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Research article/Arastirma makalesi

Age determination of Heremites vittatus (Bridled Skink) (Olivier, 1804) using skeletochronology in Sivas
population, Turkey

Tugba ERGUL KALAYCI, Abdullah ALTUNISIK?, ibrahim UYSAL?Murat TOSUNOGLU?, Nurhayat OZDEMIR™*

!Recep Tayyip Erdogan University, Faculty of Arts and Sciences, Department of Biology, Rize, Turkey
2 Canakkale Onsekiz Mart University, Faculty of Arts and Sciences, Department of Biology, Canakkale, Turkey

Abstract

The knowledge of age structure, age of sexual maturity and lifetime in reptiles helps to understand their
ecological and evolutionary aspects of life story traits. In this study, the age structure of the female individuals
belonging to Heremites vittatus (Bridled Skink) from Sivas (Turkey) was revealed for the first time. Accordingly, the
maximum life span was determined to be 5 years for this species. A significant relationship was found between age and
body size in individuals whose head length, head width and body length were determined. In addition to this, there is a
significant relationship between body length, head length and head width.

Key words: skeletochronology, Heremites vittatus, Sivas, age determination

*

Sivas Heremites vittatus (Seritli Kertenkele) (Olivier, 1804) 6rnekleri iizerinde iskelet kronolojisi yontemi ile yas
tayini

Ozet

Siirlingenlerde yas yapisinin, eseysel olgunluk yasinin ve émiir uzunlugunun bilinmesi onlarin yasam &ykiisii
Ozelliklerinin ekolojik ve evrimsel yonleri ile anlagilmasinda yardimcr olmaktadir. Bu ¢alismada, Sivas (Tirkiye)’tan
Heremites vittatus (Seritli Kertenkele) tiiriine ait disi bireylerin yas yapist ilk defa ortaya konulmustur. Buna gére en
uzun yasam uzunlugu bu tiirlin disi bireyleri i¢in 5 yil olarak tespit edilmistir. Bag uzunlugu, bas genisligi ve viicut
uzunlugu belirlenen bireylerde, yas ve viicut boyu arasinda anlamli bir iligki tespit edilmistir. Bununla birlikte, viicut
uzunlugu, bas uzunlugu ve bas genisligi arasinda da anlamli bir iliski mevcuttur.

Anahtar kelimeler: iskelet kronolojisi, Heremites vittatus, Sivas, yas tayini
1. Giris

Bireyin yasinin dogru olarak belirlenmesi; biiylime, eseysel olgunluk yasi tayini, dogal populasyondaki yas
yapisinin ortaya c¢ikarilmasina katki saglar ve populasyonlara ait koruma plani olusturma g¢alismalarinda gereklidir
(Kaynak). Bununla birlikte hayvanin yasinin bilinmesi, canlinin yakalanmasi, isaretlenmesi ve izlenmesini igeren uzun
stireli ¢aligmalar1 gerektirir (Sutherland, 1997). Markalama-birakma-yeniden yakalama c¢aligmalari hayvanin
fizyolojisini, davraniglarini etkileyebilen ve parazit olmasina yol agabilen c¢aligmalardir, bu yiizden bu g¢aligmalarin
sonuglart dikkatli diisiiniilmelidir (Fair vd., 2010).

Iskelet kronolojisi ise amfibi/reptillerin kemiklerindeki bilyiime halkalarinin (LAG; Lines of Arrested Growth)
durgunlugunu esas alan, onlarin dldiiriilmesine gerek duyulmadig: igin giivenilir olan bir yas tayini metodu olarak
bilinmektedir (Comas vd., 2016). Daha o6nce yapilmis c¢alismalar, “LAG” adi verilen bu biiyiime halkalarindaki
bicimlenmenin mevsimlere gore iklimsel degisimlere bagli oldugunu gostermistir (Hemelaar ve van Gelder, 1979;
Gibbons ve McCarthy, 1983; Driscoll, 1999).

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +904642236126; Fax.: +90462223401; E-mail: nurhayat.ozdemir@erdogan.edu.tr
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Scincidae familyas1 85'den fazla cinse gruplandirilmig 1300'den fazla tiire sahiptir (Anderson, 1999). Scincidae
familyas1 tiyelerinden Mabuya cinsinin taksonomisi uzun yillardan beri sorgulanmaktadir. Orta Dogudaki “Mabuya”
cinsi tiyeleri ilk 6nce Trachylepis cinsi altinda degerlendirilmistir. Karin vd. (2016) Orta Dogu’da dagilim gosteren
Trachylepis cinsi iiyelerinin genetik olarak farkli oldugunu ve farkli bir cins grubu altinda tanimlanmasi1 gerektigini
bildirmistir. Bu ¢aligma ile Orta dogu’daki Mabuya cinsi grubu liyeleri “Heremites” cinsi ad1 altinda toplanmustir. Son
molekiiler filogenetik ¢aligmalara gore ise bu cinsin iilkemizde Heremites auratus ve H. vittatus olarak iki temsilcisi
bulunmaktadir (Bahmani vd., 2017). H. vittatus tiirii Kibris, Mistr, Israil, Filistin, Liibnan, Suriye, Tunus, Cezayir ve
Tiirkiye’de dagilim gostermektedir (Anderson, 1999). Daha onceleri M. vittata olarak bilinen Seritli kertenkele H.
vittatus, kumlu tepelerden tas ¢ukurlara kadar, kii¢iik ¢imlerden yogun bitki Ortiisiine kadar degisen ¢ok farkli
habitatlarda yasayan bir kertenkele tiiriidiir. Misir’da sulak alanlarda, Tunus ve Urdiin’de vahalarda bulunan H. vittatus,
bu bolgelerde nemli topraklart ve suya yakin yerleri tercih eder. Liibnan ve Tiirkiye’de ise daglik alanlarda da
g6zlenmistir (Hraoui-Bloquet vd., 2002).

Bugiine kadar H. vittatus tiri ile ilgili (eski adi ile, Trachylepis vittata) literatiirde farkli konulara dayali
(molekiiler genetik, yeni lokalite tanimlanmasi, morfolojik vb.) (Fattahi vd., 2013; Nassar vd., 2013; Giiglii vd., 2014;
Fattahi vd., 2014; Kumlutas vd., 2015; Rastegar-Pouyani ve Fattahi, 2015) caligmalar mevcut olsa da iilkemizde
yasayan bu tiiriin bireylerine ait yas yapist ve 0miir uzunlugu hakkinda bir ¢alisma yoktur.

Mevcut ¢aligmamiz, bugiine kadar demografik parametreleri agiga ¢ikarilmamig H. vittatus tiiriine ait
iilkemizde yayilim gosteren bireylerin yas yapisi, eseysel olgunluk yasi ve dmiir uzunlugu hakkinda bilgi sunmaktir.
Ayrica, yas caligmalarinda en ¢ok kullanilan yontem olan iskelet kronolojisi yontemi bu tiir {izerinde ilk defa
uygulanmustir.

2. Materyal ve yontem
2.1. Calisma alani, yas tayini ve morfolojik él¢iimler

Bu ¢aligma Akdere (Sivas)’de (1732 m., 38°36°K, 36°52°D) yasayan Heremites vittatus tiiriine ait (Sekil 1) 18
bireyden (1 33, 17 29) elde edilen parmak &rnekleri ile yiiriitiilmiistiir. Nisan aymda yiiriitiilen arazi ¢alismasinda
ornekler az vejetasyonlu kum ve taslik agik arazilerden toplanmustir (I. Uysal ve M. Tosunoglu) (Sekil 2). Toplanan
ornekler daha sonra Canakkale Universitesi Zooloji miizesinde kayit altina alinmistir (Katalog numaras1:37/2014). Sivas
ilinde y1llik, ortalama sicaklik 8 °C (-3.5-20.1 °C) ve aylik ortalama yagis miktar1 ortalamas1 429.2 kg/m? dir.

it S
Sekil 1. Sivas lokalitesinden Heremites vittatus tiiriine ait birey
Figure 1. Individual belonging to Heremites vittatus from Sivas locality

Bireyler arasinda cinsiyet ayirimi hemipenis varlig1 (erkek)/yokluguna (disi) gore degerlendirilmistir. Temin
edilen orneklerde erkek birey sayist tek oldugu icin analizler sadece disi bireyler iizerinden gerceklestirilmistir.
Bireylere ait bag uzunlugu, bas genisligi ve burun ucu-kloak arasi mesafe (SVL) 0.01 mm hassasiyetli dijital kumpas ile

Tugba ERGUL KALAYCI et al., Age determination of Heremites vittatus (Bridled Skink) (Olivier, 1804) using skeletochronology in Sivas population,
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dlgiilmiistiir. Olgiimleri alinan bireylerin sag arka ayak en uzun parmaklar1 sadece 1. ve 2. falanji kapsayacak sekilde
kesilmistir. Alinan 6rnekler %70°lik alkolde histolojik kesitlerin hazirlanmasi i¢in saklanmistir. Histolojik kesitlerden
Castanet ve Smirina (1990) tarafindan literatiire tanitilan iskelet kronolojisi yontemi ile yas tayini yapilmistir. Falanj
ornekleri ilk once alkolden arinmalart igin akan suyun altinda bekletilmis ve daha sonra %5°lik nitrik asitte 2 saat
boyunca dekalsifiye edilip, tekrar akan su altinda bekletilmistir. Her bir falanjin diyafiz kismindan 17 pm’lik kesitler
dondurmali mikrotom kullanilarak alinmistir. Hematoksilen ile boyanan kesitlerde LAG’larin sayimi 1g1ik mikroskobu
altinda gergeklestirilmis ve kesitlerin fotograflar1 ¢ekilmistir.

-
=

ey

ekil 2. Heremites Vittatusbrelerinin topland11 isan/2014) Akdere lokalitesi
Figure 2. Locality of Heremites vittatus specimens

2.2 Istatistiksel Analiz (Statistical Analysis)

Orneklere ait morfolojik dlciimlerin ve yaslarin tanimlayici istatistiksel verileri elde edilmistir. Yas ile viicut
boyu arasindaki iliski korelasyon ve regresyon analizi ile test edilmistir. Ayrica viicut boyu ile bas uzunlugu ve bas
genisligi arasindaki iliski de korelasyon analizlerine dahil edilmistir. Verilerin analiz islemi SPSS 21 programi
yardimiyla gerceklestirilmistir.

3. Bulgular

Yapilan iskelet kronolojisi analizine gore elde edilen disi bireylerin yaslar1 2-5 yil arasinda degismektedir
(Sekil 3). Eseysel olgunluga ulagma yas1 2 ve 3 yil olarak belirlenmistir. Disi bireylere ait tanimlayici istatistiksel
bilgiler Tablo 1’de verilmistir. Buna gore; ortalama yas 3,53+0,87 yil olarak bulunurken, ortalama viicut boyu
71,25+£7,20 mm (62,79-84,51 mm), ortalama bas uzunlugu 14,01+0,93 mm (12,79-15,06 mm) ve ortalama bas genisligi
9,29+0,93 (7,59-10,71 mm) olarak tespit edilmistir. Korelasyon analizleri sonucu yas ve viicut boyu (Sekil 4) (p<0,01,
= 0,802) ile bas uzunlugu (p<0,01, r= 0,595) arasinda anlaml pozitif bir iliski tespit edilmistir. Ayrica viicut boyu ile
bas uzunlugu (p<0,01, r=0,822) ve bas genisligi (p<0,01, r= 0,709) arasinda da anlamli pozitif bir iligki gézlenmistir.

Tugba ERGUL KALAYCI et al., Age determination of Heremites vittatus (Bridled Skink) (Olivier, 1804) using skeletochronology in Sivas population,
Turkey



4 Biological Diversity and Conservation — 11 / 2 (2018)

Sekil 3. 5 yasinda disi H. vittatus bireyine ait kemik enine kesiti. Oklarin her biri bir LAG’a denk gelmektedir.
e.k.:endosteal kemik, k.i.b.: kemik iligi boslugu, r.¢.: rezorpsiyon ¢izgisi

Figure 3. Cross-section of a female H. vittatus individual at the age of 5. Each of the black arrows corresponds to a
LAG. e.k.: endosteal bone, k.i.b: marrow cavity; r.¢.: resorption line

Tablo 1. Heremites vittatus disi bireylerine ait tanimlayica istatistikler
Table 1. Descriptive statistics of female individuals of Heremites vittatus

Parametre Ortalama (£S.S.)
Yas (y1l) 3,53+0,87
Viicut boyu (mm) 71,25+7,20

Bas uzunlugu (mm) 14,01+0,93

Bas genisligi 9,29+0,93

O Cbserved
= Cubec

Viicut boyu (SVL) (mm)

Yas (yi)
Sekil 4. Disi bireylerde viicut boyu (SVL) ve yas arasindaki iliski (y=85,057-17,969x+4,766x2-0,254x%)
Figure 4. Correlation between body size and age in female individual
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4. Sonuglar ve tartisma

Mevcut ¢aligmamz ile H. vittatus tiirliniin yas yapisi ilk defa ortaya ¢ikarilmistir. Bu tiir ile alakali literatiirde
yas yapisini, eseysel olgunluk yasini ve dmiir uzunlugunu belirten bir ¢aligmaya rastlanmamustir.

Scincidae familyasina ait tiirler iizerinde yapilmis iskelet kronolojisi methoduna dayali yas g¢alismalari
literatiirde az sayida mevcuttur (Dunham vd., 1988). Literatiirdeki mevcut ¢alismalara bakildiginda, Scincidae familyasi
tiyeleri arasinda genis aralikli yas yapisinin goriildiigiinii soylebiliriz. Eulamprus tympanum (Scincidae) tiiriinde erigskin
disilerde diistik rakimli 6rneklerde yas 2-15 yil (ortalama 4.24+0.54) arasinda degisirken yiiksek rakimli 6rneklerde 5-
10 yil (ortalama 7.16+0.67) arasinda degismektedir. Diigiik rakimli digilerde eseysel iireme yasi 2 yil olarak
tanimlanirken, yiiksek rakimli olanlarda 5 yil olarak bildirilmistir (Rohr, 1997). Fakat Dubey vd. (2013) Eulamprus
leuraensis disi bireyleri i¢in maksimum yas1 6 yil olarak tespit etmislerdir. Smith vd. (2013) Ctenotus atlas (Scincidae)
tiriinde 6rneklerin minimum ve maksimum yasi 3 ve 4 olarak bildirmistir. Bununla birlikte bu bahsedilen tiir i¢in
aragtirmacilar yas ve boy arasinda anlamli bir korelasyon tespit edememislerdir. Bu ¢aligmada ise; Heremites vittatus
tiriinde ortalama yas 3.5340.87 (2-5) yil olarak bulunurken, eseysel olgunluga ulasma yast 2 ve 3 yil olarak tespit
edilmistir. Ektoterm canlilarda omiir uzunlugu habitat 6zelliklerine (besin bulunabilirligi, ortam sicaklii vb.) bagh
olarak degisiklik gostermektedir. Habitat yikimlart ve insani faktorlerde populasyonlar iizerinde etkili olmaktadir
(Eksilmez ve Altunigik, 2017) Ayrica mevcut ¢alisma da analiz edilen disi bireylerde yas ve boy arasinda istatistiksel
olarak anlamli bir korelasyon bulunmustur. Kertenkelelerde yas ve boy arasindaki pozitif korelasyon muhtemel yavas
biliylimenin sonucu olabilmektedir (Smith vd., 2013). Bununla birlikte birgok kertenkele tiirlinde yas ve boy arasinda
pozitif bir iliskiye rastlanmistir (Kurnaz vd., 2018; Uziim vd., 2018).

Rastegar-Pouyani ve Fattahi (2015) Zagros (iran)’da yasayan Trachylepis vittata disi bireylerinde ortalama
viicut boyunu 77.83 mm (90.72-69.13 mm), ortalama bas uzunlugunu 12.68 mm (14.09-11.55 mm) ve ortalama bas
genisligini 8.2 mm (9.47-6.52 mm) olarak bildirmistir. Nassar vd. (2013) ise Liibnan’da yasayan disi bireylerde
ortalama viicut uzunlugunu 68.42 mm olarak tespit etmislerdir. Bu c¢alismaya gore disilerde ortalama viicut boyu
71.25+7.20 mm olarak tespit edilmistir. Ortalama bag uzunlugu 14.01+0.93 mm (12.79-15.06 mm) ve ortalama bas
genisligi 9.294£0.93 mm (7.59-10.71 mm) olarak tespit edilmistir. Liibnan ve Tiirkiye’de benzer habitat yapilarini
(daglik alanlart) tercih eden Trachylepis vittata tiirii disi bireyleri i¢in benzer ortalama viicut uzunlugu degerleri tespit
edilmistir. Yasam tarihi &zellikleri lokal adaptasyonlar (habitat seciciligi ve ¢evresel ongoriilebilirlik dahil olmak iizere)
tarafindan etkilenmektedir (Wapstra, 1998).

Sonug olarak, bu ¢alisma ile Tirkiye’de dagilim gosteren Heremites cinsine ait H. vittatus tiiriinde omiir
uzunlugu bilgileri ilk defa ortaya ¢ikarilmustir. Elde edilen veriler literatiirde bu anlamdaki boslugu doldurmaktadir.
Iskelet kronolojisi yontemi tiirlerin habitat yonetimi hakkinda bilgi edinmek ve populasyon yas yapisi ve &miir
uzunlugu iizerinde karsit iklim kosullarimin etkilerini aragtirmak i¢in olduk¢a kullanislt bir tekniktir. Ayrica, yas tayini
metodlar1 arasindaki en yaygin olan iskelet kronolojisi yontemi de bu tiir iizerinde ilk defa uygulanmustir.
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Abstract

Macroinvertebrates are a mandatory required Biological Quality Element by the WFD as indicator for the
ecological status of the surface waters. In this paper we present the results of the investigation of macroinvertebrate
benthic fauna in the river Nerodime in Kosovo, conducted from June to September 2012. The EPT index and Hilsenhoff
‘s family biotic index (BI) were calculated to evaluate the Ecological status of the river Nerodime.

Key words: macroinvertebrates, ecological status, benthic fauna, river Nerodime, EPT, BI
1. Introduction

The state of Kosovo is located in South—East Europe, in Central Balkan Peninsula. Geographic position,
climate conditions, altitude and high mountains that surround the country have influenced its hydrographic network.
Four river basins that comprise Kosovo's watersheds drain into three seas: the Adriatic Sea (43.5%), the Aegean (5.8%)
and the Black Sea (50.7%).

The importance of biological parameters as indications of the health of the river is highlighted in the European
water Framework Directive (EWFD, 2000). The general goal of the Directive is to achieve good water status for all
water bodies within the territory of the EU by year 2015 (Pont et al., 2006).

Among the biological quality elements, the macroinvertebrates are by far the most frequently used group for
bio-indication in standard water management (De Pauw et al., 1992; Rosenberg and Resh, 1993; Metcalfe- Smith, 1994;
Hering et al., 2004). Macroinvertebrates are organisms that form an integral part of an aquatic environment and have
ecological and economic importance. They are bottom-dwelling organisms and include insects, crayfish, snails, clams
and aquatic worms.

The main threats for living organisms of freshwater ecosystems are habitat destruction and the changes in
physical and chemical parameters due to discharges of untreated wastewaters, industry, agriculture pollution,
acidification, etc.

Benthic macroinvertebrates are found in most aquatic habitats, they have limited mobility, they play an
important role in food web, they have a relatively long life span and their sampling is easy.

Macroinvertebrates act as biological indicators because they react quickly to changes in water quality
conditions. Some of them are sensitive; some are semi tolerant or tolerant to different pollutants. Thus,
macroinvertebrate species should reflect deleterious events that have occurred in the aquatic environment during any
stage of their development (Cairns and Pratt, 1993). Therefore, the species composition and their abundance in aquatic
ecosystems are the basis for water quality monitoring and classification.

The aim of this study was to evaluate the Ecological status of river Nerodime based on macroinvertebrate
fauna as an indicator of water quality.

River Nerodime is the left tributary of the River Lepenci. It is the main river in the municipality of Ferizaj. It
originates on the eastern side of Mount Jezerc (42°22'09"N 21°04'48"E) at an altitude of 660 m. The length of the river
is 41km? and reaches 228km? catchment area. The river bed width is 2-5m, and water flows with average speed of 0.9
m? / sec (Figure 1). The river Nerodime in its middle flow enters the city of Ferizaj where it becomes collector of many
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pollution substances from municipal wastewaters, agriculture, industry and other sources (Kosova Environmental
Protection Agency (2008-2009).

Although with the poor flow, river Nerodime has an important hydrographic role due to the bifurcation
phenomenon its two tributaries form. One tributary of the river flows into river Sitnica (Black Sea basin) and the second
one into the river Lepenc ( Aegean Sea basin) (Kosova Environmental Protection Agency (2008-2009).

2. Materials and methods

Both qualitative and quantitative analyses of macroinvertebrates in three localities (T1, T2 and T3) along the
course of the river Nerodime was performed during the period June to September 2012. The organisms were collected
with the help of the D frame net or with  Surber net with mesh holes of up to 500 p, in different habitat types. The
collected samples in the field were preserved in 75 % alcohol and were transported in the laboratory in the Department
of Biology at Faculty of Mathematics and Natural Sciences where they were classified with the help of adequate keys
(McCafferty,1981; Merritt and Cummins,1984). Two indices were used to evaluate the quality of water in river
Nerodime: Biotic index (BI) and the (EPT) Ephemeroptera-Plecoptera-Trichoptera taxa/family index. (Lenat, 1988).
The ratio and number of these macroinvertebrates change with the stream food resources and human impacts and
therefore can be used as a tool for assessing the ecological status of the biotic community and water quality. The
Hilsenhoff biotic index (BI) modified by Bode (Bode-s et al. 1988)and adapted from Hilsenhoff (1997) was calculated
to assess the organic pollution based on the tolerance values of macroinvertebrate species to various levels of dissolved
oxygen. The classification of collected animals for calculation of both indices in our investigation is done to family
level.

3. Results

The results of our research are presented in tables 2 and 3. During our investigation of the benthic
macroinvertebrate fauna in river Nerodime in total 2192 specimens were collected. In taxonomic terms these organisms
belong to 23 different families of 10 animal groups. (Table 2). Taxa Richness indicates the health of the community
through its’ diversity, and increases with increasing habitat diversity, suitability, and water quality (Plafkin et al., 1989).
Among the recorded groups in our study, Ephemeroptera and Plecoptera have the highest diversity of the families-5,
followed by Diptera and Trichoptera, respectively. Other groups (Oligochaeta, Hirudinea, Mollusca, Amphipoda,
Odonata) were represented by a small number of taxa. The taxa richness was highest (18-17) in upper and middle part
of the river (T1 and T2) and it decreased significantly down the river to 7 (T3) .In the first two sampling sites (Tland
T2), families of Ephemeroptera, Plecoptera and Trichoptera comprised up to 97% of macronvertebrates. The number
of EPT taxa is 9-11 families, ( EPT score 44%) whereas the value of Biotic index (Hilsenhoff’s family Biotic Index)
Bl is 3.62-3.18, that indicates very good, respectively excellent water quality (Figure 2).
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Table 2. Macroinvertebrate structure in the sampling localities in the river Nerodime

Macroinvertebrate groups Sampling localities
T1 T2 T3

Trichoptera

1 Hydrophsychidae + +

2 Rhyacophilidae + +

3 Glossosomatidae + +
Ephemeroptera

4 Ephemeridae + +

5 Heptagenidae + +

6 Caenidae +

7 Baetidae + +

8 Ephemerellidae + + +
Plecoptera

9 Perlidae + +

10 Perlodidae +

11 Nemouridae +

12 Capnidae +
Odonata

13 Galopterygidae +

14 Gomphidae + +
Diptera

15 Tipulidae + +

16 Chironomidae + + +

17 Simmulidae +

18 Tabanidae + + +
Oligochaeta

19 Lumbricidae +
Amphipoda

20 Gammaridae + + +
Mollusca

21 Lymnaeidae +
Hirudinea

22 Hirudinidae + +
Crustace

23 Astacidae +

Table 3. The values of Hilsenhoff’s family Biotic Index (Hilsenhoff, 1997) in sampling localities in the river Nerodime

Localities Biotic index Water quality | Degree of organic pollution

T1 3.62 Very good Possible slight organic pollution
T2 3.18 Excellent No apparent organic pollution

T3 7.92 Poor Very significant organic pollution

In the sampling locality downstream of the river (T3) the macroinvertebrate structure changed in favor of semi
tolerant and tolerant groups. The richness of taxa (family) is significantly lower in comparison with two other localities.
Macroinvertebrate fauna in this locality comprises from Diptera, Apmhipoda, Molluscs and Hirudinea. The dominant
taxa recorded in this part of the river course are Chironomidae, Simulidae, Tabanidae and Hirudinidae, generally the
most pollution tolerant groups (Armitage et al., 1983). This community type is characteristic for degraded stream zones
influenced by organic pollution. Regarding the EPT taxa, only a family was recorded while most sensitive stoneflies
completely disappeared and even the presence of pollution tolerant Ephemeroptera and Trichoptera families was not
recorded. According to Rosenberg and Resh (1993) changes in presence/absence, numbers, morphology, physiology or
behavior of indicator organisms can indicate that the physical and/or chemical conditions are outside their preferred
limits.

The composition of macroinvertebrate communities in first two sampling station in the upper course of the
river Nerodime and the Bl values indicate a healthy water ecosystem or a good ecological status along this part of the
river course. Low EPT index and the value of Bl in the third sampling site (T3) show poor water quality as a result of
many anthropogenic activities in this area. Similar studies of the surface water bodies in Kosovo, using the
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macroinvertebrate taxa as indicators of water quality (Gashi 1996,2006; Zhushi Etemi, 2005; Grapci, 2006 and
Ibrahimi, 2011) have indicated a good quality of waters in the upper stream of the investigated rivers in Kosovo, and
significant decrease in water quality downstream the rivers due to many pressure/disturbance factors.
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Figure 2. The graphic presentation of Bl values in three sampling sites in the river Nerodime
4. Conclusions and discussion

The high value of EPT index and Bl (biotic index) in first two sampling sites indicates a good water quality. In
our study the most presented taxa /families in these sites were insect families sensitive to dissolved oxygen in the water.
This composition changed significantly in the sampling locality T3, where most of the sensitive taxa disappeared due to
the decrease of water quality as the result of changed environmental parameters. The macroinvertebrate community in
T3 was dominated by tolerant organisms such as Chironomidae and Hirudinea which usually indicate poor water
quality (Armitage at al., 1983)

Organic pollution as a result of discharge of untreated municipal wastewaters remains the main problem of the
surface waters in Kosovo. From our investigation it can be concluded that in the near future the responsible authorities
in the country should develop a Monitoring program for Surface water bodies which complies with the requirements of
the WFD(2000) that should investigate Physicochemical, Hydro morphological and Biological quality elements.
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Abstract

Two taxa of Rosaceae, Sorbus persica and Cotoneaster morulus, are reported as new records for Lebanon
flora. A detailed description, geographical distrubitions and illustrations of the new records are provided in this study.
Key words: Cotoneaster, flora, new record, Lebanon, Sorbus

*

Liibnan florasi icin iki yeni kayit (Sorbus persica, Cotoneaster morulus)

Ozet

Bu ¢aligmada, Rosaceae familyasina ait olan Sorbus persica ve Cotoneaster morulus tiirleri Liibnan Florasi
icin yeni kayit olarak tespit edilmistir. Bu yeni kayitlarin ayrintili betimleri, yayilislar1 ve fotograflari da calisma
icerisinde yer almaktadir.

Anahtar kelimeler: Cotoneaster, Flora, Liibnan, Sorbus, yeni kayit
1. Introduction

Lebanon is a relatively small country of 10,450 km? considered as a regional hotspot for biodiversity (Médail
& Quézel, 1997; Myers et al., 2000). Its floristic richness is estimated at 2612 vascular plant taxa, of which 108 are
endemic to Lebanon and 336 are endemic to neighbor area including to Turkey (Tohme and Tohme, 2007).

Sorbus and Cotoneaster were threated under subfamily Maloideae C. Weber for a long time. After the
phylogenetic and nomenclature changes (Potter et al., 2007; Reveal, 2012a; 2012b), these genera are accepted under
subfamily Maloideae C.Weber, tribe Maleae Small, subtribe Malinae Reveal. In Lebanon, the genus Sorbus is
represented by only two species, S. graeca, Lodd. ex Schauer and S. torminalis (L.) Crantzas, and these taxa are
reported on Lebanon Flora (2017) online database featuring an update of the “Flore du Liban et de la Syrie” by
Mouterde (1984). The new record, S. persica, was collected from Ehden Nature Reserve (North Lebanon) and from
Bekaa valley in Lebanon. The first place is common habitat for S. torminalis and the new record. The genus
Cotoneaster is represented by one species in Lebanon according to Mouterde (1984). A second new record, Cotoneaster
morulus, was also founded in Ehden Nature reserve.

2. Materials and methods
Specimens of the new records were collected from different localities during the field trip in Lebanon by first

two authors. Samples are identified using the Turkish flora (Gabrielian, 1972) and using the relevant literature
(Gabrielian, 1978). All collected specimens are deposited in HUB.
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3. Results

Sorbus persica Hedl.; Monogr. Gatt. Sorbus 70, f. 18: 1901. Figure 1.

Lectotype: Iran. Persia borealis, in M. Elburs, pr. pagum Passgala, 21.5.1843, Kotschy 187 (lectotype designed
by Schonbeck-Temesy, 1969: W!; isolectotypes: G! BM! LE!).

Shrub with branched at base, 3-4(—7) m; crown oblong. Stem bark grey; young branches brown, villose, with
numerous lenticels. Buds ovate, oblong, 5-7 x 3—4 mm, ovate with small mucro, sticky. Leaves obovate, deltoid or
widely elliptic, (4-)5-7(-10) x 4-6(-9) cm, 4-6-lobed at margin, dull or dark green, glabrous or sparsely hairy at above,
grey, densely lanate at below, shortly cuneate truncate or rounded at base, entire or serrate at margin, rounded or obtuse
at apex, mid-vein 5-7 pairs; petioles 10-15(-22) mm long, lanate; stipules triangular or subulate, 3-5 mm, sparsely
lanate, decidious. Inflorescence a corymb with (15-)25-40(—70)-flowered, (4-)6-8(—12) cm in diameter; inflorescence
axis lanate; bracts subulate, 8-12 mm, long or sparsely lanate, deciduous; bracteoles similar to bracts, smaller. Flowers
10-15 mm in diameter, epigyn. Hypanthium cupular, lanate at outside, partly deciduous at fruit. Sepals narrowly
triangular, erect, 2-2.5 x 1.5-2 mm, densely lanate at outside, sparsely lanate, acute at apex, persistent in fruit. Petals
white, elliptic or rounded, 4-6 x 4-6 mm, concave with claw, sparsely lanate at base. Stamens 20, unequal; ovary lanate
at outside, styles 2, lanate at base. Fruits 10-14 x 8-10 mm, red, orange, short oblong, elliptic or ellipsoid with typical
numerous lenticels, 10-20 in frutescence. Seeds 5-8 x 3—4 mm, brown, 4(-6), long triangular.

Distribution and habitat: Turkey, Georgia, Azerbaijan, Armenia, Iran, Lebanon and Middle Asia, occurring in
deciduous scrub and junipers, 700—2500 m.

Specimen examined: LEBANON. Bekaa: Yammounek, 34°08'38"N, 36°03'09"E, 1393 m, on rock crack, 10
June 2010, AAD 17065-M.Bou Dagher-Kharrat; North Ehden: before entry of the Nature reserve, limestone, mixed
forest opening, 9 December 2014, AAD 18977-M. Bou Dagher-Kharrat.

. '/“l

Figure. 1. Sorbus persica in Lebanon (from AAD 18977)

Cotoneaster morulus Pojark.; Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 21: 177. 1961.
Figure 2.

= C. armenus Pojark.; Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 17: 202. 1955.

Holotype: [Soviet Azerbaijan] 8 km boream versus ad oppidulo Nucha, 12 ix 1949, Pojarkova 1156 (LE!).

Deciduous, (0.5-)1-1.5 m varying from ground-hugging prostrate to erect shrubs; branches intricate or
symmetric. Young branches greyish-brown or reddish, initially pilose, later sparsely pilose or glabrous. Leaves elliptic,
rounded or lanceolate, rarely oblong, (0.5)1-2(-2.5) x 0.4-1.5(-2) cm, initially sparsely pilose later glabrous at below,
sparsely pilose or glabrous at above, widely truncate or rounded at base, obtuse or rounded rarely emarginate at apex,
margin entire; petiole 2-3(—4) mm long; stipules lanceolate, 1-1.5 mm, usually red, sparsely tomentose, deciduous.
Inflorescence corymbose, 3-5(-8)-flowered; bracts linear, 0.6-1 mm, glabrous or sparsely long hairy; bracteoles small;
pedicels short, 1-2 mm, pilose. Flowers 7-9 mm in diameter. Hypanthium widely campanulate, sparsely pubescent.
Sepals triangular, 1-1.6 x 0.8-1.2 mm, acute at apex, incurved. Petals rounded, spreading, slightly concave with claw,
pilose at inner base, white, 4-5 mm in diameter, entire or slightly dentate at margin, emarginate at apex. Stamens (18—
)20(-21), filaments in single row, enlarged at base. Ovary pubescent apically in flower; styles mainly 2(-3), free. Fruit
elliptic or ovate, 57 x 4-6 mm, purple-black, glabrous or sparsely lanate at apex; pyrenes 2(-3), hairy at apex.
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Distribution and habitat: Turkey, Lebanon, Caucasia occurring in forests and shrubs at 450-1500 m.
Specimen examined: LEBANON. North Ehden: before entry of the Nature reserve, limestone, mixed forest
opening, 34°19'23"N, 035°57'42"E, 1400 m, 17 May 2014, AAD 18970-M.Bou Dagher-Kharrat, ibid. AAD 18987.

Figure. 2. Cotoneaster morulus in Lebanon (from AAD 18977)
4. Conclusions and discussion

Sorbus is taxonomically difficult genus like most genera of Rosaceae because of hybridization and apomixes
(Sennikov & Kurtto, 2017). It occurs wide range of western, central and southern Europe, in North-western part of
Africa. The distribution of the genus is expanded to Turkey, Lebanon, Caucasus and the Middle East. Sorbus persica
can be found in Transcaucasia, east and north part of Iran with east part of Turkey (Kurtto, 2009). Therefore, Lebanon
has potential to be habitat for Sorbus persica and it was collected from northern of Lebanon.

Leaf shape is important taxonomic character to distinguish species of the genus. Among Sorbus in Lebanon,
the new record has obovate or elliptic leaves with crenate or entire margin, while Sorbus torminalis is characterized
lobed and ovate leaves and S. graeca is well distinguished by ovate and glabrous leaves.

Cotoneaster is another woody genus of Rosaceae, which has complicated taxonomy by interspecific
hybridization and apomixis. It occurs northwestern Africa, southern India and Taiwan, Europe and North Africa
(Dickoré & Kasperek 2010). It is also known various parts of Turkey (Browicz, 1972; Bagci et al. 2012). Fryer and
Hylmé (2009) are included about 400 species with 70 new species in latest monograph of the genus. Both native and
alien species of Cotoneaster are also attractive as ornamental plants in Europe (Dickoré & Kasperek 2010). Despite it
has species richness in the family, only C. nummularius are recorded in Lebanon flora until now. The new record, C.
morulus is distinguished having by smaller flower (7—9 mm in diam.) and smaller oblong leaves from C. nummularius.
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Additional specimen examined

Sorbus persica

Turkey. Karabiik: Keltepe, 1579 m, 41°03'13"N, 032°34'35"E, 18 Oct. 2012, AAD 18253-Z.Ugurlu; Cankiri:
Kursunlu, 1299 m, 40°56'26"N, 033°16'14"E, 13 Oct. 2013, AAD 18845; Zonguldak: Keltepe, above Karabiik, 1700 m,
Davis 38875 (E!); Tokat: from Resadiye to Aybasti, steppe, 1369 m, 40°29'36"N, 037°16'48"E, 15 Oct. 2013, AAD
18868; Bitlis: Tatvan, Nohutlu village, 1760 m, 38°21'63.6"N, 042°40'04"E, 2 Oct. 2013, AAD 18748-K.Ozgisi; Tatvan,
Nemrut Mountain, 2300 m, 30 July 1972, H. Pesmen 3139 (HUB!); Bingdl: ad Boglan, 1060 m, Kotschy 802 (G!-
another syntypes). Kars: from Kagizman to Horosan, 1326 m, 40°04'23.5"N, 042°53'45"E, 6 Oct. 2013, AAD 18828-
K.Ozgisi; Artvin: Ardanug, 700 m, Aydin (ISTO 4316!); Van: 15 km N. of Catak, Davis 23153(E!); icel: Bolkar
Mountain, Jau Schaula (summit of Armadschek), 2100 m, Eig & M.Zohary 276 (HUJ!); Hakkari: Sapatan, 1864 m,
37°21'33.7"N, 44°31'48.8"E, 4 Oct. 2013, AAD 18802-K. Ozgisi; 12-16 km from Semdinli to Yiiksekova, 1600-1650 m,
Davis 45007(E!); Samdi Da., 1800 m, Rix 41(E!").

Azerbaijan. Ismailli, Taglobion village, 5 June 1979, Zaykovnikova s.n (LE!)

Armenia. Mikayan, Cermuh, 17 Sept. 1952, Gabriellien s.n (LE!); Azizbeyov, S. of Cermuk, Zaykovnikova s.n
(LE"); Vedi, Kaladivi village, 22 July 1952, Gabriellien s.n (LE!); Begun, 17 Sept. 1967, Zaykovnikova (LE!).

Cotoneaster morulus

Turkey. Artvin: Yusufeli, around Morkaya village, 1541 m, 41°32'17.3"N, 042°47'50"E, 5 June 2013, AAD
18501; Coruh: Ardanug, 450 m, Aydin (ISTO 4309)! d. Yusufeli, 900-950 m, Davis 47668!; Sarig6l, 848 m,
40°58'59"N, 041°30'01.1"E, 15 March 2015, AAD 19347; Ardanug, Ovacik village, 394 m, 18 August 2013, AAD
18642; Savsat-Yusufeli, 250 m, 25 August 1995, AAD 5026.

Georgia. Sagarejo: Gaze Kakheti, Khasmi village, David Gazeji area, Paliurus- Pyrus scrub slopes, 844 m,
41°44'82.5"N, 045°12'65.7"E, 9 August 2012, AAD 18156-Z. Ugurlu & N.Lachashvili; Garici area, Udabno village, 931
m, 41°33'50.3"N, 045°20'55.5"E, 10 August 2012, AAD 18163-Z.Ugurlu & N.Lachashvili.

Azerbaijan. Cingilli, 12 September 1949, A. Pojarkova 1156 (LE!).

Armenia. Megri region, 17 October 1937, Pojarkova 385 (LE!); Erivan, near the Gehart Church, 17 October
1937, Pojarkova 385 (LE!).

(Received for publication 20 oCTOBER 2017; The date of publication 15 August 2018)
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Abstract

In this study, essential oil properties of an endemic plant of Turkey, Coucinia sivasica Hub.-Mor. were studied
for the first time. Essential oil of C. sivasica was obtained by using Clevenger apparatus with hydrodistillation
technique. The essential oil was analyzed by GC-FID and GC/MS techniques on a polar column and total 44
compounds were identified representing 98.3%. Fatty acids, their esters, methyl-branched carboxylic acids and aromatic
acid esters predominated (66.3%) in the oil with hexadecanoic acid (42.8%), 1-isobutyl 4-isopropyl 3-isopropyl-2,2-
dimethyl succinate (12.2%) and methyl salicylate (7.1%) as major constituents.

Key words: Compositae, Cousinia, endemic, essential oil, GC/MS, Turkey

%

Cousinia sivasica Hub.-Mor. (Asteraceae)’nin ucucu yag karakterizasyonu

Ozet

Bu caligmada Tiirkiye i¢in endemik bir bitki olan Coucinia sivasica Hub.-Mor.’nin ugucu yag: ilk defa
calistlmigtir. C. sivasica’nin ugucu yagi hidrodistilasyon yontemi ile Clevenger apareyi kullanilarak elde edilmistir.
Elde edilen ugucu yagimn analizi GC-FID and GC/MS teknikleri kullanilarak polar kolonda gergeklestirilmis ve yagin
%98.3’linii olusturan 44 bilesik tespit edilmistir. Yag asitleri, onlarin esterleri, metil bagl karboksilik asitler ve aromatic
asit esterleri yagin %66.3’tinii olustururken ana bilesikler olarak hekzadekanoik asit (%42.8), 1-izobiitil 4-izopropil 3-
izopropil-2,2-dimetil siiksinat (%12.2) ve metil salisilat (%7.1) bulunmustur.

Anahtar kelimeler: Compositae, Cousinia, endemik, ugucu yag, GC/MS, Tiirkiye
1. Introduction

Asteraceae family is represented by 23.600 species, 1620 genera and 12 subfamilies in the world. Members of
Asteraceae family are distributed naturally in temperate, sub-tropical and tropical climates, and they can be used for
ornamental, vegetable and some of them also used in pharmaceuticals due to the their aromatic and medicinal property
(Stevens, 2001). This family is the largest family of flowering plants in Turkey, with a total of 1209 recorded species.
From these species, 447 are endemic, with an endemism ratio of 37% (Dogan et al., 2009). The genus Cousinia Cass.
includes about 600-700 species throughout the world and nearly all of them grown in the central and southwestern Asia
(Attar and Djavadi, 2010; Attar and Maroofi, 2010). In Turkey, Cousinia genus is represented with 39 species from
which 26 are endemic with an endemism ratio of 66% (Giiner et al., 2012). There are some natural hybrids for Turkish
flora such as Cousinia x kurubasgecidiensis llcim & H. Ozcelik (Asteraceae) (ilgim et al., 2013). Especially, in Asia
where Cousinia genus has been densely distributed, some species are used traditionally by local people against various
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diseases. For this aim, an infusion and decoction of the aboveground and underground parts of some Cousinia species
are used for treatment of stomach and gastrointestinal ulcers and hypoxia in mountainous conditions and also to prevent
tumor growth. Therefore, number of chemical studies on Cousinia genus were carried out (Plekhanova et al., 1983;
Turdumambetov et al., 2007). In Pakistan, whole plant of Cousinia stocksii C. Winkl. is used for diuretic and antiseptic
properties. The fresh juice of the plant is used for the dropsy, hematuria, vomiting and also used for chronic diarrhea,
dysentery, asthyma and liver complaints (Tareen et al., 2010).

Cousinia sivasica Hub.-Mor. is one of the endemic species in Flora of Turkey which belonging to sect.
Cousinia and is spread only in a very few localities from Sivas and Kahramanmaras provinces of Turkey. Ekim et al.
(2000) reported that the threat category of Cousinia sivasica is ‘“Vulnerable’’ (VU) at the basis of IUCN threat category
(Anonymous, 1994). The aim of this study is to reveal the essential oil characteristics of Cousinia sivasica.

2. Materials and methods

Plant materials: As a plant material, flowering aerial and underground parts of C. sivasica were collected in
2012-2015 years from the following localities. Locality 1. B6 Sivas: Giiriin to Darende, 2. km roadside, 1302 m, 38° 43'
07,2" N, 37° 18' 38,5” E, M. Tekin 1262, 21 June 2012 ibid. Tekin 1556, 05 June 2014; Locality 2. B6 Sivas:
Crossroads of Sivas-Kangal-Giiriin, roadside, 1520 m, 39° 07' 52,4"” N, 37° 14' 33,3” E, M. Tekin 1488, 19 July 2015
(Figure 1).

Figure 1. A. General view of Cousinia sivasica in natural habitat; B. Capitula and flowers of Cousinia sivasica
Essential oil characterization methods:

Hydrodistillation:

Hydrodistillation was performed according to the method described in the European Pharmacopoeia (Eu.Ph.).
Air-dried aerial parts of C. sivasica (50.0 g) were ground and then hydrodistilled for 3 h using a Clevenger-type
apparatus. The oil yield was calculated on a dry weight basis. The essential oil was dried over anhydrous sodium sulfate
and stored in sealed vials in the dark, at 4°C. The oil dissolved in n-hexane (10%, v/v) before the chromatographic
determination of its composition was subsequently subjected to GC/FID and GC/MS analyses.

Gas chromatography-mass spectrometry (GC/MS):

The gas chromatography—mass spectrometry (GC/MS) analysis of the oil was carried out with an Agilent 5975
GC/MSD system as reported previously (Abbas et al., 2015; Ozek et al., 2010). An Innowax FSC column (60 m x 0.25
mm, 0.25 "Im film thickness) was used with Helium as the carrier gas (0.9 mL/min). GC oven temperature was kept at
60°C for 10 min, increased to 220°C at a rate of 4°C/min, kept constant at 220°C for 10 min, and then increased to
240°C at a rate of 1°C/min. The split ratio was adjusted to 40:1, and the injector temperature was at 250°C. MS were
taken at 70 eV. Mass range was from m/z 35 to 450.

Gas chromatography (GC):

The volatiles were analyzed by capillary GC using an Agilent 6890N GC system (SEM A.S., Istanbul,
Turkey). Flame ionization detector (FID) temperature was set at 300°C. In order to obtain the same elution order with
GC/MS, simultaneous injection was performed using the same column and appropriate operational conditions.

Identification and quantification of compounds:

The components of the essential oil were identified by coinjection with standards (wherever possible) which
were purchased from commercial sources and/or isolated from natural sources. Confirmation was also achieved using
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our in-house “Bager Library of Essential Oil Constituents” database, which was obtained from chromatographic runs of
pure compounds performed with the same equipment and conditions together with comparison of their retention
indices. Also, compounds were confirmed by comparison of their mass spectra with those in Wiley GC/MS Library
(Wiley, New York, NY, USA), MassFinder software 4.0 (Dr. Hochmuth Scientific Consulting, Hamburg, Germany),
Adams Library, and NIST Library. A Cs—Cao n-alkane standard solution (Fluka, Buchs, Switzerland) was used to spike
the samples for the determination of relative retention indices (RRI). Relative percentage amounts of the separated
compounds were calculated from FID chromatograms.

3. Results

Hydrodistillation of the aerial parts of C. sivasica gave yellowish oil with a specific odor in 0.012% vyield
(moisture free basis). The list of detected compounds with their relative percentages, relative retention indices (RRI),
and percentages of compound classes is given in Table 1 in the order of their elution on the HP-Innowax FSC column. A
total of 44 volatile compounds accounting 98.3% of the oil were identified and quantified. Among the detected volatile
constituents aldehydes (11 compound), fatty acids, fatty acid esters (3 compound), esters (5 compound), sesquiterpenes
(5 compound), phenylpropanoids (2 compound), nor-isoprenoids (5 compound), alkanes (4 compound) were found.
Percentage distribution of the main compound classes in the essential oil and chromatographic profile of C. sivasica
volatiles are presented in Figure 2 and Figure 3.

Mostly the oil of C. sivasica consisted of fatty acids and their esters (46.1%), among which were hexadecanoic,
pentadecanoic and tetradecanoic acids, methyl and ethyl esters. In addition, methyl-branched carboxylic acid and
aromatic acid esters were detected. Nonacosane (7.0%) and heptacosane (4.5%) were the major alkane type compounds
detected in the oil of C. sivasica.

Figure 2. Percentage distribution of main compound classes in the essential oil of C. sivasica
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Table 1. Chemical composition of volatile compounds of C. sivasica

19

a b ID
No RRI Compound class Compound % method
1 1496 alcohol 2-Ethyl hexanol 0.2 c,d
2 1506 aldehyde Decanal t c, d
3 1533 nor-isoprenoid Theaspirane A 0.8 c, d
4 1560 nor-isoprenoid Theaspirane B 0.5 c, d
5 1599 aldehyde (E,Z2)-2,6-Nonadienal t c, d
6 1600 alkane Hexadecane t c, d
7 1611 monoterpene Terpinen-4-ol 0.1 c, d
8 1618 aldehyde Undecanal 0.5 c, d
9 1638 monoterpene [1-Cyclocitral t c,d
10 1655 aldehyde (E)-2-Decenal 0.4 c,d
11 1715 aldehyde (E,E)-2,4-Nonadienal 0.3 c, d
12 1722 aldehyde Dodecanal 0.5 c, d
13 1764 aldehyde (E)-2-undecenal 0.6 c, d
14 1779 aldehyde (E,Z)-2,4-Decadienal 0.3 c, d
15 1786 sesquiterpene ar-Curcumene t c, d
16 1798 aromatic acid ester | Methyl salicylate 7.1 cd
17 1822 ester Ethyl salicylate 0.6 c, d
18 1827 aldehyde (E,E)-2,4-Decadienal 2.2 c,d
19 1845 phenylpropanoid (E)-Anethole 1.0 c, d
20 1868 sesquiterpene (E)-Geranyl acetone 1.0 c,d
21 1880 ester 1-_Isobuty| 4-isopropy| 3-isopr_opyl-2,2-dimethy| succinate (= 2,2,4- 12.2 e
trimethyl-3-carboxy isopropyl-isobutyl pentanoate)
22 1882 fatty acid ester 1-Methylethyldodecanoate (= Isopropyl laurate) t c,d
23 1940 nor-isoprenoid (E)-LII-lonone 1.3 c, d
24 1973 alcohol Dodecanol t c, d
25 2008 sesquiterpene Caryophyllene oxide 0.5 c,d
26 2009 nor-isoprenoid trans-[1-lonone-5,6-epoxide 0.5 c,d
27 2041 aldehyde Pentadecanal 1.1 c, d
28 2131 sesquiterpene Hexahydrofarnesyl acetone 1.8 c, d
29 2179 furanone 3,4-Dimethyl-5-pentylidene-2(5H)-furanone (= Bovolide) 0.8 c, d
30 2186 Phenylpropanoid Eugenol 1.4 c,d
31 2228 furanone 3,4-Dimethyl-5-pentyl-5H-furan-2-one 0.6 c, d
32 2232 sesquiterpene [1-Bisabolol 0.2 c,d
33 2242 aldehyde Heptadecanal 1.1 c,d
34 2237 nor-isoprenoid 2,6-Diisopropylnaphthalene 0.3 f
35 2262 fatty acid ester Ethyl hexadecanate (=Ethyl palmitate) 0.3 c,d
36 2300 alkane Tricosane 0.3 c,d
37 2480 aromatic ketone Benzophenone 0.6 c,d
38 2500 alkane Pentacosane 0.9 c, d
39 2670 Fatty acid Tetradecanoic acid (= Myristic acid) 2.3 c,d
40 2700 alkane Heptacosane 4.5 c,d
41 2822 Fatty acid Pentadecanoic acid 1.0 c,d
42 2874 furanone [1-Palmitolactone (= 4-Hexadecanolide) 0.7 c,d
43 2900 alkane Nonacosane 7.0 c, d
44 2931 Fatty acid Hexadecanoic acid 42.8 c, d
Total | 98.3
Aldehydes (11 compound) 7.3
Fatty acids, fatty acid esters (3 compound) 46.1
Esters (5 compound) 20.2
Sesquiterpenes (5 compound) 3.5
Phenylpropanoid (2 compound) 2.4
nor-Isoprenoids (5 compound) 3.4
Alkanes (4 compound) 12.7
Others 2.7

2 Relative retention indices calculated against n-alkanes (Cg-Cao) on HP-Innowax column; ° Percentage calculated from FID data; ¢ Identification
based on co-injection and retention index of genuine compounds on the HP-Innowax column; ¢ Identification on the basis of computer matching of
the mass spectra from Baser, Adams, Mass Finder, Wiley, and NIST libraries; ¢ Identification based on comparison of RRI and spectrum of
compound isolated from other natural sources;  tentatively identified using Wiley mass spectra library. t, trace (<0.1%).
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Figure 3. Chromatographic profile of C. sivasica volatiles
4. Conclusions and discussion

The present work is the first report on the composition of volatiles of endemic C. sivasica. The volatile
compounds were isolated by hydrodistillation and investigated by GC-FID and GC/MS techniques on a polar column.
Fatty acids, their esters and methyl-branched carboxylic acids (66.3%) predominated in the oil with hexadecanoic acid
(42.8%), 1-isobutyl 4-isopropyl 3-isopropyl-2,2-dimethyl succinate (12.2%), methyl salicylate (7.1%) as main
constituents. Hexadecanoic acid is known to be as common constituent in the oils of a number of Asteraceae plants:
Helichrysum spp. (Oztiirk et al., 2014), Centaurea spp. (Senatore et al., 2005), Tripleurospermum callosum (Boiss. &
Heldr) E. Hossain (Yasar et al., 2005).

1-1sobutyl 4-isopropyl 3-isopropyl-2,2-dimethyl succinate (or 2,2,4-trimethyl-3-carboxyisopropyl-isobutyl
pentanoate) has earlier been detected in many natural sources like fungus Polyporus sulphureus (Bull.) Fr. (Wu et al.,
2005), Allomyrina dichotoma larvae (Youn et al., 2012), cabbage and lettuce (Barry-Ryan et al., 2009). It was
interesting to found aromatic acid ester, methyl salicylate (7.1%) in the oil of C. sivasica. Methyl salicylate is known to
be the main constituent of wintergreen oil (Gaultheria procumbens). Also it was found in several Asteraceae plants,
Tanacetum spp., Centaurea (Christensen et al., 1999; Formisano et al., 2008). This constituent was reported as an
important allelopathic agent (De Feo et al., 2002) and repellent (Hardie et al., 1994).

Methyl salicylate has also an acaricidal activity on Varroa jacobsoni (Lindberg et al., 2000). It should be noted
that spiro-ethers theaspirane A and B were detected in the oil of C. sivasica. Previously these rare nor-isoprenoids were
found in several representatives of Asteraceae family, Helichrysum spp. (Oztiirk et al., 2014), Telekia speciosa
(Schreb.) Baumg. (Radulovic et al. 2010), Centaurea luschaniana Heimerl (Kose et al., 2008). In addition, other 13-
carbon constituents like (E)-I'1-ionone and trans- " ['lionone-5,6-epoxide were detected in the oil of C. sivasica (Table 1,
Figure 2). The essential oil of C. sivasica has unique composition due to containing rare constituents like theaspiranes,
aromatic acid esters and methyl-branched carboxylic acids.
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Abstract

Biosorption of malachite green (MG) was studies using natural origin adsorbent Onopordum turcicum Danin.
Batch adsorption studies were carried out to evaluate the potentiality of O. turcicum for the removal of malachite green
dye from wastewater, on different parameters such as pH, adsorbent dose, contact time and initial MG concentration.
The effective pH was 8.0 for adsorption of MG by the biomass. The equilibrium isotherm was analyzed with the
Langmuir and Freundlich models of adsorption. The biosorption data of MG on Onopordum turcicum Danin was fitted
with Langmuir model with a maximum adsorption capacity was 1110.1 mg/g. The acquired results show that O.
turcicum was effective in removal of MG dye from aqueous solution.

