called the Tufa formation, are Bryum cellulare,
Eucladium verticillatum, Didymodon tophaceus, Gymnostomum calcareum, Pellia endiviifolia, Southbya tophacea.

Finally, in this study, a Turkish name was suggested for Grimmia torquata which were newly recorded in our
country and Southbyaceae. Grimmia torquata has been named "Kivrimlh yastikcik" and Southbyaceae has been named
"Gergekyakaligiller".

Even though Western Anatolia, including our research area, has been one of the most studied regions for
bryophytes, it continues to yield new records, indicating its richness in terms of bryophyte diversity. The completion of
this study holds significant importance in further uncovering and understanding the bryophyte diversity present in
Western Anatolia.
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Abstract

Verbascum racemiferum Boiss. & Hausskkn ex Boiss. is a member of the Verbascum L. (Scrophulariaceae)
genus called as "Sigirkuyrugu"in Turkish name. It is a rare species that grows in Turkey which is the center of
endemism for Verbascum species. In this study, the anatomical, palynological and seed micromorphological features of
V. racemiferum, which is known to grow only in Mardin in the Southeastern Anatolia region, were investigated for the
first time. In the root cross-section, the xylem elements occupy a considerable area. In the stem cross-section, the upper
part of the epidermis cells is surrounded by a separate cuticle layer and the pith region covers a large area. The main
vein of the leaf is shapped as collateral bundle. Idioblasts were observed in the leaves of V. racemiferum. Pollen grains
of V. racemiferum are tricolporate-tricolpate, spheroidal; P/E ratio is 0.96 and exine ornamentation is reticulate. Seeds
of V. racemiferum are brown and oblong-ovate to prismatic and alveolate. The apex is acute beak. The seed coat
ornamentation is irregular polygonal cells, with densely and distinct vesicles. In addition, this study will be a reference
to studies on the genus Verbascum.

Key words: anatomy, Mardin, pollen, seed, SEM, Verbascum
%

Tiirkiye nadir Verbascum racemiferum Boiss. & Hausskkn Ex Boiss. (Scrophulariaceae) anatomisi, palinolojisi
ve tohum mikromorfolojisi

Ozet

Verbascum racemiferum Boiss. & Hausskkn ex Boiss. "Sigirkuyrugu" olarak bilinen Verbascum L.
(Scrophulariaceae) cinsinin bir tiyesidir. Tir, Verbascum tiirleri igin endemizm merkezi olan Tirkiye'de yetisen nadir
bir tiirdiir. Bu caligmada Giineydogu Anadolu bolgesinde sadece Mardin'de yetistigi bilinen V. racemiferum' un
anatomik, palinolojik ve tohum mikromorfolojik 6zellikleri ilk kez aragtirilmistir. Kok kesitinde ksilem elemanlar: hatirt
sayilir bir alan kaplar. Govde kesitinde epidermis hiicrelerinin {ist kismi ayr1 bir kiitikiil tabakasi ile ¢evrelenmis olup,
0z bolgesi genis bir alan1 kaplamaktadir. Yapragin ana damari1 kollateral demet seklindedir. V. racemiferum’ un
yapraklarinda idioblastlar gézlendi. V. racemiferum' un polen taneleri trikolporat-trikolpat, kiireseldir; P/E oram 0,96
olup ekzin siislemesi ag seklindedir. V. racemiferum' un tohumlar1 kahverengidir ve dikdortgen-oval ila prizmatik ve
alveolattir. Tepe noktasi keskin gagadir. Tohum kabugu siislemesi, yogun ve belirgin keseciklere sahip diizensiz ¢okgen
hiicrelerdir. Ayrica bu ¢aligma Verbascum cinsi tizerinde yapilan ¢alismalara da referans olacaktir.

Anahtar kelimeler: anatomi, Mardin, polen, SEM, tohum, Verbascum
1. Introduction

Verbascum L. genus, which is also known as "Sigirkuyrugu" in Anatolia, is one of the largest genera of the
Scrophulariaceae family [1]. The genus, which is represented by more than 360 species in the world, grows widely in

the temperate regions of the Northern Hemisphere, especially in the eastern part of Eurasia [2]. The general distribution
area of Verbascum species is Anatolia, predominantly the Irano-Turanian phytogeographic region [3]. In Turkey, it is
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distributed with a total of 257 species and 132 additional hybrids under 13 groups, 80% of which are endemic and 130
of which are hybrids [3-4].

The genus Verbascum is one of the largest genera in terms of the number of species it contains, which is known to
have problems in its diagnosis and taxonomy in general. There are few studies on the morphological and anatomical
features of the genus [5]. There are Scanning Electron Microscope (SEM) studies on the pollen morphology of
Verbascum species [6-13]. Additionally, researchers conducted studies on the seed micromorphology of the Verbascum
genus [7, 13-16]. Anatomical studies on the genus are few [11-12, 17-20], there are still deficiencies and unstudied taxa
in Turkey.

Verbascum racemiferum is a rare species that grows in Mardin in the Irano-Turanian phytogeographic region and is
rare in our country [3]. According to Davis's grid system, V. racemiferum spreads in the C8 square.

In this study, anatomy, pollen, and seed micromorphology features of the rare V. racemiferum species were
investigated for the first time. In addition, this study will be a reference to studies on the genus Verbascum.

2. Material and methods

This study was conducted on the rare Verbascum racemiferum species collected from Artuklu, Derik and Kiziltepe
districts of Mardin province between 2022 and 2023 (Table 1). The plant collection studies were carried out in May,
which is the flowering period of the Verbascum species. The treatises of Davis et al. [3] and Karaveliogullari [4] were
used to identify the collected samples.

Collected specimens were preserved in falcon tubes in 70% alcohol for use in anatomical studies. Sections taken
from the root, stem and leaf parts of the plants with the help of a razor were prepared by staining with safranin-fast
green and examined under the light microscope and photographed [21].

Pollen samples used for palynological examinations were made according to Erdtman [22]. The pollen preparations
examined were prepared according to the method of Wodehouse [23]. Anthers taken from the flowers of the herbarium
specimens were placed on a clean slide and the thecae were opened with the help of a needle. It was cleaned by
dropping a few drops of 96% ethanol onto it. This process was repeated twice and the alcohol was evaporated. The
coverslip was covered by adding a few drops of glycerin gelatin dye melted on the heater and examined under a light
microscope. For SEM, pollens were mounted directly onto the stubs using double-sided adhesive tape and coated with
gold. The photomicrographs were taken with a ZEISS EVO 50 scanning electron microscope. The values of P (polar
axis length), E (equatorial diameter), Clg (Colpus longitude [length]), Clt (Colpus latitude [width]), Plg (Polar longitude
[length]), Plt (Polar latitude [width]), Ex (Exine thickness), and In (Intine thickness) were measured, and the P/E ratio
was calculated, Apt (Aperture type), and Or (Ornamentation) for 30 pollen grains were measured under light
microscope. The terminology of the pollen follows that of Punt et al. [24]. The values are presented as minimum,
maximum and mean, that is represented in Table 3.

The measurements of the seeds were primarily made macromorphologically (length, width etc). Thirty mature seeds
belonging to the V. racemiferum species were measured and their average values were taken. For SEM, seed residues
were removed by distilled water treatment, air-dried seeds were then mounted on the cobs and covered.
Photomicrographs were taken with a ZEISS EVO 50 scanning electron microscope. Terminology for the description of
morphological features of mericarps has been applied [7, 14, 16]. SEM photographs of the species were interpreted.

fa .’ .

Figure 1. Gneal appearance of V. racmiferum
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Species Group Collection areas and habitat Collector Collector’s number

V. racemiferum F Mardin: Kiziltepe, Gurs villages, Karaman | M. Kilig M.Kilig 249
village location, roadside, rocky slope, | F. Mungan Kilig M.Kilig 320
37°16'26"N 40°38'41"E, 620 m.
Mardin: Kiziltepe, Gurs villages, after Karaman | M. Kilig M.Kili¢ 250
village, winding roadside, rocky slope, | F. Mungan Kilig M.Kilig 321
37°16'40"N 40°38'24"E, 637 m. M.Kilig 376
Mardin: Kiziltepe, Basdegirmen road, roadside, | M. Kilig M Kilig 323-2
rocky slope, 37°16'31"N 40°32'41"E, 655 m. F. Mungan Kilig M.Kilig 324
Mardin:  Artuklu, Yenisehir Neighborhood, | M. Kilig M.Kilig 251
Turkmenler road location, roadside, rocky slope, | F. Mungan Kilig
37°18'36"N 40°42'46"E, 831 m.
Mardin:  Artuklu, Yenisehir Neighborhood, | M. Kilig M.Kilig 255
Turkmenler road location, roadside, rocky slope, | F. Mungan Kilig M.Kilig 369
37°18'38"N 40°42'46"E, 822 m.
Mardin: Derik, district exit location, roadside, | M. Kilig M.Kilig 276
stony area, 37°22'30"N 40°16'33"E, 862 m. F. Mungan Kili¢
Mardin: Derik, Derik-Mazidagi road, 2-3 km | M. Kilig M.Kilig 277
from Derik, roadside, rocky slopes, 37°23'20"N | F. Mungan Kili¢
40°17'19"E, 1.004 m.
Mardin: Derik, Derik-Mazidagi road, 5-7 km | M. Kilig M.Kilig 278
from Derik, roadside, rocky slopes, 37°23'52"N | F. Mungan Kili¢
40°17'49"E, 1.083 m.

3. Results

In this study, various features of anatomy, pollen, and seed structure of rare Verbascum racemiferum species are
stated. Biometric measurements of the root, stem, and leaf tissues and cells are given in Table 2 and shown in Figure 2,
3, 4. The characteristics of pollen grains are summarized in Table 3 and shown in Figure 5. The morphological
characters of the seed grains, including their size, shape, color, and surface characteristics, are summarized in Table 4
and shown in Figure 6.

3.1. Anatomy

The root is of this species, the outer protective tissue peridermis usually consists of 7-10 layered cells. The primary
parenchyma, located under the peridermis, comprised of oval, quadrangular, irregular cell rows limited to a narrow area.
There is a multilayered secondary parenchyma between the primary parenchyma and the vascular bundle. There are 3-5
rows of phloem cells under the parenchyma. The cambium is indistinct. Xylem covers a larger area and fills the middle
of the root. Tracheal cells are irregularly located, larger than tracheid cells, and longer than they are wide. Phloem
occupies a narrower area than xylem (Figure 2, Table 2).

When cross-sections taken from the stem of V. racemiferum are examined; The epiderma consists of a single layer
of regular cells and well-arranged cells. There are multicellular, glandular and non-glandular hairs in the epidermis.
There are 3-5 rows of collenchyma cells just below the epidermis. After the collenchyma layer comes the parenchyma,
which is generally wider than it is long and consists of oval and quadrangular cells. There are 2-4 rows of sclerenchyma
layers under the parenchyma. Xylem covers a larger area than phloem. The trachea is usually longer than they are wide.
The core region of the stem consists of large and small parenchymatic polygonal and round shaped cells (Figure 3,
Table 2).

In the cross-section of the leaves of the species, the outer surface of the adaxial and abaxial epidermis is surrounded
by a 2.25-6.21 p thick cuticle. The adaxial and abaxial epidermis are single-layered and often have amaryllis-type
stomata surrounded by 3-4 epidermis cells. The mesophyll consists of 2-3 rows of palisade parenchyma cells under the
upper epidermis and 1-2 rows above the lower epidermis. Between the lower and upper palisade parenchyma cells,
there are sponge parenchyma cells consisting of 2-3 rows of cells. There are glandular, eglandular and multicellular
branched hairs on the adaxial and abaxial epidermis surfaces. Vasculer bundles are collateral. It is well developed and
has a crescent shape that curves inwards. Xylem is located towards the upper epidermis, and phloem is located towards
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the lower epidermis. In the xylem, tracheal elements are arranged radially, and there are thin-walled parenchymatic cells
between them. Phloem lies below the xylem. There are 8-10 rows of distinct parenchyma cells under the upper
epidermis. There are 15-20 rows of parenchymatic tissue under the phloem, down to the lower epidermis. The midrib is
well developed. The parenchyma layer surrounding the vascular bundle covers a large area. Parenchymal tissue cells are
polygonal and tightly arranged. Additionally, idioblasts are observed in the mesophyll tissue of the leaves (Figure 4,
Table 2).