Key words: Onopordum turcicum, dye removal, biosorption

*

Dogal biyosorbent olarak Onopordum turcicum Danin tarafindan sulu ¢ozeltiden toksik bir bazik boya-malakit
yesili uzaklastirilmasi

Ozet

Bu ¢aligmada dogal kaynakli olan Onopordum turcicum Danin bitkisi adsorban olarak kullanarak, Malakit
yesil (MG) boyasinin solu ortamdan uzaklastirilmast g¢alisilmistir. Bitkinin potansiyel MG boya uzaklagtirma
Ozelliklerini arastirmak amaciyla, pH, adsorban miktari, temas siiresi ve baslangic MG konsantrasyonu gibi degisik
parametrelere gore degerlendirilmistir. MG boyasmin O. turcicum biyokiitle tarafindan adsorlanan en etkin pH’s1 8.0
olarak tespit edildi. Adsorpsiyon izotermi ise Langmuir ve Freundlich adsopsiyon modeli kullanilarak analiz edildi.
Langmuir izotermine gore adsopsiyon kapasitesi 1110.1 mg/g olarak bulundu. Elde edilen sonuglara gére, O. turcicum
bitkisinin MG boyasinin sulu ¢dzeltiden uzaklastirabilme 6zelligine sahip oldugu goriilmektedir.

Anahtar kelimeler: Onopordum turcicum, boya uzaklastirma, biyosorpsiyon
1. Introduction

The use of synthetic dyes in textile industry is increasing rapidly, and as a result, the release of dye contained
wastewaters in the environment does not only contaminate the ecological environment but also puts the lives of all the
aquatic living creatures in danger.

Malachite green (MG) is a cationic water soluble dye, often used in textile, ceramic, paper, leather, and paint
industry. It also used for insecticide and preservative of aquatic products (Raval et al., 2016). But the dye is dangerous
even toxic to aquatic life when it discharged to water without any treatment. In previous reports indicated that the MG
dye reduced to leuco-MG in animal tissue which is acting as tumor promotor (Mittal 2006). Therefore, it is vital
important to remove these dye molecules from water environment before their disposal (Igbal and Ashig, 2007).

A variety of methods have been developed over the years for the removal of textile dyes in waste water, among
which there are aerobic and anaerobic microbial degradation, coagulation, chemical oxidation, membrane separation,
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filtration and reverse osmosis (Kumar, 2007; Dogan et al., 2009). However, all of the methods were not successful on
removal of dyes from wastewater because of the reasons such as high cost, complexity of implementation and
incompleteness. Therefore, it is important to find out more effective, easily available and costless biosorbents (Guari et
al., 2015; Rahmat and Ali, 2016). In this context, our research mainly focused on evaluating the adsorption capacity of
O. turcicum, its possible use on removal of malachite green dye from wastewater, to find out more affordable and
environmental-friendly bio- adsorption.

2. Materials and methods
2.1. Chemicals and Instrumentation

All the chemicals used in this study are analytical grade. MG was obtained from Riedel-de Haen. Multi rotator,
Biosan R 24 was employed for the effective mixing of sorbent and solution. MG stock solution was prepared by
dissolving the appropriate amount in extra pure water. Then the working solution of MG was prepared by diluting stock
solution to the desired concentrations and measured at 615 nm by UV-1600 spectrophotometer (Shimadzu, Japan). The
pH measurement of solutions was carried out using the pH meter (Metler, USA). All solutions were prepared in ultra-
pure water. pH of solutions was adjusted by Britton Robinson Buffer (boric, acetic and phosphoric acid, each of 0.04 M)
and base (0.2 M of NaOH) solutions.

2.2. Plant materials and preparation of adsorbent

The plant material used in this study was collected from Sivas city in Turkey. Then the leaves were dried in
shade for two weeks and the spines on the edges of the leaves were cut off. Before use, the leaves were crushed into
coarse powder and sieved through 40- 60 mesh size sieve. The sieved particles were waited in the deionized water for
about 12h, washed several tiqlgs‘\iviyh deiglized water and ethanol then dried at 50°C in an oven

2.3. Biosorption studies

Equilibrium experiments were performed by contacting 100 mg of O. turcicum dried leaves with 50mL of 50
mg/L MG solution at pH 8. A mixture of bioadsorbent and MG solution in conical flasks were shaken in a multi rotator
(Biosan R 24) with a constant speed of 100 rpm. After reaching equilibrium (20 min), the absorbance of MG in
supernatant was measurement by UV-VIS spectrophotometer (Shimadzu Brand UV-1600) at a maximum absorbance
wavenumber 615 nm after a proper dilution.

The calibration plot which is produced from standard MG serial solution was used to calculate the final
concentration of MG dye. The percent removal of MG was calculated by using the following formula:

€o—C
removal % = %x‘lﬂﬂ
a

Where, Cq is the initial MG concentration in mg/mL, Ctis the equilibrium MG concentration in mg/ mL.
2.4. Bioadsorbent characterization
In order to characterization study on O. turcicum dried leaves of before and after adsorption of MG dye,

scanning electron microscopy (SEM) studies were performed on a Tescan Mira 3XMU with an Oxford EDS analysis
system. As can be seen from Figure 2, surface morphology of O. turcicum leaves had changed after biosorption of dyes.
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The remarkable difference of SEM images of O. turcicum leaves before and after biosorption of dyes was the surface
roughness. MG dyes are adsorbed on porous of O. turcicum leaves and among layers.
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Figure 2. SEM images of E. O. turcicum leaves a: before biosorption, B: after biosorption of MG

Point of Zero charge (pHpz)

The surface charge on O. turcicum leaves was obtained by means of batch equilibrium procedure by measuring the
point of zero charge as experimental results. In brief, 100 mg of biosorbent was introduced to 50 mL of solution with
different pH (1-10, adjusted with 0.1 M HCI acid and 0.1 M NaOH). After shaking 24 hours, the final pH values were
measured with pH meter. The ApH value was calculated from the difference between intial and final pH. A plot of ApH
vs. pH was used for determination of point of zero chage. The value of pH correspondence to ApH= 0 was taken as
point of zero charge (Haddad et al. 2013) Point of zero charge was found as pH 5.0. At higher pH ranges (pH>5.0)
surface of O. turcicum leaves is negatively charged. Therefore, cationic species were more feasible to biosorption on to
O. turcicum leaves at this range. Point of zero charge of O. turcicum leaves are given Figure 3.

11

ApH

pH,,

Figure 3. Point of zero charge of O. turcicum leaves
3. Results
3.1. Effect of pH on the dye adsorption

To examine an effect of pH on the dye adsorption, the pH values of the dye solution-bisorbent mixture were
adjusted with addition of BR buffer. After equilibration reached to sufficient, the equilibrium pH values and dye
concentrations were measured and the adsorbed amounts of dye by bioadsorbent were calculated. As can be seen from
Fig. 4, the adsorption of Malachite Green increased with pH value after pH=7, adsorption remained almost unchanged.
The bioadsorbent had maximum dye adsorption (> 95 %) over the pH range of 7-10. The biosorption process could be
explained by the electrostatic interactions between the negatively charged surface and the positively charged molecule
(MG™) in the medium because the MG uptake increased with increase in initial pH (Ayed et al. 2009; Tsai and Chen,
2010).
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Figure 4. Effect of pH on the removal of MG dye solution

3.2. Effect of initial dye concentration

The influence of initial concentration of malachite green in the solutions on the rate of adsorption on O.
turcicum dried leaves was studied. The experiment was performed at fixed adsorbent dose (0.1g/50 mL) in the test
solution at different initial concentrations of malachite green (50, 100, 150, 200, 300, and 500 mg/L). Maximum dye
removal (> 95 %) was achieved at 30 min. Figure 6A is shown the UV-VIS spectrum of 50 mg/L MG before and after
biosorption in O. turcicum at 5, 10 and 15 min, respectively. Photographs of the same solutions are given in Figure 6B.

100+

® 951

=

3

E -~ 50 -+ 200

@

@ 904 -& 100 =+ 300

- 150 - 500

85 L) Al

0 10 20 30 40 50 60 70
Time (min)

Figure 5. Effect of initial dyes concentration on the adsorption of malachite green on O. turcicum leaves (adsorbent
dose=0.1g/50 mL, pH=8.0)
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Figure 6. U\7°snpectrunm of 50 mg7l: MG solution with time after absorbtion by O. turcicum leaves (A) and the image of
the MG solution (B)
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3.3. Effect of the biosorbent amount

The adsorption of malachite green on O. turcicum dried leaves was studied by altering the quantity of
adsorbent (25, 50, 75 and 150 mg) in the test solution while keeping the other parameters such as dye concentration (50
mg/L), room temperature and pH=8.0 constant for 30 min. The adsorption was increased from 93% to 97% as the
biosorbent dose was increased from 25 mg to 150 mg at equilibrium time.
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Figure 7. Effect of biosrbent amount on the removal of MG dye solution
3.4. Effects of possible coexisting metal ions

The removal % of MG was studied in the presence of various metal ions such as Zn?*,Cd?*, Pb?*, Fe¥*,Cr®*,
Ag*, Ni%*, Cu? with final concentration of 50 mg/L of and Ca?*, K*, Mg?*, Na* with concentration of 250 mg/L. The
ion solutions were added individually to 50 mL of dye solution which is containing 50 mg/L of MG and 100 mg of
biosorbent. As can be seen from the Table 1. No significant removal differences were found in the presence of metal
ions in textile wastewater.
Table 1. Tolerance limits for interference ions on the determination of U(VI)

lons Recovery % ,U(VI)
Zn* 96.4+0.3
Cd* 96.5+0.6
Pb? 96.0£0.8
Fes* 93.4+0.3
Cré* 93.4+0.2
Ag* 95.2+0.6
Ni2* 96.1+£0.2
Cu? 95.2+£0.8
Ca?* 98.1+1.0
K* 97.1 £0.1
Mg?* 97.2+0.5
Na* 96.5+0.4
A* 95.8+0.5

* Mixture of all the metal ions, (Zn?*,Cd?*, Pb?*,
Fe3*,Cr¥*, Ag*, Ni?*, Cu?*, Ca?*, K*, Mg?*, Na*.
3.5. Adsorption isotherms

The adsorption isotherms widely used for understanding the situation of the adsorption and its mechanisms.
There are currently most used two classical models namely Langumir and Freundlich equation, are used for explaining
these isotherms. The Langmuir sorption isotherm is used for sorption of a pollutant from a liquid medium, while the
Freundlich isotherms applies to adsorption on heterogeneous surfaces with interaction between adsorbed molecules
(Crini et al., 2007)
The Langmuir equation is given as follows:
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_ Qma.xKCg

U =11 ke

e

Where Qe is the amount of MG dye per mass of adsorbent (mg/g); Qmax iS the maximum adsorption capacity (mg/g); Ce
is the equilibrium MG liquid phase concentration (mg/L) and K is a Langmuir isotherm constant that is related with
adsorption rate (Wawrzkiewicz and Hubicki, 2010).
Langmuir equation can be presented in as follows:

Co 1 c s 1
Qg Qma.x £ KQ‘J‘H
The Freundlich isotherm is used for describing heterogeneous systems and the equation of Freundlich is expressed as
follows (Zhou et al., 2016) (Robinson et al., 2002):
Q.= Kfcglm
where Qe is the equilibrium MG dye concentration on adsorbent (mg/g), Ce the equilibrium dye concentration in
solution (mg/l), Ks is the Freundlich constant (I/g), 1/n is a constant related with adsorption intensity (Kannan et al.,
2013).
Freundlich isotherm can be expressed in the linear form as follows by taking logarithms of the former equation:

1
In@,=InkK;+ Elnﬂ‘g

the plot of In Qe versus InCe was employed to make the intercept equal to In Ky and the slope of 1/n.

The experimental data demonstrated that, the biosorption mechanism for MG were suited with Langmuir model with a
correlation constant of > 0.9998. The Q max value was found as 1110.1mg/g for MG as given in Fig 8. The n value
calculated from Freundlich isotherm is 2.9 and this indicated the favorable biosorption of MG on O. turcicum. The
calculated isotherm parameters for both Langmuir and Frendlich model are summarized Table 2.
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Figure 8. Isotherms of adsorption of MG dye on adsorbent at room temperature (a); Langmuir isotherm linear plots (b);

Freundlich Isotherm (c);

Table 2. Langmuir and Freundlich isotherm Parameters

Dye Langmuir Parameters Freundlich Parameters
Omax(mg/g) K (L/mg) R? Kt (L/mg) n R?
MG 1110.1 0.219 0.9998 245.13 29 0.9469

4. Conclusions and discussion

It was found that the dried leaves of O. turcicum can be used for adsorption of malachite green dyes from
aqueous medium. The adsorption was highly dependent on pH, initial dye concentration and adsorbent mass. O.
turcicum is a commonly grown plant in Anatolia of Turkey, so it is easily available in the countryside. Therefore, the use
of these costless materials by dyeing unit is recommended for removal of dye in wastewater. The maximum sorption
capacity was 1110.1 mg/g, which has a considerable rapid and high removal capacity than the other biosorbents
suggested for the removal of MG dye from wastewater (Table 2). The adsorption of MG dye increased with increasing
pH. In separate experiment, the reusability of adsorbed O. turcicum leaves with MG dye, also can be used one more
times because its adsorption capacity almost unchanged after first adsorption of the dye. O. turcicum is recommended
for the treatment of basic wastewater because of its higher removal capacity in alkaline aqueous solutions.
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Table 3. Comparison on removal capacity of bioadsorbents on MG dye with literature

Adsorbent gmax (MQ/Q) Reference

Hydrilla verticillata 91.97 (Rajeshkannan et al. 2010)
Neem sawdust 4.354 (Khattri, 2009)
Polygonum orientale Linn 556.00 (Wang et al. 2010)

Coco peat 276.80 (Vijayaraghavan et al. 2016)
Groundnut shell 22222 (Malik et al. 2007)

Lemon peel(Type2) 51.418 (Kumar, 2007)

Coffee bean 55.3 (Baek et al. 2010)
Chlorella-based biomass 9.775 (Tsai and Chen, 2010)

O. turcicum 1110.1 This study
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Abstract

This study evaluates the phylogenetic relationships of some Centaurea s.I. taxa native to Northeast Anatolia,
Turkey. Stem, leaf and cypsela anatomical structures and cypsela micromorphologies were characterized and compared
in detail by using variance analysis and cluster analysis (UPGMA). Macro and micromorphological characteristics of
cypsela were investigated using a stereomicroscope and scanning electron microscope. Significant differences were
observed in stem features, leaf midrib and lamina thickness, number of stomata, and epidermal cell wall patterns in the
abaxial and adaxial surfaces among the taxa. Cypsela shapes were determined as ovoid or widely oblong. Cypselas can
be distinguished into four types of surface ornamentations. The structure of the pericarp was described, as well as the
testa, and the distribution of the sclerenchymatic zone of the ribs and secretory ducts (resin) in the mesocarp were
evaluated.

Key words: anatomy, Centaurea, cypsela, micromorphology, SEM

k

Kuzeydogu Anadolu Bolgesi’ndeki bazi Centaurea (Asteraceae, Cardueae) taksonlari iizerinde anatomik ve
mikromorfolojik arastirmalar

Ozet

Bu ¢alisma Kuzeydogu Anadolu, Turkiye i¢in dogal olan baz1 Centaurea taksonlarinin akrabalik iliskilerini ele
almaktadir. Govde, yaprak ve sipsela anatomik yapilart ve mikromorfolojik 6zellikleri belirtilmekte ve varyas ile
kiimeleme analizi (UPGMA) uygulayarak detayli olarak karsilastirilmaktadir. Sipsela makro ve mikromorfolojik
ozellikleri stereomikroskop ve taramali elektron mikroskobu kullanarak incelendi. Taksonlar arasinda govde dzellikleri,
yaprak orta damar ve lamina kalinlifi, stoma sayisi ve iist ile alt epidermis ylizey sekillerinde 6nemli farkliliklar
gozlemlendi. Sipselalar sekillerine gore ovoid ve genisce oblong olarak tanimlandi. Yiizey siislemelerine gore dort tip
ayirt edildi. Testa yapist ile perikarp yapist tanimlandi ve damarlardaki sklerenkimatik kisimlarin ve mezokarpta salgi
kanalarinin dagilimi degerlendirildi.

Anahtar kelimeler: Anatomi, Centaurea, sipsela, mikromorfoloji, SEM
1. Introduction

Centaurea L. consists of approximately 600 species in the Mediterranean area and Southwest Asia (Wagenitz
and Hellwig, 1996; Brummitt, 2004). In recent studies, combining morphological with molecular investigation, this
genus has been divided into four genera; Centaurea L., Rhaponticoides Vaill., Psephellus Cass. and Cyanus Mill.
(Wagenitz and Hellwig, 2000; Greuter, 2003a; 2003b). Susanna and Garcia-Jacas (2007), however, does not accept
Cyanus as a separated genus. Centaurea and Cyanus are represented by ca. 190 species in Turkey, and most of
Centaurea taxa are endemics (Davis et al., 1988; Duran and Duman, 2002; Kaya et al., 2010).
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Centaurea is one of the largest genera of the tribe Cardueae Cass. It has complex taxonomy characteristics.
Through several studies were conducted on the genus (Romaschenko et al., 2004; Inceer et al., 2007; Kose and Yiicel,
2007; Martin et al., 2009; Tekeli et al., 2010), some taxonomical problems are have not been resolved yet.

The stem, and particularly the leaves’ anatomical characters provide important data for classification (Metcalfe
and Chalk, 1979; Stace, 1984; Inceer and Ozcan, 2011; Eminagaoglu and Ozcan, 2014; Ozcan et al., 2015). Several
studies have been carried out on the anatomy of Centaurea taxa (Uysal et al., 2005; Celik et al., 2008; Aydin et al.,
2013; Ozcan et al., 2014), and important features in their anatomies have been reported. Fruit and seed surface
ornamentations are also a useful tool for taxonomic considerations in several families (Sheikh Akbari and Azizian,
2006; Kaya and Dirmenci, 2008; Pinar et al., 2009; Bayrakdar et al., 2010; Shabestari et al., 2013). Cypsela (as a name
of fruit in Asteraceae) external morphology and anatomy have been widely used for the classification of species in the
Compositae family (Lavialle, 1912; Zhu et al., 2006; Lo Presti et al., 2010), and the tribes Cynareae (Kadereit and
Jeffrey, 2007) and Cardueae (Dittrich, 1985; Héffner, 2000; Zarembo and Boyko, 2008; Abid and Qaiser, 2009; Abid
and Ali, 2010; Ozcan, 2017).

The objectives of the present study were (i) to give detailed descriptions of stem and leaf anatomical
characteristis in selected taxa of the genus Centaurea s.1, (ii) to investigate cypsela morphology and anatomy by using
light and stereomicroscopes, and (iii) to discuss the taxonomic value of these characters using statistical analyses. The
paper presents the first detailed account of the stem, leaf and cypsela anatomy, and cypsela micromorphology of four
Centaurea s.l. taxa growing in Turkey. This is the first comprehensive study with several aspects, and taxonomical
evaluations and comparisons with the literatures have been also discussed.

2. Materials and methods
2.1. Sampling

The plant samples (Centaurea nigrifimbria, one of them is indicated in here as Cyanus nigrofimbrius)
examined were collected from natural populations. Taxonomical descriptions of the plants were made according to
Wagenitz (1975) and Giiner et al. (2012). Details of the voucher number are provided in Table 1. Voucher specimens

were deposited in the Artvin Coruh University Herbarium (ARTH).

Table 1. Collection data of investigated taxa

Taxon Locality Voucher

Centaurea aggregata subsp. albida Artvin, Salkimli Village (Tolgum), eroded banks, 508 m, M. Ozcan 699

(K. Koch) Bornm. 18.viii. 2014

C. macrocephala Puschk. ex Willd. Artvin, Ardanug, Bilbilan high plateau, among grass, 1576 m, M. Ozcan 546
30.vi. 2012

C. salicifolia M. Bieb. ex Willd. Trabzon, Arakh Village, roadsides, 312 m, 17.viii.2013 M. Ozcan 641

Cyanus nigrofimbrius (K. Koch) Trabzon, Caykara, near Soganlt Mountain, 2236 m, 16.viii. M. Ozcan 697

Sojak 2014

2.2. Anatomical preparation

Anatomical observations were performed in the stem, leaf and cypsela of the taxa. Fresh cauline leaves and
parts of the stems or removed parts from herbarium materials were used for preparations. Handmade cross-sections
were prepared from the median part of the stem and leaf lamina using commercial razor blades. Peripheral sections of
leaves were obtained by hand. Mature cypselas of at least three individual plants for each taxon were collected from the
capitula, softened by boiling in water for 3-4 days and stored in glycerin. A cryostat was used for cross-sections of
cypselas. Sections were cut to a thickness of 15- 20 um. All sections were stained in hematoxylin for approximately 15
min (Algan, 1981). Semi-permanent slides were mounted in glycerin. Well-stained sections were examined under a
light microscope and photographed using an Olympus BX 53 research microscope with a digital camera attachment DP
73.

Five cross-sections from at least three different individual plants from each taxon were measured to assess
the consistency of anatomical characters and to calculate the means and standard error among different cross-sections.
Ten peripheral slides were prepared, and 50 stomatal lengths were measured for each taxon. The stomatal index was
calculated according to the method described by Meidner and Mansfield (1968). Fifty quantitative and qualitative
characters were investigated (Tables 2-5).

2.3. Micromorphological examination

Micro and macromorphological features of the cypselas were studied using a stereomicroscope (Leica M60
with a digital camera attachment DFC 295) and a scanning electron microscope (Zeiss Evo LS10, ACU-Science
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Research Center). Five specimens were selected from each taxon. The cypselas were first examined using a
stereomicroscope to determine size, shape, color and maturity, and were then photographed. For scanning electron
microscopy, mature cypselas were placed on stubs using double-sided adhesive tape, and coated with gold in a
Cressington sputter coater 108 auto coating apparatus for 2-3 minutes. All cypselas were examined and photographed
from the same region (from the middle part of the lateral region).

The terminology for cypselar characteristics proposed by Stearn (1985) was adopted to describe the fruit
coat, size and shape, cell arrangements and primary sculpturing.

2.4. Cluster analysis

Data analysis was carried out on SPSS (version 19) software. Duncan’s multiple-range test, a one-way analysis
of variance technique, was used in 40 quantitative values to identify the statistical importance of distinctions among the
data (Tables 2-5). Grouping of taxa was performed using the clustering analysis method (UPGMA)..

3. Results

In this study, stem, leaf and cypsela anatomical properties and cypsela micromorphology of four taxa were
investigated in detail. A transverse section of stem, leaf blade, midrib and cypsela, and peripheral sections of leaf were
investigated. The main anatomical characters, 42 being assessed among the taxa studied, are shown in Tables 2-5 and in
Figures 1-6.

3.1. Stem

The taxa studied exhibited more or less similar morphological patterns. However important differences were
also noted. C. aggregata subsp. albida and C. salicifolia have 7-8 corners, while C. macrocephala and Cy.
nigrofimbrius exhibited two-three wings in addition to the corners. Wings were also previously reported in Centaurea
cheiranthifolia var. purpurascens by Ozcan et al. (2014). All taxa investigated have collenchyma in the corners and
chlorenchyma between the corners. The largest cortex and collenchyma thickness are seen in C. macrocephala, while
the smallest ones are present in C. aggregata subsp. albida (Table 2). Collateral type vascular bundles appear in two
layers in C. macrocephala, in contrast to the other taxa (Figure 1). They are arranged in one row in these three taxa
(Figure 1D, Table 2). The number of vascular bundles in the stem is much higher (72-80) in C. macrocephala, but
almost the same in the others. The largest sclerencymatic cap is present above the phloem in C. macrocephala, and the
smallest occurs in Cy. nigrofimbrius (Figure 1, Table 2). Several secretory canals (ducts) were observed in the cortex
opposite the bundles in all taxa near the bundles. These structures have been previously reported by Metcalfe and Chalk
(1979) in some species of the family Asteraceae and by Celik et al. (2008), Kaya et al. (2010), Aydin et al. (2013),
Ozcan (2013) and Ozcan et al. (2014) in several Centaurea s.l. taxa. Parenchymatic pith cells are situated in the center
of the stem. However, a large pith cavity is present at the center of the stem in C. salicifolia and Cy. nigrofimbrius
(Figure 1G,J).
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Figure 1. Stem anatomy of investigated taxa. A-C, Centaurea aggregata subsp. albida;
D-F, C. macrocephala; G-l, C. salicifolia; J-L, Cyanus nigrofimbrius. cl =
collenchymas, pp = palisade parenchyma, p = pith, ph = phloem, pt = peltat trichome,
sc = secretory canal (duct), tr = simple trichome, vb = vascular bundle, w = wing, xy =
xylem. Scale bars: A, D, G, J=200 um; B, C, E, F, K, L =100 um

Table 2. Stem features of investigated taxa. *mean+ standard deviation

Character Centaurea C. macrocephala C. salicifolia Cyanus
aggregata nigrofimbrius
subsp. albida

Shape angled angled and winged angled angled and

winged

Epidermis length (pum) 13.10£2.212 19.77+0.96° 10.94+0.60°2 18.33+0.71°

Epidermis width (um) 19.63+£3.762 20.77+0.728 14.92+0.938 20.67+0352

Cortex thickness in the 179.1£3.10? 389.69+17.52¢ 221.3+22.59% 272.4+30.87°

corner (pLm)

Number of cortex layer 8-9 15-20 10-13 8-14

Collenchyma thickness in the  114.194+5.532 264.07+12.56°¢ 133.59+10.722 193.2+18.61°

corner (um)

Breadth of sclerenchymatic

cap in phloem

Number of vascular bundles

121.70+6.21%¢ 114.18+15.84° 134.96+7.82°¢ 62.20+4.232

24-26 (1 row) 75-80 (2 rows) 22-35 (1 row) 15-23 (1 row)

Vascular bundle Length 606.2429.63° 717.20+32.78° 552.99+14.79° 355.2+18.26%
(um)

Vascular bundle breadth 230.8+11.54%® 318.82+20.48° 190.65+7.40? 262.9+17.13°
(pm)

Trachea (um) 36.76x1.722 36.09+2.652 46.86+2.56° 36.44+0.772
Pith cell (um) 93.25+20.21%® 120.1£5.18% 86.1+2.022 129.07+8.07¢
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3.2. Leaf

The leaves are amphystomatic with eglandular and peltate glandular trichomes in adaxial and abaxial parts of
the taxa, but Cy. nigrofimbrius does not have glandular trichomes (Figure 3). These trichome types have previously
been reported in different Centaurea taxa by Ozcan et al. (2014). Stomatal numbers per mm? are lower in both of the

Character Centaurea C. C. Cyanus
aggregata macrocephala salicifolia nigrofimbrius
subsp. albida

Leaf type isobilateral isobilateral dorsiventral isobilateral

Upper epidermis  length(um) 11.84+0.26% 21.85+0.90¢ 18.17+0.85° 17.6340.82°

width (um) 16.33+0.882 25.77+1.26° 26.53+1.46° 20.93£0.97°

Lower epidermis  length(um) 11.81+£0.412 19.12+0.63¢ 12.82+0.562 15.50+0.53°

width (um) 15.32+0.492 23.20°+0.73 17.07+0.492 21.53+1.44°

Midrib mesophyll size (um) 652.98+31.10° 1161.32+44.9  988.63+£104.5°  1228.0+63.32¢

Midrib mesophyll breadth (um) 410.54+12.16%  1535.03+55.80° 1108.59+66.24°>  1557.61+73.72¢

Lamina mesophyll breadth (um) 223.42413.41°  179.42+5.86P 127.9343.952 215.6+£2.70°

Trachea diameter (pm) 20.34+£1.412  27.58+1.46" 22.63+0.94 27.25+0.98P

Vascular Length (um) 254.28+18.18% 396.53+14.66°  333.24+£15.36°  412.80+10.89°

bundle breadth (um) 167.29+13.412  249.07+6.59° 249.5+9.49¢ 214.40+11.95°

Number in midrib 1 4+1 3 3+1
Adaxial  Cuticle thickness (um) 2.65+0.052 2.97+0.172 2.514+0.152 1.90+0.062
surface  Stomatal length (um) 22.81+0.77% 29.10+0.58¢ 23.59+0.032 25.62+0.29°
Stomatal index 13.36+1.30° 12.83+0.67" 8.91+0.742 06.90+0.422
Number of stomata 280.0+24.34°  150.0+17.172 160.00+£24.34*  115.00£16.932
(1 mm?)
Abaxial  Cuticle thickness (um) 2.47+0.13° 2.57+0.16° 2.084+0.092 1.80+0.122
surface  Stomatal length (um) 21.2940.19% 30.41£0.65°¢ 23.36+0.59° 23.90+0.16°
Stomatal index 15.4440.68%  13.54+0.96% 16.58+1.10° 14.31+0.26%®
Number of stomata (1 mm?)  400.0+31.43°>  180.00£19.96°  380.0+37.18" 220.0+24.207

Table 3. Leaf anatomical features of investigated taxa.*mean4 standard deviation.

two leaf surfaces of C. nigrofimbrius than in the others. In addition, cypsela is ovoid for this species, in contrast to the
others. These differences are in accordance with the classification of this species in the genus Cyanus. All the taxa
studied have more or less sinuous-undulate anticlinal cell walls. However, less undulation was observed in C. aggregata
subsp. albida and C. salicifolia, because of their growing habits in more or less dry conditions. This observation
supports the idea that epidermal cells of most leaves of shade-loving dicotyledons have sinuous anticlinal walls (Fahn
1990). The leaf lamina is isobilateral in C. aggregata subsp. albida, C. macrocephala and Cy. nigrofibrius, whereas it is
dorsiventral in C. salicifolia. Isobilateral and dorsiventral types of leaf lamina are commonly reported in the genus
Centaurea and some related genera (Metcalfe and Chalk, 1979; Uysal et al., 2005; Celik et al., 2008; Aydin et al., 2013;
Ozcan et al., 2014). One to three collateral vascular bundles are observed in the midrib of the leaf in investigated taxa.
C. aggregata subsp. albida has only one large vascular bundle in the midrib, as in C. pecho as previously reported by
Ozcan et al. (2014). These two taxa grow in very dry conditions, in contrast to the other taxa. Various numbers of
secretory ducts (Figure 2) are observed near the bundles, as with the stems. It has been suggested that these ducts may
act as a sieve tube in the transfer of organic material (Tetley, 1925; Williams, 1954), and this is probably correct for
several Centaurea taxa, as in this study.

3.3. Cypsela

It is made up from pericarp, testa, endosperm and cotyledons. The mature pericarp is differentiated into two
zones, i.e. exocarp and mesocarp, and exhibits variation in the structure (Figure 4). The exocarp is composed of
relatively thickened and flat epidermal cells, and sclerenchymatous fiber cells cover the entire mesocarp in all taxa.
Sclerified epidermal cells have been previously reported in Carduus, Cirsium, Notobasis Cass., Picnomon Adans.,
Silybum Adans.
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Figure 2. Leaf anatomy of investigated taxa. A-C, C. aggregata subsp. albida; D-F, C.
macrocephala; G-I, C. salicifolia; J-L, Cy. nigrofimbrius. cl = collenchymas, le = lower
epidermis, p = pith, ph = phloem, pp = palisade parenchyma, pt = peltat trichome, sc =
secretory canal (duct), tr = simple trichome, ue = upper epidermis, vb = vascular bundle,
xy = xilema. Scale bars: A, D, G, J =200 um; B, E = 100 um; C, F, H, K= 50 um

and Trymnus Cass. by Haffner (2000). In contrast, thin epidermal cells and parenchymatic mesocarp have also been
reported in Rhaponticum Vaill. In the species of Klasea Cass. and Serratula L., the mesocarp is represented by both
parenchymatous and sclerenchymatous tissue (Zarembo and Boyko, 2008). Mukherjee (2001) studied some taxa in the
tribe Senecioneae and reported sclerenchymatic braces and parenchymatic cells layers in the mesocarpic zone of the
pericarp. The testa is elongated, with radially stretched lignified cell and crushed cell layers near the single row
endodermis. This type of pericarp and testa structure were previously reported by Héaffner (2000) in some Carduinae
and Centaureinae taxa, and by Zarembo and Boyko (2008) in some Cardueae genera, Rhaponticum, Klasea, Serratula
and Synurus lljin. Singh and Pandley (1984) reported an elongated and lignified testa structure in Centaurea moschata
L. and in Silybum marianum (L.) Gaertn. A similar testa structure has been also determined in some species of Klasea
and Serratula. Cy. nigrofimbrius is characterized by a very thick testa and a comparatively thin pericarp among the
investigated taxa (Table 4).
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Figure 3. Stomata of investigated taxa. A-C, C. aggregata subsp. albida; D-F,
C. macrocephala; G-I, C. salicifolia; J-L, Cy. nigrofimbrius. (A, C, E, G)
adaxial surface. (E, D, F, H) abaxial surface. (pt) peltat trichome; (st) stomata;
(t) trichome. Scale bars: 50 um

Secretory ducts are clearly visible in C. salicifolia and Cy. nigrofimbrius near the bundle traces. Lavialle (1912)
reported that secretory ducts are of great importance in the taxonomy of the Cardueae. These have been described in the
species of Carthamus by Singh and Pandey (1984) and Serratula, some sections of Centaurea by Dittrich (1985), and
some species of the tribe Senecioneae by Pandey and Singh (1982). A one-layer, elongated and thin-walled
parenchymatous endosperm is observed in all taxa investigated. Héffner (2000) also reported that the appearance of
endosperm does not differ significantly among genera of the subtribe Carduinae.
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Figure 4. Cypsela anatomy of investigated taxa. A-C, C. aggregata subsp. albida; D-F,
C. macrocephala; G-I, C. salicifolia; J-L, Cy. nigrofimbrius. cr = crushed cell, e =
endosperm, Ic = lignified palisade cell, s = sclerenchymatic cell, sd = secretory duct,
vb = vascular bundle. Scale bars: A, D, G, ] =200 pm; B, E, H, K= 100 um; C, F, I,
L=50 pm

Table 4. Cypsela anatomical characters of investigated taxa. *mean+ standard deviation.

Character Centaurea C. C. Cyanus
aggregata macrocephala salicifolia nigrofimbrius
subsp. albida

Cuticle (um) 1.65+0.18" 1.18+0.042 1.49+0.072 1.40+0.102

Pericarp (um) 27.02+1.56° 38.68+1.72° 39.44+1.34P 41.01+2.52°

Palisade sclerenchyma (um)  35.96+1.412 57.26+0.91° 54.7440.64° 113.84+1.16°

Crushed cell layer (um) 14.53+£0.432 22.83£1.12° 16.65+0.442 25.71+0.95¢

Vascular bundle length (um) 14.87+0.392 27.57+1.52¢ 14.42+0.46° 22.45+1.94°

Vascular bundle width (um) 23.97+£2.562 64.801.29¢ 32.72+£1.11° 48.08+3.12°¢

Endosperm (pum) 5.69+0.472 6.544+0.302 6.16+0.362 5.44+0.212

Cypsela length (um) in 1297.8+43.29%  3257.94101.73°  1459.9411.29°  2799.35+71.5

transverse section

Cypsela width (um) in 1002.2+26.81%  1661.8+66.80P 1118.0+24.51*  2130.76+23.72¢
transverse section
Secretory cell in bundle invisible invisible 12.56+0.76 17.59+1.92

3.4. Micromorphology

Shape, size, color, and surface ornamentations of cypselas were observed and indicated in Table 5, as well as
in Figures 4 and 5. Jana and Mukherjee (2012) reported that epidermal cell orientations are also important for
characterization of taxa. In the present study, the cypselas of the investigated taxa are smooth (not ribbed), ovoid or
widely oblong, with swollen or compressed dorsal and ventral margins (Figure 5). They also have a scabrous pappus
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Figure 5. LM and SEM micrographies of Cypsela. A-D, C. aggregata subsp. albida; E-F,

C. macrocephala; I-L, C. salicifolia; M-P, Cy. nigrofimbrius. Scale bars: A, E, H, L =500

pm
with different sizes in above of cypselas (Table 5). However, both ribbed and non-ribbed cypselas were previously
reported in the family Asteraceae by Abid and Qaiser (2009). Shabestari et al. (2013) previously examined various
Centaurea taxa and described their seed (cypsela) types as a striate sculpture, strongly depressed on the both
sides, with or without hairs on the surfaces.

Table 5. Cypsela micromorphology of investigated taxa. *mean standard deviation.

Character Centaurea C. macrocephala C. salicifolia Cyanus
aggregata subsp. nigrofimbrius
albida

Length (cm) 2.40+0.052 6.83+0.13¢ 2.72+0.08° 4.55+0.04¢

Width (cm) 1.05+0.042 2.82+0.10¢ 1.05+0.042 2.42+0.05°

Shape (L/W) widely oblong widely oblong widely oblong ovoid

Color brown dark brown light brown brown-dark brown

Ornamentation fine sulcate scrobiculate-ribbed  Striate to scrobiculate-  scalariform

ribbed

Anticlinal cell straight raised, straight slightly raised, straight  straight

wall

Periclinal cell faintly rugulate rugulate coarse rugulate smooth

wall
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Figure 6. Pappus and trichomes. A-B, C. aggregata subsp. albida;
C, C. macrocephala; D-F, Cy. nigrofimbrius

Cypsela colors vary from yellowish brown to brown or dark brown (sometimes blackish in the middle part).
They are swollen in 3 taxa (C. aggregata subsp. albida, C. salicifolia, Cy. nigrofimbrius), and compressed slightly on
both sides in C. macrocephala, and symmetric or asymmetric in outline. Cypselas have a narrow base, sublateral hilum,
thin and acute apex. They are widely oblong in three Centaurea taxa, but ovoid in Cy. nigrofimbrius (Figure 5).

Anticlinal cell walls observed in the taxa are straight, forming rectangular cells uniformly organized into
more or less distinct longitudinal columns, while the periclinal cell walls are smooth or with small irregular elevation
(Figure 5, Table 5). The taxa can be divided into four types according to their surface ornamentations, fine sulcate (C.
aggregata subsp. albida), scrobiculate-ribbed (C. macrocephala), striate (C. salicifolia) and scalariform (Cy.
nigrofimbrius). In some fruits samples of C. salicifolia scrobiculate-ribbed was also observed. Striate structure and
sparsely long hairs were also reported in the achene of C. polyclada by Uysal et al. (2005). Three different striation
types have been described in Turkish Carthamus taxa by Tarikahya-Hacioglu et al. (2012). Bona (2014, 2015)
described 8 ornamentation types in some Centaurea and Cyanus taxa. In this mentioned study, surface ornamentation of
C. aggregata subsp. aggregata was determined as glebulate-ruminate (Bona 2014) and smooth surface pattern was
reported in four Cyanus species (Bona 2015). Candan et al. (2016) investigated some taxa present in the sect. Acrolopus
and striate type ornamentation reported in C. aggregata subsp. albida. In the present study, the cypsela surfaces of 3
Centaurea taxa have more or less rugulate pattern, while Cyanus nigrofimbrius has smooth surface pattern and
scalariform ornamentation. In one previous study, cypsela ornamentation of Cy. nigrofimbrius was reported by Sirin et
al. (2017) as irregularly sulcate and not smooth surface, differently from this study. Striate ornamentation has been also
reported by Shabestari et al. (2013) and Candan et al. (2016) in some Centaurea taxa.

In some species in the family Asteraceae, four ornamentations were determined as rectangular, rectangular
with septae, hexagonal with septae or rugose by Kulkarni (2013). Based on the present results, the septum is not present
in the surfaces of the Centaurea taxa investigated. Andrés-Sanchez et al. (2015) referred to twin hairs in some species
(e.g. Filago L.) in the family Asteraceae. Dittrich (1985), however, reported that twin hairs are never present on the
achene surface in the subtribe Carduinae and Centaureinae. Similarly, only sparsely long hairs were observed in the
present study (Figure 6). Simple indumentum is sparsely found in cypselas from three taxa (C. aggregata subsp. albida,
C. salicifolia, Cy. nigrofimbrius). The hilum densely covered with hair is only observed in Cy. nigrofimbrius (Figure
5M), similar to Sirin et al. (2017)’s report. Mean lengths of cypselas varied from 2.4 mm (C. salicifolia) to 6.83 mm
(C. macrocephala), while their mean widths varied between 1.05 mm and 2.42 mm. The largest cypselas were
characteristic of C. macrocephala while the smallest were in C. aggregata subsp. albida (Table 5). The pappus is
scabrous, and one or two seriate in all taxa investigated. Mean length ranged from 0.3 mm to 5.2 mm in the taxa (Figure
6).
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3.5. Multivariate Analyses

Analysis of variance analysis was performed on all quantitative (40) values (Tables 2-5). For the cluster
analysis (UPGMA), 42 anatomical and micromorphological characteristics of stem, leaf and cypsela were analyzed
(Figures 1-5; Tables 2-5). The phenogram (Figure 7) showed that clusters were separated from all species in a distinct
position. The delimitation of these groups is mainly based on the occurrence of a winged structure in stem, height,
width and number of vascular bundles and mesophyll thickness in the leaf midrib, thickness of pericarp in cypsela
(P<0.05). In the dendrogram, four taxa were divided into two major clusters at a distance coefficient of approximately
25.0. Each cluster consisted of two different taxa. The first included C. macrocephala and Cy. nigrofimbrius and the
second contained C. aggregata subsp. albida and C. salicifolia. The clustering of C. macrocephala and Cy.
nigrofimbrius at a low distance coefficient of approximately 3.0, together with C. aggregata subsp. albida and C.
salicifolia at a distance coefficient of approximately 1.0, reflects an underlying resemblance between them. In UPGMA,
C. aggregata subsp. albida and C. salicifolia positioned together have also share similar morphological features such as
small cluster capitula. On the other hand, C. macrocephala and Cy. nigrofimbrius found in second cluster have big
single capitula and also winged type stems (Figure 7).
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Figure 7. UPGMA Cluster analysis using anatomical and

micromorphological characters of investigated taxa. Each code represents

a taxon. Taxa codes; aggr: C. aggregata subsp. albida, cyan: Cy.

nigrofimbrius, macr: C. macrocephala, sali: C. salicifolia

Cluster analysis performed with 42 characters was useful in demonstrating the existence of clearly distinct

groups of taxa, without generic delimitation. According to surface ornamentation, four different cypsela surface types
were observed as fine sulcate, scrobiculate-ribbed, striate to scrobiculate-ribbed and scalariform (Table 5). Data
obtained from the present study show that the anatomical and micromorphological characters investigated are mostly
informative. They can be used as a parameter to support species identification. Investigation of vegetative parts and
cypsela structures should therefore be included in future taxonomic and phylogenetic studies of the genus Centaurea..
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Cytotoxic effects of Satureja cuneifolia extract in liver cancer cell line (HepG2)
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Abstract

In this study, it was aimed to investigate the effects of extracts obtained from the seed of Rock thyme (Satureja
cuneifolia) on the cytotoxic cell death in HepG2 human liver cancer cell lines. The plant samples collected from the
vicinity of Kanlipinar Village of Eskisehir were grounded after drying and then extracts were obtained. The liver cancer
cells were replicated in a specially prepared medium. Plant extracts taken at doses of 1, 5, 10, 15, 20, 25 and 30 pg/ul
were added to replicated liver cancer cells and the effects levels were examined at 24, 48 and 72 hour intervals.

In the study, the data obtained after 24 hours showed that the doses of 1, 5, 10, and 15 pg/ul inhibited the
development of cancer cells while 20 pg/ul dose was not effective, the doses of 25 and 30 pg/ul were not effective on
the development of cancerous cells. According to the results of 48 hours of experiments; a significant death was
observed in cancer cells at all doses applied (1-30 pg/ul). According to the results of 72 hours of experiments; all doses
applied (1-30 pg/ul) inhibited the development of cancer cells and caused significant death of cancer cells. As a result,
it has been determined that Satureja cuneifolia extracts inhibit the development of liver cancer cells and that this plant
may be used in the design of cancer medicines. Future studies are needed to determine the most effective dose/time
applications and action of mechanisms of Satureja cuneifolia extracts.

Key words: liver cancer, HepG2, Rock thyme, Satureja cuneifolia.

k

Karaciger kanser hiicre dizilerinde (HepG2) Satureja cuneifolia ekstresinin sitotoksik etkileri

Ozet

Bu ¢alismada Kaya kekigi (Satureja cuneifolia) bitkisinden elde edilen ekstrelerin HepG2 insan karaciger
kanser hiicrelerinde in vitro sitotoksik hiicre 6liimii iizerine etkilerinin arastirilmas: amaglanmstir. Bitki &rnekleri
Eskisehir’in Kanlipinar Koyii ¢evresinden toplanarak kurutulduktan sonra ogiitiilmiis ve ekstreleri elde edilmistir.
Karaciger kanser hiicreleri 6zel olarak hazirlanmis olan besi ortaminda ¢ogaltilmistir. 1, 5, 10, 15, 20, 25 ve 30pg/ul’lik
dozlarda alman bitki ekstreleri, ¢ogaltilan karaciger kanser hiicrelerine verilmistir ve etki diizeyleri 24, 48 ve 72 saat
araliklarla incelenmistir. Kanser hiicrelerinde canlilik testleri tripan mavisi ve MTT testi yontemi kullanilarak
arastirilmistir.

Calismada 24 saat sonunda elde edilen veriler, 1, 5, 10 ve 15ug/ul dozlarin kanser hiicrelerinin gelisimini
engellemesine karsim; 20, 25 ve 30ug/ul dozlarin ise kanserli hiicrelerin gelisimi tizerinde etkili olmadigini
gostermistir. Deneylerin 48 saat sonucuna gore; uygulanan tiim dozlarda (1-30pg/ul) kanser hiicrelerinde belirgin
sekilde bir Slim go6zlenmistir. Deneylerin 72 saat sonucuna gore; uygulanan tim dozlarin (1-30pg/ul) kanser
hiicrelerinin gelisimini engelledigi ve kanserli hiicrelerin énemli oranda 6liimiine neden oldugu belirlenmistir. Sonug
olarak; Satureja cuneifolia ekstrelerinin karaciger kanser hiicrelerinin gelisimini engelledigi ve kanser ilaglarimin
tasariminda bu bitkinin kullanilabilecegi belirlenmistir. Ileride yapilacak ayrintilhi galismalarla Satureja cuneifolia
ekstrelerinin en etkin doz/siire uygulamalar1 ve etki mekanizmalarinin belirlenmesi gerekmektedir.

Anahtar kelimeler: karaciger kanseri, HepG2, Kaya kekigi, Satureja cuneifolia
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1. Giris

Hiicrede DNA'nin hasarinin olmasi halinde hiicrelerin kontrolsiiz veya anormal bir sekilde biiyiimesi ve
¢ogalmasi kanser olarak adlandirilir. Kanserin esas nedeni hiicre boliinmesi esnasinda DNA replikasyonunun hatali
olmasi sonucu hiicrenin farklilasmasi olarak bildirilmektedir (Kus, 2016). insan viicudunda ¢ok sayida mutasyona
ugramis hiicre olmasina karsin bunlarin biiyiik bir kismi immiin sistem tarafindan yok edilmektedir. Normal saglikli
viicut hiicreleri boliinerek 6len hiicrelerin yenilenmesini saglar. Ancak normal hiicrelerin boliinmeleri sonsuz olmayip
stnirhidir. Saglikli bir hiicrenin ne zaman, hangi sayida boliinebilecegi bilgisine sahiptir. Fakat kanser hiicreleri, bu
bilinci kaybederek, kontrolsiiz bir sekilde boliinmeye baslar ve ¢ogalirlar. Cogalan bu kanser hiicreleri toplanarak
tiimorleri olustururlar ve olusturduklar: bu timorden ayrilarak dolasimla viicudun diger bolgelerine giderlerse buralarda
da tiimor kolonileri olustururlar. Karacigerde bulunan hiicrelerin ani, kontrolsiiz ve asir1 bigimde ¢ogalmasi sonucu
timiir olusumu ortaya ¢ikmaktadir. Karaciger kanseri, kanser tiirleri arasinda 6liimciil olarak bilinen kanserlerdendir
(fsan ve Tonbus, 2016).

Lamiaceae familyasmin bir tiyesi olan Kaya kekigi-Dag kekigi (Satureja cuneifolia) 20cm ye kadar boylanan,
Obekler halinde bulunan, beyaz ¢igekli, cok yillik yar1 odunsu bir bitki olup (Sekil 1); taslik, kayalik, kurak ve agiklik
alanlar tercih eder (Kan ve ark. 2006). Temmuz-Agustos aylarinda ¢icek agar. Ulkemizde oldukca genis bir alanda
dogal olarak yayilis gosterir (Yiicel, 2014).

Kaya kekigi halk arasinda, zihin yorgunlugu giderici, kuvvet verici, cinsel istegi artirici, gdgiis hastaliklar ve
seker hastaligi tedavisinde, mideyi gii¢clendirici, baharat ve gida olarak kullanilmaktadir (Baytop, 1999; 2004; Kargioglu
ve ark., 2008).

Yapilan galismalar kaya kekiginin antioksidan ve antimikrobial etkisinin yiiksek oldugu (Cavar et al., 2008;
Mihajilov-Krstev et al., 2010; Oke, et al., 2009; Skocibusi¢ et al., 2006); ayrica analjezik (agr1 kesici) etkisinin oldugu
bildirilmistir (Aydm ve ark.,1996). Bu bitki ile ilgi yapilmis degisik aragtirmalar olmasina karsin; yapilan kaynak
arastirilmalarinda karaciger kanserine etkisi {izerine yapilmis bir ¢aligma bulunamamustir.

2. Materyal ve yontem
2. 1. Bitki materyalinin toplanmasi ve ekstraksiyon hazirlama

Bitki ornekleri Eskisehir’in Akpimar Koyl g¢evresin teknigine uygun olarak Temmuz ayinda toplanmustir.
Analizler igin gerekli 6rnekler, saglikli bireylerden, bitkiye fazla zarar vermeyecek sekilde, toprak iistiinde bulunan
dallar bir makasla kesilerek, siteril torbalara konmustur. Laboratuvara getirilen bitki ornekleri temizlenerek, steril bir
ortamda kurutulmustur. Kuruyan bitkilerin yapraklar1 ayrilarak degirmende 6giitiilmiis, daha sonra gézenek ¢ap1 2 mm
olan bir elekten elenmistir. Bir erlene; 10 gram 6giitiilmiis bitki drnegi iizerine 100mL saf su konarak, etiiv iginde 60°C
de 12 saat bekletildikten sonra Por agiklik ¢apt 110 mm olan whatman filtreden siiziilerek ekstrakt elde edilmistir. Daha
sonra elde edilen ekstrak 0.22 pum por biiylikligiindeki mikrobiyolojik filtrelerden siiziilerek steril edilmistir.

Bitki &rneklerinden ekstrelerin elde edilmesi Anadolu Universitesi Fen Fakiiltesi, Biyoloji Béliimii Bitki
Ekolojisi Laboratuvarinda; sitotoksite deneyleri Molokiiler Biyoloji laboratuvarinda yapilmistir.
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2. 2. Hiicre dizileri ve kiiltiir asamast

Insan kanser hiicre dizisi olarak “HepG2 insan karaciger kanser” hiicreleri kullanilmistir. insan karaciger
kanseri hiicre dizileri besiyeri (%10 (v/v) Fetal Bovine Serum (FBS), 100 unite/mL penisilin/streptomisin, 2 mL-
glutamin igeren ve %9,2 NaHCO3 DMEM) icinde, 37°C de %0.5 karbondioksitli ortamda yetistirilmistir. Hiicre dizisi
12-48-72 saat CO; inkiibatoriinde bekletildikten sonra 151k mikroskobunda yogunluguna bakilmistir. Besiyeri gekilmis
flasklara 37°C su banyosunda sitilan 1X’lik Tripsin-EDTA (Etilendiamin Tetraasetik Asit)’dan 1-2 mL eklenmistir.
Hiicreler 1lik (%1) tripsin/EDTA ile kaldirilarak, tripan mavisi ile saymmi yapilmis ve 96 kuyucuklu plakalara 10x10*
hiicre/kuyucuk olacak sekilde besiyeri ile siispansiyon haline getirildikten sonra her bir kuyucuga 100 pL hiicre
siispansiyonu aktarilarak 24 saat inkiibe edilmistir. Inkiibasyon siiresi sonunda besiyerleri kuyucuklardan uzaklastirilip,
sonunda Kaya kekigi ekstrelerinin 1, 5, 10, 15, 20, 25 ve 30 pg/uL’lik dozlarini i¢eren besiyerlerinden 200 pL/kuyucuk
konularak 24, 48 ve 72 saat inkiibe edilmistir. Deneylerde herbir doz i¢in dort kuyucuk kullanilmis, sonuglarda bunlarin
ortalama degerleri kullanilmistir.

2.3. Hiicre canliliginin tripan mavisi atilim testi ile belirlenmesi

Hiicre dizisi igin hiicre sayimi yapilmis ve trypan blue atilim testi ile hiicrelerin canliligina bakilmistir. Lam
tizerine 10puL. hiicre +10uL. trypan blue koyularak 1sik mikroskobunda boya almayan hiicreler sayilarak canlilik
belirlenmistir. Alanda 100 hiicre sayilarak boya almayan hiicrelerin yiizde (%) oran1 hesaplanmustir.

2.4. Hiicre canliliginin MTT testi ile belirlenmesi

Yontem saglikli hiicrelerde, mitokondrideki dehidrogenaz enziminin MTT (Difeniltetrazolyum Bromiir)
boyasindaki tetrazolium halkasini parcalayabilmesi ilkesine dayanmaktadir. Canli ve mitokondri fonksiyonu
bozulmamig hiicreler mor renkte boyanmakta, 6li ya da mitokondri fonksiyonu bozulmus hiicreler ise,
boyanmamaktadir (Tokur ve Aksoy, 2017). Olusan formazan kristalleri; DMSO, izopropanol gibi organik ¢oziiciilerde
kolaylikla ¢6ziinebilmektedir. Coziinmiis olan bu boya, konsantrasyona bagli olarak, spektrofotometrik yontemle,
gOriiniir dalga boylarinda Olgiilebilen bir absorbans verir ve bulunan miktar, direk olarak canli hiicrelerin oranini
vermektedir.

MTT, PBS (5 mg/ml) iginde ¢oziilerek, filtrasyon ile steril edilmis ve -20°C’de saklanmustir. Hiicrelerin madde
dozlart ile muamelesinin ardindan plakalardan medyum uzaklagtirilmis ve final konsantrasyonu 5 mg/ml olacak sekilde
medyum ile hazirlanan MTT soliisyonu her kuyucuga 125 pL ilave edilerek 3 saat inkiibasyona birakilmigtir. Daha
sonra plakalardaki MTT —medyum soliisyonu uzaklastirilmis ve canli hiicrelerin olusturdugu formazan tuzlarin
¢ozlinmesi i¢in plakalardaki kuyucuklara 100 pL DMSO ilave edilerek plakalar 10 dakika calkalayiciya birakilmus,
daha sonra ELISA cihazinda 570 nm dalga boyunda okutulmustur.

Yukarida belirtilen analizlerde, tiim deneyler tiger tekrarli yapilmis ve deney sonuclar1 ortalama + standart hata
olarak verilerek ilgili grafikte topluca gosterilmistir. Grafik ¢izimi Microsoft Excel programinda yapilmistir.

3. Bulgular

Deney sonuglari 24, 48 ve 72 saat araliklarla kontrol edilerek hiicre sayimlari yapilmistir. Elde edilen bulgular
asagida sira ile verilmistir.

3.1. Bitki ekstrelerinin 24 saatlik siire sonunda kanser hiicreleri iizerindeki etkilerinin belirlenmesi

Yapilan deneylerde sonunda 24 saat sonunda 1, 5, 10 ve 15 pg/uL dozlarda canli kanser hiicrelerinde azalma
gbzlenmisg, 20 pg/ulL dozda kontrol grubu ile ayni diizeyde bir gelisme izlenmis, 25 ve 30 ug/uL dozlarda ise kontrol
grubunda hiicre sayisinin daha fazla oldugu belirlenmistir (Sekil 2). Bu sonuca gore 20 pg/uL doz etkili olmazken 1, 5,
10 ve 15 pg/uL dozlar kanser hiicrelerinin gelisimini engellerken, 25 ve 30 pg/ul dozlar kanserli hiicrelerin geligimini
tizerine etkili olmamistir. Ancak burada ilging olan 1 pg/pL’lik dozun 24 sat sonunda uygulanan diger dozlara gore
hiicre canlig1 iizerindeki sitoksik etkisi {izerine ¢ok daha etkili oldugu gézlenmistir.

3.2. Bitki ekstrelerinin 48 saatlik stire sonunda kanser hiicreleri tizerindeki etkilerinin belirlenmesi

Deneylerin 48 saat sonucuna gore; uygulanan tiim dozlarda (1-30 pg/uL) kanser hiicrelerinde belirgin sekilde
bir 6lim gozlenmistir (Sekil 3).

3.3. Bitki ekstrelerinin 72 saatlik siire sonunda kanser hiicreleri tizerindeki etkilerinin belirlenmesi

Deneylerin 72 saat sonucuna gore; uygulanan tim dozlarin (1-30 pg/pL) kanser hiicrelerinin geligimini
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engelledigi ve kanserli hiicrelerin énemli oranda éliimiine neden oldugu belirlenmistir (Sekil 2). Ozellikle, 1 pg/pL’lik
ve 10 pg/puL’lik dozlarin kanserli hiicreler lizerinde daha etkili oldugu gozlenmistir.
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Sekil 2. Kaya kekigi (Satureja cuneifolia) bitkisinden elde edilen ekstrelerin HepG2 Karaciger kanser hiicrelerine in
vitro sitotoksik hiicre 6liimii lizerine etkileri

4. Sonuglar ve tartisma

Satureja sp. cinsinin tiirleri ile yapilmig bazi1 ¢aligmalarin bulunmamaktadir (Grosso, et al., 2009; Sadeghi, et
al., 2013). Satureja cuneifolia tiirtiniin fitokimyasal 6zellikleri (Timen et al., 1998; Kan vd., 2006) ile antioksidan
(Cavar et al., 2008) ve antimikrobial etkileri (Sko&ibusi¢ and Bezi¢, 2004; Aydin et al. 1996; Kosar et al. 2008) iizerine
yapilmis ¢esitli ¢aligsmalar bulunmasina karsin, insan karaciger kanseri tizerine yapilmis bir ¢aligma bulunamamustir.

Kaya kekiginden alinan 6rnekler iizerinde yapilan analizlere gore; Timol (42,5-45,2%), p-simen (19,4-24,3%)
ve karvakrol (8,5-13,2%) ana bilesen olarak tespit edilmistir (Kosar ve ark. 2008; Tiimen et al., 1998; 2005). Kaya
kakeginde elde edilen ektrenin Staphylococcus aureus (MRSA) ve Candida albicans, Candida tropicalis, bakterileri
iizerinde 62.5 ve 250 mg/ml lik miktarlarin antimikrobiyal aktiviteye sahiptir (Kosar ve ark. 2008; Kan ve ark. 2006).
Yapilan bir diger ¢aligmada; Giiney-Hirvatistanda bulunan dort Satureja sp. tiiriiniin ugucu yag profillerinin niikleer
ribozomal DNA yapilar1 karsilagtirilmig olup, filogenetik analiz sonucu S. montana ve S. cuneifolia, monoterpen
hidrokarbon karvakrol agisindan zengin benzer bir ugucu yag kompozisyonuna sahip oldugu; S. cuneifolia’da bir ugucu
yag beta-cubebene (% 8.7), limonen (% 8.3), alfa-pinen (% 6.9), spathulenol ve beta-karyofilen olarak karakterize
edildigi bulunmustur (Bezi¢ et al., 2009).

S. cuneifolia yaglarmin antimikrobiyal etkisi sivi mikrodistilasyon yontemi ile birgok ilaca direngli patojenlere
kars1 genis spektrumlu bir aktiviteye sahip oldugu, bu yaglarin Pseudomonas aeruginosa hari¢ olmak iizere,
Escherichia coli, Staphylococcus aureus ve maya (Candida albicans) karst maksimum aktiviteye sahip oldugu, ayrica
S. aureus ve E. coli gibi tibbi agidan 6nemli patojenlerinin biiyiimesini inhibe ettigi ve C. albicans ile S. cerevisiae karsi
mantar oldiiriicli aktivitesi oldugu da gozlenmistir (Skocibusic M and Bezi¢ N. 2004).

Bu arastirmada yapilan deneyler sonunda; etki siiresinin 24 saat olarak uygulandigi ve 1-15 pg/ul dozlarin
kullanildig1 deney serilerinde karaciger kanser hiicrelerinin gelisiminin engellendigi, 20-30 pg/ul dozlarda ise bir
engellemenin olmadig1 gozlenmistir. Buna gore 1 pg/ul’lik dozun 24 sat sonunda uygulanan diger dozlara gore hiicre
olimi izerine ¢ok daha etkili oldugu gozlenmistir. Bu durum yapilacak ayrintili calismalarla agikliga
kavusturulmalidir.

Bitki ekstrelerinin etki siiresinin 48 saat olarak uygulandigi deney serilerinde tiin dozlarin belirgin bir sekilde
kanserli hiicreler iizerinde dldiirticii etkiye sahip oldugu belirlenmistir. Buna gore siirenin 48 saate uzamas ile birlikte
bitki ekstresinin karaciger hiicreleri iizerindeki 6ldiiriicii etkisi belirgin bir sekilde ortaya ¢ikmustir.

Bitki ekstrelerinin etki siiresinin 72 saat oldugu deneylerde uygulanan tim Kaya kekigi ekstresinin dozlart
kanser hiicrelerinin gelisimini engelleyerek onemli oranda 6liimiine neden olmustur. Bu sonuca gore bitki ekstresi,
slirenin 72 saate uzamasi ile birlikte etkisini daha belirgin bir sekilde gostererek karaciger hiicrelerinin geligimini
engellemis ve dlmelerini saglamistir.
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Sonug olarak; Kaya kekigi ekstreleri HepG2 tip insan karaciger kanser hiicrelerinin gelisimini engelledigi ve
oldiirdiigii belirlenmis olup, gelecekte kanser tedavisi i¢in gerekli ilaglarin tasarimida bu bitkinin kullanilabilecegi
belirlenmistir.
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Morphological and anatomical studies on hayit fruit (fructus agni-casti) and leafs sold in the market
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Abstract

The Vitex agnus-castus L. (Verbenaceae) plant of which the fruits are registered at the European
Pharmacopoeia (Fructus agni-casti), grows naturally especially where the Mediterranean climate prevails in the
territory of our country (Turkey), and is known as "hayit" in vernacular. Fruits are traditionally used in our country as
well as in various parts of the world, especially in the treatment of menstrual disordes. Futhermore, the leaves of the
plant are also consumed for the same purpose in our country. In this study, samples of Vitex agnus-castus to be sold
under the name of "hayit" on the market are purchased from various districts of Turkey, as well as the samples collected
from nature are used as a standard. All of the samples to be sold in the market are the fruits of the plant, however leaves
are also used among people. In this study, the morphological characteristics of the fruits and leaves of this plant have
been determined firstly. Their anatomical features were determined by cross-sections and the microphotographs were
taken. Powdered drug analysis of the fruit was also carried out and microphotographs of the characteristic structures
were given. It has been determined that the samples sold under the name "hayit" in different cities belong to V. agnus-
castus. However, according to the findings from the study, it has been determined that these samples do not have
appropriate characteristics in terms of public health. This is the very first study to determine the suitability of “hayit”
samples in the market where people have used as medicinal plants, to the European Pharmacopoeia.

Key words: Vitex agnus-castus, hayit fruit, hayit leaf, anatomy, morphology

k

Piyasada satilan hayit meyve (fructus agni-casti) ve yapraklari iizerinde morfolojik ve anatomik ¢alismalar

Ozet

Avrupa Farmakopesi’nde meyveleri (Fructus agni-casti) kayitli olan Vitex agnus-castus L. (Verbenaceae)
bitkisi, tilkemizde 6zellikle Akdeniz ikliminin hiikiim siirdiigii bolgelerde dogal olarak yetisir ve “hayit” adiyla taninir.
Meyveler, diinyanin ¢esitli bolgelerinde oldugu gibi iilkemizde de 6zellikle kadin hastaliklariin tedavisinde halk
arasinda geleneksel olarak kullanilmaktadir. Ulkemizde ayrica bitkinin yapraklar1 da ayn1 amagla tiiketilmektedir. Bu
calismada, piyasada “hayit” adi altinda satilan Vitex agnus-castus 6rnekleri ¢esitli illerimizden satin alinmig, dogadan
topladigimiz 6rnekler ise standart olarak kullanilmistir. Piyasada satilan 6rneklerin tamamu bitkinin meyveleridir, ancak
halk arasinda yapraklari da kullanilmaktadir. Bu calismada, oncelikle kullanilan bitki kisimlart olan meyve ve
yapraklarin morfolojik 6zellikleri belirlenmistir. Alinan enine kesitlerle meyve ve yapraklarin anatomik ozellikleri
belirlenmis ve mikrograflart g¢ekilmistir. Meyvenin toz drog analizi de yapilmis ve karakteristik yapilarinin
mikrograflart verilmistir. Degisik illerimizde “hayit meyvesi” adi altinda satilan 6rneklerin V. agnus-castus bitkisine ait
oldugu tespit edilmistir. Fakat ¢calismadan elde edilen bulgular dogrultusunda bu numunelerin halk sagligi agisindan
uygun nitelikler tagimadigi belirlenmistir. Tiirkiye’de halk arasinda kullanildigi bilinen ve daha ¢ok halkin tibbi bitki
temin ettigi piyasada yer alan “hayit” drneklerinin Avrupa Farmakopesi’ne uygunlugunu tespit etmek amaciyla yapilmis
ilk ¢aligmadir.

Anahtar kelimeler: Vitex agnus-castus, hayit meyvesi;, hayit yapragi; anatomi, morfoloji
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1. Giris

Verbenaceae familyasi, yeryliziinde yaklasik 100 cins ve 3000 tiir ile temsil edilen bir familyadir. Otsu, ¢ali ve
aga¢ formundaki bitkilerden olusan ve bu familyanin {iyesi olan Vitex L. cinsi, yaklasik 250 taksona sahiptir (Evans,
2000). Vitex agnus-castus L. (Hayit) ¢ali, nadiren kiigiik aga¢, 1-3 m uzunlugunda, ¢ok dallanmis, gbvdesi kisa, sik,
yumusak, kir renkli tiiylerle kapl bir bitkidir (Sekil 1) (Townsend, 1982). Hayit bir Akdeniz bitkisi olup Anadolu’da
¢ok yaygindir (Townsend, 1982; Baytop, 1999) ve cinsin iilkemizde yetisen tek tiyesidir (Giiner vd., 2012).

-

LR i Y
Sekil 1. Vitex agnus-castus, ¢icek ve yaprak (Foto.: A. Koroglu)

Avrupa Farmakopesi’nde kayitli olan bitki kisimlar1 Vitex agnus-castus tiiriiniin olgun ve kuru meyveleridir.
Drog Avrupa Farmakopesi’ne gore en az % 0,08 kastisin tasimalidir (EP, 2011). Meyve kiire bigiminde, 3 mm ¢apinda,
sert, 6zel kokulu ve hafif acimsi lezzetlidir (Baytop, 1999).

Drog ugucu yag ve regine tasir (Baytop, 1999). Ucucu yag1 baslica monoterpen ve seskiterpenlerden olusur
(Evans, 2000). Bitkinin kok kabugundan flavonoit yapisinda bilesikler izole edilmistir (Hirobe vd., 1997). Bitkinin
cicekli gdvdesinden hazirlanan metanol ekstresinden iridoitler ve fenilbutanon glikoziti (mizodendron) izole edilerek
tanimlanmigtir (Kuruiiziim-Uz vd., 2003). Hayit meyvesinden elde edilen ekstreler ile yapilan ¢aligmalarda diterpenoit,
flavonoit, neolignan ve fenolik bilesikler ile gliserit (Chen vd., 2011; Hoberg vd., 1999) varlig: belirlenmistir (Hoberg
vd., 1999). Bitkinin ham meyvelerinden elde edilen ugucu yagda ana bilesik olarak sabinen (% 17,8) ve 1,8-sineol (%
17,5), olgun meyvede ise 1,8-sineol (% 16,3) ve sabinen (% 13,4) tespit edilmistir. Ayrica ham meyvede % 12,2, olgun
meyvede % 9,4 ve yaprakta % 9,4 oraninda a-pinen belirlenmistir. Yapraktan elde edilen ugucu yagin ana bilesiginin
1,8-sineol (% 22,0) oldugu tespit edilmistir (Stojkovic vd., 2011).

Vitex agnus-castus Klasik Yunan ve Roma déneminden beri Avrupa’da premenstriial sendromlar ve menopoz
ile ilgili sorunlarda tedavide kullanilmig ve halen kullanilmaktadir (Evans, 2000). Brezilya’da yapilan bir etnobotanik
calismada V. agnus-castus yapraklarinin dini ritiiellerde kullanildigt belirtilmistir (De Albuquerque vd., 2007). Yine
ayn1 iilkede yapilan baska bir ¢aligmada ise bitkinin yapraklarinin ates, bas agrisi, bacak agrilari, sar1 humma, okstiriik
ve bogaz rahatsizliklarinda, hiperkoagiilabilite (trombofili) tedavisinde, inme, dis agris1 ve bocek sokmasinda
geleneksel olarak kullamldig: tespit edilmistir (Coelho-Ferreira, 2009). Urdiin’de yapilan bir etnobotanik calismaya
gore de bitkinin yapraklar1 ve govdesi dekoksiyon seklinde goz rahatsizliklarinda geleneksel olarak kullanilmaktadir
(Al-Qura’n, 2009). Hayit meyvesi, iilkemizde de kadm hastaliklarinin tedavisinde halk arasinda bilinmekte ve
kullanilmaktadir. Ayrica bitkinin meyvelerinin infiizyonu (% 2-5) idrar arttiric1, gaz soktiiriicii ve yatigtirict etkileri
nedeniyle de tiiketilmektedir (Baytop, 1999). Ulkemizin degisik bolgelerinden derlenmis etnobotanik envanter
verilerine gore, bitkinin meyve ve yapraklarimin halkimiz tarafindan degerlendirildigi tespit edilmistir. Tiirkiye’de
Aydm, Kiitahya, Afyon, Denizli, Mugla c¢evrelerinde halk gelencksel olarak mide rahatsizliklarinda bitkinin
meyvelerini kullanir (Honda vd., 1996). Balikesir’de halk bitkinin meyvelerini ishale kars1 kullanmaktadir (Polat ve
Satil, 2012). Mugla’nin Marmaris ilgesinde bitkinin yapraklar1 haricen romatizma, agr1 ve sitma tedavisinde; dallar1
haricen, lapa seklinde ishalde; toprak istii kisimlari infiizyon seklinde haricen akrep sokmalarinda, kasintida
uygulanmaktadir; govdesi dekoksiyon seklinde oksiiriikk ve bronsitte; tohumlart dekoksiyon seklinde bobrek tasi ve
karm agrisinda; ¢igekleri ve tohumlar: birlikte lapa seklinde haricen karin agrisinda ve mide bulantisinda geleneksel
olarak kullanilir (Giirdal ve Kiiltiir, 2013). Manisa ilinin Turgutlu il¢esinde bitkinin yapraklarinin dekoksiyon seklinde
mide rahatsizliklarinda ve pargalanip bir bez ile sarilarak haricen karmn agrisinda; meyvelerinin ise infiizyon seklinde
bronsit, yutularak hemoroid tedavisinde, kireglenmede ve karin agrisinda ise parcalanip bir bezle sarilarak haricen
kullanildig: belirtilmistir (Bulut ve Tuzlaci, 2013).

Hayit meyve ekstresinin sigcanlarin hipofiz bezi hiicrelerinde prolaktin salgisini inhibe ettigi, kadinlarda
kisirlig1 tedavi ettigi, mastalji ve premenstrual sendromlarda etkili oldugu belirtilmistir (PDR, 2004). Bitkinin yaprak ve
meyvelerinden elde edilen metanol ekstrelerinin, 1,1-difenil-2-pikrilhidrazil radikal (DPPH) ile radikal siipiirme
kapasitesi incelenmistir. Her iki ekstrenin de belirgin derecede radikal siipiiriicli kapasiteye sahip oldugu gorilmiistiir
(Gokbulut vd., 2010). Hayit bitkisinin meyvelerinden ve meyvesiz herbasindan elde edilen ugucu yagin sitotoksik ve
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apoptotik etkisi C6, A549 ve MCF7 kanser hiicre dizilerinde ¢alisilmistir. Meyveden elde edilen ucucu yagin ¢aligilan
tiim hiicre dizilerinde yiiksek sitotoksik etki gosterdigi belirtilmistir (Duymus vd., 2014). Hayit meyvesinden elde edilen
metanol, n-hekzan, etanol ve su ekstreleri ile antimikrobiyal ve sitotoksik etki ¢alismasi yapilmistir. Brine shrimp
yontemi ile yapilan sitotoksik etki ¢calismasinda n-hekzan ekstresi (LC50 < 1000) aktivite gostermistir. Escherichia coli
ATCC 29998, E. coli ATCC 11230, E. coli ATCC 25922, Staphylococcus aureus ATCC 6538P, S. aureus ATCC
29213, S. epidermidis ATCC 12228, Salmonella typhimirium CCM 5445, Enterobacter cloacae ATCC 13047,
Enterococcus faecalis ATCC 29212, Pseudomonas aeroginosa ATCC 27853, Candida albicans ATCC 10239
mikroorganizmalar1 kullanilarak yapilan antimikrobiyal etki ¢caligmasinda ise; tiim ekstreler E. coli’nin her iki susu ile
Salmonella typhimirium ve S. epidermidis’in biiyiimesini inhibe etmistir. Metanol ekstresi hari¢ diger ekstreler S.
aureus ve P. aeroginosa mikroorganizmalarin biiylimesini inhibe etmigtir. Tlim ekstrelerin S. typhimirium
mikroorganizmasia karsi Ceftazidime’den daha aktif oldugu belirtilmistir. Escherichia coli ATCC 25922 susu ile,
Enterobacter cloacae, Enterococcus faecalis ve Candida albicans mikroorganizmalarina karsi hicbir ekstrenin aktif
olmadig1 belirtilmistir (Kiveak vd., 2002). Ames Salmonella/mikrozom testi ile yapilan antimutajenite ¢aligmasinda,
hayit bitkisinin yapraklarindan elde edilen ugucu yag ve tohumlarindan elde edilen etanol ekstresi kullanilmistir.
Calismada, ucucu yagm 0.125, 0.0125 ve 0.00125 mg/plaka konsantrasyonlarda; etanol ekstresinin ise 2.5, 0.25 ve
0.025 mg/plaka konsantrasyonlarda Salmonella typhimurium TA98 ve TA100 {izerinde etkili oldugu belirtilmistir
(Sarag vd., 2015).

Meyvesi diinyanin gesitli bolgelerinde kadin hastaliklari tedavisinde geleneksel olarak kullanilan V. agnus-
castus, ayni amagla lilkemizde de yaygmn olarak kullanilmaktadir. Halk meyve teminini piyasadan satin alarak
saglamaktadir. Ayrica bitkinin dogal olarak yetistigi giiney bdlgelerimizde dogadan toplayarak da tiiketmektedir. Bu
calismada, meyveleri gibi yapragi da geleneksel olarak kullanilan bitkinin piyasada satisa sunulurken halk sagligi
acisindan tehdit olusturacak unsurlarini belirlemek ve dogru drogun pazarlanip pazarlanmadigini tespit etmek
amacimiz olmustur. Bu amag dogrultusunda, dogru drogun teshis edilebilmesi i¢in, meyve ve yapraga ait morfolojik ve
anatomik ozellikler incelenip fotograflanmstir.

2. Materyal ve yontem

Materyal temini icin Ankara (6), Gaziantep (5), Istanbul (1) ve Van (3) illerinden 2016 yilinda 15 6rnek satin
alinmistir (Tablo 1). Morfolojik ve anatomik 6zellikleri tiire 6zgii olarak belirlemek i¢in iki farkli cografyadan toplanan
hayit meyveleri ve yapraklari standart 6rnek olarak kullanilmistir (AEF 26116, AEF 26908).

Bu ¢alismada oncelikle dogadan topladigimiz hayit meyvelerinin ve yapraklarmin morfolojik ve anatomik
yapisi belirlenmistir. Morfolojik olarak meyve ve yaprak orneklerinin genel goriiniisii, rengi, sekli ve boyutu tespit
edilmistir. Hayit meyve ve yapraklarmin % 70 alkol ile hazirlanan Srneklerinden el ile alinan enine kesitlerinden
anatomik yapilart belirlenmistir. Mikrograflar Leica CME ile ¢ekilmistir. Standart drog (meyve ve yaprak) olarak
kullandigimiz 6rneklerin karakteristik elemanlariin belirlenmesi i¢in toz edilen 6rneklerden Sartur reaktifi (Celebioglu
ve Baytop, 1949) ile hazirlanan preparatlar mikroskopta (Leica CME) incelenmis ve karakteristik elemanlariin
fotograflar1 cekilmistir (Leica DM 4000B). Ayrica satin alinan orneklerin teshisleri yapilmig, droga ait olmayan
maddeler belirlenmis ve fotograflanmigtir (Panasonic DMC-FX33). Piyasadan satin alinan 6rneklerden hazirlanan toz
droglarin anatomik 6zellikleri belirlenmis ve standart drogun anatomik 6zellikleri ile karsilagtirtlmistir.

Tablo 1. Calisma sirasinda materyal olarak kullanilan aktar 6rneklerinin satin alindigi yerler

Materyal  Aktar 6rneklerinin satin alindig1 yer Sekil no
Al Ankara Sekil 6

A2 Ankara Sekil 7

A3 Ankara Sekil 8

A4 Ankara Sekil 9

A5 Ankara Sekil 10
A6 Ankara Sekil 11
A7 Gaziantep Sekil 12
A8 Gaziantep Sekil 13
A9 Gaziantep Sekil 14
A 10 Gaziantep Sekil 15
All Gaziantep Sekil 16
A12 Istanbul Sekil 17
A 13 Van Sekil 18
Al4 Van Sekil 19
A 15 Van Sekil 20

Standart  B1 Canakkale: Behramkale, antik limana inerken yol kenari,
10 m. 15.06.2009, A.Giiveng, AEF 26116
C3 Antalya: Kas, yaklagik 10-50 m. 14.08.2010 A. Giiveng,
AEF 26908
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3. Bulgular

3.1. Drogun kullanilisi ile ilgili bulgular

Standart 6rnegin toplandig1 Canakkale ve ayrica Antalya (Kas)’da bitkinin meyvelerinin ve ayn: zamanda
yapraklarinin (meyveler olgunlagsmadan onceki donemlerde) cay (infiizyon) seklinde hazirlanip 6zellikle adet
agrilarinda ve menopoz donemi sorunlarinda kullanildigr yore halkiyla yapilan goriismelerde tespit edilmistir.
Piyasadan 6rnekler satin alinirken ne amagla 6nerildigi ve ne sekilde kullanildigi sorularina, drogun infiizyon seklinde,
kadin hastaliklar1 tedavisinde, idrar yollar1 rahatsizliklarinda ve yara iyi edici olarak tavsiye edildigi bilgisi elde
edilmistir.

3.2. Morfolojik bulgular

Bu caligmada piyasadan satin alian biitiin 6rnekler bitkinin meyveleridir. Yaprak ornekleri drog halinde
satilmamaktadir. incelenen piyasa 6rneklerinin morfolojik 6zellikleri Tablo 2°de verilmistir.

Dogadan topladigimiz ve standart olarak kullandigimiz hayit yapragi 5(-7) foliole ayrilmig palmat pargali
bilesik yapraktir. Yapragin iist ylizeyi koyu yesil renkte (Sekil 4), alt ylizeyi ise beyaz-tomentozdur (Sekil 5). Meyve
oval-kiiremsi, 4 gozli, siyah-kahverengi, stilusu genellikle kalici, her gézde 1 tohum tasiyan drupadir; 2-3 mm kadar
capa sahiptir. Olgunlukta kaliks tasir, kaliks meyvenin 2/3’lik kismini orter. Kaliks yesilimsi gri renkte ve tiiyliidiir.
Meyve 1-3 mm uzunlugunda kisa bir sap tasir (Sekil 3). Piyasa Ornekleri incelendigi zaman droga katistirma
yapilmadig1 belirlenmistir.

Sekil 3. Hayit meyvesi: 1. Meyve, 2. Kaliks
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Sekil 4. Hayit yapragi iist yiizeyi

3.3. Organoleptik bulgular

Sekil 5. Hayit yaprag: alt yiizeyi

Organoleptik incelemede meyveden elde edilen toz droglarin heterojen, gri-agik kahverengi renkli, kendine

6zgii aromatik koku ve tada sahip oldugu belirlenmistir.

-

i
> -

Sekil 6. Hayit meyvesi 6rnekleri (A1) ve yabanct madde
igerikleri.

Sekil 7. Hayit meyvesi 6rnekleri (A2) ve yabancit madde
icerikleri.

A

5.

Sekil 8. Hayit meyvesi ornekleri (A3) ve yabanct madde
igerikleri.

Sekil 9. Hayit meyvesi ornekleri (A4) ve yabanct madde
igerikleri.

Sekil 10. Hayit meyvesi drnekleri (A5) ve yabanci madde
igerikleri.

Sekil 11. Hayit meyvesi drnekleri (A6) ve yabanct madde
icerikleri.
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Sekil 12. Hayit meyvesi ornekleri (A7) ve yabanct madde

Sekil 13. Hayit meyvesi drnekleri (A8) ve yabanci madde
icerikleri.

igerikleri.
=

—

eI

Sekil 14. Hayit meyvesi drnekleri (A9) ve yabanci madde
igerikleri.

Sekil 15. Hayit meyvesi Ornekleri (A10) ve yabanci
madde igerikleri.

2= A ™)

® -

Sekil 16. Hayit meyvesi Ornekleri (All) ve yabanci
madde igerikleri.

Sekil 17. Hayit meyvesi Ornekleri (A12) ve yabanci
madde igerikleri.

&
-
AN

’

e

Sekil 18. Hayit meyvesi Ornekleri
madde igerikleri.

(A13) ve yabanci

Sekil 19. Hayit meyvesi Ornekleri (Al4) ve yabanci
madde igerikleri.
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Sekil 20. Hay1it meyvesi drnekleri (A15) ve yabanci madde igerikleri.

Tablo 2. Satin alinan “Hayit” 6rneklerinin morfolojik dzellikleri

Numune Satihig Genel Renk Meyve Boyutu (mm) Droga ait olmayan maddelerin varhg:
sekli goriiniis (Sap/Cap)

Al Paketli Tozlu Gri-Agik 1-3/2-3 Bitkiye ait dal ve yaprak pargalari
meyveler Kahverengi

A2 Paketli Tozlu Gri-Agik 1-3/2-3 Bitkiye ait dal ve yaprak pargalari
meyveler Kahverengi

A3 Paketli Tozlu Gri-Agik 1-3/2-3 Bitkiye ait dal ve yaprak pargalari
meyveler Kahverengi

A4 Paketli Cok  tozlu Gri-Agik 1-3/2-3 Bitkiye ve bagka bitkiye ait dal ve yaprak
meyveler Kahverengi pargalari

A5 Paketli Cok  tozlu Gri-Ag¢ik 1-3/2-3 Bitkiye ve bagka bitkiye ait dal ve yaprak
meyveler Kahverengi parcalar1

A6 Paketli Cok  tozlu Gri-A¢ik 1-3/2-3 Bitkiye ait dal ve yaprak parcalart
meyveler Kahverengi

A7 Agcikta Cok  tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak pargalari, tas
meyveler pargasi

A8 Agcikta Cok  tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak parcalari, bagka
meyveler bitkilere ait pargalar, bocek kalintilar1 ve

tas pargalari

A9 Acikta Cok  tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak pargalari, baska
meyveler bitkilere ait parcalar

A 10 Acikta Cok  tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak parcalari, tas
meyveler pargalari

All Agcikta Tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak pargalari, baska
meyveler bitkilere ait parcalar, tas parcalari, bocek

kalimtisi

A12 Acikta Tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak parcalari
meyveler

A13 Agcikta Cok  tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak pargalari, baska
meyveler bitkilere ait pargalar

Al4 Acikta Tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak pargalari, bagka
meyveler bitkilere ait pargalar

A 15 Agikta Tozlu Gri-Siyah 1-3/2-3 Bitkiye ait dal ve yaprak parcalari, tas
meyveler pargalari

3.4. Anatomik bulgular

3.4.1. Yaprak ayasi enine kesiti

Yaprak bifasiyaldir. Ust epiderma tek sirali, kare seklindeki hiicrelerden meydana gelmistir. Ust epiderma

cogunlukla 1 nadiren 2 hiicreli basit ve alt epidermada yer alanlara gore daha kisa olan sik yerlesmis oOrtii tiiyleri ile
kaplidir. Ust epidermanin altinda yer alan palizat parenkimasi 5-7 sirali, ince, uzun, silindirik hiicreden olusur. Palizatin

altinda hemen hemen hig hiicreler arasi bogluk bulundurmayan, diizensiz dizilisli, siinger parenkimasi yer alir. Siinger
parenkimasinin altinda {ist epidermaya gore ¢ok kiiciik olan, kare seklinde, tek sira halinde dizilmis alt epiderma
bulunur. Alt epidermada iist epidermaya oranla ¢ok daha yogun olan, 1 ya da 2 hiicreli, basit ve daha uzun olan ortii
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tilyleri goriilmektedir. Hem tist hem de alt epidermada salgi tiiyleri Ortii tiiyleri arasinda yerlesmistir. Salgi tiiylerinin
basi tek hiicreli, sap1 kisa 1 hiicrelidir.

0,05 mm

Sekil 21. Hayit yaprak laminasi (enine kesit): A. 1. Ortii tilyii, 2. Ust epiderma, 3. Palizat parenkimasi, 4.
Siinger parenkimasi, 5. Alt epiderma, B. Salg: tiiyti.

3.4.2. Yaprak yiizeyel kesiti

Ust epiderma hiicreleri genellikle diizensiz sekilli ve ¢ok koseli, genellikle 1 bazen 2 hiicreli basit, alt
epidermadakilere gore daha kisa ortii tiiyleri ile kaplidir. Nadiren basi tek, sap1 kisa ve 1 hiicreli salg tiiyleri de goriiliir
(Sekil 22-A). Alt epiderma hiicreleri {ist epiderma hiicrelerine gore daha ince ve uzun yapili, mekik ya da tiggen sekilli
hiicrelerdir. Alt epidermada anomositik tip stomaya rastlanmistir. Cok yogun bir sekilde 1-2 hiicreli basit ortii tiiyleri
tasimaktadir (Sekil 22-B). Yer yer salgi tiyleri de goriiliir.

u)b 3"{9 g\v & b w‘;jjn 25

Sekil 22. Hayit yaprak laminasi yiizeyel kesit: A. Yaprak laminasi iist epiderma, B.
Yaprak laminasi alt epiderma, C. Alt epidermada stoma
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3.4.3. Yaprak orta damar enine kesiti

Yaprak orta damarindan alinan enine kesitte, tek sirali, ince ¢eperli, kare ya da dikdortgen sekilli hiicrelerden
meydana gelmis iist epiderma goriiliir. Ust epiderma ¢ogunlukla 1 hiicreli, basit ve sik dizilisli 6rtii tiiylerini barindirir.
Nadiren 2 hiicreli 6rtii tiiyleri de bulunur. Ust epidermanin hemen altinda 3-10 sirali, kalin ¢eperli ve késeli hiicrelerden
meydana gelen kollenkima yer alir. Orta damar bu bolgede hafifce disar1 dogru ¢ikinti yapmustir. Ksilem 2-12 siralt
olup, ksilem parenkimasi hiicreleri ile kusatilmistir. Floem kiigiik, diizensiz dizilisli, 3-8 sirali hiicrelerden meydana
gelmistir. Floem parenkimasi ile kusatilan floemin altinda 2-9 sirali kollenkima disa dogru ¢ikinti yapmistir. Alt
epiderma hiicreleri tek sirali ve {ist epiderma hiicreleri biiyiikliigiinde olup 1 ya da 2 hiicreli ¢ok sik dizilisli Ortii
tilyleriyle kaplanmistir. Hem {ist hem de alt epidermada bagi tek, sap1 kisa ve 1 hiicreli salgi tiiyleri yer almaktadir
(Sekil 23).

0,1 mm

Sekil 23. Hayit yaprag: orta damari (enine kesit): 1. Salg1 tilyii, 2. Ortii tiiyii, 3. Ust epiderma, 4. Kollenkima, 5.
Ksilem parenkimasi, 6. Ksilem, 7. Floem parenkimasi, 8. Floem, 9. Alt epiderma

3.4.4. Meyvenin enine kesiti

Hayit meyvelerinde kaliks kismi meyve {izerinde kalicidir. Bu nedenle kaliks ve meyveden ayr1 ayri enine kesit
alinip incelenmistir.

Kaliks enine kesitinde, iist epiderma tek sirali, dikdortgen sekilli, kiiciik hiicrelerden olusur. Ust epiderma
yogun olarak 1 ya da 2 hiicreli, basit ortii tiiyleri ile kaplidir. Epidermanin altinda hiicreler arasi boslugu olmayan, oval
sekilli, kalin ¢eperli parenkima hiicreleri yer alir. Alt epiderma hiicreleri tek sirali, oval ve disa dogru ¢ikint1 yapmis,
ligninlegsme gosteren hiicrelerden olusur (Sekil 24).
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D

Sekil 24. A. Hayit meyvesi kaliksi (enine kesit): 1. Ortii Tiiyii, 2. Ust epiderma, 3. Parenkima, 4. Alt epiderma. B.
Hay1t meyvesi kaliksi iist epiderma (ylizeyel kesit). C. Hayit meyvesi kaliksi list epidermada ortii tityleri (ylizeyel kesit)
D. Hayit meyvesi kaliksi alt epiderma (ylizeyel kesit).

Meyve enine kesitinde, dis yiizeyde tek hiicreli sap, tek ya da ¢ok hiicreli bas kismi olan salgi tiiyleri oldukga
yogun yer alir. Mezokarp hiicrelerinin bazilar1 kahverenkli pigment tagir. Mezokarpin alt kismindaki hiicreler ince
ceperli, cukurlu, sklerenkimatik hiicrelerden ve c¢ok kalin ceperli izodiyametrik sklerenkima hiicrelerinden olusur.
Endokarp kiigiik, kahverenkli hiicrelerden olusmustur. Testa elemanlari ince, ligninlesmis geperli, genis liimenli
hiicrelerdir ve agsi kalinlasma goriiliir. Endosperma yogun sekilde alevron ve yag damlaciklari icerir (Sekil 25. A.-F.).

3.4.5. Toz drog incelemesi

Satin alinan 10 &rnek ve standart olarak kullanilan hayit meyvesinden elde edilen toz droglarin, Sartur reaktifi
ile hazirlanan preparatlari, 151k mikroskobu ile incelenmistir. Standart olarak kullanilan toz drogun karakteristik
elemanlariin ozellikleri tanimlanarak, mikrograflari ¢ekilmistir (Sekil 26). Elde edilen bulgular satin alinan hayit
meyvesi 6rneklerinin karakteristik 6zellikleri ile karsilastirilmistir. inceleme sonucunda bu 6rneklerin anatomik agidan
da standart olarak kullanilan meyve &rneklerine uygun oldugu tespit edilmistir.
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0.1 mm

Sekil 25. A. Hayit meyvesi (Fructus agni-casti) enine kesiti: 1. Salgi tityii 2. Ekzokarp 3. Mezokarp 4. Endokarp
5. Endosperm B. Salgi tiiyii C.-D. Mezokarpta sklerenkimatik hiicreler E. Ags1 kalinlagsmis hiicreler F.
Endosperma.
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Sekil 26. Hayit meyvesi (Fructus agni-casti) toz drogunun karakteristik elemanlari: A. Salgi tiiyii B. Ortii tiiyii
(Kalikse ait) C. Mezokarp D. Sklerenkima.
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4. Sonugclar ve tartisma

Bu ¢alismada Klasik Yunan ve Roma donemlerinden beri Avrupa’da kullanilan, Anadolu’da da yaygin olan ve
“Hayit meyvesi” olarak adlandirilan, Avrupa Farmakopesi 2011’de kayith Vitex agnus-castus bitkisinin meyveleri
(Fructus agni-casti) ve halk arasinda meyve olgunlagsmadan oOnceki donemde aymi amagla kullanildigi bilgisine
ulastigimiz yapraklar1 incelenmistir. Ulkemizde kadin hastaliklarmin tedavisinde kullanilan bu drog, halkimiz
tarafindan piyasadan temin edilmektedir. Hayit meyvesinin ve yapragiin halk arasinda kullanimi, morfolojik ve
anatomik ozelliklerinin tespit edilmesi ¢aligmamizin amacini olusturmaktadir.

Avrupa Farmakopesi’nde tibbi olarak kullanilacak bitki kismi1 meyvelerdir (EP, 2011). Ulkemiz piyasasinda da
satilan kisimlar bitkinin meyveleridir. Ayrica halk arasinda yapraklar da ayni1 amagla kullanilmaktadir. Buna ragmen
yaptigimiz ¢aligma sirasinda piyasada yaprak orneklerinin drog olarak satilmadigini gozlemledik. Hayit meyvesi adi
altinda satilan droglarin bir kisminin paketlenmis olarak diger bir kisminin ise agikta satildig: tespit edildi (Tablo 2).
Satin alma sirasinda saticilardan edinilen bilgilere gore drog infiizyon seklinde kadmn hastaliklarinda ve idrar yollar1
rahatsizliklarinda Onerilmektedir. Bitkinin kadm hastaliklarinda ve idrar yollar1 rahatsizliklarinda kullanilmak {izere
satilmasi bilgisi kaynak verileri ile uyumludur (Baytop, 1999; Evans, 2000; PDR, 2004). Ancak yara iyilestirici etkisini
destekleyecek geleneksel kullanim bulgusu ve biyolojik etki ¢aligmasina rastlanmamustir. Bu bilginin bilimsel olarak
teyit edilmesi gerekmektedir. Standart olarak kullandigimiz ve dogadan topladigimiz hayit meyveleri ile yapilan
morfolojik ve anatomik ¢alismalardan elde edilen bulgular Avrupa Farmakopesi 2011 ile uyumludur (EP, 2011). Daha
once yapilmis anatomik ¢aligmalara baktigimizda bulgularimizin, Metcalfe ve Chalk (1957)’1n yapmis oldugu ¢alisma
verileri ile uyumlu oldugu goriilmektedir. Dogan ve arkadaslari (2008)’nin yapmis oldugu ¢aligma bulgularindan farkli
olarak, calismamizda yaprak alt ve iist yiizeyinde basi tek, sap1 kisa ve 1 hiicreli salgt tiiyleri tespit edilmistir (Sekil 21
ve Sekil 23). Ayrica prizmatik kristal yaprak ve meyve drneklerinin anatomik incelemesinde goriilmemistir.

Piyasadaki numunelerin genellikle agikta paketlenmemis halde satildigi goriilmiistiir (Tablo 2; Sekil 27).
Ayrica numunelerin ¢ok tozlu oldugu belirlenmistir. Bu durum satiga sunulan droglarin kontrollerinin geregi gibi
yapilmadigimi gostermektedir. Calisma sirasinda morfolojik olarak incelenen orneklerde katistirmanin olmadig: tespit
edilmistir. Fakat A4 (Sekil 9), AS (Sekil 10), A8 (Sekil 13), A9 (Sekil 14), A11 (Sekil 16), A13 (Sekil 18), A14 (Sekil
19) numunelerinde baska bitkilere ait dal ve yaprak parcalart belirlenmistir. A7 (Sekil 12), A8 (Sekil 13), A10 (Sekil
15), A11 (Sekil 16) ve A15 (Sekil 20) numunelerinde tas pargalari, A8 (Sekil 13) ve A11 (Sekil 16) numunelerinde ise
bocek kalmtilari tespit edilmistir (Tablo 2).

Sekil 27. Paketlenmeden satilan Hayit meyvesi.

Tibbi bitkiler dogadan toplanarak elde edildigi gibi kiltiirii yapilan bitkilerden de elde edilirler. Tedavi edici
amagla kullanilacak olan tibbi bitki kisimlari, elde edilmelerinden halka ulastirilana kadar gececek siireci “iyi ziraat
uygulamalar1” ve “iyi imalat uygulamalar1” ilkelerine goére tamamlamalidir. Bu siirecler drogun kalitesi, emniyeti ve
etkinliginin saglanmasi i¢in 6nemlidir. Tekrarlanabilir fizyolojik cevap saglayabilecek sekilde standardizasyon tibbi
bitkiler i¢in de kagmilmazdir. Tibbi bitkiler i¢in standardizasyon dogru bitki ve dogru bitki kismu ile baslayan bir
siirectir (Evans, 2000; Kuruiizim Uz, 2009; Giiveng, 2011; Kiligarslan, 2014; Koroglu, 2015). Ayrica bir drogun
kalitesi goriinii, etken madde icerigi, koku ve tat 6zelliklerine baglhidir. Bu 6zelliklerin korunmasi da dogru toplama,
kurutma ve depolamaya dayanir. Droglar dncelikle toz gegirmeyen, havadar, kuru yerde tutulmalidir. Nemden dolay1
droglar risk altindadir. Nem drogda kiif mantarlarinin gelisimini kolaylastirir. Droglarda boceklenme de biiyiik bir
tehdit olusturur. Genellikle bocekler toplanma yerinde bulastigi gibi saklama sirasinda da bulagmaya yol agabilir.
Boceklerden arindirilmadigi takdirde drog larva ya da boceklerin drogu yemesi nedeniyle kullanilamaz hale gelir, ayrica
bocek kontaminasyonu droglar igin saglik agisindan istenen bir 6zellik degildir (Diener, 1965; Haensel ve Sticher, 2009;
Koéroglu, 2015).

Biitiin bu bilimsel veriler 1518inda piyasadan satin aldigimiz 6rnekler iizerinde standardizasyona yonelik
yaptigimiz morfolojik ve anatomik ¢aligmalarda elde ettigimiz tespitler, “Hayit meyvesi” adiyla satilan droglarm Vitex
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agnus-castus bitkisinden elde edildigini gostermistir. Bitkinin yogun tiiylii olmasi nedeniyle meyvelerin ¢ok tozlu
oldugu tespit edilmistir. Orneklerin bir kisminda baska bitkilere ait kisimlarin, bocek ve inorganik bulasmalarin varhig
piyasa Orneklerinin bilimsel drog tanimina uymadigimi ve halk sagligi agisindan da uygun nitelikler tasimadigini
gostermistir.
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Abstract

In this work, mucilage characterization and their taxonomical and ecological significance in the seeds of 11
Alyssum taxa (A. dasycarpum var. dasycarpum, A. desertorum, A. filiforme, A. hirsutum var. hirsutum, A. linifolium
var. linifolium, A. minutum, Alyssum murale var. murale, A. parviflorum, A. sibiricum, A. strictum and A. strigosum
subsp. strigosum) were investigated. The mucilage producing cells were seen on the seed surface of the all studied taxa
when hydrated in water. The seed mucilage was comprised of cellulose or pectin in the all examined taxa. There were
differences in columella lines such as flattened, prominent or reduced forms. Besides, soil adhesion capacities of the
seeds of the examined taxa ranged from 29 mg to 106 mg. The mucilage production in examined taxa can provide
advantages in seed dispersion and colonization.

Key words: Alyssum, colonization, morphology, pectin, mucilage

*

Tiirkiye’den 11 Alyssum taksonundaki tohum musilaj bilesenleri ve onlarin taksonomik ve ekolojik 6nemi

Ozet

Bu ¢alismada, 11 Alyssum taksonunun (A. dasycarpum var. dasycarpum, A. desertorum, A. filiforme, A.
hirsutum var. hirsutum, A. linifolium var. linifolium, A. minutum, Alyssum murale var. murale, A. parviflorum, A.
sibiricum, A. strictum ve A. strigosum subsp. strigosum) tohumlarindaki musilaj karakterizasyonu ve onlarin
taksonomik ve ekolojik Onemi ¢alisilmistir. Musilaj hiicreleri su ile temas halinde ¢aligilan taksonlarm tohum
yiizeylerinde goriilmiistiir. Tohum musilaj1 incelenilen tiim taksonlarda seliiloz veya pektinden olusmustur. Kolumela
sekillerinde diizlenmis, belirginlesmis veya indirgenmis gibi farkliliklar vardi. Ayrica, incelenilen taksonlarin
tohumlarinin toprak baglama kapasiteleri 29 mg ile 106 mg arasinda gesitlilik gdsterdi. Incelenen taksonlardaki musilaj
iiretimi tohum dagilimi ve kolonizasyonda avantajlar saglayabilir.

Anahtar kelimeler: Alyssum, kolonizasyon, morfoloji, pektin, musilaj
1. Introduction

Brassicaceae family is spread worldwide, excluding Antarctica (Koch and Kiefer, 2006). It has approximately 321
genera, and 3660 species (Al-Shehbaz, 2012; Fidan et al., 2017). The Alyssum L. genus is spread mainly in Europe,
Southwest Asia, and Northern Africa (Al-Shehbaz, 1987; Al-Shehbaz et al., 2006; Karabacak et al., 2016). Anatolia is
one of the main diversity areas of genus. Alyssum has 113 taxa in the Flora of Turkey, 56 of which are endemic
(Yilmaz, 2012).

Some genera in the Brassicaceae family has a common convergence for old characteristics utilized in taxonomy,
particularly in fruit (Mummenhoff et al., 1997). This situation induces some difficulties in their classification now and
again; thus, extra characters in diagnostic are required in the re-classification of such as Alyssum, Aethionema W.T.
Aiton and Thlaspi L. genera within family.
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Mucilage is placed in distinguished epidermis cells. It provides adaptive advantages such as germination,
dispersion, and adhesion to soil in terms of colonization (Ryding, 2001; Western, 2012). The mucilage layer has a key
role in blocked of germination (Kreitschitz et al., 2009). Also, Seed mucilage can help seed development, with
providing a humid location and preserving metabolic activity in the seed. In arid surroundings, mucilage can stop drying
of the seeds or recruit DNA repair mechanisms. Mucilage decreases oxygen circulation to the seed and therefore has a
key role in the regulation of the seed dormancy (Yang et al., 2012). Besides, mucilage layer offers the defensive against
pathogenic incidences (Young and Martens, 1991; Huang and Gutterman, 1999; Western, 2012). It is seen in many
angiosperm families such as Plantaginaceae, Asteraceae and Brassicaceae (Greubert, 1974; Ryding, 2001; Kreitschitz et
al., 2007; Western, 2012). The former many works have reported presence of the mucilage cells of some taxa in
Brassicaceae family (Harper and Benton, 1966; Gutterman and Shem-tov, 1997; Western et al., 2000; Lu et al., 2010;
Karaismailoglu, 2017).

The information about mucilage content of the seeds in the genus Alyssum is quite limited (Young and Evans,
1973; Baskin and Baskin, 1974; Koocheki et al., 2009; Sun et al., 2012). The purpose of this investigation has been to
work the mucilage contents of the seeds and soil adhesion capacity, and taxonomical and ecological importance of the
mucilage in the examined Alyssum seeds.

2. Materials and methods

Plants were collected from natural populations in Turkey. The vouchers and location data of the examined taxa
were presented in Table 1. The specimens of the plants were stored in ISTF herbarium or M.C. KARAISMAILOGLU
collection.

The changes on wetted seeds was detected, and assessments on the ability to hydrate were made. The wetted
analysis with distilled water were done at room temperature for 10 minutes. Methylene blue and safranin dyes were
used to define the mucilage type with 10 minutes dyeing (Kreitschitz et al., 2009).

Pure sea sand was used for determining the soil adhesion capacity of the seeds of the examined taxa. Firstly,
the 20 seeds were placed on the wetted sea sand in a petri dishes, mucilage shaped later 10 min. Later, the petri dishes
with the seeds and sand were transferred to 50°C for 24 h. Afterwards, seeds were sensibly detached from petri dishes
and the weights (final weights) were calculated. The soil adhesion capacity of the mucilage layer was determined by
comparison of the first and final weight of the seeds (Huang et al., 2000; Karaismailoglu, 2017).

Mucilage characters were noticed by an Olympus CX21FS1 microscope and Kameram Imaging Software.

3. Results

The wetted seed analyses indicate that there are the mucilage cells on surface of the seeds, which are in
cellulosic structure display a heterogenous form. The Alyssum seeds dyed with safranin and methylene blue have pectin
matrix and cellulosic edge (Fig. 1). Methylene blue enclosed with blue, violet or violet-blue cover around seeds as
orange was found with staining safranin (Fig. 1).

The volume of the shaped mucilage has offered differences in the examined Alyssum taxa (Table 2). Besides,
there were differences in columellae figures in the studied Alyssum taxa, which are in prominent, reduced or flattened
shapes. The soil adhesion capacities of the examined taxa ranged from 29 mg to 106 mg. Mucilage occurrence among
the examined Alyssum taxa was the highest at A. filiforme. Also, it is the lowest at A. linifolium var. linifolium (Table 2).
The differences in mucilage occurrence may arise from the habitat structures of the examined taxa. This situation has
been reported in some families such as Lamiaceae, Asteraceae and Brassicaceae (Mosquero et al., 2004; Kreitschitz et
al., 2009; Karaismailoglu, 2017). The seeds of A. filiforme and A. strigosum subsp. strigosum scattering in mostly
thirsty and stone regions propagate more mucilage than other studied taxa. They are hold to soil surface by virtue of the
mucilage layer (Gutterman and Shem-Tov, 1997), and thus became colonized. This finding is suitable with the obtained
information from this study, especially in invasive plant such as A. murale var. murale. Alike variation condition has
been reported in Matricaria chamomilla (Inceer, 2011) and in some Aubrieta species (Karaismailoglu, 2017).