Table 2. The anatomical mesurements of V. racemiferum

Width (p) Length(n)
Tissues Min. ‘ Mak. Mean=S. Min. Mak. | Mean=S.
Root
Peridermis cell 7.27 47.63 25.38410.25 6.37 22.48 16.50+4.72
Parenchyma cell 9.70 53.65 28.60+11.17 11.17 26.26 17.74+5.12
Phloem cell 2.80 12.54 6.53+3.01 2.32 7.59 4.48+1.68
Trachea cell 14.53 81.49 44.51+£19.72 15.27 104.10 50.70+27.13
Stem
Cuticle - - - 3.53 9.02 6.83+1.88
Epidermis cell 11.93 31.68 19.80+4.75 8.66 20.94 13.22+3.10
Collenchyma cell 11.47 25.60 17.08+3.78 9.54 21.74 15.20+3.46
Parenchyma cell 12.85 41.66 23.85+£7.92 10.42 34.12 16.54+5.34
Phloem cell 3.53 12.56 8.71+2.80 3.62 10.15 6.31£1.93
Trachea cell 8.88 18.09 12.65+2.55 7.50 19.06 13.30+3.80
Pith cell 49.85 130.29 83.22+24.36 50.51 137.25 87.36+28.76
Leaf
Cuticle - - - 2.25 6.21 3.88+1.00
Upper epidermis cell 9.09 36.09 23.25+10.20 8.68 29.09 15.85+6.12
Palisade parenchyma 9.60 18.46 13.81+2.34 26.72 48.48 33.20+6.34
Spongy parenchyma 10.48 27.68 17.374£3.63 12.72 24.98 17.77£3.70
Mesophyll layer - - - 114.71 | 249.51 199.07+38.25
Lower epidermis cell 4.09 36.66 17.7348.75 6.11 23.02 12.30+4.50

Figure 2. Cross-section of the root of V. racemiferum. Pe: Periderm, P: Parenchyma, Ph: Phloem, X: Xylem, Pr: Pith
ray, Tr: Trachea, Pt: Pith region
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Figure 3. Cross-section of the stem of V. racemiferum. Eg: Eglandular hair, Ch: Compound hair, Cu: Cuticle, Ep:
Epidermis, Co: Collenchyma, P: Parenchyma, Sc: Sclerenchyma, Ph: Phloem, X: Xylem, Tr: Trachea, Pt: Pith region

Figure 4. Cross-section of the leaves of V. racemiferum. H: Hair, Ch: Compound hair, M: Mesophyll layer, ad: Adaxial surface, Co:
Collenchyma, P: Parenchyma, X: Xylem, Ph: Phloem, ab: Abaxial surface, Ue: Upper epidermis, Le: Lower epidermis, Pp: Palisade
parenchyma, Sp: Spongy parenchyma, i: idioblast

3.2. Pollen morphology

The pollen dimensions of Verbascum racemiferum are isopolar and radially symmetric. The shape is spheroidal with a polar axis
of 10.41-14.71 p and an equatorial diameter of 10.85-14.16 p. The pollen dimensions of V. racemiferum is tricolporate (20%
tricolpate). The colpus length is (7.05-12.51 p) and width (2.04-3.70 w), margins distinct, regular, and ends acute. The porus is 3.12-
5.47 p in length and 2.60-4.64 p in width. The exine thickness ranges from 0.67 to 1.20 p. The intine thickness is 0.35-0.73 p thin.
Exine ornamentation is reticulate (Figure 5, Table 3).

3.3. Seed micromorphology

According to the measurements made, the dimensions vary between species from 0.53 to 0.96 mm in length and 0.23 to 0.56 mm
in width. Prismatic-oblong to ovate with £shallow alveolate are the shapes of seeds. The seeds' acute beak. The seed is color brown.
Because of the irregular polygonal and small rectangular cells, with densely and distinct vesicles, a networklike appearance is seen
and the seed surface coat is longitudinally alveolate (Figure 6, Table 4).

4, Discussion

Analyzes of anatomy, pollen, and seeds of the rare Verbascum racemiferum species studied for the first time in this study
make them comparable to some of the other Verbascum members investigated.

It was observed that V. racemiferum had a very large xylem area at the root and a thick cuticle layer on the stem. In
addition, the same features were also noted by researchers [12, 17-20]. In some studies [12, 17], it was stated that the cambium was
indeterminate in the vascular bundle in the root, and in this study, it was found that the root had similar characteristics for the species.
In the leaf, cross-section analyses of the species, densely glandular, eglandular, and multicellular branched hairs were observed on
the epidermal cells. Similar results have been reported for other investigated Verbascum species [12, 17, 19-20]. Idioblasts seen in
the mesophyll tissue of the leaf can be considered a factor for identification within the genus Verbascum [25]. In this study, the
presence of idioblasts in leaf mesophyll was determined and this feature was also noted in other studies [15, 18].
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Table 3. Pollen morphological characters of V. racemiferum

Species P (n) min E (1) min P/E Shape Clg () min | Clt (u) min | Plg (@) min | PIt (u) min Ex (p) min In (1) min Apt Or
(mean) max | (mean) max | ratio (mean) max | (mean) max | (mean) max | (mean) max | (mean) max | (mean) max
V. 1041 10.85 0.96 | Spheroidal 7.05 2.04 3.12 2.60 0.67 0.35 80% Reticulate
racemife (11.70) (12.12) (9.38) (2.98) (4.25) (3.80) (0.93) (0.52) Tricolporate
rum 14.71 14.16 12.51 3.70 5.47 4.64 1.20 0.73 20%
Tricolpate

1um

Mag= 700KX SignalA=SE1 EHT=1000kV WD=115mm ZEISY

Figure 5. Scanning electron micrographs of pollen of V. racemiferum. A- Equatorial view, B- Exine sculpturing
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Table 4. Seed morphological characters of V. racemiferum

+shallow alveolate, deep and
broad back, acute beak

Species Group Length (mm) min Width (mm) min Colour | Shape Seed surface
(mean) max (mean) max
V. racemiferum F 0.53 (0.78) 0.96 0.23(0.41) 0.57 Brown Prismatic-oblong to ovate, with

Irregular polygonal and
small  rectangular
cells, with densely
and distinct vesicles

1

1
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Figure 6. Scanning electron micrographs of seed of V. racemiferum. A- General appearance, B- Surface ornamentation
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The pollen of rare V. racemiferum species isopolar and radially symmetric, spheroidal, tricolporate (there is
tricolpate), the exine exhibits a tectate structure and reticulate ornamentation. Baser [13], in his study on Verbascum (8
species), established the pollen grains as tricolporate and tricolpate. Aktas et al. [12] determined the pollen grain as
tricolpate in their study on the endemic Verbascum species. Aktas [11] noted the pollen grain as tricolpate in his study
on Verbascum species. Ozturk et al. [10] reported that there were tricolporate and tricolpate aperture types in their
pollen study on Verbascum (F groups). Al-Hadeethy et al. [9] in their study on 20 Verbascum species in Irag, reported
that the aperture types were tricolporate. In addition, it has been reported in other studies that the aperture type of
Verbascum has a tricolporate aperture type [8, 15].

The pollen of the examined species was determined as spheroidal shape. However, Aktas et al. [12] recorded the
prolate pollen shape in the endemic Verbascum species examined. Aktas [11] stated that the pollen shape of the species
he researched has subprolate. Nevertheless, Baser [13] recorded the prolate pollen shape in the Verbascum (8 species)
taxa in the studied. Oztiirk et al. [10] stated that pollen shapes were prolate-spheroidal and oblate-spheroidal in the taxa
studied. Asmat et al. [8] determined that the pollen grains of V. thapsus was oblate-spheroidal. Kheiri et al. [15]
determined that the pollen of V. mucronatum species was prolate-spheroidal. In addition, Al-Hadeethy et al. [9]
observed the presence of prolate-spheroidal and oblate-spheroidal pollen in Verbascum (20 species). Morphological
pollen traits observed through LM proved not very important in their taxonomic use, but sculpting examined by SEM
was found to be more significant in the classification of taxa [13].

It was determined that the exine thickness of the examined species was similar to studies [8-13] conducted on some
species of Verbascum, therefore it was concluded that this character was very little taxonomic value [9]. However, the
studied species showed a neat reticulate exine sculpture pattern.

The seeds were brown when mature. The size of the seed usually ranged between 0.53 to 0.96 mm in length and
0.23 to 0.56 mm in wide. Although Attar et al. [14] demonstrated that the size of the seed showed variations among the
various populations of the same species, even among seeds in the same capsule, the experimental variation design in
size was limited among the species. The measurements taken in the present study were compatible with those of the
common species in the studies of Attar et al. [14] and Kheiri et al. [15]. Yet, the measurements taken in this study were
larger than the mean measurements of the species common in Cabi et al. [16] study.

Seeds in shape from prismatic-oblong and ovate in the species studied, and they ended in an broad, acute beak. The
seed coat was longitudinally alveolate. Usually, most seeds of the species are prismatic-oblong (Table 4, Figure 6). The
result regarding seed shape is more or less consistent with the results of Baser [13], Attar et al. [14], Kheiri et al. [15],
and Cabi et al. [16].

The rare species examined in this study was observed to be brown. Juan et al. [7] reported that the seeds of 10
Verbascum species grown in Spain were dark brown or black. Attar et al. [14] noted that the seeds of 22 Verbascum
species grown in Iran were dark brown or black. Cabi et al. [16] also reported that the seeds of 30 Verbascum species
grown in Turkey were dark brown or brown. Aktas [11] reported that the Verbascum x splendidum was dark brown.
Aktas et al. [12] determined that the endemic V. exuberans was dark brown. However, Baser [13] determined that the
seeds of eight Verbascum taxa grown in Turkey were dark brown or brown. According to the above findings, seed color
cannot be used alone to make a delimitation between taxa.

As a result, the lack of a taxonomic and anatomical study on V. racemiferum, a rare species, makes the research
important in terms of systematically introducing the species and genus.
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Abstract

The edible mushroom Floccularia luteovirens (Alb. & Schwein.) Pouzar, is reported as a new record for the
mycobiota of Tiirkiye, based on the identification of the samples collected from Bolu province. It is the first member of
the genus Floccularia Pouzar in Tiirkiye. A brief description of the species is provided together with the suggested Turkish
name and the photographs, related to the macroscopy and microscopy.

Key words: Biodiversity, Agaricales, IUCN, New record

Floccularia luteovirens, Tiirkiye Mikobiyotasi i¢in yeni bir yenilebilir mantar kaydi
Ozet
Yenilebilir bir mantar olan Floccularia luteovirens (Alb. & Schwein.) Pouzar, Bolu’dan toplanan 6rneklerin
teshis edilmesiyle, Tirkiye mikobiyotasi igin yeni kayit olarak verilmistir. Bu tiir, Floccularia Pouzar cinsinin
Tiirkiye’deki ilk iiyesidir. Tiiriin kisa bir betimlemesi, onerilen Tiirkge ismi ve makroskobi ve mikroskobisine iliskin
fotograflariyla birlikte verilmistir.

Anahtar kelimeler: Biyogesitlilik, Agaricales, [IUCN, Yeni kayit

1. Introduction

Floccularia Pouzar is a genus in the order Agaricales. The members of the genus are mainly characterized by
tricholomatoid to agaricoid, pyramidal scaly fruting bodies; adnate to adnexed or slightly emarginate, crowded lamellae;
cylindrical to clavate stipe, differing above and below white to yellow ring zone; ellipsoid to broadly ovoid, smooth,
hyaline and amyloid basidiospores without germ pore. Though they feature Tricholoma-like stature, the amyloid
basidiospores differ them from Tricholoma species. Since the genus has not been subjected to contemporary, DNA-based
study, as a whole, the position of Floccularia within the Agaricales order has not been reliably determined yet [1,2].

Though 15 members of Floccularia had been recorded worldwide, at species or infraspecific level,
IndexFungorum lists four conformed Floccularia species (F. albolanaripes (G.F. Atk.) Redhead, F. fusca (Mitchel &
A.H. Sm.) Bon, F. luteovirens (Alb. & Schwein.) Pouzar, F. pitkinensis (Mitchel & A.H. Sm.) Bon). Almost 2700
macrofungi species have so far been reported from Tiirkiye. But, the current checklists [3,4] and the latest contributions
[5-9] indicate that none of them were reported from Tiirkiye before. Here we present the edible species F. luteovirens as
a new record for the mycobiota of Tiirkiye, based on the identification of the samples collected from Bolu province. The
study aims to make a contribution to the mycobiota of Tiirkiye.

2. Materials and methods
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Fruit bodies of Floccularia luteovirens were collected from Abant Lake Nature Park (Mudurnu-Bolu) in 2023,
during a field trip. Fruit bodies were photographed at the collection site, and necessary notes related to its ecology and
morphology were taken. Microscopic investigatigations were carried out under a Leica DM1000 trinocular compound
microscope, equipped with a EC3 camera and LasEZ application software. The sections were obtained from dried
material, and mounted in water, Congo red and Lactophenol cotton blue. The samle was idendified by comparing the
accumulated data with Kuo [1], Smith and Walters [10], Pilat [11], Wollweber [12], Mitchel and Smith [13], McKnight
and McKnight [14], Kuo and Methven [15], Roberts and Evans [16] and Malik et al. [17].

The specimen is kept at Karamanoglu Mehmetbey University, Science Faculty, Department of Biology.

3. Results
Fungi R.T. Moore
Basidiomycota R.T. Moore
Agaricales Underw.
Floccularia luteovirens (Alb. & Schwein.) Pouzar, Ceska Mykol. 11(1): 50 (1957)

Syn: [Agaricus luteovirens Alb. & Schwein., Agaricus stramineus Krombh., Amanita luteovirens (Alb. & Schwein.)
M.M. Moser, Armillaria luteovirens (Alb. & Schwein.) Sacc., Armillaria luteovirens f. alba A.H. Sm., Armillaria
luteovirens var. americana (Mitchel & A.H. Sm.) Bon, Armillaria straminea P. Kumm., Armillaria straminea f. alba
(A.H. Sm.) Mitchel & A.H. Sm., Armillaria straminea var. americana Mitchel & A.H. Sm., Cortinellus luteovirens (Alb.
& Schwein.) P. Karst., Floccularia luteovirens f. alba (A.H. Sm.) Pilat, Floccularia straminea (P. Kumm.) Pouzar,
Floccularia straminea f. Alba (A.H. Sm.) Bon, Floccularia straminea var. americana (Mitchel & A.H. Sm.) Bon,
Gyrophila luteovirens (Alb. & Schwein.) Quél., Mastoleucomyces luteovirens (Alb. & Schwein.) Kuntze, Tricholoma
luteovirens (Alb. & Schwein.) Ricken]

Macroscopic and microscopic features

Cap 40-70 mm in diameter, at first hemispherical to pulvinate, convex to spreading or almost flat at maturity.
Surface fibrous-scaly to squamosa with flat scales when young, somewhat glabrescent in extreme age, white or slightly
dull-white with sulphur-yellow coloration at marginal zone. Margin incurved at first and scaly from veil remnants. Flesh
white. Odor and taste not distinctive. Lamellae moderately broad, adnate or notched around apex of stipe; edges even to
irregularly torn at maturity; white to inconspicuously yellowish. Stipe 35-70 x 9-18 mm, central, cylindrical, slightly
enlarged towards the base, white, annulus submembranous, smooth above the annulus while covered with protruding
scales below (Fig.1). Spore print white.

Figure 1. Basidiocarps of Floccularia luteovirens
Basidia 22-27.5 x 4-7 um, clavate with four sterigmata. Basidiospores (5.7)6.4-7.3(7.6) x (4.2)4.3-4.8(5.3) pm,
ellipsoid, with oblique apiculus (Fig. 2), and smooth colorless, distinctly amyloid membrane.
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Habitat: Floccularia luteovirens was reported to grow in decidious forests, conifer forests or on grassland or
alpine meadows as scattered or in groups [14, 17-18].

Specimen examined: Bolu, Mudurnu, Abant Lake Nature Park, sequentially in meadow, surrounded with Abies
and Pinus spp., 40.603308N, 31.265675E, 1.400 m, 11/06/ 2023, Y Karaduman 1.

Turkish name: Suggested Turkish name for the presented species is “Sartli Kirpik™.
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Figure 2. Basidia (a,b) and basidiospores (c-f) of Floccularia luteovirens (bars-10 um) (a in KOH; b,d in Congo-Red; c,e
in Lactophenol cotton blue; f in water)

4. Conclusions and discussion

Floccularia luteovirens was added as a new record for the mycobiota of Tiirkiye. This species is the first member
of the genus Floccularia in Tirkiye. The characteristics of the examined collection generally match with the description
given by Smith and Walters [10], Pilat [11], Wollweber [12], McKnight and McKnight [14], Kuo and Methven [15],
Roberts and Evans [16] and Malik et al. [17]. Though basidia lengths are given by Malik et al. [17] as “18.26-22.4 x 3.32-
6.64 um”, we measured them as “22-27.5 x 4-7 um”. The altitude of our collection locality is another difference. Current
published data indicate that this fungus has so far been collected from the altitudes ranging mainly between 2600 and
4800 meters [2,17-18]. The examined sample were collected at an altitude of 1.400 meters, which is relatively lower
compared to the common altitudes. But Wollweber [12] and Melis et al. [19] reports much more lower altitudes of 230-
300 and 30 meters respectively.

Floccularia luteovirens is a rare edible mushroom [20]. It has been valued in Asia as an important medicinal and
ecological species with the name “golden mushroom” [21]. The consumption of this fungus was also reported from
Mexico with the names “hongo de yema”, “canario” and “hamburguesa” [22]. Though it is known from Austria, China,
Czech Republic, Germany, Italy, Netherland, Romania, Slovakia and USA, it was included in the red list of species to
protect in some countries mainly as critically endangered (CR) [19, 23-25].
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Abstract

Turgenia latifolia (L.) Hoffm. (Apiaceae) is an annual, herbaceous weed that naturally growing in Tirkiye. It
is known as “karaheci, pitrak, broad-leaved pitrak, pitrak thistle, water pitrak” in local population. Knowing that there
are few studies on this plant and its usage in folk medicine is quite limited.

In the present study crude extracts were prepared from the fruits, roots and the aerial parts of the plant collected
from its natural habitat. The volatile components was obtained by microdistillation method and its full composition was
determined by gas chromatography (GC-FID) and gas chromatography mass spectrometry (GC/MS) simultaneously.
Overall 57, 52 and 42 different components were characterized, representing 96.3%, 99.7% and 99.3% of the oils of
aerial parts, fruits and roots respectively. Methanol extracts prepared from fruit, roots and aerial parts showed DPPHe
scavenging activity in the range of 22.54%-41.3% at the doses studied and had shown at 0.016 mg/ml concentration
7.34%, 21% and 67% respectively ABTS™" scavenging effects. It was determined that at a dose of 20 pg/mL, the fruit
inhibited 5-lipoxygenase enzyme by 2.8% and the root by 3.4%. According to antimicrobial test results, it was shown
that the root extract inhibited Staphylococcus aureus and Salmonella typhimurium at a dose of 500 ug/mL, and the
extract of aerial parts extract inhibited C. tropicalis, C. albicans and S. typhimurium at a dose range of 250-500 pg/mL.
The mode of action of the aerial parts extract on candida species was demostrated by transmission electron microscopy
analysis.

Keywords: Turgenia latifolia, antimicrobial, antioxidant, phytochemical profile, gas chromatography, TEM

*

Turgenia latifolia (L.) Hoffm.’nin (Apiaceae) fitokimyasal analizi ve biyolojik etkileri

Ozet

Turgenia latifolia (L.) Hoffm. (Apiaceae) tek yillik, otsu formda yabanci bir bitki olup Tiirkiye’de dogal olarak
yayilis gostermektedir. Halk arasinda “karaheci, pitrak, genis yaprakli pitrak, pitrak dikeni, su pitragr” isimleriyle
bilinir. Bu ¢alismada, halk arasinda oldukg¢a smirli kullanimi olan ve hakkinda neredeyse hi¢ arastirma olmayan bu
bitki, dogal olarak yetistigi bolgeden toplanarak toprak iistii, meyve ve kok kisimlarindan total ekstreler hazirlanmistir.
Bitkinin ugucu bilesenleri mikrodistilasyon yontemi ile elde edilerek, kompozisyonu gaz kromatografisi (GK-AID) ve
gaz kromatografisi kiitle spektrometresi (GK/KS) kullanilarak belirlenmistir. Toprak iistii, meyve ve kok yaglarinin
sirastyla %96,3, %99,7 ve %99,3’iinii temsil eden 57, 52 ve 42 farkli bilesen tespit edilmistir. Meyve kok ve toprak {istii
kisimlarindan hazirlanan metanollii ekstrelerinin ¢alisilan dozlarda %22,54-%41,3 araliinda DPPH" siipiiriicli aktivite
gosterdikleri, 0.016 mg/ml konsantrasyonda ise sirasiyla %7,34, %21 ve %67 ABTS" siipiiriicii etkisinin oldugu
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gosterilmigstir. 20 pg/mL dozda meyvenin %2,8, kokiin %3,4 oraninda 5-lipooksijenaz enzim inhibisyonu yaptig1
belirlenmistir.

Yapilan antikandidal ve antibakteriyal aktivite testlerinde kok ekstresinin Staphylococcus aureus ve
Salmonella typhimurium®u 500 pg/mL dozda, toprak iistii ekstresinin C. tropicalis C. albicans ve S. typhimurium'u 250-
500 pg/mL doz araliginda inhibe ettigi gosterilmistir ve toprak iistii ekstresinin kandida tiirleri tizerindeki etkisinin
mekanizmasi gegirimli elektron mikroskobu ile ortaya konmustur.

Anahtar kelimeler: Turgenia latifolia, antimikrobiyal, antioksidan, fitokimyasal profil, gaz kromatografisi, TEM
1. Giris

Apiaceae (Umbelliferae) familyasi tiim diinyada genis yayilis gosteren yaklagik 434 cins ve 3780 tiire sahip
oldukga biiyiik bitki ¢esitliligi ile tibbi ve ekonomik acidan 6nemli bir familyadir [1-6]. Diinyanin cesitli bolgelerinde ve
farkli iklimlerde, ozellikle kuzeyde iliman ve rakimin yiiksek oldugu bdlgelerde yayilis gosterir [5]. Tiirkiye’de
Apiaceae familyasinin 130’u endemik olmak iizere 450 tiirli kapsayan 109 cinsi bulunmaktadir. Tiir sayis1 bakimimdan
diinyada ikinci sirada yer alan bu familya iilkemizde, 101 cins ve 485 tiir ile temsil edilmektedir. Bu tiirlerden 188’1
endemiktir [4, 7, 8]. Apiaceac familyasindaki bitkiler, tasidiklart ugucu yag, regine, zamk ve miisilajdan dolayi,
kendilerine 6zgili bir koku ve tada sahiptirler. Bu bilesikler bitkinin 6zellikle meyve, yaprak sapi, govde, yaprak ve
koklerinde bulunan salgi kanallarinda yer almaktadir. Familyaya ait bitkilerin biinyesinde barindirdigi fenolik
bilesenler, terpenler, karotenoidler, vitaminler ve alkaloitler kayda deger biyolojik aktiviteler gostermektedir [9].
Familya, diinyada ekonomik &nemi bulunan birgok sebze ve baharati biinyesinde barindirmaktadir. Etnobotanik
calismalar diinyada gesitli kisimlarinin ¢ok farkli amaglarla kullandigin1 gdstermektedir. Yiyecek ve icecek kaynagi
olarak kullanimlarinin yani sira, tat ve aroma verici, hayvan yemi, siis bitkisi ayrica tibbi ve kozmetik amagclar ile
kullanilirlar. Familyaya ait bitkiler antiviral, antimikrobiyal, antioksidan, antienflamatuar, anti-anksiyete, anti-
mutajenik, antidiyabetik, antikanser, gastroprotektif, hepatoprotektif ve hafiza koruyucu etkiler gostermektedir [4]. Bu
farmakolojik aktiviteler biiyilik 6l¢iide polisakkaritler, alkaloidler, terpenler, fenilpropanoidler, kumarinler, flavonoidler
ve polien alkinler gibi molekdiller ile iligkilidir [8].

Turgenia latifolia (L.) Hoffmann (Apiaceae) tek yillik otsu bir bitkidir. Hakkinda yapilan galigmalarin
oldukga sinirli oldugu bu tiir, tilkemizde istilac1 bir tiir olarak kabul edilmekte ve ekonomik degeri bulunmamaktadir
[11]. Turgenia latifolia halk arasinda “Karaheci, Pitrak, Pitrak dikeni, Su pitragi” gibi isimlerle bilinmektedir. Petalleri
beyaz, pembemsi veya morumsudur. Meyve dikenlidir. Meyve dikenleri yiikselici veya yiizeye diktir. Govde dik,
dallanmus, kisa sert tiiylii, 8-60 cm boyunda, yapraklar; pinnat, oblong veya lanseolat ve diglidir [10,11]. Nisan, mayis
ve haziran aylarinda ¢igek acar. Gegirgen ve nemli topragi, giinesli ya da yar1 golgeli bolgeleri tercih eder. Yol kenari,
tarla ve cayirlarda, ekilmemis ve kiiltiire alinmis yerlerde, deniz seviyesinden 3000 m’ye kadar olan yiiksekliklerde
yetigir. Killi kalkerli ve verimli topraklari tercih etmekte ve boyle topraklarin indikatdrii olma 6zelligini tagimaktadir.
Ulkemizde neredeyse tiim Anadolu’da yayils gostermektedir [12].