The mucilage structure of the examined Alyssum taxa is cellulosic form, with cellulose and pectin. The
cellulosic mucilage is a sample of colloidally dispersal cellulose and typically derive from pectins, which are acidic
polysaccharides with a special capacity for hydration (Grant et al., 1969; Fahn and Werker, 1972; Kreitschitz et al.,
2007; Karaismailoglu, 2017, Table 3). This work is the first on the mucilage structure of the genus Alyssum. The
structure of cellulose threads is alike in examined taxa, which is consistent with their taxonomic closeness. This finding
is compatible with earlier works (Gerlach, 1972; Braune et al., 1975; Western et al., 2000; Western, 2006; Kreitschitz et
al., 2009; Inceer, 2011; Karaismailoglu, 2017).
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Figure 1. The mucilage structure in seeds of the examined taxa; Alyssum dasycarpum var. dasycarpum: 1-2 (Safranin),
3-4(Methylene Blue), A. desertorum: 5-6 (Methylene Blue), 7 (Safranin), A. filiforme: 8 (Safranin), 9 (Methylene
Blue), A. hirsutum var. hirsutum: 10-11 (Safranin), 12 (Methylene Blue), A. linifolium var. linifolium: 13-14 (Safranin),
15 (Methylene Blue), A. minutum: 16 (Safranin), 17 (Methylene Blue), A. murale var. murale: 18 (Safranin), 19
(Methylene Blue), A. parviflorum: 20-21 (Safranin), 22-23 (Methylene Blue), A. sibiricum: 24 (Safranin), 25
(Methylene Blue), A. strictum: 26 (Safranin), 27 (Methylene Blue), A. strigosum subsp. strigosum: 28 (Safranin), 29
(Methylene Blue).
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Table 1. The examined taxa and their locations

Taxa Location Voucher

Alyssum dasycarpum STEPHEN EX WILLD. var. dasycarpum Ankara, Haymana, open areas around Mogan lake, 980 m, 10.8.2016 Karaismailoglu 330
Alyssum desertorum STAPF. Ankara, Kecidren, roadside, open areas, 900 m, 17.08.2016 Karaismailoglu 337
*Alyssum filiforme NYAR. Gilimiishane, Kiirtiin, Karagdl, roadsides, inclined slopes, 1600 m, 13.7.2014 Karaismailoglu 85b
Alyssum hirsutum BIEB. var. hirsutum VENT. Mersin, Mut, Kucukegre mountain, inclined stone slopes, 900 m, 27.7.2012  Karaismailoglu 8
Alyssum linifolium STEPH. EX WILLD. var. linifolium Konya, Cihanbeyli-Yavsan, salt lake edge, 960 m, 11.7.2016 Karaismailoglu 316
Alyssum minutum SCHLECHT. EX DC. Bursa, Uludag, Yigitali, roadsides, inclined slopes, 1500 m, 1.7.2016 Karaismailoglu 295
Alyssum murale WALDST. ET KIT. var. murale WALDST. ET KIT. Guimiigshane, Kiirtiin, Karag6l mountain road, 675 m, 13.7.2014 Karaismailoglu 74b
Alyssum parviflorum FISCH. ex M. BIEB. Istanbul, Bilyiikcekmece-Catalca, roadsides, 4 m, 8.7.2016 Karaismailoglu 312
Alyssum sibiricum WILLD. Kiitahya, Gediz, Cukuréren, 1350 m, 24.6.2016 Karaismailoglu 290
Alyssum strictum WILLD. Nigde, Camardi, Yelatan village hills, 2083 m, 12.6.2016 Karaismailoglu 271
Alyssum strigosum BANKS ET SOL. subsp. strigosum Bursa, Uludag, past the hotels, open inclined slopes, 1800 m, 1.7.2016 Karaismailoglu 296

Table 2. Columellae structures and soil adhesion capacities of the mucilage cells in the examined Alyssum taxa

Soil adhesion capacity of seeds

Taxa Columellae structure First weight (mg) Final weight (mg) Net (Final-First w.) (mg)

Alyssum dasycarpum var. dasycarpum flattened or prominent 18 58 40

A. desertorum flattened or reduced 53 119 66

A. filiforme flattened 99 205 106

A. hirsutum var. hirsutum prominent 63 118 55

A. linifolium var. linifolium flattened or reduced 10 39 29

A. minutum prominent 43 115 68

A. murale var. murale prominent 34 141 87

A. parviflorum prominent 13 45 32

A. sibiricum prominent 10 77 67

A. strictum prominent or reduced 8 91 82

A. strigosum subsp. strigosum flattened or reduced 52 151 99

Table 3. The staining of mucilage layer and literature data

Dyeing Target Obtained Color Literature data Prior works

Safranin Pectin  Orange Orange, Orange-Red Gerlach 1972, Braune et al. 1975, Kreitschitz et al. 2009, Inceer
Cellulose Orange Orange, Orange-Red, Red 2011, Karaismailoglu 2017

Methylene Blue Pectin Blue, Violet-Blue, Violet  Blue, Violet Blue BroQa 1971, Gerlach 1972, Kreitschitz an.d Va]les 2007,
Cellulose Blue,Violet-blue Violet-Blue, Blue Kreitschitz et al. 2009, Inceer 2011, Karaismailoglu 2017
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Abstract

This study was carried out in order to determine whether there is a relationship between some wild mammal
species and agricultural crops in farm land of Isparta-Atabey province. 60 sample plots were taken in the course of the
study in Atabey province. Presence/absence data for mammalian wild animals and agricultural crops were recorded at
each sample plot. To examine the data, Interspecific correlation analysis was preferred in various analytical methods.
According to the results were determined as positive relationship between, Prunus persica (p=0,031), to brown hare
(Lepus europaeus); Vitis vinifera (p=0,012) and Prunus persica (p=0,04) to wild boar (Sus scrofa); Prunus persica
(p=0,011), Juglans regia (p=0,028) and Vitis vinifera (p=0,032) to badger (Meles meles) and Prunus persica (p=0,003),
Prunus avium (p=0,013), Juglans regia (p=0,027), Amygdalus communis (p=0,088) to marten (Martes foina). Besides,
between Triticum aestivum (p=0,047) and Malus domestica (p=0,073) for brown hare and Triticum aestivum (p=0,009)
ve Medicago sativa (p=0,08) for wild boar, Hordeum vulgare (p=0,057) and Triticum aestivum (p=0,064) for badger
and Vitis vinifera (p=0,055) for marten were determined as negative relationship.

Key words: agricultural crops, wild mammals, interspecific correlation analysis

k

Zirai bitki tiirleri ile bazi memeli yaban hayvam tiirleri arasindaki iliski

Ozet

Bu caligma Isparta-Atabey ovasi ziraat alanlarinda rastlanan bazi memeli yaban hayvanlar ile zirai bitkiler
arasinda iliski olup olmadigini tespit etmek amaciyla gerceklestirilmistir. Atabey ovasinda rastgele 60 adet 6rnek alan
alinmistir. Her 6rnek alanda memeli yaban hayvanlari ve zirai bitki tiirlerine ait var-yok verileri kaydedilmistir. Analitik
degerlendirme igin nitelikler arasi iligki analizi tercih edilmistir. Analiz sonucunda yaban tavsani (Lepus europaeus)’nin
Prunus persica (p=0,031) ile, yaban domuzu (Sus scrofa)’nun Vitis vinifera (p=0,012) ve Prunus persica (p=0,04) ile,
porsuk (Meles meles)’un Prunus persica (p=0,011) ile, Juglans regia (p=0,028) ve Vitis vinifera (p=0,032) ile, kaya
sansar1 (Martes foina)’ nin Prunus persica (p=0,003), Prunus avium (p=0,013), Juglans regia (p=0,027) ve Amygdalus
communis (p=0,088) ile pozitif iliskili tiirler oldugu tespit edilmistir. Bununla birlikte yaban tavsani igin Triticum
aestivum (p=0,047) ve Malus domestica (p=0,073), yaban domuzu igin Triticum aestivum (p=0,009) ve Medicago sativa
(p=0,08), porsuk i¢in Hordeum vulgare (p=0,057) ve Triticum aestivum (p=0,064), sansar i¢in ise Vitis vinifera
(p=0,055) tiirleri negatif iligkili tiirler olarak belirlenmistir.

Anahtar kelimeler: tarim iiriinli, memeli yaban hayvanlari, nitelikler arasi iligki analizi
1. Giris

Giiniimiizde yaban hayvanlarmin dogal habitat istekleri bilinmekle birlikte insan etkisi altindaki zirai alanlarda
varlik gosteren yaban hayvanlari hakkinda kesin bir habitat tanimlamasi yoktur. Yaban hayvani bulundugu alanin

yasam sartlara gore degisik tercihlerde bulunabilir. Tercihte birgok ekolojik etmenin farkl: tiirlerde ve alanlarda farkli
sekilde birlesmesi sonucu 6zel durumlarla karsilagilmaktadir. Yaban hayvanlarinin tarim alanlarini beslenme, gizlenme
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ve Ortii gibi hangi 6zelligi i¢in tercih ettikleri ve meydana getirdikleri zararlar hakkinda az sayida ¢alisma mevcuttur.
Genel olarak zirai alanlarda bocek zarari ¢alismalari gerceklestirilmistir. Yaban hayvanlarinin da zirai alanlar ve besi
hayvanlari {izerinde zayiata yol actiklar1 bilinmektedir. Yaban hayvanlari ve meydana getirdikleri zararlar neticesinde
insan ve yaban hayvani anlagmazlii/catismast denen kavram ortaya c¢ikmistir. Bitkisel ve hepcil beslenen yaban
hayvanlari ziraat alanlarinda zarara yol agarken, et¢il beslenenler ise besi hayvanlari ile evcil hayvanlara zarar vermekte
ve hatta insanlar i¢in tehlike olusturmaktadir.

Ciftcilerin yaban hayvanlar ile birebir karsilagmalar1 ve zirai {iriinlerde meydana getirdikleri zararlar ile ilgili
cesitli sikayetleri mevcuttur. Ulkemizde genellikle yaban domuzu zirai alanlara, kurt ise besi hayvanlarma zarar
vermektedir. Diger iilkelerde farkli yaban hayvanlari ¢esitli zayiatlara neden olmaktadir. Yaban hayvani zararint konu
alan ¢esitli ¢alismalar bulunmaktadir. Cai vd., (2008) Cin’de gerceklestirdikleri ¢alismada yaban domuzunun musir,
patates ve bugday ziraat1 yapilan alanlarda hasara neden oldugunu bildirmistir (ss. 723—728). Chiyo ve arkadaglarinin
(2005) Uganda Kibale Orman Milli Parki'ndaki fillerin ziraat alanlarina olan hasar1 incelenmis, vejetasyonun
yiikselmesi ve misir olgunlagmasi ile zararn arttifini ifade etmislerdir (ss. 48—55). Hill (2000) tarafindan Uganda
Budongo Orman Rezervinin giiney kenarindaki ekin tarlalarina basta babun olmak iizere primatlar tarafindan yapilan
baskinlarin etkisini incelemistir (ss. 299-315). Vijayan ve Pati (2002) degisen zirai modellerin seker kamisi1 ve mango
yetistiriciligi arttik¢a aslan ve panter dagilimi ile tarim alanlarindaki besi hayvani ve insana yo6nelik saldirilarin arttigini
bildirmistir (ss. 541-559). Virgos vd. (2010) kaya sansari ile taze meyve varlig1 arasindaki iliskiyi arastirmislardir (ss.
423-43). Arastiricilar agag Ortiisliniin ¢ok 6nemli oldugunu ve bogiirtlen varliginin kaya sansarmin habitat tercihinde
etkili oldugu bildirmistir. Ozen ve Ulugay (2010) porsugun badem, kiraz, ceviz, ardi¢, elma, dut, karagam, dogu ¢nari,
erik, ahlat, armut, mese, kusburnu, sogiit, akkavak, misir, nohut, fasulye, bugday, pancar ve aygicegi bitkilerinin
bulundugu alanlar1 yasam alan1 olarak tercih ettigini kaydetmistir (ss. 9-20 ). Ayberk (2003) yaban tavsaninin kisin
kaym, giirgen, disbudak, akcaagac, karaagac, titrek kavagi, bazen de mesenin tomurcuk ve siirgiinlerini yedigini hatta
akasya ve katirtirnaginin kabugunu soyarak diri odununu kemirdigini bildirmistir (ss. 79-86).

Ekolojik ¢aligmalarda hedef tiir (hayvan veya bitki) ile iligkili gosterge tiirlerin kullanilmasi degerlendirmelerin
hizli bir sekilde gerceklesmesine imkan saglamaktadir. Tiirkiye'de bazi bitki tiirlerinin potansiyel yayilis alanlarinin
gosterge tiirlerini belirlemeye yonelik caligmalar gerceklestirilmistir (Celik vd., 2006; Giilsoy vd., 2013; Giilsoy ve
Ozkan, 2013; Giilsoy ve Negiz, 2014; Negiz vd., 2015; Kaya vd., 2017). Bitkiler yaban hayvanlar1 i¢in besin ve ortii
saglamasindan dolay1 6nemlidir. Yaban hayvanlarinin habitat tercilerinin belirlenmesinde yasama ortami faktorlerinden
en ¢ok etkili olan degisken bitkilerdir. Baz1 ¢alismalarda ise korunan alan veya dogal alanlarda, yaban hayvani varlig
ve odunsu bitki tiirlerinin dagilimi arasindaki iligkiler arastirilmistir (Ogurlu ve Aksan, 2013; Siiel vd., 2013; Siiel vd.,
2016). Ogurlu ve Aksan (2013) toros sedirinin yaban tavsani, yabani erigin yaban domuzu, yabani erik, ahlat, dogu
¢mar1 ve toros sedirinin porsuk ve kusburnunun ise kaya sansari i¢in pozitif gosterge odunsu tiirler oldugunu tespit
etmigtir (ss. 81-87). Yine ayni ¢alismada yaban tavsani i¢in kavak ve mesenin, porsuk i¢in ise Anadolu karacaminin
negatif gosterge tiirler oldugu kaydedilmistir. Kopriicay yoresinde yaban hayvanlarin habitat tercihlerine yonelik
gosterge tiirler arastirilmis; tespih calisi, menengic ve ak¢akesme tavsan ile, tespih ¢aligt yaban domuzu ile, menengic
porsuk ile, dafne ve akcakesme kaya sansari tiirleri ile istatistiksel olarak 6nemli pozitif birliktelikler gdsterdigi rapor
edilmistir (Ogurlu ve Aksan 2013; Siiel vd., 2013). Bu ¢aligmalar 15181nda yaban hayat1 aragtirmacilari ¢calismada konu
edilen bitki tiirlerini bulunduran bir sahada g¢aligtiklarinda, buradaki bir bitki tiirii ile hedef hayvan tiirii arasindaki
iliskiyi kullanarak alanda ¢ok kisa bir slirede ve zahmetsizce yaban hayvanlarinin potansiyel varligimni
belirleyebilecektir. Yine bu g¢alismalar neticesinde elde edilen veriler 1518inda yaban hayvanlarini dogal alanlarinda
dogal bitki tiirlerinin ekim veya dikimi gergeklestirilebilir.

Gergeklestirilen ¢alismada ise Atabey ovasinda ekim ve dikimi yapilan zirai bitki tiirleri ile bazt memeli yaban
hayvam tiirleri arasindaki iligki arastirilmigtir. Elde edilen sonuglar ile insan yaban hayvam karsilagmasi/¢atismasina
¢Oziim olabilecek maddeler belirtilmistir.

2. Materyal ve yontem
1.1. Materyal

Atabey ovasi Isparta ilinin 15 km kuzeydogusunda, 30° 27.718" - 30° 39.039' dogu boylamlar ile 37° 50.547" -
37° 58.328' kuzey enlemleri arasinda yer almaktadir. Sahada karasal iklim etkilidir. 2017 yilina ait ortalama sicaklik
degerlerine gore yillik ortalama sicaklik 12 °C en yiiksek sicaklik 22,3 °C ile Temmuz, en diisiik sicaklik 2 °C ile Ocak
aylarinda belirlenmis olup, yillik toplam yagis ise 560 mm olarak 6l¢lilmiistiir (Climate-data, 2017).

Atabey Ovast toplam 202.000 dekar arazi alanina sahiptir. Sahanin 79.190 dekar1 tarim alani, 63.480 dekari
orman alam, 7.267 dekar1 mera alan ve 52.063 dekar1 diger (akarsu, gélet, 2B, kadastro dis1 arazi, yerlesim alani) alam
ozelligindedir (IGTHM, 2017). Sahada geleneksel ve klasik tarim yontemleri uygulanmaktadir.

2.2. Yontem

Atabey ovasi 300 m x 300 m biiyiikliigiinde olacak sekilde 3666 adet kareye boliinmiistiir. Bu karelerden 60
adedinde envanter calismasi yapilmustir (Sekil 1). Rastgele alinan 60 adet 6rnek alanda kaydedilen yaban hayvanlari ve
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bitki tiirlerine ait var-yok verileri, zirai tiirler ile yaban hayvanlari arasindaki pozitif veya negatif iliskiyi belirlemek
iizere degerlendirilmistir.

Sekil 1. Atabey Ovasi 6rnek alanlar

Arazi caligmalar1 2016 yilinin vejetasyonun canli oldugu Nisan-Agustos aylari arasinda dolayli gdzlem
tekniklerinden yararlanilarak gergeklestirilmistir. Ornek alanlarda karsilasilan iz ve belirtilerin teshisinde Elbroch
(2003, ss. 779) ve Murie ve Elbroch (2005, ss. 391)’dan yararlanilmustir.

Calismamizda zirai bitki tiirleri ile yaban hayvanlarmin varligi arasindaki iliski, nitelikler arasi iligki analizi
yontemiyle arastirtmmstir. Nitelikler arasi iligki analizinin yapilabilmesi i¢in Ozkan’m Cole (1949)’a atfen bildirdigi
siralama [4 gozlii 2x2 tablosunun olusturulmasi, Kikare degerinin (x?) elde edilmesi, Kikare cetvelinden n-1 i¢in 6nem
diizeyi (p) degerinin bulunmasi, iliski yonii (-/+) ve korelasyon katsayisinin hesap edilmesi (C3)] takip edilmistir
(aktaran Ozkan, 2002; Ozkan, 2004; Ozkan vd., 2007; Giiner vd., 2011; Ogurlu ve Aksan, 2013).

3. Bulgular

Sahadaki tarimi yapilan driinler tarla bitkileri, sebzelikler, meyvelikler, baglar, endiistri ve siis bitkileridir.
Ornek alanlarda ziraat: yapilan toplam 15 zirai bitki tiirii tespit edilmistir (Tablo 1). Her zirai tiiriin memeli yaban
hayvani varhigi baglaminda iliski ve anlam diizeyi Kikare analiziyle, Kikare cetvelinden, n-1 igin p (6nem diizeyi)
degerleri ve tiirler arasi birlikteligin yoni ise nitelikler arasi iliski analizi C3 katsayisi hesaplamasina gore
pozitif/negatif olarak belirlenmistir (Tablo 2).

Tablo 1. Bitki tiirleri ve verilen kodlar

Sira no Tiirkge ismi Latince ismi

1 Arpa Hordeum vulgare

2 Badem Amygdalus communis
3 Bugday Triticum aestivum

4 Ceviz Juglans regia

5 Elma Malus domestica

6 Erik Prunus domestica

7 Fig Vicia sativa

8 Gul Rosa damascena

9 Haghas Papaver somniferum
10 Kavak Populus nigra.

11 Kiraz Prunus avium

12 Seftali Prunus persica

13 Uziim Vitis vinifera

14 Visne Prunus cerasus

15 Yonca Medicago sativa
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Tablo 2. Hedef memeli yaba hayvani tiirleri ile zirai bitki tiirleri arasindaki iliski

Tiirler Yaban Tavsam Yaban Domuzu Porsuk Sansar

No X2 p C3 X2 p C3 X2 p C3 X2 p C3

1 Arpa | 0,59 |0,443|-0,173140,923|0,337| -0,2323 | 3,614 | 0,057 | -0,43886 |1,004| 0,316 | -0,24236
2 | Badem | 0,171 | 0,679 |0,090811(0,019( 0,891 | 0,033186 | 2,261 | 0,133 | 0,329876 |2,911| 0,088 | 0,403846
3 | Bugday | 3,952 | 0,047 | -0,408 |6,898( 0,009 | -0,56807 | 3,436 | 0,064 | -0,40367 |0,767( 0,381 | -0,21562
4 Ceviz | 1,532 0,216 |0,199804|2,675| 0,102 | 0,30083 | 4,855 | 0,028 | 0,362069 |4,904| 0,027 | 0,425214
5 Elma | 3,214 | 0,073 [-0,36175(0,034| 0,853 | -0,0444 0 1 0 1,635/ 0,201 | -0,3027
6 Erik |0,017 | 0,897 |0,011753(0,812| 0,368 | 0,096154 | 1,392 | 0,238 | 0,114 (0,285| 0,594 0,06

7 Fig 0,26 | 0,61 |-0,06116|1,054 (0,305 | -0,14381 | 0,539 | 0,463 | -0,09615 [0,152| 0,697 | 0,055556
8 Gul [ 0,005 | 0,945 |0,012645|0,137( 0,711 | 0,076419 | 2,591 | 0,107 | 0,294 (0,648| 0,421 | 0,170354
9 Hashas | 0,051 0,821 | -0,024 | 0,49 (0,484 | -0,08801 | 0,188 | 0,664 | -0,05058 | 1,22 | 0,269 | -0,14081
10 Kavak | 0,584 | 0,445 |0,149378|0,156| 0,693 | -0,08879 | 0,734 | 0,392 | 0,222306 |0,184| 0,668 | 0,097669
11 Kiraz | 0,055 | 0,815 |0,052402|0,992 0,319 | 0,237838 | 1,669 | 0,196 | 0,290832 | 6,17 | 0,013 | 0,566769
12 Seftali | 4,643 | 0,031 (0,284672( 4,22 | 0,04 |0,326198 | 6,492 | 0,011 | 0,359214 (8,635| 0,003 | 0,488936
13 | Uzim | 0,624 | 0,43 |0,105779(6,326|0,012| 0,37 |4,622|0,032 | 0,293103 |3,679| 0,055 | -0,01284
14 Visne | 1,837 0,175 |-0,1493810,122( 0,726 | 0,043243 | 0,188 | 0,664 | -0,05058 |0,005| 0,945 | -0,00888
15 Yonca | 0,051(0,821| -0,024 |3,061| 0,08 | -0,22198 | 0,188 | 0,664 | -0,05058 | 1,22 | 0,269 | -0,14081

Elde edilen sonuglara goére sulu veya kuru meyveli odunsu tiirlerin varligi ile memeli yaban hayvanlarinin
sahadaki varlig1 arasinda pozitif yonde bir iliski oldugu tespit edilmistir.

Yaban tavsani ile seftali varlig1 arasinda istatistiksel olarak (p=0,031/+) pozitif yonde iliski var iken, bugday
(p=0,047/-) ve elma (p=0,073/-) ile negatif yonde bir iliskili oldugu belirlenmistir. Yaban domuzu varhigmin zirai bitki
tirlerinden tiztim (p=0,012/+) ve seftali (p=0,04/+) ile pozitif yonde iliskili oldugu, ancak bugday (p=0,009/-) ve yonca
(p=0,08/-) ile ise negatif yonde bir iligkisinin oldugu saptanmistir. Arazi ¢alismalarindan elde edilen var-yok
durumlarina gore porsuk ile seftali (p=0,011/+), ceviz (p=0,028/+) ve liziim (p=0,032/+) arasinda pozitif yonde, arpa
(p=0,057/-) ve bugday (p=0,064/-) arasinda ise negatif yonde iligki gdzlenmistir. Kaya sansar1 varligi ile zirai tiirlerden
seftali (p=0,003/+), kiraz (p=0,013/+), ceviz (p=0,027/+) ve badem (p=0,088/+) varlig1 arasinda pozitif yonde bir iligki,
iizim (p=0,055/-) ile negatif yonde bir iliski oldugu tespit edilmistir.

Yaban hayvanlarinin 6zellikle seftali bahgelerinin oldugu zirai alanlar1 ¢ogunlukla tercih ettigi kaydedilmistir.
Tiirler bu alanlar seftali agaglarinin diizenli sulanmasi ile zemin ortiisiinde taze ot bulabildigi, tarlalarin arasinda ve
etrafinda saklanip gizlenebilecekleri uygun alanlarin bulunmasindan dolay: bu alanlar tercih ettigi belirlenmistir. Yine
seftali bahgelerinin bulundugu alanlarin gevresinin yapisal olarak ve zirai bitki tiirli agisindan ¢esitlilik géstermesinden
dolay1 yaban hayvanlari i¢in uygun habitatlar olusturdugu gézlenmistir. Tahil alanlari ile hedef tiirlerin varligi arasinda
negatif yonde bir iliski tespit edilmistir. Bu alanlar genis diizliiklerde yer almakta ve civari yine bugday, arpa ve fig gibi
tahil alanlarindan olusmaktadir. Hedef tiirlerimiz, vejetasyonun gelisip saklanma ortiisii olusturana kadar gizlenmek i¢in
uygun olmadigi i¢in bu alanlardan uzak durmaktadir. Ayrica bu alanlarin gevresi tiir habitat ihtiyaglarina uygun
Ozellikte degildir. Ancak etrafinda saklanip gizlenebilecegi Ortii bulunan sahalara yakin 6rnek alanlarda kismen hedef
tiirlere ait iz ve belirtilere rastlanmistir.

4. Sonuglar ve tartisma

Ekolojik ¢alismalarda hedef tiir (hayvan veya bitki) ile iligkili gosterge tiirlerin kullanilmasi degerlendirmelerin
hizli bir sekilde gergeklesmesine imkan saglamaktadir. Bu sayede sorunlara ¢oziimler gelistirilebilmekte ve zarara
yonelik 6nlemler alinabilmektedir.

Cai vd., (2008) yaban domuzunun musir, patates ve bugday ziraati yapilan alanlarda hasara neden oldugunu,
ziraat alaninin yaban domuzu habitatina yani daglara ve suya yakiligi arasindaki baglantinin hasari arttirdigi
bildirilmistir (S. 726). Chiyo ve arkadaglarinin (2005) fillerin ziraat alanlarina olan hasarini inceledigi ¢aligmalarinda
vejetasyonun yiikselmesi ve misir olgunlagmasi ile zararin arttigin belirtilmistir (S. 53). Vijayan ve Pati (2002) seker
kamisi ve mango yetistiriciligi arttikga aslan ve panter dagilimi ile tarim alanlarindaki besi hayvanlarina ve insana
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yonelik saldirilarin arttigini bildirmistir (S. 256). Ciinkii bu alanlar yirticilara gizlenme Ortiisii saglamaktadir. Elde
ettigimiz sonuglar ve yapilan tim bu ¢aligmalar yaban hayvanlarinin besin tercihi yaninda besinlerin yetistigi ortam
faktorlerinin de etkili oldugunu gostermektedir. Ogurlu ve Aksan (2013) odunsu tiir gesitliliginin yiiksek oldugu
alanlarda yaban hayvanlarinin bulunma sikliginin oldukea yiiksek oldugunu ifade etmiglerdir (S. 85). Alandaki yapisal
cesitlilik ile birlikte otsu ve odunsu bitki tiirlerinin gesitliligi yaban hayvanlarimin barmma, siginma, saklanma,
beslenme ve dinlenme gibi aktiviteleri i¢in kullanabilecekleri yasam alanlarinin zenginligini artirmaktadir (Aksan 2013
s. 249). Yapisal cesitlilik ve tiir gesitliligi arttikca yaban hayvanlarinin bulunma olasilig1 yiikselmektedir. Insan
miidahalesi ile (tarim ve bazi ormancilik uygulamalar) alanlar tekdiizelestik¢ce yaban hayvanlari kendileri i¢in uygun
alanlara ¢ekilmekte ve bu alanlarda sikismaktadir. Yaban hayvanlarinin ihtiyaclarini karsilayabilecek uygun alanlarin
azalmasi nedeniyle insan ve yaban hayvani karsilagmalar1 ve dolayisi ile ¢ikar gatigmalart (ekin/besin) artmaktadir.
Hayvanlar besin ve su gibi ihtiyaglar1 i¢in zaruri olarak ziraat alanlarmna veya yerlesim yerlerine yaglasmak zorunda
kalmaktadir. Ciftciler yaban hayvan tiirleri igerisinden en fazla yaban domuzundan sikayet etmektedir. Yaban domuzu
ise daha cok su ve nemin bulundugu alanlari/tarlalar1 tercih etmektedir (Cai vd., 2008; Aksan,2013; Aksan vd., 2013;
Ogurlu ve Aksan, 2014). Ozellikle sebze ve meyve bahgelerinde hasara neden olan yaban domuzundan korunmak igin
ciftciler ses ¢ikaran cesitli sistemler kurmak gibi uygulamalara bagvurmaktadir. Ancak yaban domuzu sistematik olarak
¢ikarilan bu seslere aligmakta ve maalesef bu uygulamalarda yaban domuzunun neden oldugu hasari
engelleyememektedir. Yaban domuzu hasarin1 Onleyebilmek i¢in en uygun yontem ziraat alanini tel orgi ile
cevirmektir.

Zirai bitki tiirleri ile memeli yaban hayvani tiirlerinin varlig1 arasindaki iliskinin tespitine yonelik yapilan bu
calisma ile hangi zirai bitki tiirinii hangi yonde (pozitif/negatif) ve nigin tercih ettikleri belirlenmeye ¢alisilmistir. Bu
sayede ¢iftci ve yaban hayvani arasinda gergeklesen ¢ikar ¢atigsmasini engellemeye yonelik 6nlemler alinabilir.

Gergeklestirilen bu ¢alismanin sonuglarindan faydalanilarak dogal alanlara yakin ve yaban hayvanlarinin
habitatlarina yakin bulunan tarim alanlarina, yaban hayvanlarinin uzak durdugu veya tercih etmedigi zirai bitki
tiirlerinin ekimi ve dikimi yapilarak yaban hayvanlarinin zararina karsi bir giivenlik bdlgesi olusturulabilir. Bu alanlar
ilk olarak yaban hayvanlarinin tercih etmedikleri besin tiirii veya kendilerini giivende hissedemedikleri ortii tipi gibi
ozellikler tagimalarindan dolay1 yabani tiirler bu alanlardan uzak duracaktir ve bu alandan o6teye ilerlemeleri kismen
onlenmis olacaktir. Bu tampon denilebilecek alanlar sayesinde yaban hayvani dogal habitatindan uzak ziraat alanlarinda
yani daha i¢ kesimlerde sulu veya kuru meyveli ya da sebze veya meyve yetistiriciligi daha az zararla
gerceklestirilebilir. Ciinkii yaban hayvanlari kendilerini giivende hissetmedikleri koruma alanini gegerek zirai alanlara
nadiren gelme egilimi gosterecektir. Yaban hayvanlari habitatlarina yakin, giivenli ve kolay sekilde besin
bulabilecekleri alanlar1 tercih eder. Zirai alanlarin tel orgii ile c¢evrelenmesi yine yaban domuzu zararini
engellemektedir. Ancak porsuk, sansar ve yaban tavsani agisindan tel 6rgiiniin pek faydasi olmamaktadir. Golciik tabiat
parkinda gergeklestirdigimiz ¢alismada porsuk, sansar ve yaban tavsaninin tarim alanina tel orgii altin1 kazarak girdigi
gozlenmistir. Yaban hayvanlarini ziraat alanlarindan uzaklastirmanin en uygun yolu ise yaban hayvanlar ile pozitif
yonde iliskisi bulunan bitki tiirlerinin dogal alanlar igerisinde ekimi, dikimi ve su kaynaklarinin olusturulmasi gibi
yontemler uygulanarak yaban hayvanlarinin dogal habitatlarinda kalmalarini saglamaktir (Ogurlu ve Aksan, 2013, ss.
81-87). Ancak bu uygulamalar alanin dogal yapisint bozmayacak sekilde uygulanacak yenileme ve rehabilitasyon
calismalari ile gerceklestirilebilir.
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Abstract

26 new regional records of liverworts are presented. They include species, which are re-collected after a long
collection gap, often of more than 100 years ago or represent up to now rarely collected taxa or new records for several
provinces.
Key words: Bryophyte, flora, distribution, phytogeography, Turkey

k

Tiirkiye’den yeni il kayitlarim1 da iceren, nadir ve az toplanmis cigerotlari

Ozet
Bu ¢aligmada il bazinda 26 yeni cigerotu sunulmustur. Bunlarin bazilar iller i¢in yeni kayit, bazilart ise 100
yillik bir zaman arali§indan sonra tekrar toplanmus tiirleri icermektedir.

Anahtar kelimeler: Briyofit, flora, dagilim, fitocografya, Tiirkiye
1. Introduction

Species knowledge and its distribution is of fundamental importance and urgently needed for the understanding
of the dynamics and changes in ecosystems. This holds true for all organisms, including bryophytes. As bryophytes are
found in a very broad array of ecosystems and landscapes they act as excellent monitoring tool to help us to understand
sustainability of natural resources. Studying bryophytes therefore sheds light on distribution and ecology and is an
important biological need for conservation of biodiversity and their rational use.

Since 2001, many new records and regional additions have been published which made it necessary to provide
a new checklist for the Turkish bryophyte flora (Erdag & Kiirschner, 2017). However, species inventory and knowledge
rarely comes to an end, especially in an ecological so highly divers country such as Turkey. Ongoing field studies
therefore will reveal also in future new or rare species.

During several field excursions within the last years, carried out mainly in North, North-East (Karadeniz
Daglar1), and East Anatolia, the identification of our collections revealed several liverworts, which up to now are rarely
collected in Turkey. Often it turned out that they represent first records for many provinces long the Black Sea coast. To
the often neglected, less or none collected areas belong the Bayburt, Erzurum (e.g., Palandéken Daglar1), Glimiishane,
Hakkari, Kars and Van. But even well or best collected areas such as Artvin, Bolu, Diizce, Rize, or Trabzon areas
present surprises when collecting liverworts. For a better understanding of the distributional patterns, migration
processes in the past and presence, ecosystems, nature and the influence of sustainable livelihoods, 26 rare or rarely
collected liverworts are presented in the following.

The treatment of families and genera strictly follows the most recent tentative system proposed by Frey &
Stech (2009). Voucher specimens are kept at the herbarium of the Adnan Menderes University, Aydin (AYDN).
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2. Results and discussion

The records presented include species, which are re-collected for the first time after a long collection gap,
often of more than 100 years ago or represent up to now rarely collected taxa or new province records. However, a
wider distribution in Turkey can not be excluded, when carefully looked for these taxa in future.
Antheliaceae
Anthelia juratzkana (Limpr.) Trevis.
Second record for Turkey. Previously known only from a single locality from the Rize province [ikizdere, Baskdy-
Cermanin Yayla, (cf. Henderson & Muirhead, 1955)].
RizE: Tkizdere, Ovitdagi Gegidi, Aksu Goller area, 40°39°8.1°’N 40°50°33.9”’E, 3060 m, melting snow community,
15 September 2004 H. Kiirschner & G. Parolly 04-955.
Cephaloziaceae
Fuscocephaloziopsis pleniceps (Austin) Vana et L.Soderstr.
(Syn. Cephalozia pleniceps (Austin) Lindb.)
At present rarely collected in Turkey and known only from western Turkey (Uludag, Walther, 1967) and the Artvin
province (Abay et al., 2009).
First record for the Agr province.
AGRI: Aras Gliney Daglari, south of Yukarikent Gegidi, between Kagizman and Agri, 8 km north of Cumagay,
39°56'58"N, 43°15'48.7"E, 2072 m, in bog with Sphagnum squarrosum, 22 June 2014 M. Kirmaci & H. Kiirschner
14-465.
Gymnomitriaceae
Gymnomitrion concinnatum (Lightf.) Corda
At present rarely collected in Turkey and known only from three localities in north-eastern Anatolia (Artvin and Rize
provinces, cf. Henderson, 1963). This is the second record of the rare species for the Rize province.
RIzE: ikizdere, Cagirankaya Yayla, 40°49'38"N, 40°38'11.3"E, 2130 m, on rock in Drosera bog, 21 July 2012 M.
Kirmact & H. Kiirschner 12-194.
Jungermanniaceae
Liochlaena lanceolata Nees.
(Syn. Jungermannia leiantha Grolle)
First record for the Diizce province.
Diizce: Yigilca area, Saklikent Selalesi, 40°56'59.3"N 31°29'07.8"E, 400 m, on calcareous rock with tufa
formation, 26 June 2015, A. Erdag, M. Kirmaci & H. Kiirschner 15-251.
Nardia compressa (Hook.) Gray
Second record for Turkey. Previously known only from an older collection by H. v. Handel-Mazzetti 1907 from the
Giresun province (cf. Schiffner, 1909).
First record for the Artvin province.
ARTVIN: Marsis Dag1, Yusufeli, Sarigol-Salikvan Yayla, above Zologara Yayla, 41°04'46.1"N 41°26'44"E, 2220 m,
in flushes with Sphagnum tenellum, 25 June 2016 A. Erdag, M. Kirmact & H. Kiirschner 16-110.
Lophoziaceae
Barbilophozia sudetica (Nees ex Huebener) L. Séderstr., De Roo & Hedd.
First record for the Glimiishane province.
GUMUSHANE: Zigana Daglari, 40°37'49.4"N, 39°25'46.8"E, 2410 m, subalpine meadows and flushes, 19 July 2012
M. Kirmaci & H. Kiirschner 12-156.
Gymnocolea inflata (Huds.) Dumort. subsp. acutiloba (Schiffn.) R. M. Schust. & Damsh. ex L. S6derstr. & Vana
(Syn. Gymnocolea acutiloba (Schiffn.) Miill.Frib.)
Known at present only from two records from Turkey [Giresun (Schiffner, 1909) and Aydin provinces (Ozenoglu &
Gokler, 2002)].
First records for the Diizce and Giimiishane provinces.
DUzCE: Yedigoller Milli Parki, way to Devrek, 40°59'06.4"N 31°44'40.9"E, 430 m, on serpentine rock, 26 June
2015 A. Erdag, M. Kirmaci & H. Kiirschner 15-264.
GUMUSHANE: Torul, Kiirtiin, way from Catalkaya to Kizilali Yayla, 40°49'02.8"N 39°03"27.08"E, 1800 m, on soil
in Fagus orientalis-Picea orientalis forest, 27 June 2016 A. Erdag, M. Kirmact & H. Kiirschner 16-135.
Leiocolea alpestris (Schleich. ex F. Weber) Isov.
Second record for Turkey. Previously known only from an older collection by H. v. Handel-Mazzetti 1907 from the
Trabzon province (cf. Schiffner, 1909).
First records for the Glimiighane and Rize provinces.
Giimiighane: Zigana Daglari, 40°37'49.4"N, 39°25'46.8"E, 2410 m, subalpine meadow and flushes, 19 July 2012
M. Kirmaci & H. Kiirschner 12-150.
Rize: ikizdere, Ovitdag1 Gegidi, Dagbas1 Golii, 40°37'29.3"N, 40°46'53.8"E, 2700 m, swampy meadows and
flushes, 20 July 2012 M. Kirmact & H. Kiirschner 12-181.
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Lophoziopsis excisa (Dicks.) Konstant. & Vilnet

(Syn. Lophozia excisa (Dicks.) Dumort.)

Although known from the mountains of western (Izmir province, Crundwell & Nyholm, 1979) and southern Turkey

(Hatay province, Ezer et al., 2009), the new record represents the first finding for northern Turkey and the Trabzon

province.
TRABZON: South of Tonya, between Sarli Yayla and Yildiz Yayla, Kizilagac Obasi, 40°43'44.5"N, 39°17'03.3"E,
2130 m, subalpine meadow, 18 July 2012 M. Kirmaci & H. Kiirschner 12-129.

Mesoptychia badensis (Gottsche ex Rabenh.) L. Soderstr. & Vana

(Syn. Leiocolea badensis (Gottsche) Jorg.)

First record for the Bolu province.
BoLu: Koéroglu Daglari, summit area of Kartalkaya Dag1 above Kartal Otel, 40°35'18.9"N 31°47'50.6"E, 2120 m,
subalpine flushes, partly submerged, 29 June 2015 A. Erdag, M. Kirmaci & H. Kiirschner 15-313.

Mesoptychia turbinata (Raddi) L.S6derstr. et Vafia

(Syn. Leiocolea turbinata (Raddi) H.Buch)

First record for the Erzurum province (e.g., Palandoken Daglari).
ERzZURUM: Palandoken Daglari, Palandoken Gegidi, way to Kii¢iik Palanddken, 39°49'10.12"N 41°19'14.6"E, 2930
m, alpine flushes, 22 June 2016 A. Erdag, M. Kurmaci & H. Kiirschner 16-8.

Neoorthocaulis attenuatus (Mart.) L. S6derstr., De Roo & Hedd.

(Syn. Barbilophozia attenuata (Mart.) Loeske)

Second record for Turkey. Previously known only from a single locality from the Artvin province [Tiryal Dag above

Murgul (Henderson, 1961)].

First record for the Trabzon province.
TRABZON: North of Soganli Gegidi, between Dumlu kdyii and Karagam/Caykara, 40°39'23.2"N 40°14'06.6"E,
1950 m, on rock and soil, 28 June 2016 M. Kirmaci & H. Kiirschner 16-175.

Schistochilopsis incisa (Schrad.) Konstant.

(Syn. Lophozia incisa (Schrad.) Dumort.)

First record for the Giimiishane province.
GUMUSHANE: Zigana Daglari, 40°37'49.4"N, 39°25'46.8"E, 2410 m, subalpine meadows and flushes. 19 July 2012
M. Kirmact & H. Kiirschner 12-156.

Tritomaria quinquedentata (Huds.) H.Buch

Well known from north-eastern Anatolia (Rize province), but rarely collected in the north-western Karadeniz Daglari.

First record for the Diizce province.
DuUczE: Yedigoller Milli Parki, way to Devrek, 40°59'06.4"E, 31°44'40.9"E, 430 m, on serpentine rock, 26 June
2015 A. Erdag, M. Kirmact & H. Kiirschner 15-263.

Marchantiaceae

Marchantia polymorpha L. subsp. montivagans Bischl. et Boissel.-Dub.

[M. alpestris (Nees) Burgeff]

M. polymorpha is present in Turkey with three subspecies: subsp. montivagans, polymorpha, and subsp. ruderalis

(Erdag & Kiirschner, 2017). Except in subsp. polymorpha, the presence and distribution of the other two subspecies is

only imperfectly known. The here presented locality data are the first records for the Erzurum, Rize and Van provinces.
ERZURUM: Erzurum Tekman road, Palandoken Daglar1 Gegidi, 39°51'38.2"N 41°20'24"E, 2550 m, on rock in
subalpine flushes, 22 June 2016 A. Erdag, M. Kirmaci & H. Kiirschner 16-24.
RizE: Ikizdere, Cimil Yayla, between Baskdy and Cirmaniman Yaylas1, Kalgarak Yayla, 40°43'31.5"N,
40°47'55.7"E, 2260 m, flushes, 23 July 2012 M. Kirmaci & H. Kiirschner 12-244.
RizE: Ikizdere, Ovitdag: Gegidi, Dagbas1 Golii, 40°36°59°°N 40°46°22.8”’E, 2800 m, flushes, 14 September 2004
H. Kiirschner & G. Parolly 04-934.
VAN: Catak-Bahgesaray, 37°59'21.2"N, 42°53'09.7"E, 2700 m, flushes, /8 June 2014 M. Kirmacit & H. Kiirschner
14-381.

Ricciaceae

Riccia bifurca Hoffm.

Previously known from central (Erciyes Dag1, Bornmiiller, 1931) and southern Turkey (Antalya province, Ozgelik et

al., 2016).

First record for the Rize province and north-east Anatolia.
RIzE: ikizdere, Ovitdag1 Gegidi, Dagbas1 Golii, 40°37'29.3"N, 40°46'53.8"E, 2700 m, peaty lake shore, 20 July
2012 M. Kirmaci & H. Kiirschner 12-175.

Riccia glauca L.

Widely distributed in Turkey. The two collections presented, however, are the first one from the Erzurum and Kars

provinces and north-east Anatolia.
ERZURUM: Coruh valley, 12 km northeast of Ispir, close to Oztoprak, 500-700 m, sandy-pepply banks and muddy
pools along the Coruh river, 27 August 1999 M. Doring, G. Parolly & D. Tolimir (7406), det. H. Kiirschner.
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KARs: North of Horasan, between Karaurgan and Sarikamis, Handere Gegidi West of Sartkamis, 40°16'22.7"N
42°2921.1"E, 2320 m, boggy meadow, 29 June 2016 M. Kirmaci & H. Kiirschner 16-180.
Riccia sorocarpa Bisch.
A widely distributed taxon in Turkey with a Mediterranean distribution pattern. The first record for the east Anatolian
Hakkari province.
HAKKARI: Karadag area, Nebirnov Yayla, 37°49'19.9"N, 43°40'36.2"E, 2920 m, flushes, /7 June 2014 M. Kirmaci
& H. Kiirschner 14-374.
Scapaniaceae
Scapania compacta (Roth) Dumort.
Widely distributed in western and south-western Turkey. First records for the Bayburt and Rize provinces and north-
eastern Turkey.
BAYBURT: Soganli Ge¢idi, Dunlu kdyii-Caykara, 40°31'22.9"N 40°13'55.6"E, 2350 m, subalpine flushes, 28 June
2016 A. Erdag, M. Kirmaci & H. Kiirschner 16-167.
RizE: Ikizdere, Ovitdagi Geg¢idi, Kizildag, 40°36°59°N 40°46°22.8"’E, 2800 m, in flushes, 13 September 2004 H.
Kiirschner & G. Parolly 04-933.
Rize: Ikizdere, Ovitdagi Gegidi, Dagbas1 Golii, 40°37'29.3"N, 40°46'53.8"E, 2700 m, swampy meadows and
flushes, 20 July 2012 M. Kurmact & H. Kiirschner 12-176.
Scapania curta (Mart.) Dumort.
Second record for Turkey. Previously known only from an older collection by K. Krause 1926 from the Trabzon
province (cf. Reimers, 1927).
First record for the Rize province.
RizE: Ikizdere, Ovitdag: Gegidi, Aksu Yayla-Aksu Géller area, 40°38°39.9°°N 40°50°28.3°’E, 2800 m, in flushes,
15 September 2004 H. Kiirschner & G. Parolly 04-945.
RIzE: Ikizdere, Ovitdag1 Gegidi, Aksu Géller area, 40°39°08.1>’N 40°50°33.9°’E. 3060 m, on peat near lake shore,
15 September 2004 H. Kiirschner & G. Parolly 04-962.
Scapania subalpina (Nees ex Lindenb.) Dumort.
First records for the Diizce, Bayburt and Artvin provinces.
DUzCE: Yigilca-Yedigoller Milli Parki, crossing Mengen/Bolu road, 40°58'44"N 31°4420.5"E, 450 m, on soil in
Fagus orientalis forest, 26 June 2015 A. Erdag, M. Kurmact & H. Kiirschner 15-253
DUzCE: Yedigoller Milli Parki, way to Devrek, 40°59'06.4"N 31°44'40.9"E, 430 m, on serpentine rock, 26 June
2015 A. Erdag, M. Kirmact & H. Kiirschner 15-261.
BAYBURT: Soganli Ge¢idi, Dunlu kdyii-Caykara, 40°31'22.9"N 40°13'55.6"E, 2350 m, in subalpine flushes, 28
June 2016 A. Erdag, M. Kirmaci & H. Kiirschner 16-163.
ARTVIN: Marsis Dagi, Yusufeli, Sarig6l-Salikvan Yayla, above Zologara Yayla, 41°04'46.1"N 41°26'44"E, 2220 m,
in flushes with Sphagnum, 25 June 2016 A. Erdag, M. Kirmaci & H. Kiirschner 16-107.
Scapania undulata (L.) Dumort.
Widely distributed along the Black Sea coast (Karadeniz Daglari).
First record for the Giimiishane province.
GUMUSHANE: Torul district, Kiirtiin, between Kizilali Yayla and Catalkaya, 40°47'39.9"N 39°04'20.6"E, 1660 m,
on rock, partly submerged, 27 June 2016 A. Erdag, M. Kirmact & H. Kiirschner 16-157.
Scapania verrucosa Heeg
Widely distributed along the Black Sea coast (Karadeniz Daglarr).
First record for the Diizce province.
DUzcCE: Yedigoller Milli Parki, way to Devrek, 40°59'06.4"N 31°44'40.9"E, 430 m, on serpentine rock, 26 June
2015 A. Erdag, M. Kirmact & H. Kiirschner 15-262.
Solenostomataceae
Solenostoma handelii (Schiffn.) Miill.Frib.
(Syn. Jungermannia handelii (Schiffn.) Amak.)
Previously known only from two older collections from Ordu and Trabzon provinces by H. v. Handel-Mazzetii 1907
(cf. Schiffner, 1909). For a long time thought to be an endemic of Turkey. Known also from Japan (Furuki & Mizutani,
1994) and meanwhile by collections of Crete and Spain (Frey et al., 2006). Probably a Tertiary relict species of the
former widely distributed broad-leaved, deciduous Fagus forests of the Northern Hemisphere and along the Black Sea
coast.
First record for the Rize province.
Rize: Kagkar Daglar1, Anzer Yayla, Lapazeli Yatak Yayla, Okiiz Yatagi, 40°31'5S5"N, 40°30'18.8"E, 2620 m,
flushes, 22 July 2012 M. Kirmact & H. Kiirscner 12-222b.
Solenostoma obovatum (Nees) R.M.Schust.
(Syn. Jungermannia obovata Nees)
First record for the Bayburt province.
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BAYBURT: Soganli Gegidi, Dunlu kdyii-Caykara, 40°31'22.9"N 40°13'55.6"E, 2350 m, in subalpine flushes, 28
June 2016 A. Erdag, M. Kirmact & H. Kiirschner 16-169.
Solenostoma sphaerocarpum (Hook.) Steph.
(Syn. Jungermannia sphaerocarpa Hook.)
Widely distributed in the mountains of Inner, West and North-East Anatolia.
First record for the Bayburt province.
BAYBURT: Soganli Gegidi, Dunlu kdyii-Caykara, 40°3122.9"N 40°13'55.6"E, 2350 m, subalpine flushes, 28
June 2016 A. Erdag, M. Kirmaci & H. Kiirschner 16-164..
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Effects of boric acid on electrolyte balance and lipid profile against renal ischemia/reperfusion injury
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Abstract

Renal ischemia/reperfusion injury may occur due to hypotension, hypovolemic shock, vascular occlusion and
renal transplantation. The severity of the damage increases with the duration of ischemia. Renal ischemia/reperfusion
injury can also cause distant tissue damage, especially in the kidney. Boric acid with antioxidant properties is suggested
to be a protective agent against ischemia / reperfusion injury. The aim of this study was to investigate the effects of
boric acid on serum lipid profile and electrolyte levels in renal ischemia/reperfusion injury. 35 rats were divided into
five groups: sham, ischemia/reperfusion and ischemia/reperfusion+50 mg/kg boric acid, ischemia/reperfusion+100
mg/kg boric acid, ischemia/reperfusion+200 mg/kg boric acid. Sham group was only subjected to surgical stress
procedure. In the ischemia/reperfusion group, left renal artery was isolated and ischemia was induced for 45 minutes
with anti-traumatic vascular clamp, followed by 24-hour reperfusion. In ischemia/reperfusion+boric acid groups, boric
acid was administered intraperitoneally 10 minutes before reperfusion. Serum sodium, potassium, triglyceride,
cholesterol, LDL and HDL levels were determined. In the ischemia/reperfusion injury group, boric acid decreased
increasing potassium, triglyceride, cholesterol and LDL levels, while increasing decreasing sodium and HDL levels
(p<0.05). Increased lipid profile due to ischemia/reperfusion damage and balancing electrolyte balance were balanced
by boric acid application. In conclusion, this study showed protective effects of boric acid against renal ischemia /
reperfusion injury.

Key words: renal ischemia/reperfusion, boric acid, sodium, potassium, lipid profiles

*

Renal iskemi/reperfiizyon hasarina karsi borik asidin elektrolit dengesi ve lipit profili iizerine etkileri

Ozet

Hipotansiyon, hipovolemik sok, damar tikanikligi ve bdbrek transplantasyonu gibi nedenler ile renal
iskemi/reperfiizyon hasar1 olusabilir. Hasarin siddeti iskeminin siiresi ile artmaktadir. Renal iskemi/reperfiizyon hasari
basta bobrek olmak iizere uzak doku hasarlarina da neden olabilmektedir. Antioksidan &zelliklere sahip borik asit
iskemi/reperfiizyon hasarlarina karst koruyucu bir ajan olabilecegi onerilmektedir. Bu calismanin amaci, renal
iskemi/reperfiizyon hasarinda borik asidin serum lipit profili ve elektrolit diizeyleri tizerindeki etkilerini arastirmaktir.
35 sigan bes gruba ayrildi: sham, iskemi/reperflizyon ve iskemi/reperfiizyon+50 mg/kg borik asit,
iskemi/reperfiizyon+100 mg/kg borik asit, iskemi/reperfiizyon+200 mg/kg borik asit. Sham grubuna sadece cerrahi stres
prosediirii uygulandi. Iskemi/reperfiizyon grubunda, sol renal arter izole edilerek, anti-travmatik vaskular klemp
yardimiyla 45 dakika siireyle iskemi olusturuldu, ardindan 24 saat reperfiizyon uygulandi. iskemi/reperfiizyon+borik
asit gruplarinda, reperfiizyondan 10 dakika dnce intraperitonal olarak borik asit uygulandi. Serum sodyum, potasyum,
trigliserit, kolesterol, LDL ve HDL diizeyleri belirlendi. Borik asit, iskemi/reperfiizyon hasar1 grubunda artan potasyum,
trigliserit, kolesterol ve LDL seviyelerini diisiiriirken, azalan sodyum ve HDL seviyelerini arttirmistir (p<0.05).
Iskemi/reperfiizyon hasarina bagl artan lipit profili ve bozulan elektrolit dengesi borik asit uygulamasi ile dengelendi.
Sonug olarak, bu ¢alisma da, borik asidin renal iskemi/reperfiizyon hasarina kars1 koruyucu etkileri gosterilmistir.

Anahtar kelimeler: renal iskemi/reperfiizyon, borik asit, sodyum, potasyum, lipit profili
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1. Giris

Bobrek, toksik maddeleri kandan armndirmak ve viicuttaki su, elektrolit ve asit-baz dengesini diizenlemek icin
hayati bir organdir. Bununla birlikte, diger agilardan bdbrek, peri-operatif donemde iskemi/reperfiizyon hasari gibi
birgok hastalik siirecinin verdigi zarara kars1 hassas bir organdir (Suzuki vd., 2008). Bobrekte iskemi/reperfiizyon (I/R),
transplantasyon ve vaskiiler cerrahi durumlarinda ortaya ¢ikan karmasik bir sendromdur (Feng vd., 2016). I/R hasart,
akut bobrek hasarinin 6nde gelen nedenlerinden birini temsil eder ve bobrek kan akiminin gecici olarak kesilmesiyle
olusur. Iskemi, cesitli nedenlerle bir organa kan akisimin yetersizligi veya durmasidir. Reperfiizyon, iskemiye neden
olan faktorli ortadan kaldirarak dokuya kan akiginin restorasyonudur (Montalvo-Jave vd., 2008). I/R'nin, baslangigta
iskemik hasardan etkilenmeyen organlar {izerinde de yikic1 bir etkiye sahip oldugu bilinmektedir (Thurman, 2007).