Literatiirde T. latifolia’nin halk arasindaki kullanimi ile ilgili yalmizca 2 kayda rastlanmistir. Anadolu’da
yaprak infiizyonu romatizma icin kullamlmis olup, iran’da halk arasinda Darehjouyi ismiyle, toprak iistii kisimlarimin
inflizyon seklinde idrar yolu hastaliklarina karst kullanildigi kayithdir [13].

Bu calismada T. latifolia, Eskisehir ilinde dogal olarak yetistigi bolgeden toplanarak uygun sekilde
kurutulmus, toprak {iistii, meyve ve kok kisimlari ayrilarak metanolik total ekstreleri hazirlanmistir. Ugucu yagi
mikrodistilasyon yontemi ile elde edilerek ugucu bilesenleri ve rélatif miktarlar1 gaz kromatografisi-alev iyonlasma
dedektorii sistemi (GK-AID) ve gaz kromatografisi kiitle spektrometresi (GK/KS) sistemleri es zamanli olarak
kullanilarak belirlenmistir. Bitkinin kok, toprak tstii kisimlart ve meyvelerinden elde edilen ekstrenin total fenolik
madde miktarlari, antioksidan aktiviteleri (DPPHe ve ABTSe<+), lipooksijenaz (LOX) inhibitor aktiviteleri ¢alisilmistir.
Antimikrobiyal aktivite testleri yapilarak antikandidal etkinin mekanizmasi taramali Elektron Mikroskobu (TEM)
analizi ile aydmlatilmustir.

2. Materyal ve yontem
2.1.Bitkisel materyal

Tarim ve Orman Bakanligi’ndan alinan arastirma izni ile Eskisehir; Alpu-Mihali¢cik yolu (Temmuz 2021)
iizerinden toplanan bitkisel materyal, teshis edilmis bir herbaryum 6rnegi (Anadolu Universitesi, Eczacilik Fakiiltesi,

ESSE No: 15814) ayrilmas suretiyle, uygun kosullarda kurutulmus ve meyve, kok ve toprak iistii kisimlar1 ayrilarak 3
kisim halinde kullanilmistir (Sekil 1).
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Meyve Kok Toprak iistii

Sekil 1. Bitkinin kurutulmus kisimlari

2.2. Ugucu yag ve ekstrelerin elde edilmesi

2.2.1.Ugucu bilegenlerin mikrodistilasyon yontemi ile elde edilmesi

Clevenger apareyi ile ugucu yag eldesi, toprak iistii ve toprak alt1 kisimlarindaki ugucu yag miktarlarinin ¢ok az
olmasi nedeniyle yapilamamig, bunun yerine ugucu bilesenlerin eldesi mikrodistilasyon cihaz1 (Eppendorf
MicroDistiller®) ile gerceklestirilmistir. Bu amagla kurutulmus toprak iistii, meyve ve kok kisimlart kaba toz haline
getirilerek 1’er gram tartilmistir. 10 ml su eklenerek numune sisesine aktarilmigtir. Toplama sisesine, NaCl (2.5 g),
distile su (0.5 ml) ve n-Hekzan (300 pL) ilave edilmistir. Numune siseleri, dakikada 20°C artigla ortam sicakligindan
108°C’ye getirilmis ve bu sicaklikta 90 dakika tutulmus sonrasinda dakikada 20°C artigla 112°C’ye getirilerek bu
sicaklikta 30 dakika tutulmustur. Son olarak numuneler ayni kosullar altinda 6 dakika daha bekletilmistir. Toplama
siseleri, distilasyon siiresince -1°C’de tutulmustur. Distilasyon tamamlandiktan sonra, toplama sisesindeki organik faz
analiz i¢in kullanilmistir [14].

2.2.2.Ekstraksiyon

Bitkinin toprak iistii, meyve ve kok kisimlarindan metanol (Sigma-Aldrich) ekstreleri hazirlanmistir (verim;
%2, %3, %4 sirastyla). Rotary evaporator ile ekstre kuruluga kadar ugurulmus ve biyolojik aktivite ¢aligmalarinda
kullanilmak tizere +4°C’de muhafaza edilmistir.

2.3. Gaz Kromatografisi (GK) ve Gaz Kromatografisi/Kzitle Spektrometrisi (GK/KS) Analizi

Agilent 5975 GC-MSD sistemine bagli, HP-Innowax Silika kapiler (60 m x 0.25 mm @, 0.25 mm film
kalinligr) kolon kullanilmistir. Enjektor sicakligi 250°C’dir. Uygulanan sicaklik programi, 60°C de 10 dak // 4°C/dak
artigla 220°C ye // 220°C de 10 dak // 1°C/dak artigla 240°C’dir. Tastyici gaz olarak Helyum (0.8 ml/dak) kullanilmus,
kiitle aralig1, m/z 35-450’dir. Split orani 40:1, Elektron enerjisi, 70 eV dir. Bilesiklerin belirlenmesinde, BASER Ugucu
Yag Bilesenleri Kiituphanesi, Wiley ve Adams-LIBR (TP) Kitiiphane tarama yazilimlari kullamilmigtir GK analiz
kosullart; es zamanli olarak GK/MS sistemindeki madde ¢ikis zamanlari ile ayni olacak sekilde ayarlanmistir (FID
300°C) [15-17].

2.4. Antioksidan Aktivite

Bitkisel materyalden elde edilen ekstrelerin antioksidan etkileri toplam fenol miktar tayini, DPPH radikali
stipiiriicii aktivite ve ABTS radikali katyon siipiirme aktivitesi yontemleri ile ortaya konulmustur.

2.4.1. Toplam fenolik madde miktar tayini

Ekstrelerdeki toplam fenol miktar1 gallik asite esdeger olarak Folin-Ciocalteu reaktifi kullanilarak
hesaplanmistir. 1.2 ml distile suya 20 pl ekstre ilave edilmistir.1-8 dakika ultrasonik banyoda tizeri kapatilarak
bekletilmistir.100 ul Folin-Ciocalteu ve 300 ul Na2CO3 (%20) eklenmis distile su ile 2 ml hacime tamamlanmistir.
Plate 2 saat 25 °C’de karanlikta inkiibe edildikten sonra absorbans 760 nm’de 6l¢iilmiis ve gallik asit kalibrasyon egrisi
ile karsilastirilarak toplam fenolik madde miktar1 gallik asite es deger olarak hesaplanmustir [18].

2.4.2. DPPH (1,1-difenil-2-pikrilhidrazil) Radikal Stipiiriicii Aktivite
DPPH« stipiiriicii aktivitesinde, ekstrelerin belirlenen konsantrasyonlart hazirlanmistir. 100 pL 80 pg/mL
konsantrasyonda DPPH« ¢o6zeltisi ilave edilip oda sicakliginda ve karanlikta 60 dakika inkiibe edilmistir. Inkiibasyon
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stiresi sonunda 517 nm’de UV Spektrofotometresinde absorbans degerleri olciilmiistiir. Askorbik asit (Vit C) ve gallik
asit pozitif kontrol olarak kullanilmistir. DPPHe stipiirme kapasitesi formiiliinden yararlanilarak hesaplanmg ve (%)
cinsinden verilmistir. DPPHe siipiirme aktivitesini yariya diigiiren numune miktar1 (ECsg) pg/mL cinsinden
belirlenmistir [19, 20].

% inhibisyon = [(Akontrol — Aekstre) / Akontrol] x100

Axontrot; Kontrol absorbansi, Aeksie; farkli derigsimlerdeki T. latifolia meyve, kok, toprak tistii kisimlarinin ekstreleri ile
pozitif kontrollerin absorbansi

2.4.3.4BTS [2,2 -azino-bis (3-ethilbenzotiazoline-6-siilfonik asit)] Radikali Katyon Siipiirme Aktivitesi (TEAC)

Bu yontem, antioksidan etkili Trolox (Vitamin E’nin suda ¢oziinen analogu) ile érneklerin stabil ABTSe*
stipiiriicii aktivitelerini kargilagtirma esasina dayanmaktadir. Konsantre haldeki ABTS ¢ozeltisi, 734 nm’deki absorbans
degeri 0.7-0.8 olacak sekilde etanol ile seyreltilmistir. 10 pL ekstre (0.6, 0.3 ve 0,1 mg/mL konsantrasyonlarda), 990 uL
ABTS cozeltisine ilave edilmisgtir. Daha sonra oda sicakliinda ve karanlik ortamda 30 dakika inkiibasyona
birakilmistir. Inkiibasyon siiresi sonunda 300 pL almarak diiz taban mikrotitrasyon petrisine aktarilmistir ve 734 nm’de
UV Spektrofotometresinde absorbans degerleri 6l¢iilmistiir. Trolox’un 0,125-3 mM araliginda ¢ozeltilerine kalibrasyon

egrisi olugturulmus ve ekstrelerin ABTSe" siipiiriicii etkileri Trolox’a es deger olarak hesaplanmustir [20, 21].
% Inhibisyon = [(Akontrol -Aekstre) / Akontrol] x100

Aontrol: Kontrol absorbanst Aewste: Farkli derigsimlerdeki T. latifolia meyve, kok, toprak iistii kisimlarinin ekstreleri ile
pozitif kontrollerin absorbansi

2.5. 5- Lipooksijenaz enzim inhibisyonu

Lipoksijenaz enzim aktivitesi inhibisyon diizeylerinin belirlenmesi 96 kuyucuklu kuartz plakada
spektrofotometrik olarak gerceklestirilmistir. 1,94 mL potasyum fosfat tamponu (100 mM; pH: 8.80), 40 uL degisik
konsantrasyonlardaki ekstreler ve 20 pL lipoksijenaz enzimi karistirilarak 25 °C’de 10 dakika inkiibe edilmistir. Bu
karigimin 300 pL’si her kuyucuga eklenmigtir. Ardindan 7.5 pL substrat (linoleik asit) ilave edilerek 30 sn
calkalanmistir. 10 dakikadaki absorbans degisimi 243 nm’de 6lgiilmiistiir. Denemeler 4 tekrarli ve 2 paralel olarak
gerceklestirilmigtir [22].

Nordihidroguairatik asit (NDGA) pozitif kontrol olarak kullanilmistir.
% inhibisyon = (E — S) / E x 100
E: ekstrenin eklenmedigi enzim absorbansi S: ekstrenin eklendigi enzim absorbansi

2.6. Antimikrobiyal Aktivite Tayini

2.6.1.Antikandidal aktivite

Testlerde C. albicansn iki susu (ATCC-10231, ATCC 90028), C. utilis (NRRL Y-900), Candida tropicalis
(ATCC 750) ve C. parapsilosis (NRRL Y- 12696) kullanilmistir.
Toprak iistii, meyve ve kdk kisimlarindan hazirlanan ekstreler steril DMSO’da ¢oziilerek calismada kullanilmistir. Bir
giin 6nceden Patates Dekstroz Agar (PDA) plaklarinda canlandirilan Candida kiiltiirlerinden saf koloni segilerek steril
salin soliisyonu (%0,85) iginde konsantrasyonu McFarland No:0.5 bulaniklik standardina gére 10° KOB/mL olacak
sekilde bulaniklik dlger (BIOSAN) kullanilarak ayarlanmistir. Ekstreler 96 kuyucuklu mikrotitrasyon petrisinde RPMI
besiyerinde diliie edilerek, kuyucuklardaki son hiicre konsantrasyonu 2.5 x 10° KOB/mL olacak sekilde inkiibasyona
birakilmigtir. 37°C de 24 saat inkiibasyon sonunda minimum inhibitor konsantrasyonlari (MIK) belirlenmistir.
Ketokonazol standart antifungal ajan olarak kullanilmistir [23].

2.6.2.Antibakteriyal aktivite

Escherichia coli NRRL B-3008, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 6538,
Serratia marcescens NRRL B-2544, Staphylococcus epidermidis ATCC 1222 kullanilmigtir. Toprak istii, meyve ve
kok kisimlarindan hazirlanan ekstreler steril DMSO’da ¢oziilerek testlerde kullanilmistir. Mueller Hinton Agar (MHA)
plaklarinda aktiflenen bakteri kiiltiirleri McFarland No:0.5 bulaniklik standardina gére 10%8 KOB/mL olacak sekilde
bulaniklik o6lger (BIOSAN) kullanilarak ayarlanmistir. Ekstreler 96 kuyucuklu mikrotitrasyon petrisinde MHB
besiyerinde diliie edilerek, kuyucuklardaki hiicre konsantrasyonu 1.5x10° KOB/mL olacak sekilde inkiibasyona
birakilmistir. 37°C de 24 saat inkiibasyon sonunda minimum inhibitor konsantrasyonlari (MIK) belirlenmistir.
Kloramfenikol standart antibakteriyel ajan olarak kullanilmistir [24].
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2.7. Antikandidal etki mekanizmasinin belirlenmesi

Toprak {istii ekstresinin kandida hiicreleri tizerindeki etki mekanizmasi, transmisyon elektron mikroskobu ile
goriintiilenmistir. C. albicans ATCC® 90028 ve C. tropicalis NRRL Y-12968’¢ ait deney plakalarinda MiK kuyucugu
ile ¥ ve ¥ MIK dozlarindaki kuyucuk igerigi eppendrof tiiplerine pipetlenerek aseptik kosullar altinda 5 dakika 1200
rpm'de santrifiijleme ile besiyerinden hiicrelerin ayrilmasi saglanmistir. Pelet 0.1 M fosfat tamponunda (pH 7.4) %2,5
glutaraldehit ile fikse edilmistir. Fiksasyon sonrasi hiicreler sodyum fosfatla yikanarak 2 saat 4°C'de %2 OsO4 (EMS,
Hatfield, ABD) ile yeniden fikse edilmis ve sirasiyla %70, 90, 96 ve 99 etanolde dehidre edilmistir. Daha sonra EPON
812 epoksi i¢ine gomiilen hiicrelerden maksimum 100 nm kalinliga kadar ince kesitleri alinmistir. Kesitler kursun sitrat
ve uranil asetat (EMS, Hatfield, ABD) boyalar1 ile boyanmistir. Candida hiicrelerinin yap1 ve morfolojisinin analizi i¢in
Hitachi HT7800 marka transmisyon (gegirimli) elektron mikroskobu (ESOGU, Arum, Eskisehir) sistemi kullanilmgtir
[25, 26].

3. Bulgular
3.1.U¢ucu Bilegenler

Turgenia latifolia’nin mikrodistilasyon yontemi ile elde edilen ugucu bilesenlerinin kompozisyonu Tablo 1°de
sunulmustur. Meyvelerden elde edilen ugucu yagin ana bilesenleri), epi-a-Bisabolol (%20,4), 1-oktil asetat
(%14,9), germakren D-4a-ol (%6,7), o—pinen (%6.3), T-kadinol (%5,7), &-kadinen (%4,2), a-kadinol (%3,7)
germakren D-4-ol (%3,4) olarak belirlenmistir. Kokten elde edilen ugucu yagin ana bilesenleri, heksadekanoik asit
(%11), oktanal (%10,4), nonanal (%7,5), a—pinen (%4,1), heptanal (%4,1), amilfuran (%3,6), terpinen-4-ol (%3,4), S
Pinen (%3,2); toprak {istii kismindan elde edilen ugucu yagin ana bilesenleri ise o—pinen (%61), spatulenol (%6,6),
trans-pinokarveol(%4,9) ve kamfen (%3,8) olarak saptanmustir.

Tablo 1. T. latifolia 'nin ugucu bilesenleri (%)

RRI Bilesikler Meyve | Kok | Toprak | TM
tstii
1032 o—Pinen 6.3 4.1 61.0 tr, MS
1076 Kamfen 1.3 0.5 3.8 tr, MS
1093 Hekzanal 0.6 15 - tr, MS
1118 | B-Pinen 0.2 3.2 1.9 tr, MS
1132 Sabinen tr 0.7 0.1 tr, MS
1138 Tuya-2,4 (10)-dien - - 0.6 MS
1174 Mirsen 0.6 - 1.3 tr, MS
176 a-Fellandren 0.3 - - tr, MS
1194 Heptanal 0.2 4.1 - MS
1203 Limonen 0.5 0.7 1.8 tr, MS
1213 | B- Fellandren 2.1 - tr tr, MS
1225 (2)-3- Hekzanal - - tr tr, MS
1244 Amilfuran 0.2 3.6 tr MS
1255 | y-Terpinen 0.1 1.6 tr tr, MS
1266 (E)-B-Osimen 0.1 - tr tr, MS
1280 p-Simen 0.2 1.5 0.5 tr, MS
1290 Terpinolen tr - tr tr, MS
1296 Oktanal 0.3 10.4 tr tr, MS
1300 Tridekan tr - - tr, MS
1345 3-Oktil asetat tr - - tr, MS
1385 Heptil asetat 0.1 - - MS
1386 Oktenil asetat 0.2 - - MS
1398 2-Nonanon - 1.0 - MS
1399 Nonanal 0.2 7.5 tr MS
1400 Tetradekan 0.1 - 0.2 tr, MS
1429 Perillen - - 0.1 MS
1439 | y-Kamfolen aldehit - - 0.1 MS
1441 (E)-2-Oktenal - 0.6 - MS
1466 o-Kubeben 0.3 - 0.2 MS
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1482 Longipinen 0.6 - - MS
1483 1-Oktil asetat 14.9 - - tr, MS
1495 Bisikloelemen 0.7 - 0.1 MS
1497 o-Kopaen - - 0.2 MS
1499 Kamfolenal (=a-Kamfolen aldehit) - - 1.2 MS
1500 Pentadekan - - 0.3 tr, MS
1516 (2)-4-Oktenil asetat 2.1 - - MS
1532 Kafur 2.1 - - tr, MS
1535 | B-Burbonen - - 0.2 tr, MS
1536 Pinokamfon - - 0.3 MS
1541 Benzaldehit - 2.7 tr MS
1544 Dihidroakillen - - 0.2 MS
1548 (E)-2-Nonenal 2.0 4.9 - MS
1550 | B-Kubeben 0.9 - 0.3 MS
1553 Linalol - 0.6 - tr, MS
1565 Linalil asetat - tr - tr, MS
1571 Trans-p-Ment-2-en-1-ol - tr - MS
1585 Pinokarvon - - 0.5 MS
1590 Bornil asetat - 1.2 0.2 tr, MS
1600 B-Elemen 1.2 - - MS
1600 Hekzadekan - 1.7 0.2 tr, MS
1611 Terpinen-4-ol - 3.4 0.2 tr, MS
1628 Aromadendren - - 0.2 MS
1648 Mirtenal - - 0.8 MS
1651 | y-Elemen 14 - - MS
1655 (E)-2-Dekenal - 2.5 - MS
1664 trans-Pinokarveol - - 4.9 tr, MS
1683 trans-Verbenol - - 1.7 MS
1687 o-Humulen 1.1 - - tr, MS
1704 | y-Murolen 0.7 - 0.4 MS
1706 a-Terpineol - 1.4 - tr, MS
1725 Verbenon - - 0.9 tr, MS
1726 Germakren D 2.1 - - MS
1737 B-Bisabolen 0.8 - - tr, MS
1740 a-Murolen 14 - - MS
1747 p-Menta-1,5-dien-8-ol - - 0.3 MS
1751 Bisiklogermakren 2.8 - 0.1 MS
1757 Karvon - 0.5 0.3 tr, MS
1772 | 5-Kadinen 4.2 - 0.3 tr, MS
1776 | y-Kadinen 1.8 - 0.1 MS
1786 (E)-a-Bisabolen 0.4 - - MS
1800 Oktadekan 0.4 1.9 0.3 tr, MS
1802 Mirtenol - - 0.1 MS
1811 o-Kadinen 0.3 - - MS
1827 (E,E)-2,4-Dekadienal - 0.3 - MS
1845 trans-Karveol - - 0.1 tr, MS
1853 Germakren B 0.8 - - MS
1878 2,5-Dimetoksi-p-simen - 0.4 - Ms
1882 1-Izobiitil 4-izopropil-2,2-dimetil suksinat - 0.4 0.1 MS
1900 Nonadekan - 0.4 - tr, MS
1904 Epi-kubebol - - 0.2 MS
1941 | a-Kalakoren | - - 0.2 MS
1957 (E)-B-lyonon - - 0.5 MS
2000 Eikosan - 2.0 0.3 tr, MS
2008 Karyofilen oksit - - 1.0 tr, MS
2037 Salvial-4(14)-en-1-on - - 0.3 MS
2053 y-Nonalakton - 0.6 - tr, MS
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2068 (E)-Sinamaldehit - 1.7 - MS
2069 Germakren D-43-ol 6.7 - - MS
2071 Humulen epoksit-I1 - - 0.4 MS
2080 1, 10-diepi- Kubenol 0.7 - - MS
2084 Oktanoik asid - 1.8 - MS
2144 Spatulenol 1.4 0.7 6.6 tr, MS
2174 Nonanoik asit - 2.0 - MS
2191 T-Kadinol 5.7 - - Ms
2200 Dokosan - 2.5 - tr, MS
2205 Germakren D-4a-0l 3.4 - - MS
2209 T-Murolol 1.1 - - MS
2250 1-Metiletil hekzadekanoat - 1.4 - tr, MS
(=1zopropil palmitat)
2255 epi-o-Bisabolol 20.4 - - tr, MS
2256 a-Kadinol 3.7 - - tr, MS
2400 Tetrakosan - 2.2 - tr, MS
2500 Pentakosan - 1.9 - MS
2700 Heptakosan - - 0.7 MS
2800 Oktakosan - 1.8 - MS
2931 Heksadekanoik asit - 11.0 - MS
(= Palmitik asit)
Monoterpen hidrokarbon | 11.7 12.3 71.2
Oksijenli monoterpen 2.1 5.9 115
Seskiterpen hidrokarbon | 21.5 - 2.3
Oksijenli seskiterpen |  43.1 0.7 8.5
Diger | 213 74.0 2.8
Tanimlanan bilesik 52 42 57
Toplam % | 99.7 929 | 96.3

TM:Tanmimlama metodu, tr: <%0.1, MS: Kiitle spektrumu, tr: Alikonma zamani, Tespit edilmedi, RRI: Relatif tutunma
zamani indisi n-alkan serisine gore hesaplanmistir; %: FID verilerine gore hesaplanmistir; e: Eser (<%0,1)

3.2. Antioksidan aktivite sonuclari

3.2.1.Toplam fenolik madde miktart

Meyve, kok, toprak iistii ekstrelerinin gallik asit es degerligine gore total fenolik madde miktarlart Tablo 2’de
gosterilmistir. 0,1 mg/mL konsantrasyonda hazirlanmis ekstrelerde, meyvenin %13,5, kokiin %7 ve toprak ustii
kisminin %14 oraninda fenolik madde igerdigi gosterilmistir.

3.2.2. DPPH (1,1-difenil-2-pikrilhidrazil) Radikal Siipiiriicii Aktivite

Meyve, kok, toprak tistii ekstrelerinin gallik asit ve askorbik asit standartlar1 kullanilarak % giderimleri Tablo
3’te gosterilmistir. Standart gallik asit ve askorbik aside gore oldukca yetersiz etkiler ortaya koymakla birlikte,
meyveden hazirlanan metanol ekstresinin 0,4 mg/ml konsantrasyonda %39,07, kokiin metanol ekstresinden 0,5 mg/ml
konsantrasyonda %22,54 ve toprak istii kismmin 0,2 mg/ml konsantrasyonda %41,3 DPPH radikali siipiiriicii etki
gosterdikleri saptanmustir.

Tablo 2. T. latifolia ekstrelerinin DPPH radikali siipiiriicii etkileri

Numune mg/mL | % DPPHe + std
Meyve 0,4 39,07 0,82
Kok 0,5 22,54 1,96
Toprak istii 0,2 41,3 3,37
Gallik asit 0,002 67,12 1,30
Askorbik asit 0,008 66,46 1,78
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3.2.3. ABTS [2,2 -azino-bis (3-ethilbenzotiazoline-6-siilfonik asit)] Radikali Katyon Siiptirme Aktivitesi (TEAC)

Meyve, kok, toprak iistii kisimlarindan hazirlanan ekstrelerinin troloks esdegerligine gore % renk giderimleri
Tablo 3’te gosterilmistir. Meyveden hazirlanan metanol ekstresinin 0,016 mg/ml konsantrasyonda %7,34, kokiin
metanol ekstresinden 0,16 mg/ml konsantrasyonda %21 ve toprak iistii kisminin 0,016 mg/ml konsantrasyonda %67

ABTSe™ siipiiriicii etki gosterdikleri saptanmustir.