Iskemi/reperfiizyonun patogenezi tam olarak anlagilamamis olsa da, mitokondriyal ATP olusumunun azalmast,
hiicre zarlarinin selektif gegirgenliginin kaybi, hiicresel iyon homeostazinin bozulmasi (hiicre i¢i sodyum ve kalsiyumun
yiikselmesi) ile hidrolazlarin aktivasyonu ve hiicre hasarina veya oliimiine neden olan reaktif oksijen tiirlerinin (ROS)
iiretiminin artmasi gibi ¢esitli fizyolojik ve biyokimyasal siiregler iizerinde etkileri vardir (de Groot ve Rauen, 2007).
ROS'un asir iiretimi, antioksidan seviyelerde azalmaya ve oksidan/antioksidan dengesizliginin ortaya ¢ikmasina yol
acar (Aksit ve Bildik, 2014). Oksidatif stres sirasinda ROS'un asir1 {iretimi, niikleik asitlere, hiicresel proteinlere ve
lipitlere de zarar verir (Baykara vd., 2009). Bu tiir hasarlar hiicre 6liimiine, organ iglev bozukluguna ve organ kaybina
neden olabilir. Bugiine kadar, I/R hasarlarinin 6nlenmesi i¢in bir¢ok antioksidan ve antiinflamatuar ajan
degerlendirilmistir (Sahin vd., 2013). Oksidatif stres sirasinda olusan ROS, lipit peroksidasyonunu baslatabilir,
proteinleri okside edebilir ve DNA iplikgiklerinin kirilmasina neden olabilir ve bunlarim hepsi normal hiicresel
fonksiyona zarar verebilir. Lipit peroksidasyonu, hiicresel membranlarin oksidatif tahribatina yol agan bir otokatalitik
mekanizmadir ve bunlarin yikimi, toksik reaktif metabolitlerin {iretilmesine ve hiicre 6liimlerine yol agabilir (Pincemail
vd., 1993). Bobrek hasarindan sorumlu olan iskemi/reperfiizyon, meydana geldigi doku basta olmak {izerine diger gevre
dokularda da ROS iiretimini arttigi gosterilmistir (Dobashi vd., 2002). ROS asir1 iiretimi ile indiiklenen ve lipit
peroksidasyonun bir {iriinii olan okside haldeki diisiik yogunluklu lipoprotein (oks-LDL), post-iskemik dénemde bobrek
yetmezIliginin 6nemli bir nedeni olarak tanimlanmistir (Troncoso vd., 1995). Paraoksonaz (PON-1), yiiksek yogunluklu
lipoprotein (HDL) tizerinde bulunan bir esteraz enzimidir (Mackness vd., 1998). Bir antioksidan enzim olan PON-1,
lipid peroksidlerin olusumunu dnleyerek diisiik yogunluklu lipoprotein (LDL) oksidasyonunu geciktirdigi bilinmektedir
(Paragh vd., 1998). Kronik bobrek yetmezligi durumunda artmis oksidatif stres, PON-1 aktivitesini diigiirerek serum
lipit profillerini degistirerek hiperkolesterolemiye neden oldugu bildirilmistir (Ayub vd., 1999).

Bor (B), periyodik tablonun 13. Grubunda yer alan metal olmayan bir elementtir. Borik asit, viicuda alindiktan
sonra sindirim sonrasi borun en muhtemel seklidir ve hidroksil gruplari sayesinde biyomolekiiller ile etkilese
bilmektedir (Greenwood ve Earnshaw, 1984). Borik asit mineral ve hormonal metabolizmalarda, hiicre membran
fonksiyonlarinda ve enzim reaksiyonlarinda 6nemli bir rol oynamaktadir (Forrest ve Nielsen, 2008). Borik asidin,
oksidatif hasara karst DNA i¢in koruyucu bir madde olarak potansiyeli oldugu 6ne siiriilmektedir (Guindon vd., 2007).
Ayrica, bor bilesikleri, hayvanlarda hem in vitro hem de in vivo olarak etkili antiosteoporotik, antienflamatuar,
hipolipidemik, antikoagiilan ve antineoplastik etkilere sahip oldugu gosterilmistir (Benderdour vd., 1998).

Son zamanlarda borik asidin koruyucu ve antioksidan etkilere sahip oldugu gdsterilmistir (Colak vd., 2011).
Borik asidin renal I/R'ye bagli hasar1 dnleyip dnleyemeyecegi tam olarak bilinmemektedir. Bu nedenle, bu deneysel
calismada, borik asidin renal I/R hasarina kars1 koruyucu etkileri olup olmadigini ortaya koymak i¢in serum lipit profili
ve elektrolit seviyelerini arastirdik.

2. Materyal ve yontem

Caligma igin gerekli etik kurul onayr ESOGU Hayvan Deneyleri Yerel Etik Kurulu‘dan alindi. Deneysel
calismamizda 180-220 gram agirlikta, saglikli, 3-4 aylik, Spraque Dawley cinsi, disi siganlar arasindan rastgele segimle
her bir grupta 7 sigan olmak {izere toplam 5 grupta 35 adet sigan kullanildi. Deney gruplarinin tasarimi ve uygulanan
deneysel prosediir islemleri Tablo 1.’de gdsterilmistir. Deney hayvanlarina uygulanan borik asit ¢6zeltisi 0,5 mL serum
fizyolojik (SF) soliisyon igerisinde, sirastyla 50, 100 ve 200 mg/kg dozlarda borik asit igerecek sekilde, caligmadan
hemen 6nce taze olarak hazirlandi.

2.1 Nefiroktomi Islemleri

Nefroktomi uygulanacak deney hayvanlarina intramiiskiiler yol ile 10 mg/kg ksilazin ve 70 mg/kg ketamin
anestezisi uygulandi. Deney hayvanlari, anestezi altinda sicakligi sabit diseksiyon tablasina, rektal 1s1 takibi yapilarak
sirt {istii pozisyonda tespit edildi. Cerrahi uygulama bdlgesinin temizligi %70’lik etil alkol ile saglanip steril sartlar
altinda sag bobrek nefroktomisi gergeklestirildi. Her bir sicana yapilan nefroktomiden sonra kaybolan sivinin
hipovolemik etkilerine engel olmak i¢in karin bosluguna steril SF verildi. Kas ve deri kesileri ayr1 ayr1 fakat devamli
olarak 3/0 ipek siitiirle dikilerek kesi bolgesi kapatildi. Cerrahi islem goérmiis her bir hayvan kimyasal sterilizasyonu
yapilmus, tek bireylik, polikarbonat bilesimli seffaf kafeslere ayr1 ayr1 koyularak 15 giin siireyle iyilesmesi saglandi.
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2.2 I/R Uygulanmast

I/R yapilacak si¢anlara anestezi altinda midline laporatomi yapildi. Sol renal arter izole edilerek, antitravmatik
vaskular klemp yardimiyla 45 dakika siire ile kan akisi durduruldu. 45 dakika iskeminin hemen ardindan 24 saat
reperflizyon uygulandi. Reperfiizyon siiresince kaybolan sivinin hipovolemik etkilerine engel olmak igin karin
bosluguna steril SF verildi. Bu islemin ardindan kas ve deri kesileri ayr1 ayr1 fakat devaml olarak 3/0 ipek siitiirle
dikilerek kesi bolgesi kapatildi.

2.3 Anestezi Islemi

Tiim cerrahi islemler steril ortamda ve steril cerrahi aletler kullanilarak gergeklestirildi. Deney gruplarina ait hayvanlara
intramuskular olarak 10 mg.kg-1 ksilazin ve 70 mg.kg-1 ketamin anestezisi uygulandi. Deney gruplarina ait hayvanlar
reperfiizyon siiresinin bitiminde ketamin/ksilazin anestezisi altinda diseksiyonlar1 gerceklestirildi ve intrakardiyak
olarak kalpten biitiin kanin alinmasi ile yagamlar1 sonlandirildi.

2.4 Doku Orneklerinin Analizi

Deneysel islemlerin sonunda intrakardiyak olarak alinan kan, biyokimyasal analizlerin yapilmasi igin jelli
biyokimya tiiplerine konuldu. Alman kan 6rnekleri 10 dk 3000 rpm'de santrifiijlenerek serumlar elde edildi. Serum
ornekleri polietilen tiiplere aktarilarak analiz siiresine kadar -80°C derin dondurucuda saklandi. Serumda soydum (Na),
potasyum (K), trigliserit, yiiksek yogunluklu lipoprotein (HDL), diisiik yogunluklu lipoprotein (LDL) ve kolesterol
diizeyleri ROCHE-COBAS C-501 otoanalizér cihazinda dl¢tilmiistiir.

2.4 Istatistiksel Analiz

Sonuglar Kolmogorov-Simirnov ve Shapiro-Wilk normallik testleri kullanilarak degerlendirildi. Deney
gruplar1 arasindaki fark: belirlemek igin tek yonlit ANOVA testi yapildi ve tiim istatistik uygulamalar sonucunda sayisal
deger (p) olarak ortaya cikan deney gruplar1 arasindaki farklar, p<0,05 6nem derecesinde anlamli olarak kabul edildi.
Coklu karsilastirmalarda Tukey testi ve Tamhane T2 testi kullanildi. Istatistiksel analiz SPSS Versiyon 21.0 tarafindan
yapildi.

Tablo 1. Deney gruplarinin tasarimi ve deneysel prosediir

Hayvan

Gruplar | Grup Isimleri | Yapilan Islemler Sayisi

Bu grup deney hayvanlarina nefroktomi iglemi uygulanarak 15 giin siireyle iyilesmenin
olmast beklendi. lyilesmenin sonrasinda, iskemi islemi yapilmadan 0,5 mL serum
Grup 1 Sham Grubu fizyolojik, reperfiizyon siiresinden 10 dakika dnce intraperitoneal olarak enjekte edildi. | 7
24 saat reperfiizyon bitiminde anestezi altinda deney hayvanlar1 sakrifiye edilerek
diseksiyonlar1 gerceklestirildi.

Bu grup deney hayvanlarina nefroktomi islemi uygulanarak 15 giin siireyle iyilesmenin
olmasi beklendi. lyilesmenin sonrasinda, her bir hayvana 45 dakika boyunca iskemi
Grup 2 I/R Grubu uygulandi. Reperfiizyondan 10 dakika once, 0,5 mL serum fizyolojik intraperitonal | 7
olarak enjekte edildi. 24 saat reperfiizyon sonrasinda anestezi altinda deney hayvanlari
sakrifiye edilerek diseksiyonlari gerceklestirildi.

Bu gruptaki deney hayvanlarina nefroktomi iglemi uygulanarak 15 gilin siireyle
iyilesmenin olmasi beklenildi. Iyilesmenin sonrasinda, her bir hayvana 45 dakika
I/R +50 mg/kg | boyunca iskemi uygulandi. Reperfiizyondan 10 dakika once, 50mg/kg borik asit, 0,5

Grup 3 Borik asit mL serum fizyolojik igerisinde ¢oziilerek intraperitonal olarak enjekte edildi. 24 saat !
reperfiizyon sonrasinda anestezi altinda deney hayvanlart sakrifiye edilerek
diseksiyonlar1 gerceklestirildi.

Bu gruptaki deney hayvanlarina nefroktomi islemi uygulanarak 15 giin siireyle
IR +100 iyilesmeqin 011pas1 beklenildi. Tyilesmenin sonraS}nda, her bir hayvana 45 dgkika

Grup 4 mg/kg  Borik boyunca iskemi uygulandi. Reperfiizyondan 10 dakika once, 100mg/kg borik asit, 0,5 7

asit mL serum fizyolojik igerisinde ¢oziilerek intraperitonal olarak enjekte edildi. 24 saat

reperfiizyon sonrasinda anestezi altinda deney hayvanlar1 sakrifiye edilerek

diseksiyonlar1 gerceklestirildi.

Bu gruptaki deney hayvanlarina nefroktomi islemi uygulanarak 15 giin siireyle
IR +200 iyilesmen.in 011?1351 beklenildi. Iyilesmenin sonras1.nda, her bir hayvana ‘45 dgkika

Grup 5 mglkg  Borik boyunca iskemi uylgul.and.l..Reperﬁizyondap 10 daklka once, 200mg/kg bo_rlkn asit, 0,5 7

asit mL serum fizyolojik igerisinde ¢oziilerek intraperitonal olarak enjekte edildi. 24 saat

reperfiizyon sonrasinda anestezi altinda deney hayvanlart sakrifiye edilerek
diseksiyonlar1 gerceklestirildi.

Ceyhan HACIOGLU et al., Effects of boric acid on electrolyte balance and lipid profile against renal ischemia/reperfusion injury



Biological Diversity and Conservation — 11/ 2 (2018) 79

3. Bulgular

Tablo 2°de goriildiigii gibi, I/R grubunda potasyum, LDL, trigliserit, ve kolesterol seviyelerinde sham grubuna
kiyasla istatiksel olarak anlamli bir artis gostermistir (p<0,05). Fakat, I/R grubu sham grubu ile karsilastirildiginda
serum sodyum ve HDL seviyelerinde istatiksel olarak anlamli bir azalma gézlendi (p<0,05).

50, 100 ve 200 mg/kg dozlarda uygulanan borik asit konsantrasyonlari I/R grubu ile karsilagtirildigin serum sodyum
seviyelerinde istatiksel olarak anlamli bir artisin oldugu bulunmustur (p<0,05). Sham grubuna en yakin iyilesmeyi 50
mg/kg borik asit dozunda saglanmistir (Tablo 2).

I/R grubu ile karsilastirildiginda borik asidin 50 ve 100 mg/kg dozlar1 serum potasyum seviyelerindeki istatiksel anlaml
bir diisiis saglarken, 200 mg/kg dozdaki borik asit uygulamasi anlamli bir azalma gostermemistir (Tablo 2).

Tablo 2. Borik asidin serum lipit profili ile sodyum ve potasyum degerleri iizerine etkilerinin sonuglari

Gruplar Sodyum Potasyum Trigliserit Kolesterol LDL HDL
(mmol/L) (mmol/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

Sham Grubu | 146,37+5,82 5,08+0,73 31,25+2,77 30,47+1,32 7,45+2,03 39,46+1,85

I/R Grubu 119,14+3,61%* 7,11+0,48%* 51,61+4,12% 47,37+2,15% 15,64+1,25* 36,32+2,67*

I/R +50

mg/kg Borik | 140,08+4,17** | 525+1,16** | 36,5243, 71%* | 34,58+2,03** | 9,05+2,14%** 36,71+2.,46

asit

I/R +100

mg/kg Borik | 132,24+4,17%*% | 548+0,75%* | 43,26+1,04** | 37,26+2,62%%* 12,16+1,55%* | 35,25+1,67

asit

I/R +200

mg/kg Borik | 137,15£2,51*%* | 6,14+1,24 45,5242,53%*% | 45,2343,45 14,73+1,36 37,91+3,81

asit

*Veriler, her grupta 7 hayvandan ortalama + standart hata olarak sunulmus ve tek yonliit ANOVA ile analiz edilmis ve ardindan Tukey HSD testi ile analiz edilmistir. p<0.05 Kontrol

grubuna gore karsilastirildiginda, **p<0.05 Sigara dumani grubuna gore karsilastirildiginda.

Tiim borik asit dozlar1 renal I/R hasar1 sonucu artmuis trigliserit seviyelerinde istatiksel olarak anlamli bir diisiis
saglamistir (p<<0.05). Tablo 2’de goriildiigii gibi, sham grubu trigliserit seviyelerine en yakin azalma 50 mg/kg borik asit
dozunda bulunmustur.

I/R grubu, I/R+50 mg/kg borik asit ve I/R+100 mg/kg borik asit grublan ile karsilastirildiginda kolesterol ve
LDL seviyelerinde istatiksel olarak anlamli bir diisiisiin oldugu bulunmustur (p<0.05). Baska bir degisle, I/R hasarina
kars1 artig gosteren kolesterol ve LDL seviyeleri, 50 ve 100 mg/kg dozlarda borik asit uygulamasiyla anlamli bir diistis
gostermistir. Oysa, 200 mg/kg borik dozu, kolesterol ve LDL seviyeleri bakimindan I/R grubu ile karsilastirildiginda
anlamli bir diisiis géstermemistir (Tablo 2).

Sham grubu ile karsilastirildigin renal I/R hasart HDL seviyeleri istatiksel olarak anlamli bir diisiise neden olmustur
(p<0.05). I/R grubuna kiyasla, uygulanan tiim borik asit dozlar1 anlamli bir iyilesme gdstermemistir (Tablo 2).

4. Sonuglar ve tartisma

Bobrek transplantasyonu, parsiyel nefrektomi ve renal arter anjiyoplasti gibi birgok klinik durumda bobrek kan
akiminin gegici olarak kesilmesi ile karsilasilmaktadir (Paller, 1998). Bu gegici kan akimindaki devamsizlik, renal I/R
hasarma neden olur. Iskemi ve reperfiizyon sonucu olusan renal I/R hasari, histopatolojik olarak genis tiibiiler hasara,
tiibiiler hiicre nekrozuna, glomeriiler hasara ve tiibiiler tikanmaya neden olan bulgular ile karakterizedir (Chatterjee vd.,
1999). Bu tiibiiler ve glomeriiler disfonksiyonun ¢ogu, anoksiyi takip eden reperfiizyon periyodu sirasinda ortaya ¢ikan
ROS tarafindan kaynaklanmakta ve reperfiizyon hasarina katkida bulunan baslica faktdrlerden biri olarak da kabul
edilmektedir (Chatterjee vd., 2000). I/R hasarinda, ROS, biyolojik membranlarda ve serumda bulunan lipitler ile
reaksiyona girerek lipit peroksidasyonuna yol agmakta, bu da iyon kanallarina ve DNA'ya zarar vererek hiicresel ve
metabolik siiregleri sekteye ugratmaktadir (Singh vd., 2004).

Son zamanlarda yapilan ¢aligmalar da, kronik hastaliklar i¢in en 6nemli risk faktdrlerinden lipit profillerinin ve
elektrolit dengesinin diizenlenmesini saglayan potansiyel koruyucu ajanlarin ortaya konmasina odaklanmistir. Bu
calisma, borik asidin bobrek I/R hasarina karsi serum lipit profili ve elektrolit dengesi agisindan koruyucu etkisinin
ortaya konuldugu ilk caligmadir. Borik asit, bobrek I/R hasar1 sonucu meydana gelen patofizyolojik yollarin ¢esitli
basamaklarimi etkileyebilir. En muhtemel mekanizma, dogrudan veya dolayli olarak ROS temizleyici olarak hareket
ederek serum ozmolit dengesini saglamasidir.

Caligmamizda, iskemiyi indiikledigimiz sicanlarda sham grubuna gdre, soyum ve potasyum degerleri arasinda
istatistiksel olarak anlamli bir fark saptanmistir. Bu olgu iskemi modelimizin sonugta ortaya ¢ikan anormal serum
sodyum ve potasyum diizeyleri ile nefropatiye neden olabilecegini gostermektedir. Iskemi sonras borik asit tedavisinin

Ceyhan HACIOGLU et al., Effects of boric acid on electrolyte balance and lipid profile against renal ischemia/reperfusion injury



80 Biological Diversity and Conservation — 11 /2 (2018)

uygulandigi siganlarda, iskemi nedeniyle azalan soyum seviyelerinin yeniden arttigini gozlemledik. Benzer sekilde I/R
hasarina bagl olarak artan serum potasyum seviyeleri borik asit uygulanmasi sonrasinda bir diigiisiin oldugu
bulunmustur. Renal I/R hasarimin serum potasyum seviyelerini artirirken (Sagiroglu vd., 2012), sodyum seviyelerini de
diisirdiigii (Pektas vd., 2014; Bazzano vd., 2015) onceki ¢alismalar da bildirilmistir. Bu ¢alismada, antioksidan
ozellikleri sayesinde borik asit, I/R bagli artan oksidatif hasar1 azaltarak/gidererek, azalan serum sodyum seviyelerini
arttirarak ve artan serum potasyum seviyelerini diisiirerek, bobrek tiibiiler fonksiyonlari {izerinde koruyucu etkilere
sahip oldugunu séyleyebiliriz.

Iskemi sonrasi borik asit uygulanmasi, sham grubu ile I/R gruplarmin serum lipid profillerinin
kargilagtirildiginda, renal iskemi grubundaki serum trigliserit diizeyleri sham grubuna goére %64.5'ec varan artigla
51.61£4.12 mg/dl oldugu bulunmustur. I/R grubundaki yiiksek trigliserit diizeyleri, iskemiden kaynakli lipoprotein lipaz
aktivitesinin azalmasina bagli olabilecegi bildirilmistir (Sharifkan vd., 2012). I/R sonras1 50, 100 ve 200 mg/kg dozlarda
borik asit tedavisi, serum trigliserit seviyelerini I/R grubuna gore swrastyla %29.9, 15.7, ve 11.8 oranlarinda
diistirmiistiir (Tablo 2). Lipitler, I/R patogenezinde 6nemli bir rol oynayan aktivemetabolik maddeleri iceren heterojen
bir gruptur. I/R sirasinda en sik goriilen lipit anormallikleri hiperkolesterolemi ve hipertrigliseridemidir (Riesen ve
Mordasini, 2008), ki bu ¢alisgmada da ortaya konmustur. Benzer sekilde, artan trigliserit seviyeleri lipaz aktivitesindeki
azalmaya bagli olabilecekken, borik asit tedavisi sonra diisen trigliserit seviyesi, borik asitin ROS siipiiriicii 6zelligi
sayesinde azalan lipit oksidasyonundan veya artmis lipaz aktivitesinden kaynaklanabilir. Bu ¢aligmada, I/R sonrasi
sicanlarin serumunda hiperlipidemi dogrulanmstir.

Tablo 2°de goriildiigii gibi, I/R grubu sham grubu ile karsilastirildiginda kolesterol ve LDL seviyeleri sirasiyla
%356.6 ve %114.2 artarken, HDL seviyleri %7.6 azalmistir. 50 mg/kg dozdaki borik asit tedavisi ile I/R grubundaki
kolesterol seviyesini %37.5 diigiirerek, sham grubu kolesterol seviyesine en yakin sonug elde edilmistir. Benzer sekilde,
50 mg/kg dozdaki borik asit tedavisi ile I/R grubundaki LDL seviyesini %39.4 diisiirerek, sham grubu kolesterol
seviyesine en yakin sonug¢ elde edilmistir. Ote yandan, iskemi sonrasi uygulanan farkli dozlardaki borik asit
konsantrasyonlar1 serum HDL seviyelerinde 1tlimli bir artis saglasa da, borik asit renal I/R hasarina karst meydana gelen
HDL seviyelerindeki degisiklikler iizerinde etkili olamamistir. Sonuglarimiz literatiir ile de paralel olarak, renal I/R
hasar1 sonrast serum trigliserit, kolesterol ve LDL seviyeleri artarken, HDL seviyelerinde bir diislis oldugunu ortaya
koymustur (Bhalodia vd., 2009). Borik asit tedavisine bagli LDL, trigliserit ve kolesterol seviyelerindeki azalis ile HDL
seviyelerindeki makul artis, lipit oksidasyonundaki azalma ile agiklanabilir. Serum lipit oranlarindaki degisiklikler,
lipoprotein lipaz aktivitesindeki artis ile birlikte dolagimdaki trigliseritlerin yakit olarak kullaniminin artmast (Nounou
vd., 2012) ve borik asit sayesinde ROS temizlenmesinin bir artist olabilir. Bu enzimin aktivasyonundaki artis ile de ¢ok
diisiik yogunluklu lipoproteinlerin (VLDL) HDL'ye doniisiimii hizlandirilmaktadir (Lee ve Prasad, 2003).

Sonug olarak, renal iskemi indiiksiyonundan sonra intraperitonel olarak borik asidin uygulanmasi, serum lipit
profilini ve elektrolit dengesini diizenleyerek bobrek hasarina karst koruyabilir. Borik asidin antioksidan 6zellikleri
sayesinde, renal I/R'ye kars1 lipit peroksidasyonunu azaltabilecek bir koruyucu ajan olarak kullanilabileceginden serum
lipit profilinin diizenlenmesine de katki saglayabilir. Bu, borik asidin renal I/R hasar1 nedeniyle meydana gelen artmis
lipit ve potasyum seviyelerine kars1 diisiiriicii etkileri hakkinda yapilan ilk ¢aligmadir. Fakat, borik asidin lipit profilini
diizenlediginden bahsederken, lipoprotein lipaz aktivitesi iizerindeki etkilerine bakilmamis olmamasi bu calisma igin
o6nemli bir limitasyondur. Borik asidin I/R hasarmi onlemedeki roliinii daha fazla arastirmak i¢in daha titizlikle
tasarlanmig ¢aligsmalara ihtiyag¢ vardir.
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Abstract

Epilithic and planktonic algae samples were investigated seasonally between August 2012-April 2013 in
estuary zone of Aksu Stream (Isparta-Antalya). During the study period total 44 taxa belong to Bacillariophyta (42),
Chlorophyta (1), Cyanobacteria (Cyanophyta) (1) were identificated in epilithic habitat, and total 56 taxa belong to
Bacillariophyta (26), Charopyta (6), Chlorophyta (9), Cyanophyta (Cyanobacteria:4), Euglenophyta (Euglenozoa:l),
Miozoa (9), Ochrophyta (1) in phytoplankton of estuary zone. During the research dominance, frequency and diversity
of benthic and planktonic algae were varied according to seasons. Rhoicosphenia abbreviata (C.Agardh) Lange-
Bertalot, Pantocsekiella ocellata (Pantocsek) K.T.Kiss & E.Acs, Nitzschia sigma (Kiitzing) W. Smith were dominant
taxa in benthic, and Aulacoseira granulata (Ehrenberg) Simonsen, Ulnaria ulna (Nitzsch) Compére, Tripos
furca (Ehrenberg) F.Gomez,

Closterium aciculare T.West were dominant taxa in phytoplankton. As seasonally according to the mean
values, highest diversity was determined in summer season in benthic, and in autumn season in phytoplankton.

Key words: : epilithic algae, estuary, phytoplankton, Aksu Stream, diversity

*

Aksu Cay1 (Isparta-Antalya) nehiragzi bolgesi epilitik ve planktonik alglerinin mevsimsel dagilimi

Ozet

Aksu Cay1 nehiragzi bolgesinin epilitik ve planktonik alg drnekleri Agustos 2012-Nisan 2013’de mevsimsel
olarak incelenmistir. Aragtirma siiresince epilitik habitatda, Bacillariophyta (42), Chlorophyta (1), Cyanophyta (1)
boliimlerine ait toplam 44 takson, nehiragzi bolgesi fitoplanktonunda Bacillariophyta (26), Charopyta (6), Chlorophyta
(9), Cyanophyta (Cyanobacteria:4), Euglenophyta (Euglenozoa:1), Miozoa (9), Ochrophyta (1) bdliimlerinden toplam
56 takson saptanmigtir. Arastirma siiresince bentik ve planktonik alg taksonlarinin baskinlik, siklik ve cesitlilik
degerleri mevsimlere gore degisim gostermis, Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot, Pantocsekiella
ocellata (Pantocsek) K.T.Kiss & E.Acs, Nitzschia sigma (Kiitzing) W. Smith bentikde, Aulacoseira
granulata (Ehrenberg) Simonsen, Ulnaria ulna (Nitzsch) Compére, Tripos furca (Ehrenberg) F.Gomez, Closterium
aciculare T.West fitoplanktonda baskin taksonlar olmustur. Mevsimsel olarak belirlenen ortalama degerlere gore, en
yiiksek ¢esitlilik bentikte yaz, fitoplanktonda ise sonbahar doneminde belirlenmistir.

Anahtar kelimeler: epilitik alg, nehiragzi, fitoplankton, Aksu Cayi, ¢esitlilik
1. Giris

Nehiragzi bolgeleri yerkiirenin 6nemli sucul bilesenlerinden biri olup, nehir ve denizleri birbirine baglayan
yiiksek dinamige sahip sistemlerdir. (Chaudhuri vd., 2012; Dixit vd., 2013).Bu sistemler genellikle kiyisal bolgenin dar
oldugu alanlarda tatli su ve deniz suyunun karisimindan olusan ac1 su (miksohalin) ortamlarini igerirler (Kocatag, 2006).
Evsel, endiistriyel atiklar nehiragzi sistemlerini etkileyen onemli faktorler olmakla birlikte, yiizey akisi, sel sulari,
mevsimsel degisimler de olduk¢a dnemli etkiye sahiptir (Dixit vd., 2013).
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Fitoplankton tiim su kiitlelerindeki besin zincirinin en dnemli bilesenidir. Biitiin diger tim canlilar direk ya da
dolayli olarak beslenmelerini algler ile saglamaktadir. Bu nedenle herhangi bir su kiitlesindeki fitoplanktonun hem
bollugunun hem de tiirlerinin belirlenmesi sadece su kiitlesinin verimliliginin saptanmasi agisindan degil ayn1 zamanda
diger canlilarin yasam dongiisii ve dinamiklerinin belirlenmesi agisindan Onemlidir. Nehiragzi fitoplankton
kommunitesi iklimsel degisimlerdenve insan aktivitelerinden etkilenmektedir. Cevresel faktorler ile fitoplankton ve
bentik alg kommunitelerindeki degisiklikler arasinda belirgin bir iligki vardir. Bu nedenle algler nehiragzi sistemlerinin
mevcut durumunun degerlendirilmesi i¢in kullanilmaktadirlar (Ajuonu vd., 2011).

Tiirkiye’nin glineybatisinda yer alan Aksu Cayi, Isparta ilindeki Akdag’dan dogmaktadir. Cok sayida yan
kolun birlesmesiyle olusan akarsu, yaklasik 145 km’lik mesafeyi gectikten sonra Antalya’nin Aksu il¢e siirlarindan
Akdeniz’e dokiilmektedir. Akarsuya katilan yan kollardan yiiksek debili olanlar1 Isparta Deresi, Aglasun Deresi ve
Degirmen Deresi’dir (Kalyoncu vd., 2009). Bu calismada Aksu nehiragzi bolgesi epilitik alg ve fitoplankton
taksonlariin saptanmasina, taksonlarin bollugunun, mevsimsel dagiliminin belirlenmesine, nehiragzi bolgesi epilitik ve
planktonik alg ¢esitliliginin ortaya konulmasina ¢alisilmistir. Aksu Cay1 nehiragzi bolgesinde fitoplankton taksonunu
belirlemeye yonelik calisma bulunmamaktadir. Caligmanin tilkemiz nehiragzi fitoplankton ve bentik alg listesine katki
saglayacag diistiniilmektedir.

2. Materyal ve yontem

Aksu Cay1 nehiragzi bolgesi epilitik algleri kiy1 bolgesinde segilen 3 6rnekleme noktasindan, fitoplankton
ornekleri 5 ornekleme noktasindan mevsimsel olarak (Agustos 2012-Nisan 2013) alinmustir (Sekil 1). Epilitik alg
ornekleri, kiy1 bolgeden alinan taslarin iizeri (25 cm?’lik alan) bir firga yardimiyla kiivet igine fir¢alanarak saklama
kaplarina aktarilmistir (Anonim, 2014). Fitoplankton 6rnekleri 6n agiz ¢ap1 17 cm ve ag goz agikligi 55 pm olan
Hensen tipi plankton kepgesiyle dikey ve yatay ¢ekimlerle alinmistir. Dikey ¢ekimler i¢in dipten yiizeye dogru, yatay
cekimlerde 1,5-2 km/saat hizla 2-3 dk ¢ekim yapilmis, siiziilen su miktarinin hesaplanmasi i¢in plankton kepgesine
flowmetre (akintidlger) takilmistir. Epilitik ve planktonik ornekler % 4‘liik formaldehitle fikse edilerek laboratuvara
getirilmis, fitoplankton Ornekleri imhoff hunilerinde ¢okmeye birakilip yogunlagtirilarak nicel ve nitel
degerlendirmelere hazir hale getirilmistir. Diyatom disindaki alg 6rnekleri gegici preparatlarla, diyatom 6rnekleri asitte
kaynatilarak (esit hacimli HNOj3 : HSO4 karigimi) daimi preparat haline getirildikten sonra incelenmistir (Round,
1953). Taksonlarin teshisleri ilgili kaynaklardan yararlanilarak yapilmigtir (Huber-Pestalozzi, 1955; 1968; 1982; 1983;
Krammer ve Lange-Bertalot 1986; 1988; 1991a, b; Bourrelly ve Couté, 1991; John vd.., 2005; Komarek, 2000; 2008).
Fitoplanktonda saptanan taksonlarin saymmi Sedgewick-Rafter ve Neuber sayim kamarasi kullanilarak, asagida verilen
formiillerle saptanmistir (Greenberg vd., 2005; Lind, 1985; Wetzel ve Likens, 2000). Epilitik alg 6rneklerinde, her
preparatta en az 200 diyatom kabugu sayilmis, bu sayiya ulasilmayan 6rneklerde sayim ii¢ kez tekrarlanarak ortalama
deger alinmistir. Klorofil-a degerinin bulunmasi amactyla 1 L’lik siyah renkli polietilen kaplara, ylizey suyu 6rnekleri
alinarak laboratuvara getirilmis, % 90’lik aseton oziitleme yontemiyle klorofil-a degeri saptanmugstir (Greenberg vd.,
2005; Lind, 1985; Wetzel ve Likens, 2000). Fitoplankton 6rnekleri, fizikokimyasal 6l¢timlerin yapildig: ayni1 6rnekleme
noktalarindan alinmigtir. Elektriksel iletkenlik (YST 30 S-C-T metre ile), pH (WTW pH 330-i pH metre ile), sicaklik,
¢Oziinmiis oksijen, oksijen doygunlugu (YSI 55A oksijenmetre ile) 6rnekleme sirasinda yatay (ylizeyden) ve dikey
olarak (1,5 m’den) 6l¢iilmiis, suyun 151k gecirgenligi Secchi diski kullanilarak belirlenmistir. Fitoplankton ve epilitik alg
tir ¢esitliligi Shannon-Weaver’s ve Simpson’s indeksiyle, tiirlere bagl olarak ornekleme noktalarinin birbirlerine
benzerligi Serensen benzerlik indeksiyle belirlenerek, UPGMA (Unweighted pair group mean averages) dendogrami
verilmistir. Analizlerde Multi-Variate Statistical Packet (MVSP 3.1) Program kullanilmistir (Kovach, 2002)

Neuber sayim kamarasi: A
A: Yogunlastirilmig 6rnegin her 1ml’sindeki birey sayisi Birey/litre:
B: Yogunlastirma katsayisi
C: Birey sayisi C
D: Sayim karelerinin yiizey alan1 (mm?) A:
E: Sayim laminin (hiicresinin) derinligi (mm) DXExXF
F: Sayim tekrar1 G

G: Alinan gol suyu 6rnegi (ml)

H: Yogunlastirilan 6rnek miktart (ml)

x 1000

Sedgewick-Rafter sayim kamarasi: Birey/litre:
K!: Yogunlastirilmis 6rnegin her 1ml’sindeki birey sayisi (adet) L
L: Yogunlastirma katsayisi M

M: Alinan g6l suyu 6rnegi (ml) L:

N: Yogunlastirilan 6rnek miktart (ml) N

x1000
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Sekil 1. Aksu Cay1 nehiragzi bolgesi ve 6rnekleme noktalar1 (P:Fitoplankton, E: Epilitik alg)

3. Bulgular
3.1 Fizikokimyasal Ozellikler

Arastirma siiresince saptanan fizikokimyasal degerler istasyonlara ve mevsimlere gore degisim gostermistir. Ortalama
sicaklik, elektriksel iletkenlik ve tuzlulugun en yiiksek degerleri dip suyunda belirlenmis, ortalama pH, ¢6ziinmiis oksijen ve
saturasyonun en yiiksek degerleri ise yiizeyde saptanmstir (Tablo 1). Mevsimsel olarak en yiiksek sicaklik (26,9 C°), pH (8,9), yaz
déneminde, ¢oziinmiis oksijen (11,2 mg/L) ve saturasyon (111,5%) ilkbahar doneminde yiizeyde belirlenmistir. Elektriksel iletkenlik
ve tuzluluk degerleri yiizey ve dip suyunda birbirinden oldukga farkli degerler almus, en yiiksek elektriksel iletkenlik yiizeyde 10330
uS/em, dipte 55500 puS/cm, tuzluluk yilizeyde 21,9 ppt, dipte 36,6 ppt olarak sonbaharda saptanmustir. Ortalama en yiiksek Klorofil-a
(5,47 mg/l) ilkbaharda, Secchi Diski goriiniirligii ise yaz doneminde belirlenmistir. Fizikokimyasal parametrelerin mevsimsel
degisimleri Sekil 1’de verilmistir.

Tablo 1. Aksu Cay1 nehiragzi bdlgesi baz1 fizikokimyasal degerlerinin istasyonlara gore dagilimi (E.C.: Elektriksel

Iletkenlik, C.0.: Coziinmiis Oksijen)

5 4 3 2 1

Ort.£SD Ort.£SD Ort.£SD Ort.£SD Ort.£SD
pH 8,610,303 8,65+0,19 8,49+0,28 8,31+0,33 8,28+0,29
Sicaklik (C°) 17,13£3,95 17,5+4,82 17,68+4,96 17,93-5,17 18,03-5,07
C.0 (mg/L) 10,3+0,73 10,17+0,75 9,70+1,13 10,12+0,85 10,15+0,98
2;:)””53’0” 105,4+7,28 104,93+6,24 105,3+7,32 105,25+6,99 107,25%7,63

e

]

:Es E. C. (uS/cm) 1332+1694,43 2076+2142,74 2545’53i3300’7 4383+4263,72 $091’5i4051’0
Tuzluluk(ppt) 0,75+1,01 1,23£1,29 2+1,88 2,58+2,69 8,15+9.49
Klorofil-a 2,12+1,19 4,18+1,02 5,47+1,75 4,93+0,82 3,48+0,97
(mg/m?)

Lo 76,25134,49 87,5+42,13 97,5+47,34 82,5435 90+43,39
Secchi Diski (cm)
5 4 3 2 1
pH 8,54+0,30 8,59+0,22 8,53+0,17 8,25+0,25 8,23+0,19
Sicaklik (C°) 18,75+6,08 19,43+6,59 19,87+6,92 20,3+7,18 20,35+7,15

2 C.0 (mglL) 9,78+0,76 9,93+0,79 9,39+1,07 10,05+0,77 9,94+0,89
Saturasyon (%) 92,37+20,43 101+9,83 101,65+6,51 105,75+6,88 106,08+11,98
E.C. (uS/cm) é4755’5i26224’9 26293,25+28492,61 27535’6i25156’ 36906+24773,67 21507i27459’2
Tuzluluk(ppt) 9,73+17,36 12,83+16,56 25,3+16,90 24,98+16,76 27,2+18,00
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Yiizey Dip

Sekil 2. Aksu Cay1 nehiragzi bolgesi yiizey/dip suyu fizikokimyasal degerlerinin mevsimsel degisimi
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3.2 Epilitik Alg ve Fitoplankton Dagilimi

Epilitik 6rneklerde Bacillariophyta (42), Chlorophyta (1), Cyanophyta (1) bdlimlerinden 44 takson saptanmis,
Cocconeis placentula var. euglypta (Ehrenberg) Grunow, Cymbella affinis Kiitzing, Nitzschia palea (Kiitzing)
W.Smith, Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot siirekli, Diatoma vulgaris Bory, Gyrosigma
attenuatum (Kiitzing) Rabenhorst, Navicula cari Ehrenberg, Nitzschia sigma (Kiitzing) W.Smith, Ulnaria
ulna (Nitzsch) Compére genellikle gézlemlenen taksonlar olmustur (Tablo 2).

Tablo 2. Epilitik alg taksonlarinin istasyonlardaki dagilimi ve siklik degerleri

Epilitik Alg Taksonlari 1. Istasyon 2. Istasyon 3. Istasyon

Bacillariophyta
Bacillariophyceae

Achnanthidium minutissimum (Kutzing) Czarnecki 25 25 25
Amphora ovalis (Kiitzing) Kiitzing 50 50 25
Cocconeis placentula Ehrenberg 25 25 25
Cocconeis placentula var. euglypta (Ehrenberg) Grunow 100 25 25
Cocconeis scutellum Ehrenberg 25 0 0
Craticula cuspidata (Kutzing) D.G.Mann 25 0 0
Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round 75 50 50
Cymatopleura elliptica (Brébisson) W.Smith 25 0 25
Cymatopleura solea (Brébisson) W.Smith 25 0 0
Cymbella affinis Kiitzing 75 100 50
Cymbella helvetica Kiitzing 25 0 0
Cymbella tumida (Brébisson) Van Heurck 0 50 25
Denticula kuetzingii Grunow 25 0 0
Diatoma ehrenbergii Kiitzing 0 25 25
Diatoma moniliformis (Kiitzing) D.M.Williams 0 0 25
Diatoma vulgaris Bory 50 75 25
Diploneis ovalis(Hilse) Cleve 25 50 50
Encyonema caespitosum Kiitzing 0 0 25
Encyonema silesiacum (Bleisch) D.G.Mann 50 0 25
Encyonopsis microcephala (Grunow) Krammer 25 0 0
Fragilaria acus (Kiitzing) Lange-Bertalot 50 25 50
Gomphonema minuta P.Fusey 25 25 0
Gomphonema olivaceum (Hornemann) Brébisson 75 50 50
Gomphonema parvulum (Kiitzing) Kiitzing 50 0 50
Gyrosigma attenuatum (Kiitzing) Rabenhorst 25 50 75
Gyrosigma balticum (Ehrenberg) Rabenhorst 0 25 25
Halamphora coffeiformis (C.Agardh) Levkov 25 0 0
Halamphora veneta (Kiitzing) Levkov 25 0 25
Navicula cari Ehrenberg 50 75 50
Navicula radiosa Kiitzing 0 25 0
Navicula viridula (Kiitzing) Ehrenberg 25 25 25
Nitzschia palea (Kiitzing) W.Smith 100 50 75
Nitzschia sigma (Kitzing) W.Smith 50 75 75
Nitzschia sigmoidea (Nitzsch) W.Smith 25 50 25
Planothidium lanceolatum (Brébisson ex Kiitzing) Lange-Bertalot 25 0 0
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot 75 75 100
Surirella brebissonii Krammer & Lange-Bertalot 0 25 0
Surirella minuta Brébisson ex Kiitzing 0 25 50
Tabellaria flocculosa (Roth) Kiitzing 0 25 0
Ulnaria ulna (Nitzsch) Compeére 75 50 25
Coscinodiscophyceae

Melosira varians C.Agardh 0 0 25
Mediophyceae

Pantocsekiella ocellata (Pantocsek) K.T.Kiss & E.Acs 25 25 25

Chlorophyta
Chlorophyceae

Scenedesmus quadricauda (Turpin) Brébisson 25 0 0
Cyanobacteria (Cyanophyta)

Cyanophyceae

Kamptonema formosum (Bory ex Gomont) Strunecky 0 0 25
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Epilitik alg taksonlar1 arasinda yaz doneminde Pantocsekiella ocellata (Pantocsek) K.T.Kiss & E.Acs (1.,2.,3.
ist.), sonbahar déneminde N. sigma (1., 2. ist.), sonbahar (3. ist.) ve kis déneminde (1.,2.,3. ist.) R. abbreviata, ilkbahar
doneminde Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round (1., 3. ist.) ve N. sigma (2. ist.) baskin
taksonlar olarak belirlenmistir.

Fitoplanktonda Bacillariophyta (26), Charopyta (6), Chlorophyta (9), Cyanophyta (Cyanobacteria:4),
Euglenophyta (Euglenozoa:1), Miozoa (9), Ochrophyta (1) bdlimlerinden toplam 56 takson belirlenmis, Aulacoseira
granulata (Ehrenberg) Simonsen, U. ulna, Tripos furca (Ehrenberg) F.Gomez siirekli, Fragilaria dilatata (Brébisson)
Lange-Bertalot, Closterium aciculare T.West, Monactinus simplex (Meyen) Corda genellikle tespit edilen taksonlardir
(Tablo 3). Yaz doéneminde A. granulata (2., 3.ist.), Merismopedia tenuissima Lemmermann (1. ist), Ulnaria
ulna (Nitzsch) Compeére (4. ve 5. ist.), sonbaharda T. furca (1., 2., 3. ist.), Monactinus simplex (Meyen) Corda (4. ist.),
Peridinium sp. (5. ist.), kis doneminde Closterium aciculare T.West (1., 4. ve 5. ist.), A. granulata (2. ist.), Gyrosigma
balticum (Ehrenberg) Rabenhorst (3. ist.), ilkbaharda C. aciculare (1. 2., 3. 4. ve 5. ist.) baskin taksonlar olmustur
(Sekil 3). Fitoplankton tiir dagilimina gore 2. ve 3. birbirine en fazla, 1. ve 4. birbirine en az benzeyen istasyonlar
olmustur. Epilitik taksonlarin dagilimina gére ise 2. ve 3. birbirine en fazla benzeyen, 1. ve 2. en az benzeyen
istasyonlar olarak saptanmuistir.

Tablo 3. Fitoplankton taksonlarinin istasyonlara gore dagilimi ve siklik degerleri”

1. 2. 3. 4. 5.
Fitoplankton Taksonlar1 Istasyon  Istasyon  listasyon  lIstasyon  lstasyon
Bacillariophyta
Bacillariophyceae
Amphora ovalis (Kiitzing) Kiitzing 50 25
Cocconeis placentula Ehrenberg 25
Cocconeis placentula var. euglypta (Ehrenberg) Grunow 25 25
Craticula cuspidata (Kutzing) D.G.Mann 25
Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round 25
Cymatopleura elliptica (Brébisson) W.Smith 25 50 50
Cymatopleura solea (Brébisson) W.Smith 25 50 50
Cymbella helvetica (Kiitzing) 25
Cymbella tumida (Brébisson) Van Heurck 25 25
Diatoma vulgaris Bory 25 25
Fragilaria crotonensis Kitton 25 50 25 25
Fragilaria dilatata (Brébisson) Lange-Bertalot 75 75 75 25 25
Gyrosigma acuminatum (Kiitzing) Rabenhorst 25
Gyrosigma attenuatum (Kiitzing) Rabenhorst 50 25 25 25 25
Gyrosigma balticum (Ehrenberg) Rabenhorst 25 25
Halamphora veneta (Kiitzing) Levkov 25
Nitzschia sigma (Kiitzing) W.Smith 25 25
Nitzschia sigmoidea (Nitzsch) W.Smith 25 50 25
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot 25 25
Surirella biseriata var. bifrons
Surirella brebissonii Krammer & Lange-Bertalot 50 25 25
Ulnaria capitata (Ehrenberg) Compeére 25
Ulnaria ulna (Nitzsch) Compére 100 100 100 100 100
Aulacoseira granulata (Ehrenberg) Simonsen 75 100 75 100 75
Melosira varians C.Agardh 25 25
Mediophyceae
Biddulphia sp. 25 25 25
Charophyta
Conjugatophyceae
Closterium moniliferum Ehrenberg ex Ralfs 25
Closterium aciculare T.West 75 75 75 75 75
Dictyosphaerium pulchellum H.C.Wood
Mougeotia sp. 25 25 50
Spirogyra sp. 25 25 25
Staurastrum sp. 25 25 25
Miozoa
Dinophyceae
Ceratium hirundinella (O.F.Miiller) Dujardin 25 25 25
Gonyaulax sp. 50 50
Peridinium sp. 25 50 75
Tripos candelabrum(Ehrenberg) F.Gémez 25
Tripos furca (Ehrenberg) F.Gomez 25 25 100 25 25
Tripos fusus (Ehrenberg) F.Gémez 25 25
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Tripos lineatus (Ehrenberg) F.Gomez 25

Tablo 3. Devam ediyor

Tripos longipes (J.W.Bailey) F.Gomez 25 25 50

Tripos macroceros (Ehrenberg) F.Gomez 50 25 25 25

Chlorophyta

Chlorophyceae

Coelastrum microporum Négeli 25

Hariotina reticulata P.A.Dangeard 25

Monactinus simplex (Meyen) Corda 75 50 75 75 75
Monactinus simplex var. echinulatum (Wittrock) Pérez 50 25

Pediastrum duplex Meyen 75 50 50 50 50
Pseudopediastrum boryanum (Turpin) E.Hegewald 25 25 25 75
Scenedesmus acuminatus (Lagerheim) Chodat 25 25
Scenedesmus quadricauda (Turpin) Brébisson 25 25

Crucigenia quadrata Morren 25 25
Ochrophyta

Chrysophyceae

Dinobryon sertularia Ehrenberg 25

Cyanobacteria (Cyanophyta)

Cyanophyceae

Chroococcus limneticus Lemmermann 25
Oscillatoria tenuis C.Agardh ex Gomont 25 50
Kamptonema formosum (Bory ex Gomont) Strunecky 25 50
Merismopedia tenuissima Lemmermann 25 25 25
Euglenazoa

Euglenophyceae

Euglena sp. 25

Siklik Degerleri”: % 1-20: Cok seyrek bulunan tiirler, % 21-40: Seyrek bulunan tiirler, % 41-60: Genellikle bulunan tiirler, % 61-
80: Cogunlukla bulunan tiirler, % 81-100: Siirekli bulunan tiirler.

Nezire Lerzan CICEK,, Seasonal distribution of epilithic and planktonic algae in estuary zone of Aksu Stream (Isparta, Antalya/Turkey)



Biological Diversity and Conservation — 11/ 2 (2018) 89

Sekil 3. Aksu Cay1 bazi baskin taksonlarinin istasyonlara ve mevsimlere gore dagilimi

UPGMA (a)
4, Tstasyon TUPGMA (b)
1. Istasyom
5. Istasyon
. I 1, Istasyon
2. Istasyon | .
1, Istasyon
1. Istasyon . . . . . -
T 45 54 kL 76 22 &8 a4 10
B @0 = 4 6 E 100

Sorensen's Coefficient
Sorensen's Coefficient
Sekil 4. Fitoplankton (a) ve epilitik alg (b) taksonlarmin 6rnekyerlerindeki dagilimina gére UPGMA (Unweighted pair
group mean averages) sonuglari

Mevsimsel olarak en yiiksek epilitik alg gesitliligi Shannon-Weaver’s ve Simpson’s indeksine gore yaz, en
diisiik cesitlilik Shannon-Weaver’s indeksine gore ilkbahar ve Simpson’s indeksine gore sonbaharda saptanmistir. Her
iki cesitlilik indeksine gore istasyonlarda en yiiksek cesitlilik degeri 3. istasyonda sonabaharda belirlenmistir
Fitoplankton taksonlar1 kullanilarak belirlenen gesitlilik degerlerine gore (Shannon-Weaver’s ve Simpson’s indeksi)
mevsimsel olarak en yiiksek ¢esitlilik sonbaharda, en diisiik ¢esitlilik kis doneminde, istasyonlar arasinda en yiiksek
cesitlilik degeri 5. istasyonda sonbaharda saptanmistir (Tablo 4).

Tablo 4. Aksu Cay1 Shannon-Weaver (H') ve Simpson (D) ¢esitlilik indeks degerlerinin istasyonlara ve
mevsimlere gore dagilimi

Epilitik Istasyonlar Fitoplankton Istasyonlar

1 2 3 1 2 3 4 5

H D H D H D H D H D H D H D H D

Yaz 2,50 (088|223 |086|188|071|145| 0,67 | 148 |05 |202|081| 154|064 ]| 210 | 0,82

Sonbh | 1,50 | 0,63 | 1,34 | 052 | 252 | 091 | 1,81 | 0,78 | 1,34 | 0,63 | 1,98 | 0,83 | 1,97 | 0,82 | 2,21 | 0,87

Kis 19080 (215|082 137|069 |083|039|122]|057|208]|082] 117|062 | 1,17 | 0,60

ilkbh | 1,41 | 0,65 0,84 | 0,40 | 1,51 | 0,75 | 1,39 | 0,66 | 1,69 | 0,77 | 1,59 | 0,72 | 0,74 | 0,33 | 0,49 | 0,19

Mevsimsel Cesitlilik Degerleri

Yaz Sonbahar Kis ilkbahar
H D H D H D H D
Epilitik 2,24 0,86 2,01 0,73 2,14 0,81 1,78 0,77
Fitoplankton 2,18 0,77 2,20 0,83 1,29 0,57 1,80 0,73

4. Sonuglar ve tartisma

Nehir agz1 bolgeleri dinamik ekosistemler olup nehir ve deniz ortamlar1 arasindaki gegis bolgeleridir. Nehir
agz1 bolgesi gelgit, dalga, tuzlu su akintist gibi denizel sistemin ve diger akarsu sisteminden kaynakli etkilere maruz
kalmakta, buna bagli olarak fizikokimyasal degiskenler ve canli dagilimi siirekli degisim gostermektedir (Chaudhuri
vd., 2012). Arastirma siiresince nehiragzi bolgesinde en yiiksek sicaklik degeri ylizey ve dipte farklilik gdstermis
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yiizeyde 23,2 C* (yaz), dipte 26,9 C’ (yaz), en diisiik deger yiizeyde ve dipte 11,2 C" (kis) olarak saptanmustir. Erdogan
vd. (2012) Manavgat nehiragzi bolgesinde yaz boyunca ylizey ve dip suyu arasinda sicaklik farkinin olustugunu
bildirmistir. Yiizey ve dip suyunda saptanan ortalama pH degerleri 8,28 ile 8,61 arasinda degisim gostermis, en yiiksek
pH degeri (8,9) yiizeyde yaz doneminde nehir sistemine yakin noktada (5. istasyon), en diisiik (7,97) kis doneminde
denize yakin istasyonda belirlenmistir. Zeybek ve Kalyoncu (2016) yaptiklar ¢alismada en yiiksek pH degerini
nehiragzi bolgesinde yaz doneminde belirlediklerini, Dixit vd. (2013) Mahanadi nehiragzinda en yiiksek sicaklik ve pH
degerlerinin yaz doneminde saptandigini belirtmistir. Weinstein vd. (1977) nehriagzi sisteminde yaz déneminde yiiksek
pH degerinin saptandigini1 vurgulamigtir. Aragtirma siiresince elde edilen pH degerlerine goére Aksu Cayi nehiragzi
bolgesi alkali 6zellik gostermistir. Coziinmils oksijen degerleri her iki su siitununda da g¢ok biiyiik dalgalanma
gostermemis, ortalama degerler 10,3-9,39 mg/l arasinda saptanmustir. En diisiik ¢6ziinmiis oksijen degeri 3. istasyonda
(8,48 mg/l) yaz doneminde dip suyunda, en yiiksek deger (11,2 mg/l) 1. istasyonda ilkbaharda yiizey suyunda
saptanmugtir. 3. istasyon suyun akig hizinin yavasladig1 ve akarsuyun kanal seklini alarak denize dokiildiigii bolgedir. 1.
istasyon akarsuyun denize dokiildiigii nokta olup burada ilkbahar doneminde dalgalanmanin ve nehir akis hizinin
artmast, birincil tiretimin artis géstermesi ¢ozlinmiis oksijen degerinde artis saglamistir. Manavgat nehiragzi bolgesinde
yapilan ¢alismada dip suyunda diisiik oksijen degerinin yaz doneminde belirlendigi, yiiksek oksijen degerinin ise yiizey
suyunda kis déneminde saptandigi, bunda tuzlulugun ve su siitunundaki tabakalasmanin etkili oldugu belirtilmistir
(Erdogan vd., 2012). Arastirmamizda Aksu Cay1 nehiragzi bolgesinde de dip suyunda yiizey suyuna oranla daha diisiik
¢Oziinmiis oksijen degeri belirlenmistir. Bunda dip suyundaki elektriksel iletkenlik ve tuzluluk degerlerindeki
yiikselmenin, yine bu donemde sicaklik artis1 ile birlikte akis hizindaki yavaglamanin etkili oldugu diigiiniilmektedir.
Elektriksel iletkenlik ve tuzluluk degerleri yiizey ve dip suyunda farklilik gdstermis, en yiiksek degerler (Elektriksel
iletkenlik: 55800 uS/cm, tuzluluk: 36,6 ppt) dip suyunda 1. istasyonda yaz déneminde, en diisiik degerler yiizey ve dip
suyunda (elektriksel iletkenlik: 322 uS/cm, tuzluluk: 0,1) kis doneminde saptanmustir. Yagis ile birlikte olugan sel
sular1, akarsu etkisinin artig gostermesi nehiragzi suyunun seyrelmesinde etkili olmustur. Dixit vd., (2013) yaptiklari
calismada gel-git ve taskin sularinin nehiragzi bolgesinde diisiik tuzluluk ve elektriksel iletkenlik degerlerinin
saptanmasina neden oldugunu bildirmigtir. Aksu Cay1 nehiragzi bolgesinde saptanan tuzluluk ve elektriksel iletkenlik
degerlerine gore 1. istasyon diginda kalan drnekleme noktalarinin, daha ¢ok tathi su etkisinde oldugu, donemsel olarak
ozellikle sonbaharda tuzlu suyun etkisinde kaldig1 gézlenmistir. Klorofil-a’nm en yiiksek degeri (7,8 mg/m®) ilkbahar
déneminde 3. istasyonda, en diisiik degeri (1,2 mg/m®) 5. istasyonda kis déneminde belirlenmistir. Klorofil-a degerinin
artis gosterdigi noktada nehiragzi bdlgesi bir kanal goriintiisii almis, suyun akis hizi yavaslamig ve derinlikte artig
goriilmiistiir. Tlkbahar déneminde sicaklik ve 1siklanma siiresindeki artisa ve bu istasyondaki fiziksel kosullarin
degisimine paralel olarak klorofil-a degerinde artis oldugu sdylenebilir. Kis déneminde sicaklik ve igiklanmanin
azalmasinin, sdz konusu istasyonda dalgalanmanin fazla olmasinin klorofil-a degerinin diisiik saptanmasinda etkili
oldugu diisiiniilmektedir. Erdogan vd. (2012) yaptiklar1 ¢alismada benzer sonuglart vurgulamistir. Malon vd. (1988)
nehir akiginin nehiragzi bolgesine etkisini belirlemek amaciyla yaptiklar: ¢alismada klorofil-a degerinin mevsimlere ve
derinlik farkina gore degisim gosterdigini, 6zellikle ilkbahar doneminde belirgin bir artisin saptandigini bildirmistir.