Tablo 3. T. latifolia ekstrelerinin troloks esdegerligine gére ABTS radikali siipiiriicii etkileri

Numune % ABTS inhb. +std mM
Meyve 67 0,03 1,73
Kok 21 0,06 0,54
Toprak iistii 7,34 0,03 0,19
Gallik asit 58,1 0,01 15

3.3.5- Lipooksijenaz enzim inhibisyonu

Meyve, kok, toprak {iistli ekstrelerinin nordihidroguaiaretik (NDGA) asit esdegerligine gére % inhibisyon
degerleri Tablo 5°te gosterilmistir. In vitro 5-lipoksijenaz inhibisyon testi sonuglarina gére ¢alisilan konsantrasyonlarda
meyvenin (%2,8+ 4,27) ve kokin (%3,4+£0,69) inhibisyon yaptigi belirlenmistir. Elde edilen sonuglara gore,
numunelerin hi¢birinin standart olarak kullanilan NDGA kadar etkili olmadig1 goriilmektedir.

Tablo 4. T. latifolia ekstrelerinin NDGA esdegerligine gore lipooksijenaz inhibe edici etkileri

Numune % inhibisyon + std
Meyve 20 pg/mL) 2,8 4,27
Kok (20 pg/mL) 3,4 0,69
Toprak tistii - -
(20 pg/mL)

NDGA (10 pg/mL) 80,3 2,33
NDGA ECs 4,81 1,87

-: Etki yok

3.3. Antimikrobiyal aktivite testleri

3.3.1. Antikandidal aktivite bulgular

Antikandidal aktivite sonuglar1 Tablo 5. de gosterilmistir. C. tropicalis ATCC 750, toprak istii ekstresi
tarafindan 250 pg/mL dozda, C. albicans ATCC 90028 ise 500 pg/mL dozda inhibe olmustur. Bu dozlarm alt ve {ist
kuyucuklarindan alinan érnekler TEM analizi igin toplanmustir. Bitkinin 3 farkli kismina ait ekstreler kiyaslandiginda
toprak tistii ekstresinin aktivitesinin daha yiiksek oldugu goriilmektedir.

Tablo 5. Antikandidal etki sonuglari

(MIK, pg/mL) ME KE TUE Ketokonazol
Candida albicans ATCC 10231 >1000 >1000 >1000 0,125
C utilis NRRL Y-900 250 500 250 0,06
C. albicans ATCC 90028 500 500 500 0,06
C. tropicalis ATCC 750 500 >1000 250 0,125
C. parapsilosis ATCC 22019 >1000 >1000 >1000 0,03

ME: Meyve ekstresi; KE: Kok ekstresi; TUE: Toprak iistii (Yaprak, cicek ve dal) ekstresi

3.3.2. Antibakteriyel aktivite bulgular

Yapilan antibakteriyel aktivite sonuglari Tablo 3. de gosterilmistir. Staphylococcus aureus ATCC 6538 ve
Salmonella typhimurium ATCC 13311 kok ekstresi tarafindan 500 pg/mL dozda inhibe edilmistir. Salmonella
typhimurium ATCC 13311 toprak iistii ekstresi tarafindan 500 pg/mL dozda inhibe edilmistir. Bitkinin 3 farkli kisminin
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ekstreleri incelendiginde bakteri suslarina karsi kok ve toprak iistii ekstresinin aktivitesinin daha yiiksek oldugu

goriilmektedir.

Tablo 6. Antibakteriyel etki sonuglari

(MIK, pg/mL) ME KE TUE Kloramfenikol
Escherichia coli NRRL B-3008 >4000 >4000 >4000 4
Staphylococcus aureus ATCC 6538 1000 500 1000 2
Pseudomonas aeruginosa ATCC 27853 >4000 >4000 1000 16
Salmonella typhimurium ATCC 13311 2000 500 500 8
Serratia marcescens NRRL B-2544 >4000 1000 1000 8
Klebsiella pneumoniae NCTC 9633 >4000 >4000 >4000 16

ME: Meyve MeOH ekstresi; KE: Kok MeOH ekstresi; TUE: Toprak iistii (Yaprak, cicek ve dal) MeOH ekstresi

3.4.TEM analizi

C. albicans ve C. tropicalis’e kars1 inhibisyon etkileri belirlenen toprak iistii ekstresinin MiK, % ve % MIK
kuyucuklari ile kontrol kuyucuklarindan alinan drneklerin takibi ve analizi ile gergeklestirilmistir. Yapilan analizlerde
toprak st ekstresinin (HE) C. albicans kontrol hiicreleri ile kiyaslandiginda deney setlerinde, hiicre duvari ve
membraninda biitiinliigiin bozuldugu, hiicre i¢eriginin disariya dogru ¢iktigi gériilmektedir. C. tropicalis analizinde ise
¢ok sayida hiicrede ve spesifik olarak hiicre ¢ekirdek membraninda hasarlarin ve nukleus yapisinda bozulmalarin

olusturdugu gorilmiistiir.
. albicans +
ks

C. albicans‘

‘
C
¢ — ]

r y C. tropicalis‘ r &3

gx ‘v‘
’
L e |

Sekil 2. C. albicans ve C. tropicalis saglikli kontrol hiicreleri (solda) ile toprak iistii ekstresi (TUE) ile muamele edilmis
hiicreler (6lgek: 1 um).
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4. Sonuglar ve tartisma

Yapilan GK/KS analizinde Turgenia latifolia meyve, kok, toprak iisti kisimlarindan elde edilen ugucu
yaglarin sirastyla %99,7, %929, %96,3’linii temsil eden 52, 42, 57 bilesen karakterize edilmistir. Meyvelerden elde
edilen ugucu yagin ana bilesenleri, epi-o-bisabolol (%20,4), 1-oktil asetat (%14,9), germakren D-4a-ol (%6,7), o-
pinen (%6,3), T-kadinol (%5,7), 6 -kadinen (%4,2), a-kadinol (%3.7) germakren D-4-ol (%3,4) olarak belirlenmistir.
Kokten elde edilen ugucu yagin ana bilesenleri, heksadekanoik asit (%11), oktanal (%210,4), nonanal (%7,5), heptanal
(%4,1), o-pinen (%4,1), amilfuran (%3,6), terpinen-4-ol (%3,4), S-Pinen (%3,2); toprak istii kismindan elde edilen
ugucu yagin ana bilegenleri ise a-pinen (%61), spatulenol (%6,6), trans-pinokarveol (%4,9) ve kamfen (%3,8), olarak
saptanmistir. Bu ¢aligma kapsaminda bitkinin meyve, kdk ve toprak listii kistmlarindan mikrodistilasyon yontemi ile
elde edilen ugucu bilesenler ve % miktarlart ortaya konulmustur. Bitkinin farkli kisimlarindan ugucu yag eldesi ve
kompozisyonunun ayrintili olarak belirlenmesi agisindan yapilan ilk ¢alisma niteligini tagimaktadir. Yapilan kaynak
taramasinda Ceylan ve arkadaglar1 tarafindan yapilan ¢aligmada Turgenia latifolia bitkisinin fitokimyasal
kompozisyonunun belirlenmesi amaciyla yapilan GK/KS analizinde a-Bisabolol, T-kadinol, spatulenol, a-kadinol ana
bilesikler olarak tespit edilmistir [27].

Yapilan antioksidan aktivite ¢aligmalar1 sonuglarina gore; hazirlanmig ekstrelerde 0,1 mg/mL konsantrasyonda
total fenolik madde miktarlary; kok %7 meyve %13 ve toprak {istii ise %14 olarak belirlenmistir. DPPHe siipiiriicii
etkilerine bakildiginda meyveden hazirlanan metanol ekstresinin 0,4 mg/ml konsantrasyonda %39,07, kokten hazirlanan
metanol ekstresinden 0,5 mg/ml konsantrasyonda %22,54 ve toprak iistii kismindan hazirlanan ekstrenin 0,2 mg/ml
konsantrasyonda %41,3 aktivite gosterdikleri saptanmistir. ABTSe+ siipiiriicii etkileri ise meyvenin 0,016 mg/ml
konsantrasyonda %7,34, kokin 0,16 mg/ml konsantrasyonda %21 ve toprak istii kismmin 0,016 mg/ml
konsantrasyonda %67 olarak bulunmustur. Standartlara gére dikkat ¢ekici bir aktivite olmadig1 gézlenmistir.

Antiinflamatuvar etkisini belirlemek i¢in yaptigimiz bir diger ¢aligma olan 5-lipooksijenaz enzim inhibisyonu
sonuglarina goére 20 pg/mL konsantrasyonda meyvenin %2,8+ 4,27, 20 pug/mL konsantrasyonda kokiin %3,4+0,69
inhibisyon yaptig1 belirlenmistir. Toprak isti kisminin antiinflamatuvar etkisi tespit edilememistir. Meyve ekstresi ve
kok ekstresi sonuglari standart ile karsilastirildiginda antiinflamatuvar etkisinin diisiik oldugu goriilmektedir.

Hajimehdipoor ve ark. (2016) tarafindan T. latifolia'nin biitiin bitki kisimlar1 kullanilarak yapilan ¢aligmada
asetilkolinesteraz inhibe edici etkilerinin olmadigi goriilmiistiir (300 pg/mL konsantrasyonda %0 inhibisyon). T.
latifolia'nin DPPHe inhibisyonu ve ferrik-TPTZ kompleksinin azaltilmasi i¢in degerleri IC50 62.3 pg/mL ve FRAP
degeri 40.7 mmol FeSO4.7H20/100g olarak bulunmustur. Bu ¢alismada ise farkli olarak bitkinin meyve, kok, toprak
st kisimlarindan ayri olarak hazirlanan ekstreler total fenolik madde miktarlari, DPPH", ABTS++ ve 5-lipooksijenaz
enzim inhibisyonu a¢isindan degerlendirilmis ve bitkinin farkli kisimlarindan elde edilen ekstrelerin biyolojik aktivite
farkliliklar1 ortaya konulmustur [28].

Yaptigimiz antimikrobiyal aktivite testlerinde standart ajanlara gore zayif etkiler gozlense de toprak dstii
ekstresinin, meyve ve kok ekstrelerine oranla secilen kandida suslarina karsi daha etkili oldugu goriilmiistiir. Bitkinin
toprak tstii, meyve ve kok kisimlarinin ekstreleri incelendiginde bakteri suslarina karsi kok ve toprak tistii ekstrelerinin
aktivitesinin daha yiiksek oldugu goriilmektedir. TEM analizinde toprak iistii ekstresinin C. albicans kontrol hiicreleri
ile kiyaslandiginda hiicre duvar1 ve membran biitiinligiiniin bozulmasi, hiicre igeriginin disariya ¢ikmasi yoluyla etki
ettigi belirlenmistir. C. tropicalis analizinde ise ¢ok sayida hiicrede ve spesifik olarak hiicre ¢ekirdek membraninda
hasara sebep olarak nukleus yapisinda bozulmalar olusturduguna dikkat ¢ekilmistir (Sekil 2).

Bu tiir ile yapilan tek aktivite ¢alismasinda [29], T. latifolia’nin toprak iistii kisimlarimin Aspergillus
fumigatus PLM 712, ve farkli Candida albicans suslar ile, Candida glabrata ATCC 90030, Candida guilliermondi
IF00838, Candida kefyr ATCC 38296, Candida krusei ATCC 44507, Candida pseudotropicalis Y06-01, Candida
tropicalis ATCC 13803 suslarina karsi antimikrobiyal aktivite gostermedigi, toprak ustii kisimlarindan hazirlanan
ekstrenin yalmzca Aspergillus niger PLM 1140’e karsi etkili oldugu gosterilmistir. Ayrica ilging olarak Candida
glabrata ATCC 90030, Candida kefyr ATCC 38296 ve Candida pseudotropicalis Y06-01 suslarinin biiylimesini
stimiile ettigini bildirmislerdir. Yaptigimiz deneylerde bahsedilen c¢alismadan farkli olarak toprak istii kismindan
hazirlanan ekstrenin C. albicans ve C. tropicalis’e kars1 etkili oldugu gosterilmistir. Secilen kandida suslarinda meyve
kok ve toprak iistii elde edilen ekstrelerin antimikrobiyal etkilerinin farkliligi, MiK degerleri ve s6z konusu etkilerin
mekanizmasi da gosterilerek literatiire kazandirilmustir.