Aragtirma siiresince epilitik 6rneklerde Bacillariophyta, Chlorophyta, Cyanophyta bdliimlerinden 44 takson
saptanmig, Bacillariophyta en yiiksek takson ve birey sayisi ile temsil edilmistir. Chindah (2004) nehiragz
perifitonunda yaptig1 calismada Bacillariophyta’nin daha fazla takson sayisina sahip oldugunu ve kommiinitenin
%350’den fazlasini temsil ettigini bildirmistir. Stirekli gdzlemlenen taksonlar drnekyerlerine gore degisim gostermistir.
Epilitik 6rneklemenin yapildig: tiim noktalarda R. abbreviata genellikle gozlemlenmistir. P. ocellata, N. sigma, R.
abbreviata ve C. pulchella baskin takson olarak saptanmigtir. Kalyoncu vd. (2008) Aksu Cayi’nda D. vulgaris’in
nehiragz1 onekleme noktasinda baskin takson oldugunu bildirmistir. Calismamizda D. vulgaris genellikle saptanan
taksonlar arasinda yer almistir. Solak vd. (2018) Tiirkiye akarsu ve durgun su sistemlerinde P. ocellata’nin yaygin
olarak gbozlemlenen sentrik diyatom taksonlari arasinda bulundugunu bildirmistir. K&priigay Nehri nehiragzi bolgesinde
C. pulchella’nin baskin taksonlar arasinda yer aldig, 6zellikle tatli su etkisinin oldugu nehiragz1 sistemlerinde daha iyi
gelisim gosterdigi bildirilmistir (Cigek ve Ertan, 2012). En yiiksek epilitik alg ¢esililigi 3. istasyonda sonbahar
doneminde belirlenirken, ortalama g¢esitlilik degerlerine gore nehiragzinda en yiiksek g¢esitlilik yaz doneminde
belirlenmistir. Kalyoncu vd. (2008) Aksu Cayi’nda nehiragzi bolgesinde en yiiksek epilitik alg ¢esitliliginin sonbahar
doneminde belirlendigini, elektriksel iletkenligin alg cesitliligine etki ettigini bildirmistir. Aksu Cay1 nehiragzi
bolgesinde sonbaharda elektriksel iletkenligin artmasinin epilitik alg cesitliligi tizerinde etkili oldugu sdylenebilir.
Akarsu iizerinde epilitik alg 6rneklemede secilen 3. 6rnekyeri hem akarsu hem de denizel etki altinda kalmaktadir. Bu
nedenle donemsel olarak tatlisu ve acisu sistemlerine uyum saglamis bazi taksonlarin da ortama uyum saglamasi ile
cesitliligin bu noktada yiiksek oldugu diisliniilmektedir.

Fitoplanktonda Bacillariophyta, Charopyta, Chlorophyta, Cyanophyta (Cyanobacteria), Euglenophyta
(Euglenozoa), Miozoa, Ochrophyta boliimlerinden toplam 56 takson belirlenmis, Bacillariophyta takson ve birey sayisi
baskin olan bolim olmustur. Kopriigay ve Manavgat nehiragzi bolgesinde yapilan ¢aligmalarda da Bacillariophyta
boliimiiniin yiliksek takson ve birey sayisi ile temsil edildigi bildirilmistir (Erdogan vd., 2012; 2016). Nehiragz
fitoplanktonu ile ilgili yapilan ¢esitli ¢aligmalarda da benzer sonuglar vurgulanmistir (Huang vd. 2004; Ajuonu vd.
2011; Kirchman vd. 2017). Saptanan fitoplankton taksonlarindan A. granulata, U. ulna, T. furca arastirma siiresince
stirekli gozlenmistir. A. granulata, M. tenuissima, U. ulna yaz, T. furca, M. simplex, Peridinium sp. sonbahar, C.
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aciculare, G. balticum kis, C. aciculare ilkbahar déneminde baskin takson olarak belirlenmistir. Saptanan taksonlar
arasinda diyatomlar en yiiksek baskinlik degerine ulasnustir. Ozellikle yaz doneminde diyatom béliimiine ait tasonlar
(A.granulata, F. dilatata, U. ulna) yiiksek birey sayisi ile temsil edilmistir. Popovich vd. (2012) Bahia Blanca nehiragzi
(Arjantin) bolgesinde yapmis oldugu ¢alismada, diyatomlarin kis doneminde fitoplanktonda dominant béliim oldugunu,
toplam fitoplankton yogunlugunun %82’sini olusturdugunu bildirmistir. Sonbaharda tuzluluk degerindeki artisa parallel
olarak T. furca, Peridinium sp taksonlarinin baskinlik gosterdigi diistiniilmektedir. Bu donemde 6zellikle denize yakin
ornekleme noktasinda T. candelabrum, T. fusus, T. lineatus, T. longipes, T. macroceros daha yiiksek birey sayisinda
saptanmig, bu taksonlardan T. macroceros, T. furca, Peridinium sp, diger 6rnekleme noktalarinda da belirlenmistir.
Manavgat Nehiragz1 bolgesinde deniz etkisinin arttig1 dénemlerde denizel tiirlerin daha sik ve yiiksek birey sayisinda
goriildiigii bildirilmistir (Erdogan vd. 2012). Cloern (1991) nehir agz1 bolgesinde fitoplanktonun mevsimsel degisiminin
yogunluk tabakalagmasiyla illigkili oldugunu, yogunluk tabakalagmasinin donemsel olarak tatli su etkisinin artmasindan
kaynaklandigin1 belirtmistir. Fitoplankton taksonlar1 kullanilarak belirlenen g¢esitlilik degerlerine gore (Shannon-
Weaver’s ve Simpson’s indeksi) mevsimsel olarak en yiiksek cesitlilik sonbaharda, 6rnekyerleri arasinda en yiiksek
cesitlilik degeri 5. istasyonda sonbaharda saptanmigtir. Huang vd. (2004) yaptiklar1 calismada yagmurlu donemlerde
nehiragzi bolgesinde yiiksek gesitlilik degerlerine ulasildigini bildirmistir. Alao (2009) iklimsel degisimlerin biyolojik
cesitliligi etkiledigini bildirmistir. Elde edilen fizikokimyasal ve biyolojik veriler dogrultunda Aksu Cay1 nehir agz
bdlgesinin ¢cogunlukla tatli su etkisinde kaldigi dénemsel olarak gel-git ve dalgalanmanin etkisi ile denizel etki altinda
kaldig1 sdylenebilir.
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Abstract

A new marasmioid species, Marasmius curreyi Berk. & Broome belonging to the family Marasmiaceae, is
given as new record for the mycobiota of Turkey from Tonya district of Trabzon province. A brief description of the
taxon is given together with its photographs related to macro and micromorphologies.
Key words: new record, macrofungi, Marasmius, Trabzon, Turkey

*

Tiirkiye mikobiyotasi i¢in yeni bir Marasmioid tiir kaydi

Ozet

Marasmiaceae familyasina ait bir marasmioid tiir olan Marasmius curreyi Berk. & Broome Trabzon’un Tonya
ilcesinden Tiirkiye makromikotasi icin yeni kayit olarak verilmigtir. Taksonun kisa betimlemesi makro ve
mikromorfolojisine ait fotograflarla birlikte verilmistir.

Anahtar kelimeler: yeni kayit, makromantar, Marasmius, Trabzon, Tiirkiye
1. Introduction

Marasmius Fr. is a marasmioid genus within the family Marasmiaceae Roze ex Kiihner (Agaricales,
Basidiomycota). Its members are characterised with marasmioid or collybioid, small to medium-sized basidiocarps;
smooth, glabrous, grooved or radially sulcate pileus; well-developed, white to pale cream, pale ochraceous, collariate or
non collariate lamellae; insititious or non-insititious stipe; white to pale cream spore print; hyaline, smooth, thin-walled,
nondextrinoid spores (Antonin and Noordeloos 2010).

Marasmioid species play an essential saprobic role in forest ecosystems and widely distributed especially in
tropical regions where they play an important role in litter decomposition. But they are often overlooked by collectors
due to their tiny size (Kuo, 2013; Oliveria and Sanchez-Ramirez, 2014).

Though more than 500 species of Marasmius taxa are estimated to exist worldwide (Kirk et al., 2008) and 60
and 40 of them had been reported from North America and Europe respectively (Kuo, 2013), only 20 conformed
members of the genus Marasmius have so far been recorded from Turkey (Oner, 1972; Demirel, 1998; Kaya and
Oztiirk, 1999; Kasik et al., 2001; Oztiirk et al., 2003; Peksen and Karaca, 2003; Demirel et al., 2004; Uzun et al., 2006;
Tiirkekul, 2005, 2008; Alli et al., 2007; Kaya, 2009; Hiiseyinov et al., 2001; Isiloglu et al., 2009; Sesli and Dencheyv,
2014; Solak et al., 2015).

During our routine field trips in Tonya (Trabzon) district, within the scope of a university research fund
project, some marasmioid fungi samples were collected. After necessary investigations they were identified as
Marasmius curreyi Berk. & Broome. A control of the current checklists (Sesli and Denchev, 2014; Solak et al., 2015)
and the latest records related to Agaricales (Akata et al., 2016; Dengiz and Demirel, 2016; Oztiirk et al., 2016; Sesli et
al.,, 2016; Uzun and Demirel, 2017; Uzun et al., 2017; Sadullahoglu and Demirel, 2018) on the macromycetes of
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Turkey, indicated that the taxon was not recorded from Turkey before. Therefore, the study aims to make a contribution
to the mycobiota of Turkey.

2. Materials and methods

Marasmius Fr. samples were collected in Tonya district of Trabzon province in 2016. The samples were
photographed at their natural habitats and necessary characteristics related to its ecology and morphology were noted.
After transferring the samples to the laboratory, they were dried and prepared as fungarium specimens. Investigation
related to its micromorphology were carried out under Nikon Eclipse Ci trinocular light microscope. Meltzer’s reagent
was used as a chemical media. Micromorphologic photographs were obtained with the help of a DS-Fi2 digital camera.
Identification of the samples were carried out according to Antonin (1989), Breitenbach and Krénzlin (1991), Baird et
al. (1992), Antonin and Buyck (2006), Antonin and Noordeloos (2010), Desjardin et al. (2015). The studied Marasmius
samples are stored at Karamanoglu Mehmetbey University, Kamil Ozdag Science Faculty, Department of Biology.

3. Results

Sytematics of the taxon is in accordance with Kirk et al. (2008) and speciesfungorum.org (accessed at July
2017). The description of macroscopic and microscopic characters, ecology, and distribution of the species are provided
and discussed briefly.

Marasmius curreyi Berk. & Broome

Synonyms: Androsaceus curreyi (Berk. & Broome) Rea, Chamaeceras curreyi (Berk. & Broome) Kuntze,
Marasmius curreyi var. bicystidiatus Antonin & Hauskn., Marasmius curreyi var. distantifolius Antonin.

Macroscopic features: Pileus 2-9 mm in diameter, conical-hemispherical when young, convex to plano-
convex when mature, depressed at the center, sulcate, with a crenulate to wavy margin, surface finely tomentose, light
to ochraceous-brown, darker at the center. Flesh thin, membranous, odor and taste mild to not distinctive. Gills distans,
collariate, collarium broadly umbilicate when mature, whitish to cream colored, with concolorous, finely pubescent
edge. Stipe 10-27 x 0.3-0.5 mm, filiform, more or less equal, surface smooth, brown, paler to whitish at apex, blackish-
brown at basal part (Figure 1a).

Microscopic features: Basidia 22-25 x 8.5-9 um, clavate, generally four spored. Cheilocystidia 14-19 x 8-12
um, clavate to subcylindrical, thin walled, with projections. Pileipellis made up of broom cells of the Siccus-type with
clavate or cylindrical-clavate basal part (Figure 1b). Pleurocystidia not observed. Clamp connections present. Spores 8
-9.6 x 4.5-5.5 um, ellipsoid, ellipsoid-fusoid or amygdaliform, thin-walled, hyaline (Figure 1c), not dextrinoid, spore
print not observed.

Ecology: Gregarious in humid forest on dead stems of plants (Antonin and Buyck, 2006; Desjardin et al.,
2015), occacionally on decaying remmants of Cyperaceae, Juncaceae and Poaceae (Antonin and Noordeloos, 2010)
especially during summer.

Specimen examined: Trabzon, Tonya, Karaagacli village, hazelnut garden, on grass remains, 40°55'N-
39°17'E, 640 m, 20.06.2016, Yuzun 5156.

. r
Figure 1. Marasmius curreyi: a. basidiocarps, b. pileipellis cells, c. basidiospores
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4. Conclusions and discussion

Marasmius curreyi is mainly characterized by a brownish pileus, rather distant collariate lamellae with
concolorous edges, pileipellis with broom cells of the Siccus-type, and mainly monocotyledonous substrate (Antonin
and Noordeloos, 2010; Antonin and Buyck, 2006). Like M. curreyi, Marasmius nigrobrunneus (Pat.) Sacc. is another
grass-loving Marasmius species and may be confused with M. curreyi. But the generally longer stipe which arises
directly from rhizomorphs or from substrate and more brownish pileus distinguishes it from M. curreyi (Wannathes et
al., 2009). Marasmius curreyi is most likely to be confused with several other graminicolous species, M. epodius Bres.
and M. armeniacus Gilliam. Among them, M. epodius differs from M. curreyi with its longer basidiospores and M.
armeniacus differs with collarless lamellae (Gilliam, 1975), the absence of depressed to umbilicate pileal disc and non-
institious stipe (Desjardin et al., 2015).
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Abstract

Up to 2013 there was a small-scale mine loading port with small pier in Yesilovacik bay. Then the new pier
extending to open sea in south west direction was built. The impact assessments of the former and later port on the
monk seal were evaluated by monitoring their activities in the bay.

The monk seal records were very rare during the period of extensive commercial fishing and small scale mine
loading activity in 2012. In period of the construction, although monk seal was less frequently observed on the rocky
east shore, on the sandy beach and harbor area, a new pup was seen around the same breeding cave with the distance of
approximately 500 meters to new pier. In our monitoring period, the daily activities of monk seal were mostly recorded
between 8-12 am based total of 21 monk seal records. The speed of a juvenile were recorded as maximum 16.8 km/ h
during fish chasing in the evening.

Our findings supported that major threat on the monk seal are by catch in gill nets, bottom trawl nets, over-
fishing and deliberate killing more than the pier constructions caused noise, turbidity and over-lighting. Up to 2017, the
observing frequencies are getting increased in the harbor area. The reason for that is though due to the alternative
employment for local people, which mitigates the conflicts between monk seals and fishermen.

Key words: Monk seal, threats, Yesilovacik bay, Turkey

Yesilovacik Koyu'ndaki (Mersin, Tiirkiye) Akdeniz Fokunun (Monachus monachus) Varhgi; antropojenik etki
degerlendirmesi vaka raporu

Ozet

Yesilovacik korfezinde, 2013 yilina kadar kiiciik bir iskele ve kiiclik 6lgekli bir maden yiikleme limani
bulunmaktaydi. Daha sonra giineybat1 yoniinde agik denize uzanan yeni iskele insa edilmistir. Eski ve sonraki yapilan
limanin Kesis fokunun iizerindeki etkileri, bunlarin korfezdeki faaliyetlerinin izlenmesi ile degerlendirilmistir.

Kesis foku kayitlari, 2012 yilinda yaygin ticari balik¢ilik ve kiigiik ¢capli mayin yiikleme faaliyetleri sirasinda
cok azdi. Insaat déneminde, kayahigin dogu kiyisinda, kumlu plaj ve liman bélgesinde Kesis foku daha az gozlenmis
olmasma ragmen, yeni bir yavru ayni lireme magarasinin etrafinda yeni iskeleye yaklagik 500 metre uzaklikta
gdzlenmistir. Izleme periyodumuzda, kaydedilen toplam 21 fokun giinliik faaliyetleri cogunlukla giindiiz 8-12 saatleri
arasinda kaydedildi. Yavrularin maksimum hizi aksam balik avlamalar1 sirasinda 16,8 km/s olarak kaydedildi.

Bulgularimiz, balik aglari, dip trol aglari, agir1 avlanma ve kasith 6ldiirmenin Kesis foku tizerindeki en biiytik
tehditler olarak, giiriiltii, bulaniklik ve asir1 aydinlatmaya neden olan iskele yapimlarindan daha fazla oldugunu
desteklemistir. 2017 yilina kadar liman bolgesinde gozlem frekanslari gittikce artmistir. Bunun sebebi foklar ve
balik¢ilar arasindaki ¢atigmalar1 azaltan, yerel halkin alternatif istthdamidir.

Anahtar kelimeler: Kesis foku, tehditler, Yesilovacik korfezi, Tiirkiye

1. Introduction
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Monachus monachus (Hermann, 1779) which belongs to the genus Monachus (Fleming, 1822) is distributed in
Mediterranean cost of Turkey as a single seal species (Mursaloglu, 1964; Giicii et al., 2004; Giigliisoy, 2008; MOm,
2009). Preliminary studies about The Mediterranean monk seal on Turkish cost was started by Bahtiye Mursaloglu
establishing a monitoring station at Alagat: town of Izmir province (Mursaloglu 1964, 1984, 1986, 1992). The
population size was estimated approximately 300 — 350 individuals in the eastern Mediterranean Sea by MOm (2009)
and up to 600 by Johnson et al. (2006) and around 700 by (Karamanlidis et al., 2015) in the Mediterranean population.
Apart from these, some reports indicated that the abundance of the monk seal population decreased (Aguilar, 1999;
Johnson et al., 2006), and thus Mediterranean monk seal is classified as endangered species according to IUCN criteria
(IUCN, 2017).

On Turkish coasts, the researches were increasingly focused on the Mediterranean monk seal due to the threats
for the Turkish population (Berkes, 1978; Berkes et al., 1979; Oztiirk and Dede, 1995; Veryeri et al., 2001; Giigliisoy
and Savas 2003a, b; Giicti et al., 2004; Giicliisoy et al., 2004; Kira¢ and Giigliisoy, 2008; Danyer et al., 2013). However,
the precise data on Turkish population are absent, 9 individual around Foga and 22 around the west cost of Antalya
province were reported by Giicliisoy and Savag (2003a) and Giicii et al., (2004), respectively.

Androukaki et al. (1999, 2006) listed the main threats for the Mediterranean monk seal in Greece as gradual
destruction of the coastal ecosystem, tourism, deliberate Killings, drowning in fishing gear. They also noticed marine
pollution, over-fishing and stochastic events (virus outbreak and an oil spill as potential and imminent threats).
According to the IUCN mammal review, the primary threats to marine mammals were accidental deaths and pollution,
and it was also suggested that harvesting remained a major threat for half of the marine mammal species in the world
(Schipper et al., 2008). Gonzales and Larrinoa (2013) also reported that the most frequent negative interactions between
monk seals and fisheries were by catch in gillnets and bottom trawl nets.

On Turkish coasts, there are many hotspot locations for the Mediterranean monk seal; one in Black sea, one in
Marmara Sea, a few in Aegean (western coast) and Mediterranean (southern coast). This research is focused on
southern population around Tasucu with long term monitoring in Yesilovacik bay of Mersin province (Figure 1, 2),
especially Tasucu coast is well known location for the Mediterranean monk seal with suitable breeding caves.
Yesilovacik bay is located at 30 km west of Tasucu town, and covers a long sand coast and rocky slope in eastern side
with a cave (Figure 2). There was a small port in Yesilovacik bay used by fishermen and small vessels transporting sand
mine. After a large concrete plant started to be built around Yesilovacik town, new and large port come into the agenda
for intensive transporting, and NGOs reacted to the investment as harmful to local monk population. This research
focused on the situation of monk population using the bay before and after new port construction and also human —
monk conflict along with long term monitoring between 2012 and 2017.

2. Materials and methods

The study was conducted between 2012-2017 in Yesilovacik bay (Mersin province) of Eastern Mediterranean
coast of Turkey to determine the Mediterranean monk seal activity (Figure 1, 2). For this purpose, all around the bay, 6
monitoring spots were determined and these spots were observed weekly by cameras and direct observations. Also a
camera was mounted in front of the suspected breeding cave (Figures 3, 4) and camera records were weekly controlled
during the period. The chasing speed of the monk seal was calculated based on the distance between two points in the
harbor and chasing time of this distance on video records (m/sec). Also major fishes and invertebrate fauna which are
the food source of the seal are also investigated by scuba diving.

3. Results

The studies conducted on the Yesilovacik bay provide us to compare the seal activity for the bay before and
after the new port construction (Table 1). Prior to the construction of the new port, small-scale loading activities were
carried out in the port. According to the long term observations by Dr. Deniz Ayas who is working on marine biology
around the Mersin Bay, monk seal observation was very rare before the construction of the new port.

During the study period of 2012 — 2017, anthropogenic factors such as fishing, netting and other disturbing
factors were taken under control in the bay via employing security officers and a specialist. 21 seal records were taken
from one adult female and two pups at Yesilovacik bay. Of these records, 17 are video or photograph and 4 are visual
recordings. In addition, the most of records were made from pups (17 records) and 4 from adult female (Table 1, Figure
5, 6, 7). It was also determined that the daily activity ranges from early morning until late night with the latest records
from 01: 33 am. However the most activities (n=7) were observed between 8 — 12 am. The first juvenile surviving his
life has frequently used both port and harbor to find foods (Figure 8, 9) the speed of the first juvenile at an age of three
year old were recorded as 11 km /h, 14.4 km/ h and 16.8 km/ h in the distances of 30-35 meters for fish chasing in the
evening video records (Figure 10).

Nuri YIGIT et al., Occurrence of the Mediterranean Monk seal (Monachus monachus) in Yesilovactk bay (Mersin, Turkey); a case report for
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The activity of the juvenile varied from day time to evening but adult showed tendency towards late afternoon
and evening. It is also observed that especially, the juvenile prefers to chase food under the pier without being disturbed
by human activities. Reason for this is there is a restricted area for fisheries around the pier probably abundant with the
fish and invertebrates. Fishes that were more abundantly observed around the pier are Liza spp., Siganus spp., Pagellus
spp., Nemipterus randalli, Sphyraena spp., Diplodus vulgaris, Diplodus sargus, Oblada melanura, Epinephelus spp.,
Saurida lessepsianus. In addition to the fishes, some invertebrates in the littoral zone of port filling and pier pillars such
as Mollusc (Chthamalus stellatus, Brahiodontes pharaonis, Patella caerulea), shrimp and prawn (Penaeus
semisulcatus, Marsupenaeus japonicus, Melicertus kerathurus, Parapenaeus longirostris, Metapenaeus monoceros),
carps (Callinectes sapidus and Portunus segnis), cephalopods (Sepia officinalis, Loligo vulgaris) were observed. Of two
juvenile monk seals under monitoring, one was found dead (borne in October 2013) on the sandy beach of the bay in
February 2014.

The nearest monk seal cave in the bay is Balikli cave (sometime misused as Kaklik slit), which is located on
the east coast of the bay and is about 500 meters away from the harbor is the only known breeding cave in the bay.
According to our estimation, the birth should occur between September and early November. So the port construction
was interrupted not to disturb the breeding monk seal. This cave was used by a female, and it gave birth to two pups in
the successive years of 2012 and 2013 during the five years monitoring. Human-induced attack with explosive was
done in front of the breeding cave, and many death fishes were observed around the cave. However this attack did not
cause the seal’s death and monk seals continue to inhabit the cave and the bay.

Table 1. Mediterranean monk records on Yegilovacik bay

Date and hours Locations Sex Record types | Comments
30.12.2012 / 16*° Cave entrance Adult Photograph Mother and pub in the cave; breast-feeding
female period
20.01.2013/11% Cave entrance First Photograph First juvenile born in the cave, and first
juvenile observation out of the cave
24.02.2013 12%2 Cave entrance First Photograph First juvenile was observed in front of cave
juvenile and video
20.12.2013 16% Swimming around First Photograph First juvenile was observed in swimming to
the cave juvenile entering the cave
16.02.2014 09 In the port area Second Photograph The photograph of second juvenile before
juvenile and video dying
17.02.2014 14% In the port area Second Photograph The photograph of second juvenile before
juvenile dying
01.05.2014-11% Swimming around First Photograph The first juvenile at an age of 1.5 year old
the cave juvenile swimming from the cave to open ocean still use
the cave
03.02.2015-14% In the port area First Photograph First juvenile which is at an age of 2.5 year old
juvenile is feeding under the port, and leaving the port
to ocean with fish caught
10.03.2015-17%° Swimming around First Photograph First juvenile swimming from the port to the
the cave juvenile and video cave after the feeding activity around the port
13.03.2015-11% In the harbor Adult Photograph Adult female swimming and searching the food
female and video in the harbor
16.04.2015 20%° In the harbor Adult Photograph Adult female swimming and searching the food
female and Video in the harbor
29.04.2015 10% Swimming around First Photograph First juvenile swimming from the port to the
the cave juvenile and Video cave
28.01.2016-16% In the port area Adult Visual record | Adult female chasing the fish under the port
female
12.02.2016-21%° In the port area First Video Feeding activity under the port
juvenile
16.02.2016-17% In the port area First Photograph Feeding activity under the port
juvenile and Video
27.09.2016-17% In the harbor First Photograph Feeding activity under the port and in the
juvenile and Video harbor
22.01.2017-01% In the port area First Photograph Feeding activity under the port
juvenile and Video
28.02.2017-224 In the port area First Video Feeding activity under the port
25.05.2017-9.30 juvenile Visual record
08.06.2017- 18.50
18.06.2017- 1.33
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Figur 6. The seal were seen between rocy coast and pier

Figure 7. Recorded activities of The Mediterranean monk seals between November 2012 and June 2017.
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Figure 9. The seal hunting in harbor without any anthropogenic threats

-01-22 01:02:1

Figure 10. The seals hunting in harbor; their chasing speed was calculated based on video records.
4. Conclusions and discussion

The major threat to the seal is originated from fishermen which frequently kill monk seals for breaking up fish
nets. In consistent with our opinion, some of the seal dead found on the cost between Antalya and Hatay were shot by
gun (Figure 11). The fishermen of Yesilovacik had the same attitude towards the seal. In the beginning of the harbor
construction, a number of measures were taken to protect the seals in the bay, and also the protection measures were
increased by employing security officers and a specialist. Under the measurements, fishing along the eastern rocky
slopes were hindered, harbor and port were observed through the day, and the training was given to company
employees for raising the awareness. Also the cameras were placed on the rocky hillside on the east coast (especially in
front of the cave) and into the harbor, and also visual observations were made during the day. The dead juvenile (born
in October 2013) was found lying on the sandy beach in February, 2014. In the investigation of local authorities, the
cause of death was not human attack and was reported as infection but our opinion on this death was malnutrition due to
stormy ocean in winter. Neves and Pires (1999) stated that the starvation, waves surging into caves and separation from
mother can cause the death of newborn pups. Habitat destruction and using the cave without an internal beach have
been identified as a major threat to the eastern Mediterranean population of monk seal (Giigliisoy and Savas 2003 a,
Giicii et al 2009 a,b, Kirag et al 2013). Danyer et al. (2013) examined a dead monk seal found in Antalya coast and
reported the death causes as endoparasite, internal bleeding, and systemic infection. Neves (1998) reported that Liza
aurata, Sephia officinalis are among the food of adult seal but crabs and limpets of the mostly sub adult. Such food
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types are abundant around the pier, and it is thought that the lack of food is not the cause of the juvenile death. But the
reason is probably the juvenile seal’s being unable to reach food due to severe weather conditions.

P g

Figure 11. The seal eaths between Antalya andMHatay coasts (http://www.iha.com.tr/haer-hatayda—olu-fok-bulundu-
253438/, http://www.iha.com.tr/haber-dumana-otopsi-yapilacak-274926/, http://www.aksam.com.tr/doga-
hayvan/gazipasada-olu-akdeniz-foku-kiyiya-vurdu/haber-235898, http://www.yabantv.com/haber/13988-antalyanin-
maskotu-%E2%80%98dumani-katlettiler, http://www.milliyet.com.tr/yavru-foku-vurdular-
/gundem/detay/1845536/default.htm-yesilovacik.

The area where Yesilovacik bay is located is especially important for the seal population in the eastern
Mediterranean, many caves used by the seal are known between Yesilovacik and Tasucu town which is on the east of
Yesilovacik bay (Giigliisoy et al 2004, Giicii et al. 2004, Ok 2006, Giicii 2010). Although it is known that there are more
seal populations around Tasucu town, only one adult female with two litters were monitored in Yesilovacik bay during
the study period, this finding supported the idea that adult female depends on the breeding cave and has relatively
smaller home range than male. In support of our suggestion, most of the seals recorded dead between Antalya and
Hatay coasts were males, especially, adult specimens (Figure 11).

According to our estimation, the birth should occur between September and early November, when the
considering the gestation period as eleven months (Pastor and Aguilar 2003), it can be said that the mating occurs in
January — February. According to some references, it was reported that the births occur through the year (Gazo et al.
1999, 2000 and Pastor and Aguilar 2003) but no such an observation was made in Yesilovacik bay in the period of 5
years. Our finding on pupping is consistent with Giicii et al (2004) and Pires et al (2008).

The view of the port before and after construction is given in Figure 12. During the port construction, the
construction was interrupted to prevent the seal from being disturbed by noise (piling up caused by staking into the sea)
in the breeding season (September and November). After the construction was completed, it was determined that there
was no regular excessive noise to scare the seals. After this interval, the port was in the operation, up to now 121
indigenous people of Yesilovacik were employed as trucks drivers (60), cleaner and security (11), mariner and loader
(38) and others (12). When the considering the population of Yesilovacik town with 2024 people in 2016, The number
of employed people in the port is about 6 % of the population of Yesilovacik. When the Turkish families are generally
thought to be composed of 4-5 persons, the number of people benefiting from the port is about 24 % of total population,
this number does not cover the people who work in the nearby cement factory providing cargo to the port. This was
considered the major factor to mitigate the conflict between the seal and indigenous people. However, fishing activities
such as gillnets and bottom trawl nets continue the threat on the Mediterranean monk seal around the Yesilovacik and
Tasucu. The deliberate killing was reported to be major threat on monk seal in Turkish coast (Gii¢liisoy et al 2004,
Kirag et al. 2013). This was supported by the fact that some dead monk seals found between Antalya and Hatay were
reported to be shot by gun, especially two dead in Gazipasa coast, therefore the restriction of fisheries and establishment
of the protected area should be recommended to the authority in the shore line with the pupping caves.
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Figure 12. The port befor) and after (B) construction (arrow shows new ier).
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Abstract

In this study three rhizobial samples (R28, R51, R66) were anaysed using molecular phylogenetic methods.
Rhizobial samples were isolated (from P. vulgaris L. root nodules collected from Eskisehir province of Turkey) and
morphologically characterized in a previous study. Analyses were performed using a concatenated data set which
composed of three housekeeping genes (recA, atpD and ginll). Additionally two symbiotic genes, nodA and nifH, were
sequenced and analysed to determine the symbiotic plasmid type. As a result of housekeeping gene phylogeny, isolate
R28 was found to be related to R. laguerreae. Although other two isolates, R51 and R66, placed in the same lineage
with R. sophoriradicis, they showed enough divergence to be considered as a new species. But this presumption need to
be confirmed with further investigations. Network analyses of nodA and nifH genes clearly showed that R28 has a
unigue symbiotic plasmid. On the other hand, symbiotic plasmids of R51 and R66 found to be related to p42d which is
the most common symbiotic plasmid in rhizobia nodulating P. vulgaris L. in Europe and also Turkey. In this study first
report of R. laguerreae from Turkey is presented. More over, first report of a R. laguerreae isolate from P. vulgaris L.
root nodules is also presented and suggested isolate R28 as R. laguerreae bv. phaseoli. Additionally, molecular hints for
a potentially new rhizobial species have also given. But this presumption must be supported with some additional
molecular and morphological investigations.

Key words: rhizobia, phylogeny, housekeeping genes, nodulation, nitrogen fixation

%

Tiirkiye’nin Eskisehir ilinden, Phaseolus vulgaris L.’den izole edilen rhizobial 6rneklerin molekiiler
karakterizasyonu

Ozet

Bu c¢aligmada {i¢ rizobial 6rnek (R28, R51, R66) molekiiler filogenetik yontemler kullanarak analiz edilmistir.
Rizobial drnekler dnceki bir ¢alismada izole edilmis (Tiirkiye’nin Eskisehir ilinden toplanmis P. vulgaris L. bitkisinin
kok nodiillerinden) ve morfolojik analizleri yapilmistir. Analizler ii¢ adet housekeeping genden (recA, atpD and ginll)
olusan birlestirilmis bir veri seti kullanilarak yapilmistir. Ek olarak, simbiyotik plazmit tipini belirlemek igin nodA ve
nifH olmak tizere iki simbiyotik genin dizilemesi yapilmis ve analizleri gergeklestirilmistir. Housekeeping gen
filogenisin sonucu olarak izolat R28 R. laguerreae ile iligkili olarak bulunmustur. Diger iki izolat R51 ve R66, R.
sophoriradicis ile ayni soy hattinda yer almasina ragmen yeni bir tiir sayilabilecek kadar yeterli farklilik gostermistir.
Fakat bu 6ngoriiniin ileri aragtirmalar ile dogrulanmaya gereksinimi vardir. NodA and nifH genlerinin network analizleri
R28 in 6zgiin bir simbiyotik plazmite sahip oldugunu agik bir sekilde gostermistir. Diger taraftan RS1 ve R66’nin
simbiyotik plazmitlerinin p42d ile iligkili oldugu bulunmustur, bu plazmit Avrupa ve Tiirkiye’de P. vulgaris L. ile kok
nodiilii olusturan rhizobiadaki yaygin goriilen simbiyotik plazmittir. Bu ¢alismada R. laguerreae in Tiirkiye’den ilk
kaydi sunulmustur. Otesinde, bir R. laguerreae izolatmin P. vulgaris L. kok nodiillerinden ilk kaydida verilmistir ve
izolat R28 R. laguerreae bv. phaseoli olarak 6nerilmistir. Ek olarak yeni bir rizobial tiir i¢in molekiiler ip uglarida
sunulmustur. Fakat bu 6ngoriiniin ilave baz1 molekiiler ve morfolojik arastirmalar ile desteklenmesi gerekmektedir.

Anahtar kelimeler: rhizobia, filogeni, housekeeping genler, nodiilasyon, azot fiksasyonu.
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Introduction

Phaseolus vulgaris L. is the most important food legume in the World which represents 50% of leguminous
grain products for direct human consumption (Jones, 1999; Wang et al., 2016). This plant species has two centres of
origins, one in Mesoamerica and another in the Andean South America, likewise it also have been domesticated in the
same regions for more than 7000 years (Gepts and Bliss 1988; Gepts et al. 1990). Seeds of P. vulgaris L. introduced to
Anatolia approximately 250-300 years ago and currently is the third commonest leguminous grain in Turkey with
215.000 tons of annual production after chickpeas and lentils (Sehrali, 1988; Giiliimser, 2016). Like other leguminous
plants, P. vulgaris L. roots make symbiotic association with symbiotic diazotrophic bacteria collectively known as
rhizobia. Altough Rhizobium etli and R. tropici are distributed world wide and are dominant symbionts of P. vulgaris
L., many other local isolates of different rhizobial species have also reported as symbiotic partners because of the
promiscuous nature of this plant as a host (Martinez-Romero et al., 1991; Segovia et al., 1993; Tamimi and Young,
2004; Kaschuck et al., 2006). These species includes; Rhizobium giardinii, R. gallicum (Amarger et al., 1997), R.
lusitanum (Valverde et al., 2006), R. phaseoli (Ramirez-Bahena et al., 2008), R. azibense (Mnastri et al., 2014), R. freirei
(Dall’Agnol et al. 2013), R. esperanzae (Cordeiro et al. 2017), Ensifer meliloti (Zurdo-Pineiro et al. 2009), E.
americanus (Mnasri et al., 2012), E. fredii like isolates (Herrera-Cervera et al., 1999), Bradyrhizobium sp. (Han et al.,
2005), Mesorhizobium isolates (Grange et al., 2004), Burkholderia caballeronis (Martinez-Aguilar et al., 2013).
Although molecular based studies about the diversity of various baterial groups from Turkey are available,
unfortunately there are not much studies concerning species diversity of rhizobia nodulating P. vulgaris L. in Turkey
(Bekler, 2016). Most comprehensive study was published by Gurkanli et al. (2013) where R. leguminosarum bv.
phaseoli, R. etli bv. phaseoli and R. phaseoli were reported as symbionts of P. vulgaris L. cultivated in Blacksea region
of Turkey. Thus, many more molecular based studies are necessary to fully determine the species diversity of rhizobia
nodulating P. vulgaris L. cultivated in different geographical parts Turkey.

The goal of this study is to phylogenetically examine three rhizobial isolates which were obtained (from P.
vulgaris L. root nodules collected from Eskisehir province of Turkey) and morphologically characterized in a previous
study (Kiigtik et al., 2006).

2. Materials and methods

For phylogenetic analyses, three morphologically characterized (Kiigiik et al., 2006) rhizobium isolates (R28,
R51 and R66) were selected. The selection was made within the isolates which showed the highest ecological valence.
Rhizobium isolates were grown in TY (Tryptone Yeast Extract) broth medium for genomic DNA isolations with the
conditions given in Gurkanli et al. (2013). A CTAB/NaCl miniprep method was used for genomic DNA isolations
(Temizkan and Arda, 2004). For identification of isolates three housekeeping genes, recA (recombinase A), atpD (ATP
synthase subunit beta), glnll (glutamine synthetase 1) were analysed. Additionally, two symbiotic genes, nodA
(acyltransferase nodulation protein) and nifH (nitrogenase reductase Fe protein) were analysed for determination of the
sym plasmid (symbiotic plasmid) type. All PCR amplifications were made with the primers and PCR conditions
explained in Gurkanli et al. (2013). PCR amplifications were performed using a Techne (TC-Plus) thermal cycler and
products were electrophoresed on 1% agarose gel (Amresco, USA) which prepared in 1X TBE. A Vilber Lourmat
Imaging System was used to visualize the PCR products. Nucleotide sequencings were made commercially by
Macrogen (Korea) from both strands with the same primers used for the PCR amplifiations. BioEdit (Hall 1999) was
used to assemble the sequencings from both strands. Multiple nucleotide sequence alignments were generated using
ClustalX (Thompson et al., 1997) and optimized by hand using BioEdit. Akaike information criterion (AIC; Akaike,
1974) and Bayesian information criterion (BIC) tests were performed using jModelTest v. 0.1 package program
(Guindon and Gascuel, 2003; Posada, 2008) to determine the best fitting evolutionary model(s) to our data sets. To
evaluate the phylogenetic relationships between haplotypes, Neighbor-Joining (NJ), Maximum-Parsimony (MP) and
Maximum-Likelihood (ML) algorithms were employed. NJ and MP analyses were performed using PAUP* v. 4.0b10
(Swofford, 1998) and PhyML 3.0 (Guindon and Gascuel, 2003) was used for ML analyses. MP analyses were
performed with the heuristic search approach by using the TBR swapping algorithm (10 random repetitions). 10 000
pseudo-replicates were conducted for the Bootstrap tests (Efron, 1982; Felsenstein, 1985) of the NJ analyses and 1,000
pseudo-replicates for MP and ML analyses. For symbiotic genes we conducted Neighbor NetWork analyses using the
Splitstree4 program (Huson and Bryant, 2006). All our new sequences have deposit in GenBank under accession
numbers MH299832 MH299846 (Table).

3. Results
To identify our isolates (R28, R51 and R66) we sequenced approximately 570, 500 and 650 bp of their three

housekeeping genes recA, atpD and ginll, respectively. To construct phylogenies we created a concatenated sequence
data with these genes.
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Table. Names, GenBank accession numbers and sources of rhizobia used in this study

Species Isolate GenBank Accession Numbers Source
recA atpD ginll

Rhizobium spp. R28 MH299835 MH299838 MH299832 This study

Rhizobium spp. R51 MH299836 MH299839 MH299833 This study

Rhizobium spp. R66 MH299837 MH299840 MH299834 This study

R. leguminosarum  USDA 23707 AJ2943764 AJ2944054 EU1550898  AGaunt et al. (2001)
BHan et al. (Unpublished)

R. indigoferae CCBAU 710427 EF027965*  GU5529258  JN580717°¢ AMartinez-Romero  and
Lloret (Unpublished)
BWu et al. (2011)
CAserse et al. (2012)

R. sophorae CCBAU 033867 KJ831252 KJ831235 KJ831241 Jiao et al. (2015)

R. laguerreae FB206" JN558681 JN558661 JN558671 Saidi et al. (2014)

R. laguerreae FB14022 JN558690 JN558670 JN558680 Saidi et al. (2014)

R. laguerreae FB310 JN558682 JN558662 JN558672 Saidi et al. (2014)

R. laguerreae FB403 JN558683 JN558663 JN558673 Saidi et al. (2014)

R. anhuiense CCBAU 232527 KF111980 KF111890 KF111913 Zhang et al. (2015)

R. fabae CCBAU 332027 EF579941 EF579929 EF579935 Tian et al. (2008)

R. pisi DSM 301327 DQ431676"  EF1131498 JN580715¢ ARamirez-Bahena et al.
(2008)
BSantillana et al. (2008)
CAserse et al. (2012)

R. vallis CCBAU 656477 GU211770 GU211768 GU211771 Wang et al. (2011)

R. acidisoli FH137 KJ921098 KJ921069 KJ921080 Verastegui-Valdes et. al
(2014)

R. sophoriradicis CCBAU 03470  KJ831248 KJ831231 KJ831237 Jiao et al. (2015)

R. sophoriradicis CCBAU 034337 KJ831250 KJ831233 KJ831239 Jiao et al. (2015)

R. phaseoli ATCC 144827 EF113136 EF1131514  JN5807168 ASantillana et al. (2008)
BAserse et al. (2012)

R. bangladeshense ~ BLR1757 JN649057 JN648967 JN648979 Rashid et al. (2012)

R. etli USDA 9032 AJ294375A AJ294404A AF169585%  AGaunt et al. (2001)
BTurner and  Young
(2000)

R. lentis BLR27T JN649031 JN648941 JN648976 Rashid et al. (2012)

R. hainanense CCBAU 570157 HQ394252 HQ394217 GU7262948  ARobledo et al. (2011)
BChang et al.
(Unpublished)

R. tropici USDA 90307 AJ294373A AJ2943974 AF169584%  AGaunt et al. (2001)

BTurner  and
(2000)

Young

Our data set was comprised of rhizobium species which showed the highest BLAST scores (Table). Phylogenetic
analyses were performed over 1192 aligned nucleotides containing 308 variable sites. Both AIC and BIC tests
suggested TIM2+I1+G (I: 0.572; G:0.862) substitution model. Parsimony analysis was performed over 225
synapomorphic characters and suggested 3 most parsimonus trees with 713 steps (Cl: 0.541374, RI: 649142, HI:
458626). In all phylogenetic trees created with NJ (Figure 1), MP and ML algorithms, our sample R28 appeared in the
same lineage with Rhizobium laguerreae isolates, FB206", FB14022, FB310 and FB403. This lineage was supported
with sufficient bootstrap values, and the nucleotide sequence similarities among R28 and R. laguerreae isolates were
between 98.5% and 97.9%. Our other isolates, R51 and R66, showed similar haplotypes with 99.3% nucleotide
sequence similarity thus possibly representing same species. This group appeared as sister to R. sophoriradicis isolates
CCBAU 034707, CCBAU 03433 and these relationships were supported with very high bootstrap values (Figure 1).
Although isolates R51 and R66 formed a lineage with R. sophoriradicis, the nucleotide sequence similarities between
them were quite low (between 96.3% and 96%) to consider this lineage as a single species.
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Figure 1. NJ tree showing the phylogenetic relationships between our isolates (R28, R51 and R66) and related
Rhizobium species abotained from GenBank (Table). The tree is based on concatenated nucleotide sequences of recA,
atpD and ginll genes. Bootstap values (>50%) obtained from NJ, MP and ML analyses are given on each related node

As the representative for the nodulation genes we sequenced approximately 550 bp of the nodA (N-
acyltransferase) gene to determine the symplasmid type of our isolates. Our data set was comprised of nodA haplotypes
of different rhizobial species isolated from P. vulgaris L. root nodules (Figure 2 legend). A neighbor NetWork analysis
was performed over 526 aligned nucleotides containing 262 segregated sites (Figure 2). As a result, our two isolates
R51 and R66 showed the same nodA haplotype with isolates CTG-403 and CTG-416 which were isolated from the
Blacksea part of Turkey in our previous study, Gurkanli et al. (2013). This haplotype appeared as closely related to
symbiotic plasmid p42d nodA haplotype which was harboured by R. etli isolates; CFN-42 and Kim5, R. phaseoli
isolates; Bra5 and N161, R. gallicum bv. phaseoli isolate 8C-3 and R. giardinii bv. phaseoli isolate Ro84 (Figure 2), and
the nucleotide sequence similarity between these two haplotypes was 99.8%. On the otherhand our other isolate, R28,
showed a unique nodA haplotype which is relatively close to R. gallicum bv phaseoli nodA haplotype with 99.8%
nucleotide sequence similarity (Figure 2).
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Figure 2. Neighbor network tree derived from nodA nucleotide sequences of our isolates, R28 (MH299841), R51
(MH299842), R66 (MH299843) and related Rhizobium species obtained from GenBank (Below):

SF3.20_KP765346 (Alias-Villegas et al., Unpublished); CIAT 899 _CP004017 (Ormeno-Orrillo et al., 2012); USDA
9039_X98514 (Debelle et al., 1996); Ro84_AJ300239 (Moulin, Unpublished); PhD12_AJ300237 (Moulin,
Unpublished); ICMP 2672_DQ100403 (Weir, 2006); CFN 42_U80928 (Girard et al., 1991); Kim5_CP021125
(Santamaria et al., 2017); 8C-3_CP017243 (Bustos et al., 2017); Bra5 CP020898 (Santamaria et al., 2017);
N161 CP013587 (Perez-Carrascal et al., Unpublished); CTG-403, CTG-412, CTG-416 (Gurkanli et al., 2013)

As a second type of symbiotic gene we sequenced approximately 750 bp of the nifH gene which codes Fe
protein of nitrogenase reductase. We conducted a data set containing nifH haplotypes of different rhizobial species
isolated from P. vulgaris L. root nodules. Neighbor NetWork analysis was carried over 456 aligned nucleotides
containing 58 variable sites (Figure 3). As a result our isolates R51 and R66 showed the p42d nifH haplotype with R.
etli isolate CFN42, R. phaseoli isolates Bra5 and N161, R. vallis isolate CCBAU 65647; R. leguminosarum bv. phaseoli
isolate Gut-2; R. gallicum bv. phaseoli isolate 8C-3 and CTG-403, our previously published isolate (Gurkanli et al.,
2013). Another R. etli isolate Kim5 showed the closest nifH haplotype with 99.3% nucleotide sequence similarity

(Figure 3). On the otherhand concordant with nodA, isolate R28 showed a unique nifH haplotype which is quite close to
R. acidisoli nifH haplotype with 99.7% nucleotide sequence similarity.
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Figure 3. Neighbor network tree derived from nifH nucleotide sequences of our isolates, R28 (MH299844), R51
(MH299845), R66 (MH299846) and related Rhizobium species obtained from GenBank (Below):

Gut-2_AB740522 (Adhikari et al., Unpublished); CCBAU 65647_GU211767 (Wang et al., 2011); Bra5_CP020898
(Santamaria et al., 2017); N161_CP013587 (Perez-Carrascal et al., Unpublished); CFN-42_U80928 (Girard et al.,
1991); 8C-3_CP017243 (Bustos et al., 2017); Kim5_CP021125 (Santamaria et al., 2017); FH23 KJ921065 (Roman-

Ponce et al., 2016); R602_AF218126 (Laguerre et al., 2001); CIAT 899 JX863573 (Ricon-Rosales et al., 2013);
1555 KR262797 (Zhao, Unpublished); CTG-403, CTG-412, CTG-416 (Gurkanli et al., 2013)
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4. Conclusions and discussion

Rhizobia are classically defined as symbiotic bacteria capable of eliciting and invading root or stem nodules on
leguminous plants, where they differentiate into N-fixing bacteroids (Tan et al., 2001). Members of this group have
been classified within at least 21 genera of Alphaproteobacteria and Betaproteobacteria (de Lajudie and Young, 2017).
P. vulgaris L., the host plant we focused on in this study, has known as a promiscuous host which has being nodulated
by at least 13 different rhizobial species belonging to the genera Rhizobium, Ensifer, Mesorhizobium, Bradyrhizobium
and Burkholderia (Amarger et al., 1997; Herrera-Cervera et al., 1999; Grange et al., 2004; Han et al., 2005; Martinez-
Aguilar et al., 2010). As a result of phylogenetic analyses depeding on the concatenated data set composed of three
housekeeping genes, recA, atpD and ginll, our isolate R28 clearly appeared as related to R. laguerreae (FB206T,
FB140022, FB310 and FB403) which is not reported as a microsymbiont of P. vulgaris L. previously (Figure 1).
Phylogenetic analyses of housekeeping genes (especially recA, atpD, ginll, rpoB) are very usefull and have been used
for description of recent rhizobial species which does not show any differentiation from closely related species in 16S
rDNA sequences (Tindall et al., 2010; Mousavi et al., 2015). R. laguerreae is a good example for the case that Saidi et
al. (2014) showed that there is no 16S rDNA sequence variations between R. laguerreae, R. leguminosarum and R.
indigoferae, and that is why we did not sequence the 16S rDNA of our isolates. R. laguerreae is identified from
rhizobial strains isolated from countries (Spain, Peru and Tunusia) of different continents thus it is obvious that this
species has distributed across the World (Saidi et al., 2014). On the other hand, it did not reported from Turkey so far,
that is why here we are giving the first report of R. laguerreae from Turkey. Another important feature about isolate
R28 is, so far all R. laguerreae isolates were isolated from V. faba L. root nodules thus this isolate is the first R.
laguerreae sample isolated from a different host (P. vulgaris L.) other than faba bean. Our other two isolates R51 and
R66 showed closely related recA, atpD and ginll haplotypes with 99.3% nucleotide sequence similarity (possibly
indicating the same species) and formed a lineage with R. sophoriradicis isolates CCBAU 03470T and CCBAU 03433.
On the otherhand, the nucleotide sequence similarities between isolates R51, R66 and R. sophoriradicis isolates were
quite low (between 96-96.3%) to consider this lineage as a single species. In our analyses, recA, atpD and ginll
nucleotide sequence similarities between sister rhizobial species were between 94% and 98%, the only exception was R.
leguminosarum and R. indigoferae which was 99.4%. From this wiev of point, our isolates are probably representing a
new rhizobial species. But this hypothesis needs to be supported with further morphological and molecular analyses.
Symbiotic nitrogen fixation genes (nod, nif, fix) of fast growing rhizobia exists on megaplasmids namely symbiotic
plasmids (pSym), where exists on symbiotic islands in middle and slow growing rhizobia. These plasmids transfers
between different rhizobial species thus phylogenies of the genes carried by pSym do not necessarily corresponds with
the chromosomal genes (especially 16S rDNA) and that is why they are useless in taxonomy. Some researchers
speculate that phylogeny of nodulation genes may correlate with the host plant because of the convergent evolution thus
phylogenetic analyses depending on symbiotic genes gives information for determining the biovars (host range) within
rhizobial species (Fischer, 1994; Young and Haukka, 1996; Haukka et al., 1998; Rivas et al., 2009). As the result of
network analysis depending on nodA sequences (Figure 2), isolate R28 appeared as closely related to PhD12, R51 (and
related isolates) and CFN-42 (and related isolates) and showed only 1, 2 and 3 substitutions, respectively (Figure 2).
Network of nifH partly supported this result (Figure 3). These results indicates that R28 contains a symbiotic plasmid
corresponding to biovar. phaseoli and that is why we suggest R28 as R. laguerreae biovar. phaseoli. Our other two
isolates, R51 and R66, showed the same nodA haplotype with isolates CTG-403 and CTG-416 which we isolated from
P. vulgaris L. root nodules collected from Black Sea part of Turkey in our previously published study, Gurkanli et al.,
(2013). This haplotype appeared as related to nodA of p42d (R. etli isolate CFN-42) and showed only one substitution.
Results of nifH network also supported nodA, that R51 and R66 showed exactly the same nifH haplotype with p42d.
Depending on the results we can speculate that both of isolates R51 and R66 transferred a symbiotic plasmid of R. etli
CFN-42 (p42d) from Mexico. This result is not suprising that, it is one of the most common symbiotic plasmid seen in
rhizobia nodulating P. vulgaris L. in old and new World rhizobial species (Figures 2 and 3).

As conclusion, here we are giving the first report of R. laguerreae from Turkey, also reporting this species as
microsymbiont of P. vulgaris L. for the first time and suggesting R28 as R. laguerreae bv. phaseoli. Additionally, we
are giving the molecular hints for a potentially new rhizobial species close to the R. sophoriradicis, but this hypothesis
must be supported with further molecular and morphological investigations before giving a latin binomial.
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Abstract

In this study, lactic acid bacteria were isolated from whey, to provide economic and biotechnological benefits.
These bacteria which were isolated were described with the aid of morphological, physiological, and biochemical tests
and named as PS-2A, PS-3B, PS-3C and PS-4B. And then, by investigating extracellular a—amylase production
capabilities of these bacteria, PS-2A bacterium which showed the best activity was selected.

It was found that bacterium PS-2A was round-like, Gram positive, catalase negative, active. For produce the
PS-2A; the optimum incubation time as 16™ hours, optimum pH as 7.0 and optimum incubation temperature was
determined as 35°C. It was found that PS-2A conducted its optimum a—amylase activity at the 20" hour in LB medium
performed, and optimum pH and temperature values of o—amylase activity were 7.0 and 35°C, respectively.

In carbon sources; 1% soluble starch was increased the o—amylase production 2 fold. In nitrogen sources; it
was determined that with 1% ammonium chlorid the a—amylase production was increased.

Key words: whey, lactic acid bacteria, a-amylase, production, characterization

%

Peynir alt1 suyundan izole edilen laktik asit bakterisinden o -amilaz iiretimi ve karakterizasyonu

Ozet

Bu calismada, peynir alti suyundan, ekonomik ve biyoteknolojik olarak fayda saglamak amaciyla laktik asit
bakterileri izole edildi. Izole edilen bakteriler morfolojik, fizyolojik ve biyokimyasal testler yardimiyla tanimland.
Bakterilerin ekstraseliiler a-amilaz liretme yetenegi arastirildi. En iyi o -amilaz aktivitesi gosteren Lactococcus sp. PS-
2A ile ¢aligmalara devam edildi.

Lactococcus sp. PS-2A bakterisinin kok (yuvarlak) sekilli, Gram pozitif, katalaz negatif, hareketli oldugu
belirlendi. Bakteri liremesinin optimum kosullar1 pH 7.0, 35°C ve 16. saat olarak tespit edildi. Lactococcus sp. PS-
2A’nin en yiiksek o-amilaz aktivitesini; LB besi yerinde, pH 7.0, 35°C ve 20. saatte gosterdigi belirlendi. Karbon
kaynaklarinda %1°lik ¢6ziinebilir nisastanin a-amilaz tiretimini iki kat arttirdig1 saptandi. Azot kaynaklarindan %]1°lik
amonyum kloriir ile a-amilaz {iretiminin artt1g1 tespit edildi.

Anahtar kelimeler: peynir alt1 suyu, laktik asit bakterisi, a-amilaz, tiretim, karakterizasyon
1. Giris

Laktik asit bakterileri (LAB), karbonhidrat fermentasyonunun temel metaboliti olarak laktik asit iireten ve spor
olusturmayan Gram pozitif bakterilerin genis bir grubunu teskil ederler. LAB, mayalanmis siit tirlinleri, ekmek ve
tahillar ve sebzeleri igeren degerli gidalarin iiretimiyle iligkili olarak; insanoglu i¢in en Onemli mikroorganizma
gruplarindan biridir (Kim ve ark. 2008) (Yiicel Sengiin 2011) (Souza ve ark 2018). Giiniimiizde en tipik LAB
mensuplari; Lactobacillus, Lactococcus, Leuconostoc ve Pediococcus cinsleridir (Ammor ve ark. 2007)
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Laktokoklar; fermente edilmis yiyeceklerin (peynir gibi) imalatinda kullanilmalarindan dolay:r laktik asit
bakterilerinin en 6nemli grubudur. Cogunlukla iiremeleri sirasinda asidik kosullar sayesinde olusmus proteince zengin
tirtinlerin hizli bozulmasini engellemeye yardimci olurlar. Bakteriyofaj direngliligi ve bakteriyosin {iretme yetenegi gibi
ozelliklere sahiptirler (Ayad ve ark. 2002). Siit ve peynir endiistrilerinin bir yan iriinii olan peyniralti suyu siit
proteinlerinin yaklagik %20’sini igeren, peynir iiretimi sirasinda olusan bir yan uriindiir (Yerlikaya ve ark. 2010). Peynir
altt suyu veya bilesenleri; tarimsal giibre ve hayvan yemi olarak kullaniminin yami sira, ¢esitli gida, kozmetik ve
eczacilik tiriinlerini de iginde barmdirmaktadir (Marek ve ark. 2004).

Endiistrinin hemen her alaninda kullanilan enzimler genellikle mikroorganizmalardan elde edilmekle birlikte
bir kismi da bitkisel ve hayvansal kaynaklardan saglanmaktadir (Agiiloglu ve ark., 2014) (Gupta ve ark., 2003). a-
Amilaz (1,4-a-D-glucanohydrolase; EC 3.2.1.1), bira yapimi, ekmekgilik, tekstil, kagit ve deterjan gibi ¢ok sayida
endiistriyel islemde kullanilabilen, biyoprotein iiretiminde ve nigastanin fermentasyonunda onemli bir yer tutan en
onemli endiistriyel enzimlerden biridir (Agiiloglu ve Enez 2014), (Liu ve Xu 2008), (Ortakaya ve ark., 2017).

Caligmamizda endiistriyel atik su olarak kabul edilen ve yeterince degerlendirilmeyen peynir alti suyundan
laktik asit bakterileri izolasyonu ve karakterizasyonu gerceklestirilerek endiistriyel oneme sahip o-amilaz iiretme
yetenekleri saptandi. En yiiksek a-amilaz iiretme yetenegine sahip sustan elde edilen a-amilazin karakterizasyonu
yapilarak, peynir alti suyunun degerlendirilmesi i¢in imkan saglanmasi amaglandi.

2. Materyal ve yontem

2.1Biyolojik Materyal
Peynir alt1 suyu 6rneklerinden izole edilen Lactococcus sp. PS-2A kullanilmustir.
2.2 Metot

2.2.1 Lactococcus sp. PS-24 'nin izolasyonu

Laktik asit bakterisi elde etmek amaciyla 10 ml peynir alt1 suyu 90 ml steril su igeren erlenlere aktarilarak 10!
lik siispansiyon hale getirildi ve benzer sekilde ardisik transferler yapilarak 102, 103, 10, 10°®, 10, 10""’lik diliisyonlar
saglandi. Tek koloni elde etmek amaciyla seri sulandirma yapilan 6rneklerden MRS agar besi yerine yayma ekim
yapildi ve 37°C’de 1 gece inkiibasyona birakildi.
Biyokimyasal Testler

Secilen farkli morfolojik goriiniime sahip bakteri 6rnegini teshis edebilmek amaci ile biyokimyasal testler
yapildi.
Sicakhigin Mikroorganizma Geligimi Uzerine Etkisi

25 ml Luria Broth (LB) sivi besi yeri hazirlanarak 100 ml’lik erlenmayerde otoklavlandi ve gecelik taze
kiiltiirden 1 ml bakteri ekimi yapildi; 20°C’den baslayarak 5°C arttirilarak 60°C’ye kadar 120 rpm’de g¢alkalamali su
banyosunda inkiibe edildi.
pH 'nin Mikroorganizma Gelisimi Uzerine Etkisi

25 ml LB s1v1 besi yerleri pH’lar1 4.0-10.0 olacak sekilde ayarlanarak otoklavlandi ve taze kiiltiirden 1 ml ekim
yapildi. Bakterinin optimum sicakliginda 120 rpm’de ¢alkalamali su banyosunda inkiibe edildi.
Inkiibasyon Siiresinin Mikroorganizma Gelisimi Uzerine Etkisi

25 ml LB s besi yerine gecelik taze kiiltiirden 1 ml ekim yapilarak bakterinin optimum pH ve sicakliginda
120 rpm’de calkalamali su banyosunda iiretildi. 4, 8, 12, 16, 20, 24, 28, 32, 36 ve 48. saatlerde alinan bakteri
orneklerinin 600 nm’de spektrofotometrede absorbansi olciildii.
2.2.2 Amilaz Aktivite Tayini

Amilaz aktivitesi tayini Bernfeld’e gore yapildi. (Bernfeld 1955)
2.2.3 Protein Miktar Tayini

Protein miktar1 Lowry yontemine gore hesaplandi (Lowry 1951).
2.2.4 a-Amilaz Uretimi Uzerine Farkli Parametrelerin Etkisi
Farkli Besi Yerlerinin a-Amilaz Uzerine Etkisi

Farkl1 besi yerlerinin a-amilaz iretimine etkisini belirlemek amaciyla kati besi yerinde iiretilen bakteri susu
farkli besi yerlerine (MRS, NB, LB ve BM) aktarildi ve 1 gece tiretildi.
a-Amilaz Aktivitesi Uzerine Sicakligin Etkisi

Sicakligin a-amilaz tretimine etkisini incelemek igin 20°C’den 60°C’ye kadar 5°C’lik artan sicaklik
araliklarinda enzim aktivitesi 6lgiildii.
a-Amilaz Aktivitesi Uzerine pH 'min Etkisi

Substrat olarak kullandigimiz nisasta % 0.5’lik olacak sekilde sirasiyla sitrik asit (0.1 M pH 4.0, 5.0 ve 6.0),
Tris-HCI1 (0.1 M pH 7.0, 8.0 ve 9.0) ve glisin/NaOH (0.1 M pH 9.0, 10.0) tamponlart igerisinde hazirlandi. Daha sonra
optimum sicaklikta a-amilaz aktivitesi 6lgiildi.
Inkiibasyon Siiresinin a-Amilaz Uretimine Etkisi
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Uretim siiresinin a-amilaz iiretimine etkisini gérmek icin iireme ortamimin degisik zaman periyotlarinda (4, 8,
12, 16, 20, 24, 28, 32, 36 ve 48. saat) optimum sicaklik ve pH’da iiretilen bakteri kiiltiiriinden elde edilen siipernatant
enzim kaynagi olarak kullanilip Bernfeld yontemine gore aktivitesi 6l¢iildi.
a-Amilaz Uretimi Uzerine Karbon ve Azot Kaynaklarinin Etkisi

LB besi yerlerinde %1 konsantrasyonda olacak sekilde karbon ve azot kaynaklar tek tek ilave edildi, daha
sonra bakteri ekimi yapildi. o -Amilaz iiretimi i¢in optimum iiretim zamani, sicaklik ve pH’da inkiibasyona birakildi.
Inkiibasyon siiresi sonunda iist sivilardan a-amilaz aktivite tayini yapildi..

3. Bulgular
3.1 Bakteri Izolasyonu ve Identifikasyonu

3.1.1 Lactococcus sp. PS-2A nin Izolasyonu

Laktik asit bakterileri igin selektif besi yeri olan Peynir alti suyu kullanilarak laktik asit bakterisi elde etmek
amaciyla MRS agara yayma ekim yapilan 6rneklerden sonra MRS besi yerinde tek tek diismiis farkli morfolojik
goriiniime sahip 4 ¢esit koloni secilerek bu koloniler PS-2A, PS-3B, PS-3C ve PS-4B olarak isimlendirildi. Segilen
koloniler NB agar besi yerine ¢izgi seklinde ekim yapildi. Uretilen bakteri kiiltiirlerinin hepsinin; <I mm, kok seklinde,
diizgiin goriiniimlii, pigment olusturmayan kolonilerden olustugu tespit edildi. Amilaz varligi tespit edildikten sonra PS-
2A’y1 tanimlamaya yonelik biyokimyasal testler yapildi. Bu izolatlardan yapilan biyokimyasal testlerde nisastali agarda
en iyi amilaz aktivitesine sahip olan izolatin PS-2A oldugu belirlendi.

3.1.2 Lactococcus sp. PS-24 'min Identifikasyonu
3.1.2.1 Biyokimyasal Testler:

Secilen PS-2A, PS-3B, PS-3C ve PS-4B bakteri o6rneklerini teshis edebilmek amaci ile nisasta, jelatin, katalaz,
kazein, iireaz ve lipaz hidrolizi ile hareket, indol, fosfataz, hemoliz gibi biyokimyasal testler yapildi. Bu bakterilerin
birbirleriyle ve laktik asit bakterilerinden Laktokokus ile olan benzerlikleri ve farkliliklar1 Tablo 1°de verilmektedir. Bu
izolatlardan yapilan biyokimyasal testlerde nigastali agarda en iyi amilaz aktivitesine sahip olan izolatin PS-2A oldugu
belirlendi. Daha sonraki ¢alisma basamaklarinda bu izolat kullanildi.

Tablo 1. Laktik Asit Bakterilerinin, Fizyolojik ve Biyokimyasal Ozellikleri (Kav ve ark. 2008, Cagirgan 2004, Evans ve
ark 2006, Ravelo ve ark. 2001, Sharifiyazdi 2010, Vendrel ve ark. 2006, Kubilay ve ark. 2005, Soltani ve ark. 2008)

+ pozitif sonu¢  — negatif sonug ND belirsiz (d) degisken
Ozellikleri PS-2A | PS-3B PS-3C PS-4B Lactococcus
Gram + + + + +
Koloni biiyiikliigii <lmm | <1Imm | <1Imm | <1mm <1mm
Koloni morfolojisi kok kok kok kok kok
Hareketlilik - - - - -
Pigment {iretimi - - - - -
Katalaz - - - - -
Hemoliz - + - - + (d)
Indol + + - + (d)
Nutrient Agar + + + + ND
Fosfataz + + + + +
Seker (Glukoz, laktoz, sukroz) - - - - (d)
EMB + + - + ND
Caso Agar + + + + ND
Nigasta+NB + + + + ND
Biiyiime
Sicaklik aralig: 20-60 °C | 20-60 °C | 20-60 °C | 20-60 °C 10-45°C
pH araligi 4-10 4-10 4-10 4-10 4.5-9.6
Hidroliz
Nisasta + + - + ND
Kazein + + + + ND
Jelatin - - - - ND
Aktivite
Lipaz + + - + ND
Ureaz + - - + -
[ -amilaz + + + + ND
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3.2. Sicaklik, pH ve Inkiibasyon Siiresinin Mikroorganizma Gelisimi Uzerine Etkisi

Sicakligin mikroorganizma gelisimi {izerine etkisini belirlemek icin; 20°C’den baglayarak 5°C arttirilarak
60°C’ye kadar tiretilen Lactococcus sp. PS-2A izolatinin her bir sicaklik i¢in spektrofotometrede 600 nm’de absorbansi
olgiildi. Sekil 1°de goriildiigii gibi Lactococcus sp. PS-2A 35°C’°de maksimum biiyiime elde edildi.

O:. 00 T T T T T T T T 1
20 25 30 35 40 45 50 55 60

Sicakhk (oC)

Sekil 1 Mikroorganizma Gelisimi Uzerine Sicaklik Etkisi

Mikroorganizma geligimi tizerine pH etkisini belirlemek i¢in, elde edilen Lactococcus sp. PS-2A izolati LB
besi ortaminda Farkli pH’lara sahip besi yerlerindeki bakteri tiremesi 6l¢iildii ve pH 7.0’te maksimum degerde oldugu
belirlendi (Sekil 2).
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Sekil 2 Mikroorganizma Gelisimi Uzerine pH Etkisi

4- 48. saatlerde iiretilen 4. saatten itibaren artarak 16. saatte maksimuma ulagan ve 36. saatten itibaren de diisiis
gosteren bir biiylime grafigine sahip oldugu goriildii. (Sekil 3)
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3.3 o -Amilaz Uretimine Cesitli Parametrelerin Etkisi
3.3.1 Farkli Besi Yerlerinin a-Amilaz Uretimine Etkisi

Lactococcus sp. PS-2A’dan en iyi a -amilaz Giretimi LB besiyerinde elde edildi. (Sekil 4).

1000 - 0,600
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3 600
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= 400 S
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Sekil 4 Farkli Besi Yerlerinin a-Amilaz Uretimine Etkisi

3.3.2 a-Amilaz Aktivitesi Uzerine Sicakhgin Etkisi

20-60°C araliginda yapilan sicaklik tespitinde enzimin maksimum tiretim gosterdigi sicakligin 35°C oldugu
belirlendi. (Sekil 5)

120 4

=100
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o0
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20 25 30 35 40 15 50 55 60
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Sekil 5 a-Amilaz Uretimi Uzerine Sicakligin Etkisi

3.3.3 a-Amilaz Aktivitesi pH 'nin Etkisi

Bakteri optimum kosullarda tiretilip pH 4-10.0 araliginda yapilan incelemede a-amilaz aktivitesinin en fazla
pH 7.0 de oldugu tespit edildi (Sekil 6)
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Sekil 6 a-Amilaz Uretimi Uzerine pH’nin Etkisi
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3.34 I'nk@ibasyon Siiresinin a-Amilaz Uretimine Etkisi
Inkiibasyon siiresinin o-amilaz tiretimi iizerine etkisini incelemek i¢in degisik zaman periyodlarinda alinan
orneklerde Lactococcus sp. PS-2A izolatinin 20. saatte en yiiksek a -amilaz aktivitesine ulastigi tespit edildi (Sekil 7).
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Spesifik Aktivite (U/mg)

Zaman (saat)

Sekil 7 inkiibasyon Siiresinin o-Amilaz Uretimine Etkisi

3.3.5 a-Amilaz Uretimi Uzerine Karbon ve Azot Kaynaklarinin Etkisi

Calisilan karbon kaynaklarindan %1’°lik ¢dziinebilir nisastanin amilaz tiretimini 2 kat arttirdifi, galaktoz ve
sukrozun eklenmesiyle kontrole yakin deger elde edildigi, glukoz, fruktoz ve maltoz ilavesiyle de enzim tiretimindeki
azalma Sekil 8’de gosterilmektedir. Coziinebilir nigasta o -amilaz iiretimi i¢in en iyi karbon kaynagi olarak belirlendi.
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Sekil 8 a-Amilaz Uretimi Uzerine Karbon Kaynaklarimnin Etkisi

Azot kaynaklarindan %1°lik pepton, tripton, amonyum siilfat ve amonyum kloriir ile |J-amilaz {iretiminin
kontrole gore arttigi, iire ve kazein ilavesi ile enzim liretiminin azaldigt Sekil 9°da gosterilmektedir. | -Amilaz tiretimi
icin en uygun azot kaynaginin amonyum kloriir oldugu tespit edilmistir.
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Sekil 9 a-Amilaz Uretimi Uzerine Azot Kaynaklarmin Etkisi
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4. Sonuglar ve tartisma

Peynir altt suyu; siit iriinlerinin yapimi sirasinda ortaya cikan, sivi atik sayilip degerlendirilmeden
kanalizasyonlara ve akarsulara verildiginde ciddi ¢evre ve saglik problemlerine neden olan, yiiksek organik icerige
sahip bir yan Urliindiir. Ayn1 zamanda gelisen teknoloji ile insan ve hayvan kullanimi i¢in bir besin kaynagi olarak
kullanilabildigi ve endiistriyel 6nemi olan enzimleri iireten mikroorganizmalarin {iremesi i¢in ¢ok uygun bir ortam
oldugu igin peynir alt1 suyu 6rneklerinden bakteri izolasyonu gergeklestirildi.

Laktik asit bakterileri i¢in selektif besi yeri olan MRS agarda ¢ogaltilip, buradan segilen PS-2A, PS-3B, PS-3C
ve PS-4B“nin morfolojik, fizyolojik ve biyokimyasal testleri yapildi ve <l mm, kok seklinde, diizgiin goriiniimli,
pigment olusturmayan kolonilerden olustuklar1 tespit edildi. Bu bakteri orneklerinden hazirlanan preparatlardan
mikroskop altinda Gram boyama o&zellikleri ve morfolojik ozellikleri incelendiginde Gram pozitif ve kok seklinde
olduklari, laktik asit bakterileri igin selektif besi yeri olan MRS agarda tiremelerinden ve Gram boyanma 6zellikleriyle
koloni sekillerinden dolay1 Lactococcus cinsinin ozellikleriyle benzerlik gosterdikleri i¢in Lactococcus olduklari
belirlendi.

Zamfir ve ark. 2006, ham ve fermente edilmis siit, peynir gibi kaynaklardan topladiklar1 110 6rnekten laktik
asit bakterisi izolasyonu yapmis ve buradan elde ettikleri 599 izolatin Gram boyamasini, katalaz aktivitesini ve
morfolojisini test etmislerdir. izolatlardan ¢ogunun Lactococcus lactis, Leuconostoc spp., Enterococcus spp. ve E.
saccharominimus tiirleri olduklarini tespit etmislerdir. Adnan ve Tan 2007, kegi siitiiyle yapilan tapai ve tempoyak
besinlerinden laktik asit bakteri izolasyonu yapmuslar. 126 sus izole ederek Gram boyama ve katalaz aktivitelerini
saptamislardir. Bu suslardan yedi tanesini tanimlayip ikisinin laktobasil, birinin de laktokok oldugunu belirlemislerdir.

Sengun ve ark. 2009, yogurt ve bugday unundan yapilan “Tarhana” dan MRS, M17 ve SBM besi yerlerini
kullanarak 226 Gram pozitif ve katalaz negatif bakteri izole etmislerdir. Izolatlar1 fenotipik ve genotipik birgok yéntem
kullanarak tanimlamig ve gruplandirmiglardir. Yaptigimiz ¢alismada; uygun besi ortaminda pH 4.0-10.0 arasinda pH
denemeleri gergeklestirilerek, optimum tlireme pH“smin 7.0 oldugu, 20°C-60°C arasinda sicaklik denemelerinde ise
optimum tireme sicakliginin 35°C oldugu ve 4-48 saat arasi inkiibasyon sonrasi 16. saatte bakterinin optimum iireme
gosterdigi belirlendi. Caligmamiz yukarida belirtilen ¢aligmalarda Lactobacillus ve Lactococus’larin belirtilen optimum
iiretim sicakliklariyla benzer 6zellik gostermektedir.

Badis ve ark. 2004, 4 farkli Cezayir 1rki kegilerin siitiinden izole ettikleri 725 laktik asit bakterisini karakterize
etmiglerdir. 30-45°C inkiibasyon sonrasinda birinci Lactococcus lart; Elliker besi yerinde, 30°C’de, 72 saat, acrobik
ortamda tiretmislerdir. Sicaklik, mikroorganizmanin biiylimesi ve buna bagli olarak |-amilaz iiretimiyle iliskilidir.
Cogu arastirmaci tarafindan bakterilerde optimum bakteri biiylimesi ve | -amilaz iiretimi i¢in genis sicaklik aralig1 (35-
80°C) verilmigtir (Asgher 2007). Konsula ve Kyriakides tarafindan taze koyun siitiinden izole edilen B.subtilis’in
maksimum ekstraselliiler a-amilaz tiretiminin 40°C’de oldugu belirtilmistir. Elde ettigimiz Lactococcus sp. PS-2A’nin
irettigi ekstraseliiler a-amilaz enziminin optimizasyonu yapilarak, optimum sicaklik 35°C olarak tespit edilmistir.
Konsula ve Kyriakides 2004, taze koyun siitiinden izole ettikleri ilimli termofilik Bacillus subtilis susundan elde
ettikleri ekstraselliiler termostabil a-amilazin nigasta hidrolizine etkisini aragtirmiglardir. Maksimum amilaz {iretiminin
diisiik nisasta i¢eren ortamda ve 40°C’de elde etmislerdir.

Sanni ve ark. 2002, Nijerya“nin yoresel fermente edilmis yiyeceklerinden, izole etmis olduklar1 L. plantarum
susundan elde ettikleri a-amilazin optimum pH 6.0 ve 65°C’de, L. fermentum K9 susu igin ise pH 4.0 ve 45°C
maksimum aktivite gosterdigini belirlemislerdir. Ekstraseliiler o -amilazlarin optimum pH’s1 3.0-10.0 arasinda
degismektedir.

Calismamizda elde ettigimiz bakterinin ekstarselliiler o-amilazinin ndétral kosullarda maksimum aktivite
gostermesi endiistriyel islemlerde kullanilabilir 6zelliginin oldugunu goéstermektedir. Enzimler modern deterjanlarin
igeriginde bulunmaktadirlar. Ticari olarak kullanilan pek ¢ok Bacillus susunda bakteri {iretimi ve ekstraselliiler a-amilaz
iiretimi igin optimum pH, 6.0 ve 9.0 arasinda verilmektedir (Burhan ve ark. 2003), (Castro ve Bull 1992), (Jin ve Patel
1999). Caligmamizda da Lactococcus sp. PS-2A bakterisi optimum biiylimeyi ve maksimum ekstraseliiler o -amilaz
iretimini pH 7.0*de gergeklestirmistir.

Degerlendirilmeden dogaya birakilan ¢ok ciddi ¢evre ve saglik sorunlarina yol agabilen peynir alti suyundan
izole ettigimiz Lactococcus sp. PS-2A’dan optimum kosullar saglanarak biiyiik endiistriyel 6nemi olan a-amilaz kolay
ve ekonomik proseslerle iiretilerek optimizasyonu gerceklestirilmistir. Boylece yapilan bu calisma ile peynir alti
suyundan ekonomik ve biyoteknolojik olarak fayda saglanabilecegi ortaya konmustur. Elde ettigimiz a-amilaz 35°C’de
maksimum aktivite gosterdigi i¢in diisiik 1sida yikama islemini gergeklestiren ¢amasir makinelerinde kullanilan
deterjanlarin iceriginde kullanilabilir. Notral pH’da maksimum aktivite vermesi ise kuru temizlemede kullanilabilir
ozellikte oldugunu gdstermektedir.
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Abstract

In this research, the urban flora of Mamak district in Ankara was studied and the negative consequences of
unplanned urbanization ignoring ecological conditions were analysed in the context of urban ecology. For inventorying
the species, primarily, plant specimens were collected from green areas such as parks, gardens, etc. within the district in
vegetation periods. Then, the specimens were preserved in GAZI Herbarium. In this study, totally 233 plant taxa were
determined; 118 of them were indigenous and 115 taxa were exotic and cultivated. Besides, archaeophyte and neophyte,
endemic, urbanophile-urbanoneutral-urbanophobe taxa, and hemeroby scale of the study area were mentioned. In
addition, the precautions to be taken against the negative consequences of unplanned urbanization were also
emphasized in this paper. Finally, the importance of urban ecological and floristic studies for Mamak district in Ankara
were presented with this study.

Key words: Ankara, Mamak, urban ecology, urban ecosystem, urban flora

*
Mamak flcesinin (Ankara/ Tiirkiye) kentsel vaskiiler florasi ve ekolojik 6zellikleri

Ozet

Bu arastirmada, Mamak il¢esinin kentsel florasi arastirilmigs ve ekolojik kosullar gbéz ardi edilerek
gerceklestirilen plansiz kentlesmenin olumsuz sonuglari kentsel ekoloji baglaminda analiz edilmistir. Tiirlerin envanteri
cikarilirken oncelikle, vejetasyon doneminde ilgedeki park, bahge vb. yesil alanlardan bitki 6rnekleri toplanmustir.
Toplanan Ornekler, GAZI herbaryumunda muhafaza edilmektedir. Caligmada toplam 233 takson tespit edilmistir;
bunlardan 118’1 dogal, 115’1 ise egzotik ve kiiltiirdiir. Bununla beraber, arkeofit ve neofit, endemik, urbanofil ve
urbanofob bitkiler ile c¢aligma alanin hemerobi basamaklarindan bahsedilmistir. Bu calismada ayrica plansiz
kentlesmenin olumsuz sonuglarina karst alinmasi gereken onlemler iizerinde de durulmustur. Son olarak, bu ¢aligmayla
Ankara'nin Mamak ilgesi igin kent ekolojisi ve florasi ¢aligmalariin énemi ortaya konulmustur.

Anahtar kelimeler: Ankara, Mamak, kentsel ekoloji, kent ekosistemi, sehir florasi
1. Introduction

Cities are the most important naturally and/or anthropogenically influenced ecosystems in which millions of
people live (Antipina, 2003). Urban ecosystems and the composition of urban flora and fauna are greatly dependent on
human activities (Sukopp, 2004) and human impact has been the most important influence especially on the
composition of the flora and vegetation for about the last 50 centuries (Shaltout and EI-Sheikh, 2002; Wheater, 2002).
Because of human impacts, species are estimated to go extinct all around the world at a rate of 0.5% per year due to
habitat loss and fragmentation (Van der Veken et al., 2004). Flora and vegetation are very important components and
elements of urban ecosystems. The urban flora, basically, consists of plants that naturally grow there (Antipina, 2003).
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Species occur in urban areas which are directly linked to the ecological structure, city planning strategies, politics,
topography, economic and cultural life of cities (Maurer et al., 2000).

There are many studies on urban flora in the world. Studies in cities of Mumbai/India (Graham, 1839), Los
Angeles/United States (Abrams, 1917), Buenos Aires/Argentina (Guaglianone, 1980), London/England (Burton, 1983),
Mexico City/Mexico (Rapoport et al., 1983), Plzen/Czech Republic (PySek and Pysek, 1988), Berlin/Germany (Bocker
et al., 1991), Beijing/China (He, 1992), Melbourne/Australia (Jones and Jones, 1999), Sousse/Tunisia (Brandes, 2001)
are main urban floristic researches in the world. On the other hand, studies on urban flora in Turkey are fairly limited.
Studies in cities of Antalya (Goktiirk and Siimbiil, 1997), Ankara (Akaydin and Erik, 2002), Bursa (Daskin and Kaynak,
2006), Mugla (Kaya et al., 2008), Adana (Karakus and Tiirkmen, 2011), istanbul (Altay et al., 2012), Denizli (Giircan
and Diisen, 2015) and studies in districts of Kadikdy (Osma et al., 2010), Kartal (Altay et al., 2010), Beykoz (Tarake1 et
al., 2012), Pendik (Eskin et al., 2012) are urban floristic researches in Turkey.

Mamak is one of the extremely active districts of Ankara, where urbanization is constantly growing and
unplanned slum areas emerge. As a result, there are old settlements that have suffered a lot of destruction in the district.
The reason of choosing this area is to reveal the negative effects and pressures of urbanization on nature and the
environment. This study aims to reveal the negative consequences of unplanned urbanization and industrialization
ignoring ecological conditions and the precautions to be taken in this context.

In this study, the urban flora and ecological characteristics of Mamak district was presented. Moreover,
indigenous and exotic-cultivated plants that exist in urban habitats were mentioned.

2. Materials and methods

The Mamak district is located at the eastern part of Ankara, which is the capital city of Turkey (32°55'23" E
and 39°56'31" N). Neighboring districts are Elmadag (in the east), Altindag (in the north-northwest), Cankaya (in the
south-southwest-west) (Figure 1). Total land area is 342 km? which also covers some rural areas (Governorship of
Ankara, 2016).

Altindag
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Figure 1. The satellite view of Mamak district (Google Earth Pro, 2016)

The basement rocks in the Mamak district consist of impermeable rocks of Emir Formation of Triassic age. It
is unconformably overlain by semipermeable units of Kegikaya, Ortakdy and Elmadag Formations which are also of
Triassic in age. Besides, G6lbas1 Formation of Late Pliocene is unconformably overlies the formations beneath and of
permeable character. The uppermost part of the stratigraphic column consists of permeable units of talus and alluvium
(Celik et al., 2007). Elmadag Formation consists of limestone, metasandstone, agglomerate, calcarenite,
metaconglomerate, sandstone and sandy limestone. Ortakdy Formation comprises agglomerate, calcarenite, tuff, splite
and diabasis. Kecikaya Formation consists of only limestone and finally, G6lbas1 Formation is composed of mudstone,
conglomerate and sandstone (Akyiirek et al., 1997).

In the district, a total area of 34245.6 hectares, 7 soil types were determined. Soil types were identified in the
district respectively are as follows; brown soils (20375.6 ha, 59.5%), brown forest soils without lime (2473.39 ha,
7.22%), brown soils without lime (2296.01 ha, 6.70%), reddish brown soils (2094.64 ha, 6.12%), brown forest soils
(808.628 ha, 2.36%), alluvial soils (356.757 ha, 1.04%), colluvial soils (261.891 ha, 0.76%). Mamak’s 5578.71 hectares
(16.29%) is covered with other land types and settlements (Ministry of Food, Agriculture and Livestock, 2015).

Mediterranean Region’s continental climate is dominant in the study area. Climate data were taken from the
Ankara Meteorological Station. January is the coldest month (mean low —1.9°C) while July is the warmest month (mean
high 31.4°C). Annual precipitation is about 425.7 mm per year; the most precipitation occurs in spring. For the period
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of 1996 - 2015 (20 years), the mean annual temperature is 12.8°C and the mean annual precipitation is 35.5 mm.
Extreme winter cold (< 0°C) is usual and the late frost danger is generally present in the area. In relation to the
Mediterranean bioclimatic divisions, the area adjacent to the slightly humid zone with semi-arid cold winter (Turkish
State Meteorological Service, 2016).

Green areas in the Mamak district can be classified in 5 groups based on their functions; (1) parks, gardens and
playgrounds, (2) meadows, tree nurseries and forests, (3) visual green spaces, medians and squares, (4) cemeteries, (5)
public buildings with green spaces. The changes in green space per capita of Mamak district between 2011 - 2015 years
are as follows; 7.28 m? (in 2011), 7.51 m? (in 2012), 8.18 m? (in 2013), 8.43 m? (in 2014), 8.68 m? (in 2015) (Mamak
Municipality, 2016).

The plant specimens were gathered from green areas (parks, gardens, etc.) and other urban habitats. The
inventory of the flora was conducted in the vegetation period of 2012 - 2017. Specimens were dried according to
herbarium methods and were identified by using “Flora of Turkey and the East Aegean Islands” (Davis, 1965 — 1985;
Davis et al., 1988; Giiner et al., 2000) and “Manual of Cultivated Plants” (Bailey, 1949). The specimens were preserved
in GAZI Herbarium (GAZI). The identified taxa were first classified as Gymnosperm and Angiosperm. The taxa
beneath them were arranged in alphabetical order respectively; family, genus, species, subspecies and varieties. For
such information like current names and authors of taxa and their phytogeographical region, “Tiirkiye Bitkileri Listesi
(Damarl Bitkiler) [Turkish Plant List (Vascular Plants)] ” (Giiner et al., 2012) and “www.theplantlist.org” (The Plant
List, 2017) were used. Life forms of taxa (phanerophytes, chaemaphytes, hemicryptophytes, therophytes, geophytes and
helophytes) were determined based on Raunkier system (Akman and Ketenoglu, 1987). The categories and criteria of
the rare and endangered species were assessed and determined according to “IUCN 2017-1” (The IUCN Red List of
Threatened Species, 2017). Life cycles of taxa (annual, biennial, perennial) were also determined according to “Flora of
Turkey and the East Aegean Islands” (Davis, 1965 — 1985; Davis et al., 1988; Giiner et al., 2000) and “Manual of
Cultivated Plants” (Bailey, 1949). Archaeophyte and neophyte plants were also emphasized in this research. Besides
that, urbanophile, urbanoneutral and urbanophobe plants for 118 native taxa were determined and presented according
to Wittig et al. (1985). Finally, study area was also determined according to hemeroby scale of Sukopp and Weiller
(1988).

Abbreviations

VU: Vulnerable, NT: Near Threatened, Ch: Chamaephyte, G: Geophyte, He: Helophyte, H: Hemicryptophyte, Ph:
Phanerophyte, Th: Therophyte, C-W: Cosmopolitan or Widespread, E-S: Euro-Siberian element, I-T: Irano-Turanian element, M:
Mediterranean element, A: Annual, B: Biennial, P: Perennial, Arc: Archaeophyte, Neo: Neophyte, *: Urbanophobe, **:
Urbanoneutral.

3. Results

List of Native Plants

Angiospermae

Amaranthaceae

Amaranthus retroflexus L., C-W, Th, A, Neo, *
Chenopodium album L. subsp. album var. album, C-W,
Th, A, Arc, *

Amaryllidaceae

Allium sp., C-W, G, P, **

Apiaceae

Bifora radians M.Bieb., C-W, Th, A, **

Caucalis platycarpos L., C-W, Th, A, *

Torilis arvensis subsp. neglecta (Spreng.) Thell., C-W,
Th, A, *

Apocynaceae

Cynanchum acutum L. subsp. acutum, C-W, H, P, *
Araliaceae

Hedera helix L., C-W, Ph, P, *

Asparagaceae

Hyacinthella micrantha (Boiss.) Chouard, Endemic, VU,
C-W, G, P, **

Muscari neglectum Guss. ex Ten., C-W, G, P, *
Asteraceae

Carduus nutans L. subsp. nutans, C-W, H, B, *

C. pycnocephalus subsp. albidus (M.Bieb.) Kazmi, C-W,
Th, A, **

Centaurea iberica Trev. ex Sprengel, C-W, Th, A-B, *

C. solstitialis L. subsp. solstitialis, C-W, Th, A, *

C. urvillei subsp. stepposa Wagenitz, C-W, H, P, *

C.virgata Lam., I-T,H, P, *

Cichorium intybus L., C-W, H, P, Arc, *

Cirsium arvense (L.) Scop., C-W, H, P, Arc, *

C. vulgare (Savi) Ten., C-W, H, B, *

Conyza canadensis (L.) Cronquist, C-W, Th, A, Neo, *
Cota austriaca (Jacqg.) Sch.Bip., C-W, Th, A, **

Crepis alpina L., C-W, Th, A, **

C. foetida subsp. rhoeadifolia (M.Bieb.) Celak., C-W, Th,
A, Neo, *

Crupina crupinastrum (Moris) Vis., C-W, Th, A, *
Cyanus depressus (M.Bieb.) Sojak, C-W, Th, A, **
Echinops pungens Trautv. var. pungens, I-T, H, P, **
Lactuca serriola L., C-W, H, B, Arc, *

Onopordum tauricum Willd., E-S, H, B, *

Senecio vernalis Waldst. & Kit., C-W, Th, A, **

S. vulgaris L., C-W, Th, A, Arc, *

Sonchus asper subsp. glaucescens (Jord.) Ball, C-W, Th,
A-B, *

Tragopogon dubius Scop., C-W, H, B, *
Tripleurospermum oreades (Boiss.) Rech.f. var. oreades,
C-W,H, P, *

T. parviflorum (Willd.) Pobed., C-W, Th, A, *
Xeranthemum annuum L., C-W, Th, A, *

Boraginaceae

Alkanna orientalis (L.) Boiss. var. orientalis, I-T, H, P, *
Anchusa azurea Mill. var. azurea, C-W, H, P, *

A. hybrida Ten., M, H, B-P, *
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A. leptophylla Roem. & Schult. subsp. leptophylla, C-W,
H, B-P, **

A. pusilla Gugul., C-W, Th, A, **

Echium italicum L., M, H, B, *

Heliotropium europaeum L., I-T, Th, A, *

Brassicaceae

Alyssum desertorum Stapf., C-W, Th, A, *

Brassica elongata Ehrh., C-W, H, B-P, *

Calepina irregularis (Asso) Thell., C-W, Th, A, *
Capsella bursa-pastoris (L.) Medik., C-W, H, B, Arc, *
Descurainia sophia (L.) Webb ex Prantl, C-W, Th, A-B, *
Diplotaxis tenuifolia (L.) DC., C-W, H, P, Neo, **

Eruca vesicaria (L.) Cav., C-W, Th, A, *

Lepidium draba L., C-W, H, P, Neo, *

L. latifolium L., C-W, H, P, *

L. perfoliatum L., C-W, Th, A-B, *

Microthlaspi perfoliatum (L.) F.K.Mey., C-W, Th, A, **
Sinapis arvensis L., C-W, Th, A, Arc, **

Sisymbrium altissimum L., C-W, Th, A-B, *

S. loeselii L., C-W, Th-H, A-B-P, Neo, *

Caprifoliaceae

Scabiosa rotata M.Bieb., I-T, Th, A, *

Caryophyllaceae

Silene conoidea L., C-W, Th, A, *

Stellaria media (L.) Vill., C-W, Th, A, Arc, *

S. pallida (Dumort.) Piré, C-W, Th, A, *

Colchicaceae

Colchicum triphyllum Kunze, M, G, P, **
Convolvulaceae

Convolvulus arvensis L., C-W, H, P, Arc, **

C. galaticus Rost. ex Choisy, I-T, H, P, *

Crassulaceae

Phedimus spurius (M.Bieb.) t Hart, E-S, H, P, *
Euphorbiaceae

Euphorbia helioscopia L., C-W, Th, A, Arc, **

Fabaceae

Lotus corniculatus L. var. corniculatus, C-W, H, P, *
Medicago sativa L. subsp. sativa, C-W, H, P, *

Medicago x varia Martyn, C-W, H, P, *

Melilotus albus Desr., C-W, Th, A-B, Arc, *

M. officinalis (L.) Desr., C-W, Th, A-B, Arc, *

Trifolium pratense L. var. pratense, C-W, H, P, Arc, *

T. repens L. var. repens, C-W, H, P, Arc, *

T. resupinatum L. var. resupinatum, C-W, Th, A, *
Trigonella capitata Boiss., C-W, Th, A, *

T. spruneriana Boiss., C-W, Th, A, **

Vicia cracca subsp. stenophylla Vel., C-W, H, P, *
Geraniaceae

Erodium cicutarium (L.) L Hér. subsp. cicutarium, C-W,
Th, A, Arc, **

Hypericaceae

Hypericum  perforatum  subsp. veronense (Schrank)
H.Linb., C-W, H, P, *

Iridaceae

Crocus danfordiae Maw subsp. danfordiae, Endemic, VU,
C-W, G, P, **

Lamiaceae

Ajuga chamaepitys subsp. chia (Schreb.) Arcang., C-W,
Th-H, A-B-P, **

Ballota nigra subsp. anatolica P.H.Davis, I-T, H, P, Arc,
*

Lamium orientale (Fisch. & C.A.Mey.) E.H.L.Krause, I-
T, Th, A, **
L. purpureum L. var. purpureum, E-S, Th, A, Arc, *

Marrubium globosum Montbret & Aucher ex Benth.
subsp. globosum, Endemic, NT, I-T, H, P, **

M. parviflorum Fisch. & C.A.Mey. subsp. parviflorum, I-
T,H,P,*

Salvia frigida Boiss., I-T, H, P, **

Liliaceae

Gagea peduncularis (C.Presl) Pascher, M, G, P, **
Malvaceae

Alcea biennis Winterl, C-W, H, P, *

Malva neglecta Wallr., C-W, Th, A, *

M. sylvestris L., C-W, H, B-P, Arc, *

Orobanchaceae

Orobanche ramosa L., C-W, Th, A, **

Papaveraceae

Fumaria asepala Boiss, I-T, Th, A, *

F. officinalis L., C-W, Th, A, Arc, *

Glaucium grandiflorum Boiss. & A.Huet subsp.
grandiflorum var. grandiflorum, I-T, H, P, *

G. grandiflorum subsp. refractum (Nabelek) Mory var.
refractum, I-T, H, P, *

Papaver lacerum Popov, C-W, Th, A, *

P. rhoeas L., C-W, Th, A, Arc, *

Plantaginaceae

Plantago major subsp. intermedia (Gilib.) Lange, C-W,
H, P, *

Veronica persica Poir., C-W, H, P, Neo, **

V. polita Fr., C-W, Th, A, *

V. triphyllos L., C-W, Th, A, **

Poaceae

Dactylis glomerata subsp. hispanica (Roth) Nyman, C-W,
H, P, Arc, *

Hordeum murinum subsp. leporinum (Link) Arcang., I-T,
Th, A, Arc, *

Lolium perenne L., E-S, H, P, Arc, *

Phragmites australis (Cav.) Trin. ex Steud., E-S, He, P,
*%*

Poa annua L., C-W, Th, A, Arc, *

P. bulbosa L., C-W, H, P, *

Polygonaceae

Rumex crispus L., C-W, H, P, *

R. obtusifolius subsp. subalpinus (Schur) Celak., C-W, H,
P’ *

Ranunculaceae

Adonis aestivalis L. subsp. aestivalis, C-W, Th, A, **
Consolida orientalis (J.Gay) Schrédinger, C-W, Th, A, **
Ranunculus marginatus d’Urv., C-W, Th, A, **
Resedaceae

Reseda lutea L. var. lutea, C-W, Th-H, A-B-P, Neo, *
Rubiaceae

Galium spurium L. subsp. spurium, E-S, Th, A, Arc, *
Scrophulariaceae

Verbascum cheiranthifolium Boiss. var. cheiranthifolium,
C-W, H, P, **

Urticaceae

Urtica dioica L. subsp. dioica, E-S, H, P, Arc, *
Verbenaceae

Verbena officinalis L., C-W, Ch, P, *

Zygophyllaceae

Tribulus terrestris L., C-W, Th, A, *

List of Exotic and Cultivated Plants

Gymnospermae

Cupressaceae

Cupressus arizonica Greene, Ph, P

C. macrocarpa Hartw., Ph, P
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C. sempervirens L., Ph, P Cerecis siliquastrum L. subsp. siliquastrum, Ph, P
Cupressus x leylandii A.B.Jacks. & Dallim., Ph, P Gleditsia triacanthos L., Ph, P

Juniperus sabina L., Ph, P Robinia hispida L., Ph, P

J. squamata Buch.-Ham. ex D.Don, Ch, P R. pseudoacacia L., Ph, P, Neo

J. virginiana L., Ph, P Styphnolobium japonicum (L.) Schott, Ph, P, Neo
Platycladus orientalis (L.) Franco, Ph, P Quercus pubescens Willd., Ph, P

Thuja occidentalis L., Ph, P, Neo Q. robur L. subsp. robur, Ph, P

Ginkgoaceae Grossulariaceae

Ginkgo biloba L., Ph, P Ribes aureum Pursh, Ph, P

Pinaceae Hydrangeaceae

Abies alba Mill., Ph, P Philadelphus coronarius L., Ph, P, Neo
Cedrus atlantica (Endl.) Manetti ex Carriére, Ph, P Juglandaceae

C. deodara (Roxb. ex D.Don) G.Don, Ph, P Juglans regia L., Ph, P

C. libani A.Rich., Ph, P Lamiaceae

Picea abies (L.) H.Karst., Ph, P Lavandula angustifolia Mill. subsp. angustifolia, Ch, P
P. glauca (Moench) Voss, Ph, P Malvaceae

P. orientalis (L.) Peterm., Ph, P Hibiscus syriacus L., Ph, P

P. pungens Engelm., Ph, P Tilia cordata Mill., Ph, P

Pinus nigra J.F.Arnold, Ph, P T. tomentosa Moench, Ph, P

P.pineaL., Ph, P Moraceae

P. sylvestris var. hamata Steven, Ph, P Ficus carica L. subsp. carica, Ph, P

Taxaceae Morus alba L., Ph, P, Neo

Taxus baccata L., Ph, P M. nigra L., Ph, P

Angiospermae Nyctaginaceae

Adoxaceae Mirabilis jalapa L., H, P

Sambucus nigra L., Ph, P Oleaceae

Viburnum opulus L., Ph, P Forsythia x intermedia Zabel, Ph, P, Neo

V. tinus L., Ph, P Fraxinus angustifolia Vahl subsp. angustifolia, Ph, P
Anacardiaceae F. excelsior L., Ph, P

Cotinus coggygria Scop., Ph, P F. ornus L. subsp. ornus, Ph, P

Asparagaceae Ligustrum japonicum Thunb., Ph, P

Yucca filamentosa L., He, P L. vulgare L., Ph, P

Asteraceae Syringa vulgaris L., Ph, P, Neo

Calendula officinalis L., Th, A, Neo Plantaginaceae

Taraxacum campylodes G.E.Haglund, H, P Antirrhinum majus L. subsp. majus, H, P
Berberidaceae Platanaceae

Berberis aquifolium Pursh, Ph, P, Neo Platanus orientalis L., Ph, P

B. thunbergii DC., Ph, P, Neo Rosaceae

B. vulgaris L., Ph, P Amygdalus communis L., Ph, P

Betulaceae Armeniaca vulgaris Lam., Ph, P

Betula pendula Roth, Ph, P, Arc Cerasus avium (L.) Moench, Ph, P
Bignoniaceae C. mahaleb (L.) Mill., Ph, P

Catalpa bignonioides Walter, Ph, P, Neo C. vulgaris Mill., Ph, P

Buxaceae Cotoneaster dammeri C.K.Schneid., Ph, P
Buxus sempervirens L. subsp. sempervirens, Ph, P, Neo C. horizontalis Decne., Ph, P, Neo
Caprifoliaceae C. salicifolius Franch., Ph, P, Neo

Lonicera japonica Thunb., Ph, P Crataegus laevigata (Poir.) DC., Ph, P

L. ligustrina var. yunnanensis Franch., Ph, P C. meyeri Pojark., Ph, P

Symphoricarpos x chenaultii Rehder, Ph, P, Neo C. monogyna Jacq., Ph, P

Caryophyllaceae Cydonia oblonga Mill., Ph, P

Cerastium tomentosum L., H, P Laurocerasus officinalis M.Roem., Ph, P
Silene pendula L., Th, A Malus floribunda Siebold ex Van Houtte, Ph, P
Celastraceae M. pumila Mill., Ph, P

Euonymus japonicus Thunb., Ph, P Malus sp., Ph, P

Convolvulaceae Persica vulgaris Mill., Ph, P

Ipomoea purpurea (L.) Roth, Th-H, A-P Prunus divaricata var. pissardi Koch., Ph, P, Neo
Cucurbitaceae Prunus sp., Ph, P

Cucurbita pepo L., Th, A Prunus x domestica L., Ph, P

Elaeagnaceae Pyracantha coccinea M.Roem., Ph, P
Elaeagnus angustifolia L., Ph, P Pyrus elaeagnifolia Pall. subsp. elaeagnifolia, Ph, P
Euphorbiaceae Pyrus sp., Ph, P

Ricinus communis L., Ph, P Rosa canina L., Ph, P

Fabaceae R. pulverulenta M.Bieb., Ph, P

Anagyris foetida L., Ph, P Rosa sp., Ph, P
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Spiraea vanhouttei (Briot) Carriére, Ph, P Simaroubaceae

Salicaceae Ailanthus altissima (Mill.) Swingle, Ph, P, Neo
Populus canescens (Aiton) Sm., Ph, P Tamaricaceae

P. nigra L. subsp. nigra, Ph, P Tamarix parviflora DC., Ph, P

Salix alba L. subsp. alba, Ph, P T. tetrandra Pall. ex M.Bieb., Ph, P

S. babylonica L., Ph, P Ulmaceae

Salix sp., Ph, P Ulmus minor Mill., Ph, P

Sapindaceae Violaceae

Acer negundo L., Ph, P, Neo Viola tricolor L., Th, A

A. pseudoplatanus L., Ph, P, Arc Vitaceae

Aesculus hippocastanum L., Ph, P, Neo Parthenocissus quinquefolia (L.) Planch., Ph, P,
Koelreuteria paniculata Laxm., Ph, P Neo

4. Conclusions and discussion

In this study, totally 233 taxa (180 species, 36 subspecies and 17 varieties) were collected from the research
area, belonged to 160 genera and 63 families. 118 taxa (50.64%) are indigenous (79 species, 25 subspecies and 14
varieties), belong to 87 genera and 34 families and 115 taxa (49.36%) are exotic and cultivated (101 species, 11
subspecies and 3 varieties), belong to 74 genera and 39 families. It was determined that 106 indigenous taxa (89.83%)
belong to dicots, while 12 (10.17%) to monocots.

When the floristic results of this study were compared with other studies, it was revealed that this study has the
lowest number of families, genera, species, taxa and endemic taxa because of the differences between the area studied
in this research and others regarding climatic factors and the size (Table 1).

Table 1. Comparison in numbers with other urban floristic studies

studies ;\luml_)er of | Number of Number of | Number Numbgr of
amilies genera species of taxa endemic taxa

Mamak 63 160 180 233 3

Ankara (Akaydmn and Erik, 2002) 76 385 995 1142 146

Antalya (Goktiirk and Siimbiil, 1997) | 130 569 1023 1065 75

Bursa (Daskin and Kaynak, 2006) 86 377 677 706 25

Denizli (Giircan and Disen, 2015) 113 438 667 675 12

Mugla (Kaya et al., 2008) 86 327 555 576 31

The first 5 families which have the most taxa in this study are: Rosaceae (27, 11.59%), Asteraceae (27,
11.59%), Fabaceae (17, 7.30%), Brassicaceae (14, 6.01%) and Pinaceae (11, 4.72%). When the richest families in our
study were compared with the Ankara study by Akaydin and Erik (2002), it can be seen that the sorting in the current
study does not resemble the other paper except for the listing for Asteraceae, Fabaceae, Brassicaceae. The cause of this
difference is thought to be the size of the study areas, and habitat structures of these research (Table 2).

Table 2. Comparison of the richest families with the Ankara study

Mamak Ankara (Akaydin and Erik, 2002)
Asteraceae - 27 Asteraceae — 130

Rosaceae - 27 Fabaceae — 99

Fabaceae - 17 Poaceae — 81

Brassicaceae - 14 | Brassicaceae — 68

Pinaceae - 11 Lamiaceae — 63

The most common genera in the study area are Anchusa L., Cupressus L., Centaurea L. and Picea A.Dietr.
with 4 taxa for each (1.72%), while Cupressus and Picea are represented with one native taxa in the flora of Turkey.
The reason why Picea and Cupressus have the most taxa in this study is that the areas where these plants were collected
lost their naturalness (Table 3).