Ulkemizde oldukga yaygin olarak yetisen ve tarla zararlisi olarak miicadele edilen bu tiiriin ugucu
bilesiklerinin yaninda fenolik madde miktar1 ilk kez bu ¢aligma ile ortaya konmustur. Bitkinin toprak istii, kok ve
meyve kisimlarindan elde edilen ekstrelerde antibakteriyal, antikandidal ve antioksidan etki ¢aligmalar1 ile bu bitkinin
ilag hammaddesi olabilme potansiyeli arastirilmigtir. Bu ¢alisma ile tarla zararlisi olarak kabul edilen bir bitkiye ait total
metanol ekstresinin patojen Candida hiicreleri iizerinde olan etkileri dikkat gekici olup, iilkemizde benzer sekilde halk
arasinda kullaniminin sinirli oldugu tiirlerin biyolojik etkileri bakimindan potansiyel tastyabilecegi ortaya konmustur.
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Abstract

In the present study a microbial consortium with the ability to utilize nitrogen of certain chemical fertilizers were
established with a series of tests. The strains’ indole acetic acid (IAA) and siderophore production, utilization of urea as
carbon source were tested with 15 isolates, %50 of which belonged to Bacillus spp. based on caseinase and amylase
activities. Nitrogen utilization was tested with nitrogen fixation, ammonia and nitrite oxidation abilities of the strains.
Phosphate evaluation, another component of chemical fertilizers, was also determined with phosphate solubility test
conducted in the presence of Pikovskaya agar. Identification of isolates was conducted via evaluating MALDI-TOF MS
analyses. Results indicated four strains, 3 of which were identified as Bacillus cereus sp. and an Alcaligenes faecalis sp.
which was the only non-Bacillus member of the consortium. The members of the consortium showed no antagonistic
activity against each other implying their successful utilization as components of a commercial fertilizer. Media selection
along with diversified tests were concluded to serve as fine criteria to establish a microbial consortium with targeted
features.

Keywords: Indole acetic acid, siderophore, Bacillus spp., nitrogen fixation, ammonia/nitrite oxidation

*

Organik ve kimyasal giibre olarak kullanim potansiyeline sahip mikroorganizmalarin izolasyon ve
karakterizasyonu

Ozet

Sunulan ¢aligma kapsaminda kimyasal giibre igerigindeki azotu kullanabilme ozelligine sahip
mikroorganizmalardan olusan bir konsorsiyum bir dizi test sonucunun degerlendirilmesiyle olusturulmustur. Suslarin
indol asetik asit (IAA) ve siderofor iiretme yetenekleri ve iire iceriginde yer alan karbonu besiyeri olarak kullanma
yetenekleri 15 farkli izolat i¢in test edilmistir. Suslara uygulanan amilaz ve kazeinaz aktivite testleri sonucunda %50’sinin
Bacillus spp. oldugu belirlenmistir. Azot kullaniminin incelenmesi kapsaminda suslarin azotu fikse edebilme ayrica
amonyak ve nitriti oksitleme yetenekleri belirlenmistir. Kimyasal giibrelerde bir diger makro element olan fosfat
kullanim1 Pikosvkaya agar’da inokiilasyon ile goriilmiistiir. Son olarak suslarin cins bazinda tanimlanmas1t MALDI-TOF
MS analizleri ile ger¢eklestirilmistir. Sonuglarin degerlendirilmesiyle mikroorganizma karisimina ii¢ Bacillus cereus sp.
susu ile karisimin Bacillus sp. olmayan tek iiyesi Alcaligenes faecalis sp. se¢ilmistir. Mikroorganizma karisiminda yer
alan suslarin birbirlerine karsi antagonistik etki gostermedigi dolayisiyla karisimin mikrobiyal giibre olarak
ticarilestirilmesinin miimkiin oldugu da elde edilen sonuglar arasindadir. Uygun besi yeri se¢imi ve hedefe yonelik
testlerin uygulanmasi hedefe yonelik mikroorganizmalardan olugan bir konsorsiyumun olusturulmasinda etkili olmustur.

Anahtar kelimeler: Indol asetik asit, siderofor, Bacillus spp. azot fiksasyonu, amonyum/nitrit oksidasyonu
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1. Introduction

The opinion that world population would have risen over 9 billion in the next 40 years is acknowledged by a
majority of demographers and environmentalists. The inevitable increase in population resulted in deficit of sources
needed to meet nutritional requirement [1]. Proper nutrition of plant to achieve maximum yield and product quality has
become a popular research area due to population increase. Addition of chemical fertilizers to soil is the most frequent
and privileged application to solve yield and quality problems. Utilization of chemical fertilizers are lower in Tiirkiye
compared to developed and developing countries. Nevertheless, chemical fertilizer is gaining an increasing attention and
its harmful effects on environment possesses a serious threat [2].

Nitrogen, phosphorus and potassium are the main constituents of chemical fertilizer and the impact on
environment varies according to the element. Nitrogen in the form of nitrate has the potential to accumulate in drinking
water and nitrosamine compounds are known to be highly carcinogenic. Heavy metal accumulation is another problem
during utilization of chemical fertilizers [2].

The harm oriented from chemical fertilizers is in fact related to its excessive use. Soil with its high buffering
potential could tolerate chemical fertilizers to an extent. However, exceeding threshold leads to significant health and
environmental problems [3].

Hence studies, mainly focused on developing the substitute of chemical fertilizers, have recently increased. The
prerequisite of these substitutes is to lower environmental impact along with maintaining sustainable production. Plant
growth promoting bacteria are fine candidates meeting these demands. These bacteria, when added to soil, operate via
certain mechanisms facilitating acquisition of already existing resources in soil [4].

Facilitation of existing resources are mostly accomplished through solubilization of phosphate and nitrogen
fixation from atmosphere. The compounds related to these two elements exist in high amounts in soil, yet the problem is
the deficit of compounds suitable for plant uptake. PGPB intercedes at this point enabling their acquisition by plant. PGPB
could also produce cytokinin, gibberellins and indole acetic acid (IAA). These bacteria also operate via indirect
mechanisms such as siderophore production. Siderophore producing bacteria also acts as biocontrol agent capable of
decreasing phytopathogen population in the flora [4,5].

The number of studies regarding the use of PGPB as fertilizer is relatively low, however, the results are promising
with examples of successful utilization in mangrove reforestation [6], development of faba bean seeds [7] domestic apple
[8].

Based on the findings presented so far, it was our opinion that PGPB could have been successful in the case of
either simultaneous addition with chemical fertilizer or application to soil already containing chemical fertilizer. Apart
from nitrogen which could be fixed via PGPB from atmosphere, PGPB would be less effective in the case of a serious
nutrient deficit in soil. Hence the main purpose of PGPB utilization should be enhancement of nutrient uptake which was
supplied via chemical fertilization or by other means. Chemical fertilizer is highly effective over a short period of time.
However, long-term utilization of chemical fertilizer requires its simultaneous application with organic matter such as
manure and straw.

Certain procedures were developed and/or modified in the present study to establish a microbial consortium. The
procedures were developed to select plant growth-promoting microorganisms. These were intended to act as fertilizer in
the case of sole utilization and potential enhancer when utilized in conjunction with either manure or chemical fertilizer.

2. Materials and methods
2.1. Semi-selective isolation procedure as starting-point

As previously stated, the priority in selection of consortium members is the ability to utilize nitrogen supplied
by any kind of chemical fertilizers. Selection of consortium members started with semi-selective isolation procedure from
18-month compost samples. These samples were previously obtained from compost prepared by manure, wheat straw
and grass. Semi-selective isolation procedures were simply consecutive dilution of 0.5 g samples and inoculation of 10
dilutions in an ammonifying medium containing 0.05% peptone, 0.05% KH,POy4, 0.05% K>HPO4, 0.05% MgS04.7H,O
in 1 L with 12 g agar. This medium was recently utilized for enumeration of ammonifying bacteria [9]. The media was
adopted as isolation procedure and acted as a starting point to determine microorganisms with the ability to utilize organic
nitrogen. Isolation procedure was followed by purification and obtaining isolates as single colonies. These isolates were
further tested for their potential as PGPB.

2.2. Standard tests applied to determine the potential of isolates as PGPB.

Nitrogen fixation ability of selected isolates was initially tested to detect isolates with ability to fix atmospheric
nitrogen. Traditional procedure with semi-solid agar require long-term inoculation, instead a simpler and practical method
based on inoculation with Ashby’s mannitol and Ashby’s sucrose agar was adopted to determine isolates with nitrogen
fixing ability. Ashby’s agars were originally utilized to isolate nitrogen fixing microorganism. Inoculation in the presence
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of these agars were simply utilized as test procedure in the present study. Ashby’s agar contained (g/L) 0.2 KH,POs4, 0.2
MgS04.7H>0, 0.2 NaCl, 0.1 K»SO4, 5CaCOs and 15 agar. Carbon sources were mannitol and sucrose which were added
20 g/L [10].

IAA production was determined with color change to pink at 530 nm via UV-Vis spectrophotometer. The method
contains addition of Salkowski reagent to 1 ml of Luria Bertani supernatant containing % 0.05 1-tryptophan. 1.35 g
FeCl3.6H,O was completed to 100 ml via dH>O and 2 ml of this solution was then combined with 49 ml dH»O and 49 ml
of per chloric acid, respectively. Salkowski reagent was added with the ratio of 2/1. The strains were incubated at 30 °C
for 48 hours in l-tryptophan containing LB broth [11].

Pikovskaya agar containing (g/L) 0.5 yeast extract, 10 dextrose, 5 CazPOs, 0.5 (NH4)2SO4, 0.2 KCl, 0.1 MgSOy,
0.0001 MnSOs4, 0.0001 FeSO4 and 15 agar were utilized to determine phosphate solubility. Transparent zone formation
was evaluated as positive indicator [12].

Chrome Azurol S Assay with certain modifications was applied to determine siderophore production of strains.
CAS solution prepared with mixing of 4 solutions was finally mixed with King’s B agar to formulate CAS agar. The ratio
of CAS solution to Kings’s B agar was adjusted to 35/100 according to the method [13]. The ingredients of CAS solution
and King’s B agar were given in Table 1.

Table 1. Chrome Azurol S agar utilized in siderophore production

Solutions

C D B A King’s B agar (g/L)
0.03 ml HCI, | 0.026 g FeCl;.6H,O, | 0.06 g Chrome | 0.07 g HDTMA, | Peptone 20
complete to 100 ml | complete to 100 ml via | Azurol reagent, | complete to 40ml via | MgS0O4.7H,0 1.5

via dH,O dH-.O complete to 50 ml | dH,O KH,PO4 1.5
via dH,O Glycerine 10 ml
Agar 20
Add 10 ml Add 100 ml Add 50 ml Add 40 ml pH 7.2
Procedure:

Solutions were combined with the order of C, D, B and A. The resulting 200 ml solution was finally mixed with King’s
B agar with the ratio of 35/100

Urea degradation ability of strains was tested via urea broth. The test was based on strains’ urea utilization as
carbon source. Ammonium formation during the process was detected by color change of the broth. Inoculation of strains
was conducted at 37 °C for 48 hours. The original “orange red” color of the broth turned into red in the presence of strains
with positive results. The broth utilized in the study contained (g/L) 0.1 yeast extract, 9.1 KH,PO4, 9.5 Na, HPO4, 20 urea
and 0.01 phenol red.

2.3. Specified tests to determine nitrogen evaluation potential of PGP isolates.

The highlight of the present study was to determine isolates with the ability to facilitate plant’s nitrogen
utilization. Hence sustainable supplement of plant available nitrate nitrogen was crucial for crop development. As
previously stated the isolates were examined to detect the ones with the ability to transform ammonia from organic
nitrogen and urea. However, these are only the initial states of nitrogen cycle and nitrogen should be converted to nitrate.
Hence two media originally utilized for enumeration of both ammonium and nitride oxidizers were utilized to test
nitrifying potential of strains. The media utilized for ammonia oxidation contained (g/L) 0.5 (NH4)2SO4, 1 K;HPO4, 0.03
FeS04.7H>0, 0.3 NaCl, 0.3 MgS04.7H,0, 7.5 CaCOs. Nitride oxidizing potential of strains was determined via of a
separate medium containing (g/L) 0.006 NaNOs3 as nitrogen source. The media which was originally used for ammonia
oxidizer detection was further modified with CaCl, addition. Calcium was supplied with 0.1 CaCl, and 1 CaCOs in nitride
oxidizing media. The remaining ingredients and their amounts were kept identical. Nitrifying potential of strains was
determined based on color change. Magenta colored media formed via phenol addition and pH adjustment to 8 should
change into shades of yellow due to a decrease in pH value [14].

2.4. Biochemical tests conducted to determine Bacillus sp. in accordance with MALDI-TOF MS analyses evaluated for
validation.

Biochemical tests were selected based on facile determination of Bacillus sp. presence among isolates.
Evaluation of tests were based on positive results for both caseinase activity and starch hydrolysis. The modified medium
used for caseinase activity contains (g/L) 5 peptone, 3 meat extract, and 15 agar. The ingredients were dissolved in 900
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ml dH,O. The procedure was modified with addition of %10 skim milk after sterilization. Zone formation was the
expected indicator for caseinase activity [15].

Starch hydrolysis was also evaluated according to zone formation following Lugol addition to the agar plates
prepared with (g/L) 5 peptone, 3 meat extract, 2 starch and 15 agar. The test was conducted at 37 °C for 24 h [16].
The tests applied in the course of study were simply inoculation procedures conducted to visualize zone or color change
in media. All agar inoculation was applied at 30 °C unless stated otherwise. The last test applied to validate Bacillus sp.
presence was MALDI-TOF MS analyses applied for selected strains and an isolate with positive activity towards
siderophore production (See. Results and Discussion). MALDI-TOF MS analyses were conducted via service
procurement from Hatay Mustafa Kemal University.

3. Results

Variation of IAA production capacity was illustrated in Figure 1. The values were obtained for 3 separate runs
and capacity values were presented as pie chart with clockwise variation starting from LFSN1 isolate. In our opinion, the
capability of TAA production was more important compared to the amount of IAA produced as IAA production was
adopted as a standard criterion for selection. Hence the figure was evaluated for the strains with the highest production
capacity, yet remaining tests were applied for all.

Nitrogen fixation from atmosphere was another important property that should be standard for a microbial
consortium. The consortium was originally combined to facilitate plants’ fertilizer consumption, however properties such
as JAA production and nitrogen fixation ability were also crucial in the case of fertilizer deficit. Inoculation performances
of isolates in the presence of Ashby’s sucrose and mannitol agars (AMA and ASA) were illustrated in Table 2. Results
indicated relatively higher affinity of the isolates towards mannitol presence.

Table 2. Nitrogen fixation performance of isolates in the presence of AMA and ASA agars; biochemical tests to determine
caseinase activity and starch hydrolysis

Nitrogen fixation Biochemical tests

Isolate code AMA ASA Caseinase Starch hydrolysis
LFNSI1 ++ + - -

LFNS2 ++ + + +

LFNS3 ++ + - -

LFNS4 -- + - -

LFNS5 + + + +

LFNS6 + ++ + +

LFNS7 + + + +

LFNSS8 - + + +

LFNS9 ++ + + +

LFNS10 ++ + - -

LFNSI11 + + + +

LFNSI12 ++ + - -

LFNSI13 -- -- -

LFNS14 -- -- + +

LFNSI15 + + - -

+: production with visible colonies
++: completed development of isolates, stronger production

As previously stated, a semi-selective agar was adopted during isolation of microorganisms. The idea was to
detect certain microorganisms preferably the ones with ability to utilize organic nitrogen. A simple twist to the procedure
was conducted with exclusion of agar from the media and following addition of Nessler’s reagent. By doing so, the
isolation procedure could easily be evaluated for the selection of ammonifiers. The results for both agar and broth were
given in Figure 2. The isolates with positive results were given in Figures with orange color formation as positive
indicators.

Phosphate solubility in the presence of Pikovskaya’s agar could be determined via transparent zone formation.
Results given in comparison with a positive sample revealed only 3 isolates with the ability to solubilize inorganic
phosphate. Hence this test has become one of the main selection criterion in the course of microbial consortium
preparation (Figure 3).

Siderophore synthesis to facilitate iron transport to plants was another selection criterion. The results indicated
only LFNS13 as siderophore producer (Figure 4).
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Urea degradation ability of strains was initially conducted as specified test. The test determines degradation of
urea and hence production of ammonia through urea utilization as carbon source. Figure 5 revealed the color change from
orange-red to red color for LFNS6 and LENS15 isolates.

Ammonium oxidation and nitrite oxidation ability of the strains were also determined via color change from
magenta to yellow color. Results were illustrated in Figure 6.

4. Conclusions and discussion

Selection of isolates as participants of a microbial consortium might as well be an impossible task considering
similar properties that the isolates might possess. Isolation procedures are generally conducted at identical conditions
including media, inoculation temperature and antibiotics utilization if required. Hence a different approach meeting
multiple criteria should be adopted during isolation. The isolation procedure itself becomes a selection criterion with the
use of various antibiotics and heating procedures. However, antibiotics utilization is expensive and there is no guarantee
for acquisition of isolates with beneficial traits for plant growth. Hence a more facile method based on media selection
was applied in the present study. As previously stated, the isolation procedure is originally utilized for determination of
ammonifiers among isolates. Isolates with the ability to mineralize organic nitrogen is in fact not preferred in the case of
composting. On the contrary, studies on composting aim to increase bioavailable organic nitrogen content during the
process and regulation of nitrogen conversion in the course of composting is considered as the key factor [17]. However,
the conditions in the present study were entirely different with mature compost being the source of isolation and isolates
with the ability of utilizing organic nitrogen would be preferable in the case of manure application to cultivation area. In
other words, isolates using organic nitrogen would continue to survive or even thrive long after their application to
cultivation area amended with manure.

Nitrogen fixation from atmosphere was considered as another solution for survival of potential consortium. This

was considered as the worst-case scenario for cultivation areas without amendment of any kind. It is noteworthy to point
out the fact that the medium AMA and ASA could both be used as selective isolation media and in that case isolates with
the ability to fix atmospheric nitrogen would be starting point for establishing the consortium.
Nitrogen utilization of isolates was one of the key factors during selection of isolates. Another key factor of selection was
the ability of isolate to utilize the fertilizer as media. This scenario was tested with urea degradation in which urea was
the carbon source. Urea is preferred among the farmers as the fertilizer continues the highest among of nitrogen with
lowest price. The main problem in urea utilization ammonia volatilization. Certain precautions to reduce ammonia
emissions are still being studied. However, these precautions generally included utilization of additives to reduce
ammonia leading to an increase in the amount of externally supplied chemicals to the soil. Utilization of microbial
consortium offers an accelerated pathway with utilization of urea as food source. Urea degradation will result in ammonia
volatilization. However, enhanced breakdown of urea to ammonia will also lead to plant available ammonium formation
in the presence of water. Consequently, it was thought that addition of urea degradaing isolates to the consortium would
have increased the amount of ammonia transforming to ammonium. The reactions occurred during ammonium formation
was given as [18]:

(NH2).CO + H,O =——NH3 + H;NCOOH =0 2NH3 (ga5) + CO2 (gas) (N
NH;+H,O0 =—» NH; + OH- (2)

Microbial consortium would also contain isolates with the ability to transform nitrogen into plant available nitrate
through ammonia and nitrite oxidation mechanisms. Tranformation of ammonia or ammonium to nitrate is a two step
process involving initial formation of nitrite which is then converted to nitrate. It was crucial to include both ammonium
and nitrite oxidizers to the consortium to maintain plants’ highest possible nitrate assimilation [19]. The aim was simply
to determine the potential of isolates that could oxidize ammonium/ammonia and/or nitrite to nitrate. Hence observation
of color change through inoculation in ammonia and nitrite oxidizer in the presence of media utilized for enamuration
was thought to be a simple yet an effective method to determine isolates. As long as an isolate could be determined based
on the tests conducted so far, the consortium would be effective as the isolates would be able to directly interfere to
nitrogen cycle, hence increasing plants’ nitrate assimilation.

Phosphorus, another macronutrient for plant growth, is scarce which impels its external addition. Another
problem in utilization of phosphorus is the amount of CaCOs3 in Tiirkiye. 48 % of agricultural area in Tiirkiye was
classified as mid-calcitic while there is a surplus of CaCOs in 30 % of Tiirkiye’s agricultural area [20]. Phosphorus when
added to soil reacts with CaCO3 which resulted in formation of Ca;PO4 unavialble for plant assimilation. External
phosphorus application is a continious process. In other words there is a vast and increasing source of potassium in
agricultural area. Selected isolates would be effective at this point dissolving Ca3PO4 which will result in formation of
plant available phosphorus [21]. Iron deficiency is also closely related to CaCOs3 presence and an isolate with the ability
of producing siderophore will benefit from the presence of a phosphate solubilizing isolate when applied in accordance
[22].
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Biochemical tests were also applied in the course of study to maintain uniformity of the isolates within the bounds
of possibility. Results obtained from caseinase actvity and strach hydrolysis revealed the first clue on determination of
isolates. Hence over 50 % of isolates could hydrolyse starch and have caseinase activity and had a very high chance to
belong Bacillus spp. (Table 2). Based on the results a scheme revealing the effects of isolates was prepared and illustrated
in Figure 7.

Selection of consortium members is primarily detected according to the results of specific tests. Some results
were unique for certain Bacillus sp. members and hence these strains were directly added to the consortium. Urea
degradation was one of the tests with specific results and LFNS6 was the only strain with positive results. This is not the
only property of the strain, LFNS6 could also utilize atmospheric and organic nitrogen. This strain also had the ability to
oxidize both ammonium and nitrite which makes it a perfect candidate for use in consortium. Another strain LFNS8 could
also utilize organic nitrogen. The strain further oxidizes ammonium to nitrite and nitrite to nitrate. Apart from these
properties the strain’s distinguishing feature and reason of selection was its ability to solubilize phosphate.

LFNS9 was selected with its features similar to LENS8 with an additive feature of nitrogen fixing ability. Except
siderophore production, this strain with its many properties was an ideal candidate for consortium. LFNS13 was the only
non-Bacillus member of the consortium and selected for its unique feature as siderophore producer. Hence microbial
consortium included LENS6, LFNS8, LFNS9 and LFNS13.

Determination of antagonism between the strains was conducted with a relatively easy procedure. This test was
among the simplest procedures, yet the results were crucial in case the consortium would be commercialized as bio
fertilizer. The results for consortium including LFNS6,8,9 and 13 were illustrated in Figure 8. Consortium members could
thrive in same medium as seen from the figure (Figure 8).

The last step in determination of microbial consortium was the identification of members. Based on the results,
selected members of Bacillus spp. along with LFNS13 were analyzed via MALDI-TOF MS device. The results for
selected consortium members were given in Table 3. Score values for LFNS6, 8 and 9 were between 2-2.299 revealing
selection of the right genus. However, identification of species with these scores also revealed a probability implying the
presence of members other than Bacillus cereus sp. LFNS13 was thought to be Alcaligenes faecalis sp. based on the
results.

Table 3. MALDI-TOF MS analysis results for selected Bacillus sp. strains

Analyte code Organism (best match) Score value
LENS6 Bacillus cereus 1.846
LFNSS8 Bacillus cereus 2.03

LFNS9 Bacillus cereus 2.092
LFNS13 Alcalinegenes faecalis 2.529

MALDI-TOF MS analysis is more viable in terms of economy when compared with 16S rRNA sequencing. The

results obtained for Bacillus cereus sp. is a unique situation and it was thought that identical results would have been
acquired via 16S rRNA sequencing. 16S rRNA sequencing is a costlier alternative and results indicated that MALDI-
TOF MS should have been considered as the first step prior to trying costlier alternatives.
As stated, the score values for Bacillus cereus sp. was unique yet these values should be expected in this particular case.
Bacillus cereus was indeed a group of organisms with four members which were recently identified. The members
Bacillus cereus, Bacillus thuringiensis, Bacillus mycoidos and Bacillus anthracis could only be separated with few
physiological characteristics [23]. Literature survey on Bacillus cereus sp. indicated the presence of various strains
including siderophore producing [24] members. Consequently, an advanced analysis such as whole genome sequencing
was required for detailed validation.

LFNS13 identified as Alcalinegenes faecalis sp. is one of the well-known organisms studied for its plant growth
promoting traits. A quick literature survey on the species revealed phosphate solubilizing ability of some strains [25].
However, that was not the case for our strain and the only selection criterion for LFNS13 was its siderophore production
ability which was unique among other isolates. The conclusions obtained in the present study were summarized below.

e Media selection could serve as a selection criterion to assemble a certain group of microorganisms.
Tests conducted for isolates could be diversified to establish a consortium with modified properties.
Test procedures could be modified to facilitate establishment of microbial consortium.
Strains with different properties could serve as members of consortium which was the case in our study.
Identification in species level was possible to a certain extent. MALDI-TOF MS analysis presented a brief idea
on strains and similar results would have been obtained in the case of applying its costlier alternatives. Hence a
relatively simpler procedure is concluded to be better for initial investigation.
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