Table 3. Comparison of the richest genera with the Ankara study
Mamak Ankara (Akaydm and Erik, 2002)
Anchusa - 4 Astragalus - 23
Cupressus -4 |Salvia- 17
Centaurea -4  |Alyssum - 17
Picea - 4 Ranunculus - 16
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In this study, determinations of life forms showed that the largest group was phanerophytes with 104 taxa
(44.64%). The others were as follows: therophytes with 61 taxa (26.18%), hemicryptophytes with 53 taxa (22.75%),
geophytes with 6 taxa (2.58%), therophytes-hemicryptophytes with 4 taxa (1.72%), chamaephytes with 3 taxa (1.29%)
and helophytes with 2 taxa (0.86%). In addition, the life cycles of 233 taxa were as follows; 157 perennial (67.38%), 54
annual (23.18%), 7 biennial (3.00%), 7 annual-biennial (3.00%), 4 biennial-perennial (1.72%), 3 annual-biennial-
perennial (1.29%) and 1 annual-perennial (0.43%). Especially, intensive use of woody plants in urban planting process
around the district can be shown as the reason why the proportion of phanerophytes and perennials were that high.

The distribution of phytogeographical elements in the study area are as follows; Irano-Turanian (15 taxa,
12.71%), Euro-Siberian (7 taxa, 5.93%), Mediterranean (4 taxa, 3.39%) and cosmopolitan or widespread (92 taxa,
77.97%). In terms of phytogeographical elements, the first rank is occupied by cosmopolitan or widespread taxa, which
is followed by Irano-Turanian elements in both studies (Table 4). This is because the areas studied in both studies were
urban areas and study areas are in Irano-Turanian phytogeographic region.

Table 4. Comparison of the distribution of the phytogeographical elements with the Ankara study

Mamak Ankara (Akaydin and Erik, 2002)
Irano-Turanian - 15 Irano-Turanian - 276
Euro-Siberian - 7 Mediterranean - 76

Mediterranean - 4 Euro-Siberian - 62

Cosmopolitan or widespread - 92 Cosmopolitan or widespread - 581

In the study, 3 taxa are endemic (2.54%), Marrubium globosum subsp. globosum (Lamiaceae), Hyacinthella
micrantha (Asparagaceae), Crocus danfordiae subsp. danfordiae (Iridaceae).

While the most common native plant species were Capsella bursa-pastoris, Trifolium pratense, Veronica
persica and Senecio vernalis; the most common exotic and cultivated plant species were Platycladus orientalis, Robinia
pseudoacacia, Pyracantha coccinea and Acer negundo in the research area.

This study site was analyzed based on a hemeroby scale which was developed by Sukopp and Weiller (1998).
In the boundaries of the study area, there are not HO, H1 and H2 classes. However, H3, H4, H5, H6, H7, H8 and H9
classes were presented as follows; H3 by the areas such as forests in and/or nearby villages (e.g. villages around
Hiiseyingazi Mountain); H4 memorial forests (e.g. Sehit Ogretmenler Memorial Forest); H5 hilly areas and old small
village settlements (e.g. Hatip rivulet and surroundings); H6 small meadows (among the neighborhood and picnic areas)
(e.g. Sehitlik Parki); H7 agricultural fields, gardens and small-scale greenhouses; H8 agricultural areas where especially
intensive agricultural spraying is applied; H9 main arteries of all the roads, railways and dump sites within the district.

Despite the fast-developing and continuously urbanizing nature of Mamalk, it is fair to say that the district still
has a rich flora. There are some factors which contribute to the richness of plant species in urban areas; such as wild-
growing plant species (e.g. garden weeds and crops) and spontaneously occurring ornamental plants that escaped from
original cultivations (Zerbe et al., 2003; Altay et al., 2010).

Although, floristic diversity could be rich in urban habitats, rapid urbanization may cause some problems for
the survival of some species (Chocholouskova and Pysek, 2003; Van der Veken et al., 2004). For example, while the
number of therophytes increases, the number of endemic, rare and wasteland plant species decrease in urbanized areas
(Maurer et al., 2000). A similar situation can be seen in the areas where the urbanization process continues rapidly just
like in Mamak.

In this research, it was also observed that there is an increase of annuals, ruderals, non-native plants and
cultivated species. As a result of increasing number of inhabitants in cities, increased traffic and trade cause an increase
of the proportion of non-native species in the urban flora (Pysek, 1998; Altay et al., 2010; Garcia-de-Lomas et al.,
2010). These species can be imported to urban areas through human activity directly or indirectly and sometimes they
can be more dominant than indigenous plants (Zerbe et al., 2003). Cupressus arizonica, Acer negundo, Robinia
pseudoacacia , Ailanthus altissima, Juglans regia and Morus nigra are good examples for this situation in the district.
Similarly, Kowarik (1992) mentioned that the most frequent non-native species on different habitats of Berlin/Germany
were Acer negundo, Robinia pseudoacacia and Prunus serotina Ehrh.. Species such as Acer negundo, Robinia
pseudoacacia and Ailanthus altissima were found and stated as some of the most frequent non-native species in some
other studies as well (Altay et al., 2010; Osma et al., 2010; Eskin et al., 2012).

Introduction and establishment of non-native species to an area is always a big risk factor for inhabitants,
native species and natural habitats. In this research, extremely increased snail (Helix L. sp.) populations were observed
in some parks. This situation can be caused by the plantation of a cultivariety of a grass species (Lolium L. sp.) which is
not native to these areas. Furthermore, the plantation of a limited variety of a non-native plant species could be harmful
for urban ecosystem. In the future, a plant disease of a particular species could damage all the specimens or any other
species. Moreover, one of the non-native species could replace or become dominant in the area by suppressing other
species (Altay et al., 2010). Consequently, native species may go extinct or habitats may become monotypic, which
result in destruction of ecosystem processes.

Muhammed Hakan CAKMAK et al., Urban vascular flora and ecological characteristics of Mamak District (Ankara/Turkey)



130 Biological Diversity and Conservation — 11/ 2 (2018)

In urban planning, under the ecological perspective, one of the main principles is to protect natural habitats.
Today we are witnessing wrong plantation practices with non-native or exotic plant species in many cities all over the
world. These practices affect and change natural habitats in the end. For example, people, who migrate into big cities
such as Ankara from rural areas, transport some of their rural area plants (e.g. fruit and vegetable plants). Consequently,
although urban flora becomes richer, natural flora becomes affected negatively from these plants and eventually
neutrality is lost. The following plant taxa can be given as good examples for this situation; Platycladus orientalis,
Eucalyptus L'Hér. spp. Ficus carica, Cucurbita L. spp., Robinia pseudoacacia, Juglans regia. In some cases, this
situation may be just the opposite; for instance, sometimes immigrants may consume some species in cities (e.g.
Hypericum perforatum, Euphorbia helioscopia, Chenopodium album, etc.) for their ethnobotanical uses and ultimately
this may cause a decrease of the population of these plants (Altay et al., 2010).

The concept of open-green space per capita is calculated by dividing the all green patches of the city into the
total population of the city and it is expressed by “m?”. It is an important criterion for understanding how much of the
green space demands of inhabitants are met. In developed countries, green space per capita varies based on the
topography and different socioeconomic structures of the cities. Some of them are as follows; U.S.A. 100 m?, Russia 60
m2, England 70-80 m?, France 60 m?. In Turkey, on district scale it is designated as 10 m? by regulations (Regulation on
the Construction of Spatial Plans, 2014). In this study area, green space per capita has been in an increasing trend over
the years. Notwithstanding about 8 m? green space per capita, it does not match the values which are designated by
regulations. Besides such values and numbers, the quality of green spaces is also very important. In the district, it was
observed that suitability for use of green spaces is not functional. Urban transformation projects have been started in the
city in the last few years and it still continues. It could be a big opportunity for the district to restore green spaces and
gain functionality to these areas.

One of the reasons of urban heat islands is the surface area of buildings that absorb the heat. As it is known;
vertical gardens and green roof practices prevent buildings from overheating. In the study area, although there were not
so many examples, just a few of them were observed. The plantation on roofs and such kind of surfaces is an important
issue. The determination of the species to be used for that purpose is another important matter as well. Species should
be resistant to exhaust gases, drought and other stress factors. For this purpose, these species are good examples in the
research area; Berberis thunbergii, Hedera helix, Euonymus fortunei, Parthenocissus quinquefolia.

This study clarifies the dramatic decrease of indigenous species, the increase of exotic and non-native species
and the establishment of new ecotypes of the study area. As a result, the environment we live in must meet the needs of
future generations as much as it meets the needs of people today. We must adopt sustainable policies and practices in
order to leave a more livable environment for future generations as the protectors of the environment we live in.
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Abstract

Antifungal activity of two terricolous (Cetraria aculeata, Cladonia foliacea) and four epiphytic (Parmelia
sulcata, Pseudevernia furfuracea var. furfuracea, Ramalina farinacea and Tornabea scutellifera) lichens were
investigated by using acetone, methanol and chloroform extracts against five fungal pathogens: Aspergillus fumigatus,
Aspergillus parasiticus, Fusarium moniliforme, Fusarium solani and Alternaria brassicicola. The microbroth dilution
method was used for minimal inhibitory concentration (MIC) values of the lichen extracts. The MIC values of the
lichen extracts were determined ranging from 156.25 t01250 pg/ml for tested fungi. Generally, all of the lichen extracts
showed the strong antifungal activity. F. moniliforme and A. brassicicola were the most sensitive fungal species against
the lichen extracts, whereas A. fumigatus was the most tolerant pathogenic fungus.

Key words: : antifungal activity, lichen extracts, pathogenic fungi

*

Baz epifitik ve terrikol liken ekstraktlarmin antifungal aktivitesinin aragtirilmasi

Ozet

Iki terrikol (Cetraria aculeata, Cladonia foliacea) ve dort epifitik (Parmelia sulcata, Pseudevernia furfuracea
var. furfuracea, Ramalina farinacea ve Tornabea scutellifera) likenin aseton, metanol ve kloroform ekstraktlarinin
Aspergillus fumigatus, Aspergillus parasiticus, Fusarium moniliforme, Fusarium solani ve Alternaria brassicicola
fungal patojenlerine karg1 antifungal aktivitesi incelenmistir. Liken ekstraktlarim minimum inhibisyon konsantrasyonu
(MIK) degerlerinin belirlenmesinde mikrobroth diliisyon yontemi kullanilmistir. Liken ekstraktlarmmn MIK
degerlerinin, test edilen funguslar i¢in 156.25 ila 1250 pg/ml araliginda degistigi belirlenmistir. Genel olarak, liken
ekstraktlarimin tamamu giiglii antifungal aktivite gostermistir. F. moniliforme ve A. brassicicola liken ekstraktlarina karsi
en duyarli fungal tiirler olarak belirlenirken, A. fumigatus en direngli patojen fungus olarak bulunmustur.

Anahtar kelimeler: antifungal aktivite, liken ekstraktlari, patojenik funguslar
1. Introduction

Lichens are symbiotic organisms consisting of fungi, algae and/ or cyanobacteria. They produce various
secondary metabolites known as lichen substances, are mostly low molecular weight and generally insoluble in water
but can be extracted into organic solvents. Their secondary metabolites have a wide various biological activities such as
antibacterial, antifungal, antiviral, antiprotozoal, antiherbivore, antimutagenic, antitumor, antioxidant, antiulcerogenic,
antiinflammatory, antiproliferative, antipyretic, analgesic (Kosani¢ and Rankovi¢, 2011; Mitrovi¢ et al., 2011; Xu et al.,
2016).

Plant pathogenic fungi cause huge economic loss worldwide by destroying crops in the field and during storage
in agriculture and the food industry (Goel et al., 2011; Song et al., 2017). Numerous environmental and human health
problems are caused by synthetic chemicals used for control of these pathogenic fungi in agriculture (Halama and Van
Haluwin, 2004). Natural products obtained from plants, bacteria, fungi, lichens etc. have been proposed as potential
alternatives to synthetic fungicides for control of pre- and postharvest diseases. Environmentally safe, biodegradable
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and economical compounds obtained from natural origin can be ideal candidates for use as agrochemicals (Goel et al.,
2011).

There are only a few reports on antifungal activities of lichens from Turkey (Aslan et al., 2006; Giilliice et al.,
2006; Tiirk et al., 2006; Candan et al., 2007; Karabulut and Ozturk, 2015; Y1lmaz Cankilig et al., 2017; Bilgin Sékmen
et al., 2018). The aim of the present study is to investigate antifungal activity of the acetone, methanol and chloroform
extracts of the lichens Cetraria aculeata, Cladonia foliacea, Parmelia sulcata, Pseudevernia furfuracea var. furfuracea,
Ramalina farinacea and Tornabea scutellifera against five plant pathogenic fungi.

2. Materials and methods

2.1. Lichen samples

The lichen samples were collected from as follows; Cetraria aculeata (Schreb.) Fr., Bozdag Eskisehir;
Cladonia foliacea (Huds.) Willd., Bozdag-Eskisehir; Parmelia sulcata Taylor, Bozdag-Eskisehir; Pseudevernia
furfuracea var. furfuracea (L.) Zopf., Mihaliggik-Eskisehir; Ramalina farinacea (L.) Ach., Bozdag-Eskisehir and
Tornabea scutellifera (With.) J.R. Laundon, Cevrepmar mountain-Kahramanmarag (Figure 1). The samples were
identified using standard keys (Smith, 2009; Wirth, 2013). The lichen specimens were deposited in the Department of
Biology, Herbarium of Anadolu University (ANES), Eskisehir, Turkey.

Figure 1. Lichen samples: A. Cetraria aculeata, B. Cladonia foliacea, C. Parmelia sulcata, D. Pseudevernia furfuracea
var. furfuracea, E. Ramalina farinacea, F. Tornabea scutellifera.

2.2. Preparation of the lichen extracts

Air-dried and ground thalli of the lichen samples (10 g) were extracted in 100 ml of acetone, methanol and
chloroform using ultrasonic bath for 30 min, then left at room temperature overnight and filtered. Then the extracts
concentrated under reduced pressure in a rotary evaporator. The dry extracts were stored at 4 °C.

2.3. Microorganisms and media

Five fungal strains were used in this study: Aspergillus fumigatus NRRL 113, Aspergillus parasiticus NRRL
465, Alt

ernaria brassicicola, Fusarium moniliforme NRRL 2374 and Fusarium solani. The strains obtained from our
laboratory. Fungal test cultures were grown on Potato Dextrose agar (PDA) at 25 °C for 5-7 days.
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2.4. Antifungal activity

Minimal inhibitory concentration (MIC) of the lichen extracts was determined by microbroth dilution method
using 96-well microtiter plate (Winn, 2006; CLSI, 2008). The extracts were dissolved in dimethyl sulphoxide (DMSO)
and two-fold dilutions prepared from 10 mg/mL to 19.53 pg/mL concentrations in double-strength Potato Dextrose
broth (PDB). Fungal cultures were grown on PDA at 25 °C for 5-7 days. The suspensions of fungal spores were
prepared using sterile 0.1% Tween 80 and standardized to about 10° colony forming unit / ml (CFU/mI). Ketoconazole
used as a positive control of the fungal growth inhibition. As a negative control DMSO solution was used for the
influence of the solvents. The microplates were incubated at 25 °C for 5-7 days. Antifungal activity was determined
with stereo microscope by investigation of mycelia growing. MIC defined as the lowest concentration that inhibited
fungal growth. All experiments were performed in duplicate..

3. Results

The antifungal activities of the acetone, methanol and chloroform extracts of C. aculeata, C. foliacea, P.
sulcata, P. furfuracea var. furfuracea, R. farinacea and T. scutellifera against the tested five filamentous fungi were
investigated and results are shown in Table 1. The antifungal activity of the lichens extracts were determined by the
microbroth dilution method. The MIC values of the lichen extracts were found ranged from 156.25 t01250 pg/ml for
tested fungi.

Table 1. Minimal inhibitory concentration (MIC) of acetone, methanol and chloroform extracts of C. aculeata, C.
foliacea, P. sulcata, P. furfuracea var. furfuracea, R. farinacea and T. scutellifera against selected fungi

Filamentous fungi

Lichens Lichen A. fumigatus A. parasiticus  A. brassicicola F. moniliforme F. solani
extracts

A? 6250 625 156.25 156.25 1250
Cetraria aculeata M 625 625 156.25 156.25 1250

C 625 312.50 156.25 156.25 625

A 625 625 156.25 156.25 625
Cladonia foliacea M 1250 625 312.50 156.25 625

C 1250 625 156.25 156.25 625

A 625 625 156.25 156.25 625
Parmelia sulcata M 625 312.50 156.25 156.25 312.50

C 625 312.50 156.25 156.25 312.50

A 625 312.50 156.25 156.25 312.50
Pseudevernia M 625 312.50 156.25 156.25 156.25
furfuracea var. C 1250 625 156.25 156.25 156.25
furfuracea

A 312.50 625 156.25 156.25 625
Ramalina farinacea M 625 625 156.25 156.25 156.25

C 625 625 156.25 156.25 625

A 625 625 156.25 156.25 1250
Tornabea scutellifera M 625 625 156.25 156.25 625

C 625 625 312.50 156.25 625

Antifungal (standard)
Ketaconazole 78.12 78.12 78.12 39.06 39.06

& A: acetone extract; M: methanol extract; C: chloroform extract
® Minimum inhibitory concentration (ug/ml)

The acetone extracts of R. farinacea showed the stronger antifungal activity against A. fumigatus with an MIC
value of 312.50 pg/ml than the other tested lichen extracts. The methanol and chloroform extracts of the lichen P.
furfuracea var. furfuracea and methanol extracts of R. farinacea exerted the stronger antifungal activity against F.
solani than the other lichens extracts with an MIC value of 156.25 pg/ml.
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All the lichen extracts showed same activity against to F. moniliforme and A. brassicicola with an MIC value
of 156.25 pg/ml except methanole extract of C. foliacea and acetone extract of T. scutellifera. Generally, A. fumigatus
was the most resistant fungi against the lichen extracts. F. moniliforme and A. brassicicola were the most sensitive fungi
among the fungal species by lichen extracts.

Candan et al. (2007) investigated the antimicrobial activities of acetone, chloroform, diethyl ether, methanol,
and petroleum ether extracts of the lichen P. sulcata and its salazinic acid constituent, and all of the extracts except of
the petroleum ether extract showed antimicrobial activity against tested bacteria, yeasts and filamentous fungi including
Aspergillus niger, Aspergillus fumigatus, and Penicillium notatum. In the present study, the methanol and chloroform
extracts of P. sulcata showed significantly antifungal activity among the test fungi ranged from 156.25 to 625 pg/ml.

Tiirk et al. (2006) reported antifungal activity of some extracts of P. furfuracea var. furfuracea against tested
filamentous fungi. All the extracts showed antifungal activity against Alternaria alternata, Ascochyta rabiei,
Aspergillus niger, Fusarium culmorum, Fusarium moniliforme, Fusarium oxysporum, Fusarium solani, and Penicillium
notatum. We determined the most strongest antifungal activity on F. moniliforme, F. solani and A. brassicicola for
extracts of P. furfuracea var. furfuracea.

Rankovic¢ et al. (2007) reported antifungal activity on A. fumigatus with an MIC value of 25 mg/ml for acetone
and methanol extracts of P. sulcata. Kosani¢ et al. (2013) find an antifungal activity for the acetone extract of the lichen
P. furfuracea against same fungus with an MIC value of 12.5 mg/ml. In our study, we determined more activity than
their results using acetone and methanol extracts of same lichen against A. fumigatus with an MIC value 625 pg/ml
(Table 1).

In a similar study, Karabulut and Ozturk (2015) was reported that ethyl alcohol extracts of Evernia prunastri,
P. sulcata and P. furfuracea var. furfuracea showed a significant inhibition against mycelia and spor growth of
Aspergillus niger, Botrytis cinerea, Fusarium culmorum, Fusarium solani, Macrophomina phaseolina, Penicillium
expansum and Rhizoctonia solani.

4. Conclusions and discussion

The extracts of C. aculeata, C. foliacea, P. sulcata, P. furfuracea var. furfuracea, R. farinacea and T.
scutellifera were exhibited significantly antifungal activity against tested pathogenic fungi. Future studies should be
done to search bioactive compounds responsible for antifungal effects in the lichen extracts. Our results indicated these
lichen extracts can be used as natural antifungals especially against some plant pathogenic fungi in future.
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Abstract

The investigation area covers areas with gypsum and marl soils located within the borders of Eskisehir.
According to Davis' squaring system, a large part of the research area is located on the B3 surface. 1750 samples were
collected from the research area between 2012 and 2015 for the determination of floran. The APG Il system was
monitored while preparing the floristic list. As a result of the diagnoses made; 354 genus belonging to 72 families, 673
species and total 738 taxa were identified. Of the plant samples that were diagnosed, 738 taxa belong to the
Spermatophyta divisosus. 42% (5,6%) of the total taxa in the area are Mediterranean, 152 (20.6%) Iranian-Turanian, 38
(5.1%) Euro-Siberian element, 27 (3.6%) E. Mediterranean elements and 478 (64,7%) are multi-regional or
phytogeographic regions of unknown taxa. 129 (17.5%) endemic taxa were found in the research area.

Key words: B3 square , Eskisehir , Gypsum , Marl , Flora

Eskisehir’deki jipsli ve marnh topraklarin florasi

Ozet

Arastirma alant Eskigehir sinirlar1 igerisinde yer alan jipsli ve marnli topraklarin bulundugu alanlari
kapsamaktadir. Davis’in kareleme sistemine gdre arastirma alaninin biiyiik bir béliimi B3 karesinde yer almaktadir.
Floranin belirlenmesi igin 2012-2015 yillart arasinda aragtirma alanindan 1750 6rnek toplanmustir. Floristik liste
hazirlanirken APG I1I sistemi izlenmistir. Yapilan teshisler sonucunda; 72 familyaya ait 354 cins, 673 tiir ve toplam 738
takson tespit edilmistir. Teshisi yapilan bitki 6rneklerinden 738 takson Spermatophyta divizyosuna aittir. Alandaki
toplam taksonlarin 42’si (% 5.6) Akdeniz elementi, 152’si (% 20.6) Iran-Turan elementi, 38’1 (% 5.1) Avrupa-Sibirya
elementi, 27’si (% 3.6) D. Akdeniz elementi ve 478’1 (% 64.7) ¢ok bolgeli veya fitocografik bdlgesi bilinmeyen
taksonlardir. Arastirma alaninda 129 (% 17.5) endemik takson bulunmustur.

Anahtar kelimeler: B3 karesi, Eskisehir, jips, marn, flora
1. Introduction

The Study area is located in Eskigehir in the Northwest Central Anatolian Region between 29°58' and 32°04"'
Eastern longitudes and 39°06' and 40°09' Northern latitudes. According to the Grid System set by P. H. Davis (1965) for
Eskisehir province, a large part is located in B3, a small part in south-east is located in B4, and a small part in north is
located within A3 square (Figure 1). According to this system, The study area is within the square of B3. The study area
Eskisehir is neighboring Bolu in the north, Ankara in the east, Afyon and Konya in the south, Kiitahya in the west and
Bilecik in the northwest (Report, 2011).

Gypsum is a mineral and its chemical composition is calcium sulfate. The type whose compound has two
molecules of crystal water is called gypsum (CaSO4 + 2H,0)(Ozdeniz et al.,2016 ). It is a mixture consisting naturally
of marn, clay and calcium carbonate at various proportions (Akpulat and Celik, 2005). When the amount of calcium
carbonate is more than clay, it is called limestone. Gypsiferous and gypsiferous-marn type bedrocks are very suitable
for the settlement of endemic species (Akman et al., 2014).
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Figure 1. The Map of Turkey according to the Grid System of P. H. Davis (1965)

Gypsum outcrops are widely distributed globally and strongly affect the flora that grows on them. In fact, many plant
Species only grow on this type of rock (Garcia, F,J,P., et all. 2018). Gypsum soils show a suite of chemical and physical
properties that render them particularly restrictive for plant life (Bolukbasi et al.,2016).

This study was conducted to emphasize the importance of edaphic and geological isolation in terms of floristic
diversity and endemism. Some of the important reasons of floristic diversity of Turkey are the intense endemism that
develops from edaphic and geological rocks; and is explained by the term “geological island”; and such areas are called
“geological island” or “edaphic island”. The main factors affecting the diversity of the species in the areas where
gypsophila live are electrical conductivity, soil pH and soil anion and cation concentrations (Smith, H. W., & Weldon,
M. D., 1941). These factors also determine the degree of influence of the biotic factors (Akman et al., 2014). In the
context of the study, gypsiferous soils in Eskigehir and the vegetation cover, species diversity and ecological effects
were determined (Tiire, C. 2000). In the present study, the aim is to complete the lack of literature data on gypsiferous
soils and plant cover in Eskisehir. It has been determined that some local floristic studies have been conducted around
the study area (Ozaydin and Yiicel, 2004; Umay and Ugurlu, 2010; Ozgisi et al., 2015).
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Figure 2. Study area map

2. Materials and methods

In the study area, a total of 1750 samples were collected from 56 different fields which coincided with the
vegetation period in all seasons of the year between 2012 and 2015. It was cared to collect at least three samples for
each species together with organs like roots, leaves, flowers and fruits as much as possible. The localities of the samples
collected in the field work were identified with the Garmin GPS device and the photographs were taken with Canon
D5300 brand camera. The samples that were collected were pressed and dried in line with the relevant rules (Se¢men et
al., 2004). The stations where the samples were collected were numbered and the altitude, locality, habitat, date, and
latitude-longitude coordinates (GPS) of the area were noted in the land register. Although the determination of the
samples was made on materials that were not dried during field works, it was mostly made on the materials dried in the
laboratory environment. Olympus brand binocular stereo microscopes were used during the diagnoses. Several studies
were made use of during the diagnoses of the plants that were collected like the Flora of Turkey and the East Aegean
Islands (Davis, 1965-1988), Flora Europeae (Tutin, 1965-1980), Flora Palaestina Vol. I-1l (Zohary, 1966-1987), Flora
Palaestina Vol. 11-1V (Freibrun-Dothan, 1977-1986), Ankara City Flora (Erik, S. 1993), List of Turkey Plants
(Vascular Plants) (Giiner et al., 2012). Eskisehir Osmangazi University (OUFE) herbarium was used in the diagnosis of
some of the collected samples which were difficult to control and name. In some of the samples that were difficult to
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diagnose, experts of the area were consulted. After the naming, all the samples that were made into herbarium material
were placed in the Herbarium Center of the Eskisehir Osmangazi University Science and Literature Faculty (OUFE).

When the floristic findings were given, they were based on APG Ill, and the families were arranged in
accordance with the evolutionary sequence given in the “Linear Angiosperm Phylogeny Group (APG III): A Linear
Sequence of the Families in APG III” (Haston et al., 2009). Since there is no evolutionary classification made according
to the APG System in terms of genus, species and subspecies, the subfamily categories were listed in alphabetical order.
In writing the floristic list, the names of the family and species and the subspecies taxon names were written in bold and
italic (Yesilyurt et al., 2008).The locality data of the taxa whose localities were given in front of the floristic list were
numbered in box brackets. The endemism status of the species, the defined phytogeographical regions and the collective
numbers were also given.

3. Results

A total of 56 days of field work was carried out in the study area from March 2012 to October 2015. As a
result of the field work, 1750 samples were collected; and as the result of the diagnoses, it was determined that there
were 354 genera of 72 families and 738 species and subspecies taxa of these species. Of the families identified, 69 were
Angiosperm, 3 were Gymnosperm, and 60 of the Angiosperm were dicotyl 9, which is Monocotyledon. 351 of the
species are Angiosperm, 3 are Gymnosperm. 329 of the species are dicotyledonous, 22 are monocotyledonous. Of the
identified taxa, 152 belong to Iranian Turan, 42 to Mediterranean, 27 to E. Mediterranean, 38 to Siberia and 1 to Black
Sea phytogeographical regions and 478 to phytogeographical regions are unknown or very regional (Table 3). Up to
now 129 endemic taxa have been identified in the region and the endemism rate is approximately 17.5%. 4 of endemic

taxaare in EN, 3in VU, 1in CR, 3in NT and 36 in LC category.

PINACEAE

Pinus nigra J.F. Arnold subsp. pallasiana
(Lamb.) Holmboe

[33], 15.10.2014, OUFE: 20200.
CUPRESSACEAE

Juniperus excelsa M.Bieb.

[141], 15.04.12, OUFE: 20071.

J. oxycedrus L.

[15], 07.08.13, OUFE: 20072.
EPHEDRACEAE

Ephedra major Host

[3], 18.5.13, OUFE: 19945.
ARISTOLOCHIACEAE

Aristolochia maurorum L.

[30], 10.07.13, OUFE: 19707.

A. pallida Willd.

[161], 18.05.12, OUFE: 19708.
ARACEAE

Arum elongatum Steven

76], 26.06.15, OUFE: 19715.
COLCHICACEAE

Colchicum atticum Spruner ex Tommas
(Syn: Merendera attica (Spruner ex
Tommas.) Boiss. & Spruner)

[49], 26.02.13 D. Akd., OUFE: 19854.

C. burttii Meikle

[13], 1.04.15 D. Akd., End., LC, OUFE:
19855.

C. triphyllum Kunze

[49], 26.02.13, Akd., OUFE: 19856.

C. umbrosum Steven

[137], 23.09.12, Karadeniz, LC, OUFE:
19857.

LILIACEAE

Fritillaria fleischeriana Steud. & Hochst.
ex Schult. & Schult.f.

[20], 25.04.15, ir.-Tur., End., NT, OUFE:
19982.

Gagea bohemica (Zauschn.) Schult. &
Schult.f.

[65], 3.05.13, OUFE: 19993.

Gagea fibrosa (Desf.) Schult. & Schult.f.
[65], 3.05.13, OUFE: 19994.

Gagea granatellii (Parl.) Parl.

[48], 15.04.12, OUFE: 19995.

Gagea peduncularis (C.Presl) Pascher
[23], 14.03.15, D.O. 802, OUFE: 19996.

Gagea taurica Steven

[48], 14.03.12, OUFE: 19997.

Gagea villosa (M.Bieb.) Sweet

[47], 15.04.12, Akd., OUFE: 19998.
Tulipa armena Boiss. var. lycica (Baker)
Marais

[19], 22.04.13, End., LC, OUFE: 20358.
ORCHIDACEAE

Cephalanthera longifolia (L.) Fritsch
[23], 27.05.12, Avr.-Sib., OUFE: 19823.
C. rubra (L.) Rich.

[17], 7.06.15, OUFE: 19824.

Dactylorhiza romana (Seb.) So’o subsp.
romana

[13], 21.04.14, Akd., OUFE: 19914.
Epipactis helleborine (L.) Crantz

[28], 9.07.15, Akd., OUFE: 19914.

Orchis mascula (L.) L. subsp. mascula
(Boiss. & Kotschy) G. Camus (Syn:
Orchis mascula subsp. pinetorum (Boiss.
& Kotschy) G. Camus)

[3], 18.05.13 E. Med., OUFE: 20158.

O. purpurea Huds.

[13], 21.04.14, Avr.-Sib., OUFE: 20159.
Iridaceae

Crocus ancyrensis (Herb.) Maw

[14], 22.02.12, ir.-Tur., End., LC, OUFE:
19891.

C. chrysanthus (Herb.) Herb.

[49], 26.02.13, OUFE: 19892.

C. danfordiae Maw

[49], 26.02.13, End., LC, OUFE: 19893.
Crocus flavus subsp. dissectus T.Baytop
& B.Mathew

[49], 26.02.13, OUFE: 19894.

C.olivieri J. Gay

[160], 15.04.12, OUFE: 19895.

C. pallasii Goldb.

[160], 15.04.12, OUFE: 19896.

Gladiolus atroviolaceus Boiss.
[31],9.07.15, Ir.-Tur., OUFE: 20008.

I. kerneriana Asch. & Sint. ex Baker
[49], 26.02.13, OUFE: 20064.

I. pumila subsp. attica (Boiss. & Heldr.)
K.Richt.

[134], 23.04.13, OUFE: 20065.

I. schachtii Markgr.

[1], 18.04.15, Ir.-Tur., End., LC, OUFE:
20067.

AMARYLLIDACEAE

Allium ampeloprasum L.

[107], 03.07.13, Akd., OUFE: 19652.

A. atroviolaceum Boiss.

[24], 02.07.13, OUFE: 19653.

Allium flavum L.

[24], 02.07.13, Akd., OUFE: 19654.
Allium flavum subsp. tauricum (Besser
ex Rchb.) K.Richt.

[23], 22.06.15, Medit.,: 19656.

Allium guttatum Steven

[81], 28.06.15, OUFE: 19657.

A. hirtovaginatum Kunth. (Syn: Allium
cupani subsp. hirtovaginatum (Kunth)
Stearn)

[82], 25.07.15, Medit.,OUFE: 19658.

A. lycaonicum Siehe ex Hayek

[44], 25.06.15, OUFE: 19659.

Allium pallens L.

[62], 03.07.13, OUFE: 19660.

Allium paniculatum L.

[44], 23.06.13, OUFE: 19661.

A.  rotundum L. (Syn: Allium
scorodoprasum L.  Stearn  subsp.
rotundum (L.) Stearn)

[21], 06.06.12, Avr.-Sib., OUFE: 19663.
Allium scorodoprasum L.

21], 06.06.12, OUFE: 19664.

Allium sibthorpianum Schult. & Schult.f.
[18], 23.06.15, OUFE: 19665.

Allium stamineum Boiss.

[18], 23.06.15, OUFE: 19666.

Allium wiedemannianum Regel

[44], 25.06.15, OUFE: 19667.

Galanthus elwesii Hook.f.

[8], 26.02.13 D. Akd., OUFE: 19999.
Xanthorrhoeaceae

Asphodeline taurica (Pall.) Endl.

[18], 20.04.14 D. Akd., OUFE: 19721.
ASPARAGACEAE

Asparagus officinalis L.

[13], 21.04.14, OUFE: 19716.
Hyacinthella lineata (Steud. ex Schult. &
Schult.f.) Chouard
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[25], 25.04.15 D. Akd., End., LC, OUFE:
19716.

Hyacinthella micrantha (Boiss.) Chouard
[25], 25.04.15, Ir.-Tur., End., NT, OUFE:
20050.

Leopoldia longipes (Boiss.) Losinsk.
(Syn: Muscari longipes Boiss.)

[13], 10.06.15, Ir.-Tur., OUFE: 20085.

L. tenuiflora (Tausch) Heldr. (Syn:
Muscari tenuiflorum Tausch.)

[25], 03.06.15, OUFE: 20086.

Muscari armeniacum Leichtlin ex Baker
[48], 02.05.15, OUFE: 20128.

M. neglectum Guss. ex Ten.

[15], 28.04.13, OUFE: 20129.

M. sivrihisardaghlarensis Yild. & B.Selvi
[99], 23.04.13, OUFE: 20130.
Ornithogalum alpigenum Stapf

[89], 03.05.13 D. Akd., End., NT, OUFE:
20161.

O. comosum L.

[2], 18.05.13, OUFE: 20162.

O. fimbriatum Willd.

[43], 23.05.12, OUFE: 20163.

O. montanum Cirillo

[18], 06.06.12 D. Akd., OUFE: 20164.

O. neurostegium Boiss. & Blanche

[23], 07.06.15, OUFE: 20165.

O. pyrenaicum L.

[13], 21.04.14, OUFE: 20167.

O. sigmoideum Freyn & Sint.

[15], 28.04.13, OUFE: 20168.

O. sphaerocarpum A.Kern.

[15], 23.06.15, OUFE: 20169.

O. umbellatum L.

[25], 03.06.15, OUFE: 20170.

Prospero autumnale (L.) Speta (Syn:
Scilla autumnalis L.)

[17], 25.08.13, Akd., OUFE: 20218.
Scilla bifolia L.

[23], 22.04.12, Akd., OUFE: 19655.
POACEAE

Aegilops cylindrica Host

[44], 09.07.15, Ir.-Tur., OUFE: 19632.
Aegilops geniculata Roth

[25], 07.06.15 ,: 19633.

A. triuncialis L.

[19], 03.06.15 , OUFE: 19634.

Aeluropus littoralis (Gouan) Parl.

[60], 22.06.15, OUFE: 19635.

Agropyron cristatum (L.) Gaertn.

[21], 03.06.15, OUFE: 19876.
Alopecurus arundinaceus Poir.

[138], 26.04.15, OUFE: 19668.

A. gerardii (All) Vill.

[149], 03.05.15, OUFE: 19669.

A. myosuroides Huds.

[22], 03.06.15, OUFE: 19670.

Avena barbata Pott ex Link

[75], 25.08.13, Akd., OUFE: 19757.
Bothriochloa ischaemum (L.) Keng

[79], 31.05.15, OUFE: 19769.

Briza humilis M.Bieb.

[90], 25.06.15, OUFE: 19772.

B. media L.

[21], 07.06.15,: 19773.

Bromus erectus Huds.

[79], 31.05.15, OUFE: 19774.

B. hordeaceus L.

[90], 03.05.15, OUFE: 19775.

B. japonicus Thunb.

[19], 03.06.15, OUFE: 19776.

B. tectorum L.

[21], 03.06.15, OUFE: 19777.
Calamagrostis pseudophragmites (Haller
f.) Koeler

[88], 28.06.15, OUFE: 19788.
Chrysopogon gryllus (L.) Trin.

[22], 03.06.15, OUFE: 19902.

Cynodon dactylon (L.) Pers.

[18], 02.07.13, OUFE: 19911.

Dactylis glomerata subsp. hispanica
(Roth) Nyman

[20], 02.06.13, OUFE: 19899.

Elymus hispidus (Opiz) Melderis subsp.
barbulatus (Schur) Melderis

[17], 07.06.15, OUFE: 19802.

Echinaria capitata (L.) Desf.

[74], 31.05.15, OUFE: 19935.
Eremopyrum  bonaepartis  (Spreng.)
Nevski

[16], 03.06.13, OUFE: 19655.

Festuca arundinacea Schreb.

[19], 03.06.15, OUFE: 19976.

Festuca valesiaca Schleich. ex Gaudin
[19], 23.06.15, OUFE: 19977.

Hordeum murinum L.

[20], 02.06.13, OUFE: 20048.

Koeleria pyramidata (Lam.)
P.Beauv.(Syn: Koeleria cristata (L.)
Pers.)

[18], 02.07.13, OUFE: 19803.

Lolium multiflorum Lam.

[17], 07.06.15, OUFE: 20098.

Lolium perenne L.

[17], 07.06.15, Avr.-Sib., OUFE: 20100.
Melica ciliata L.

[1], 18.05.13, OUFE: 20119.

Nardus stricta L.

[108], 02.05.15, OUFE: 20113.

Phleum bertolonii DC.

[66], 18.04.15, OUFE: 20190.

P phleoides (L.) H.Karst.

[17], 07.06.15, OUFE: 20191.

P. pratense L.

[11], 03.06.15, Avr.-Sib., OUFE: 20192.
Phragmites australis (Cav.) Trin. ex
Steud.

[54], 04.08.13, Avr.-Sib., OUFE: 19655.
Poa alpina L.

[60], 18.04.15, OUFE: 20206.

P. bulbosa L.

[73], 31.05.15, OUFE: 20207.

P. compressa L.

[74], 31.05.15, OUFE: 20208.

P. pratensis L.

[10], 02.07.13, OUFE: 20209.

Setaria viridis (L.) P.Beauv.

[18], 02.07.13, OUFE: 20273.

Stipa arabica Trin. & Rupr.

[6], 18.05.13, OUFE: 20320.

S. bromoides (L.) Dorfl.

[24], 07.06.15, Akd., OUFE: 20321.

S. lessingiana Trin. & Rupr.

[112], 23.05.15, OUFE: 20322.
Stipagrostis ciliata (Desf.) De Winter
[73], 31.05.15, OUFE: 20323.
Taeniatherum  caput-medusae  (L.)
Nevski

[11], 07.06.15, OUFE: 20326.
PAPAVERACEAE

Chelidonium majus L.

[16], 18.04.15, Avr.-Sib., OUFE: 19611.
Corydalis solida (L.) Clairv.

[16], 18.04.15, OUFE: 20387.

Fumaria officinalis L.

[57], 23.04.12, OUFE: 19987.

Fumaria parviflora Lam.

[16], 06.06.12, OUFE: 19992.
Glaucium corniculatum (L.) Curtis
[75], 31.05.15, OUFE: 20009.

Glaucium grandiflorum subsp. refractum
(Nabelek) Mory

[16], 06.06.12, OUFE: 20012.

G. leiocarpum Boiss.

[141], 07.08.13, OUFE: 20013.
Hypecoum imberbe Sm.

[45], 15.04.12, OUFE: 20053.

H. procumbens L.

[16], 06.06.12, OUFE: 20054.
Papaver apokrinomenon Fedde

[44], 25.06.15, End., LC, OUFE: 20179.
P. argemone L.

[19], 03.07.13, OUFE: 20180.

P. dubium L.

[9], 03.06.15, OUFE: 20181.

P. lacerum Popov

[1], 18.05.13, OUFE: 20182.

P. postii Fedde

[10], 03.06.15, OUFE: 20183.

P. rhoeas L.

[141], 07.08.13, OUFE: 20184.
P.triniifolium Boiss.

[11], 25.08.12, OUFE: 20185.
Roemeria hybrida (L.) DC.

[79], 31.05.15, OUFE: 20235.
Berberidaceae

Berberis crataegina DC.

[16], 20.04.14, OUFE: 19760.
Ranunculaceae

Adonis aestivalis L.

[42], 26.04.15, OUFE: 19629.
A.annua L.

[42], 26.04.15, OUFE: 19630.

A. flammea Jacq.

[7],02.07.13, OUFE: 19631.
Ceratocephala falcata (L.) Pers.

[47], 18.04.15, OUFE: 19831.
Consolida aconiti (L.) Lindl.

[98], 08.07.15, OUFE: 19865.

C. hellespontica (Boiss.) Chater

[58], 23.06.15, OUFE: 19866.

C. orientalis (J.Gay) Schrodinger
[63], 07.06.15, OUFE: 19868.

C. raveyi (J.Gay) Schrodinger

[58], 23.06.15, Ir.-Tur., End., LC, OUFE:
19869.

C. regalis subsp. paniculata (Host) So6
[13], 02.07.13, OUFE: 19870.
Delphinium fissum subsp. anatolicum
Chowdhuri & P.H.Davis

[18], 02.07.13, OUFE: 19916.

D. peregrinum L.

[1], 18.05.13, OUFE: 19917.

Nigella arvensis L.

[99], 08.07.15, OUFE: 20140.

N. arvensis subsp. glauca (Boiss.)
N.Terracc. (Syn: Nigella arvensis L. var.
glauca Boiss.)

[99], 08.07.15, OUFE: 20141.

N. elata Boiss.

[100], 08.07.15, OUFE: 20142.

N. segetalis M.Bieb.

[100], 08.07.15, OUFE: 20143.
Ranunculus argyreus Boiss.

[14], 18.04.15, OUFE: 20390.

R. constantinopolitanus (DC.) d'Urv.
[13], 02.07.13, OUFE: 20388.

R. damascenus Boiss. & Gaill.
[13],02.07.13, ir.-Tur., OUFE: 20389.
Platanaceae

Platanus orientalis L.

[28], 09.07.15, OUFE: 20391.
Paeoniaceae

Paeonia mascula (L.) Mill.

[44], 25.06.15, OUFE: 20392.
CRASSULACEAE
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Sedum acre L.

[52], 10.07.13, OUFE: 20293.

S.album L.

[52], 10.07.13, OUFE: 20294.
ZYGOPHYLLACEAE

Tribulus terrestris L.

[2], 17.06.12, OUFE: 20393.
Zygophyllum fabago L.

[98], 08.07.15, Ir.-Tur., OUFE: 20386.
FABACEAE

Alhagi pseudalhagi (M. Bieb.) Desv. ex
B. Keller & Shap.

[32], 21.10.12, 1ir.-Tur, LC, OUFE:
19648.

Anthyllis  vulneraria subsp. boissieri
(Sagorski) Bornm.

[11], 02.07.13, OUFE: 19702.
Astracantha acicularis (Bunge) Podlech
(Syn: Astragalus acicularis Bunge)

[97], 25.06.15, Ir.-Tur., End., LC, OUFE:
19722.

A. condensata (Ledeb.) Podlech (Syn:
Astragalus condensata Bunge)

[101], 08.07.15, fir.-Tur, End., LC,
OUFE: 19723.

A. strictispina (Boiss.) Podlech (Syn:
Astragalus strictispina Bunge)

[144], 07.08.13, End., NT, OUFE: 19724.
Astragalus aduncus Willd.

[17], 03.06.15, OUFE: 19725.

A. angustifolius subsp. pungens (Willd.)
Hayek

[4], 18.05.13, OUFE: 19726.

A. campylosema Boiss.

[13], 18.04.15, Ir.-Tur., End., LC, OUFE:
19727.

A. flavescens Boiss.

[13], 18.04.15, OUFE: 19728.

A. hamosus L.

[151], 08.07.15, OUFE: 19729.

A. hirsutus Vahl.

[121], 03.05.15, OUFE: 19730.

A. hololeucoides (Boiss.) Podl. & Sytin
(Syn: Astragalus mesogitanus Boiss.)
[56], 03.05.15, End., LC, OUFE: 19731.
A. kochakii Aytag & H.Duman

[18], 23.06.15, Ir.-Tur., End., LC, OUFE:
19732.

A. lydius Boiss.

[65], 03.05.13, Ir.-Tur., End., LC, OUFE:
19732.

A. macrocephalus subsp. finitimus
(Bunge) D.F.Chamb.

[71], 22.06.15, ir.-Tur., End., NT, OUFE:
19734.

A. nuttallii (Torr. & A.Gray) J.T.Howell
[19], 02.07.13, OUFE: 19736.

A.odoratus Lam.

[72], 31.05.15, OUFE: 19737.

A. oxyglottis M.Bieb.

[94], 25.06.15, OUFE: 19738.

A. oxytropifolius Boiss.

[54], 23.05.15, Ir.-Tur., OUFE: 19739.

A. ponticus Pall.

[154], 21.04.14, OUFE: 19740.

A. stella L.

[55], 23.05.15, OUFE: 19741.

A. triradiatus Bunge

[16], 23.06.15, Ir.-Tur., OUFE: 19742.

A. vulnerariae DC.

[19], 02.07.13, End., LC, OUFE: 19743.
A. xylobasis var. angustus (Freyn & Sint.)
Freyn & Bornm.

[61], 25.05.15, Ir.-Tur., End., LC, OUFE:
19744,
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Bituminaria bituminosa (L.) C.H.Stirt.
(Syn: Psoralea bituminosa L.)

[16], 23.06.15, Akd., D.O. 1457, OUFE:
19764.

Cicer anatolicum Alef.

[154], 21.04.14, OUFE: 19843.

Colutea cilicica Boiss. & Balansa

[1], 18.05.13, OUFE: 19858.

Coronilla scorpioides (L.) Koch

[55], 09.07.15, OUFE: 19880.

Cytisopsis pseudocytisus subsp. reeseana
(Guyot) Lassen

[110], 25.06.15, OUFE: 19912.

Cytisus hirsutus L. (Syn: Chamaecytisus
hirsutus (L.) Link)

[1], 18.05.13, OUFE: 19913.

Dorycnium graceum (L.) Ser.

[151], 23.09.12, Avr.-Sib., OUFE: 19929.
Ebenus bourgeaui subsp. cappadocica
(Hausskn. & Siehe ex Bornm.) Ponert
[14], 07.06.15, OUFE: 19933.

E. hirsuta Jaub. & Spach

[10], 28.07.13, ir.-Tur., End., LC, OUFE:
19934.

Genista albida Willd.

[45], 25.06.15, OUFE: 20003.

G. aucheri Boiss.

[14], 07.06.15, Ir.-Tur., End., LC, OUFE:
20004.

G. lydia Boiss.

[55], 09.07.15, Akd., OUFE: 19735.

G. sessilifolia DC.

[55], 09.07.15, Akd., OUFE: 20005.
Glycyrrhiza glabra L.

[44], 09.07.15, OUFE: 20018.
Hedysarum cappadoccicum Boiss.

[62], 28.06.15, End., LC, OUFE: 20030.
H. varium Willd.

[52], 31.05.15, Ir.-Tur., OUFE: 20032.

H. varium subsp. pestalozzae (Boiss.)
Ponert

[55], 31.05.15, End., LC, OUFE: 20031.
Hippocrepis unisiliquosa L.

[44], 09.07.15, OUFE: 20046.

Lotus tenuis Waldst. & Kit. (Syn: Lotus
corniculatus var. tenuifolius L.)

[14], 07.06.15, OUFE: 20101.

Medicago crassipes (Ser.) Trautv. (Syn:
Trigonella crassipes Boiss.)

[14], 07.06.15, Ir.-Tur., OUFE: 20112.

M. fischeriana (Boiss.) E.Small (Syn:
Trigonella fischeriana Ser.)

[73], 25.06.150UFE: 20113.

M. minima (L.) L.

[16], 03.06.15, OUFE: 20114.

M. monspeliaca (L.) Trautv. (Syn:
Trigonella monspeliaca L.)

[31], 07.08.12, Akd., OUFE: 20115.
Medicago radiata L.

[65], 05.05.13, OUFE: 20116.

M. rigidula (L.) All.

[1], 18.05.13, OUFE: 20117.

M. sativa L.

[32], 07.08.12, OUFE: 20118.

Melilotus officinalis (L.) Pall.

[116], 26.06.13, OUFE: 20120.
Onobrychis arenaria subsp. cana (Boiss.)
Hayek

[79], 31.05.15, OUFE: 20147.

O. argyrea Boiss. (Syn: Onobrychis
argyrea Boiss. subsp. argyrea Boiss.)
[16], 10.06.15, End., LC, OUFE: 20148.
O.paucijuga Bornm.

[82], 08.07.15, fr.-Tur., End., VU, OUFE:
20149.

O. tournefortii (Willd.) Desv.

[83], 25.07.15, End., LC, OUFE: 20150.
Ononis pusilla L.

[3], 18.05.13, OUFE: 20151.

O. spinosa subsp. antiquorum (L.) Brig.
[3], 18.05.13, OUFE: 20152.

Pisum sativum L. subsp. sativum L.

[1], 24.05.13, OUFE: 19732.

Oxytropis argyroleuca Bornm.

[12], 06.06.12, OUFE: 20177.

Securigera varia (L.) Lassen (Syn:
Coronilla varia subsp. hirta (Boiss.)
Rech.f.)

[8], 07.06.15, OUFE: 20292.
Tragacantha densifolia (Lam.) Kuntze
(Syn: Astragalus densifolius Lam.)

[2], 17.06.12, Ir.-Tur., End., LC, OUFE:
20344.

Trifolium arvense L.

[3], 26.04.15, OUFE: 20349.

T. campestre Schreb.

[115], 11.06.13, OUFE: 20350.

T. ochroleucon Huds.(Syn: Trifolium
ochroleucum Huds.)

[3], 26.04.15, OUFE: 20351.

T. pratense L.

[1], 18.5.13, OUFE: 20352.

T. repens L.

[1], 18.5.13, OUFE: 20353.

Trigonella astroides Fisch. & C.A.Mey.
[16], 23.06.15, OUFE: 20355.

T. capitata Boiss.

[50], 31.05.15, Ir.-Tur., OUFE: 20356.

T. spruneriana Boiss.

[65], 05.03.13, Ir.-Tur., OUFE: 20357.
POLYGALACEAE

Polygala anatolica Boiss. & Heldr.

[5], 18.05.13, OUFE: 20211.

P. pruinosa Boiss.

[6], 18.05.13, OUFE: 20212.
ROSACEAE

Agrimonia eupatoria L.

[132], 23.09.12, OUFE: 19644.
Cotoneaster nummularius Fisch. & C.A.
Mey.

[61], 10.07.13, OUFE: 19882.

Crataegus monogyna Jacq.

[23], 20.04.14, OUFE: 19887.

C. orientalis Pall. ex Bieb.

[24], 20.04.14, D.O. 739, OUFE: 19888.
Potentilla recta L.

[31], 09.07.15, OUFE: 20216.

Prunus orientalis (Mill.) Koehne

[20], 02.06.13, OUFE: 20219.

P. spinosa L.

[13], 07.08.12, Avr.-Sib., OUFE: 20220.
Rosa canina L.

[142], 07.08.13, OUFE: 20236.

R. foetida Herrm

[7], 18.05.13, OUFE: 20237.

R. horrida Fisch.

[7], 18.05.13, OUFE: 20238.

R. turcica Rouy (Syn: Rosa horrida
Fisch. ex Crep.)

[61], 28.07.12, OUFE: 20357.

Rubus canescens DC. (Syn: Rubus
canescens var. canescens)

[14], 18.04.15, Avr.-Sib., OUFE: 20354.
R. sanctus Schreb (Syn: Rubus sanctus
DC.)

[14], 18.04.15, Avr.-Sib., OUFE: 20394.
Sanguisorba minor subsp. muricata Brig.
[20], 02.07.13, OUFE: 20395.
RHAMNACEAE

Paliurus spina-christi Mill.

[19], 03.07.13, OUFE: 20396.

Rhamnus thymifolia Bornm.
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[12], 07.06.15, End., LC, OUFE: 20231.
FAGACEAE

Quercus cerris L.

[141], 07.08.12, Akd., OUFE: 20223.

Q. pubescens Willd.

[141], 07.08.12, OUFE: 20224.
CUCURBITACEAE

Ecballium elaterium (L.) A.Rich.

[74], 31.05.15, OUFE: 20397.
EUPHORBIACEAE

Andrachne telephioides L.

[14], 03.06.15, OUFE: 20398.
Chrozophora tinctoria (L.) A.Juss.

[46], 25.06.15, OUFE: 19842.

Euphorbia anacampseros Boiss.

[79], 31.05.15, End., LC, OUFE: 19959.
E. apios L.

[159], 25.04.15 D. Akd., OUFE: 19960.
E. erythrodon Boiss. & Heldr.

[66], 28.06.15, OUFE: 19961.

E. esula subsp. tommasiniana (Bertol.)
Kuzmanov (Syn: Euphorbia virgata
Waldst. et Kit.)

[66], 28.06.15, OUFE: 19962.

E. falcata L.

[111], 09.07.15, D.O. 1754, OUFE:
19964.

E. glareosa Pall. ex M.Bieb. (Syn:
Euphorbia nicaeensis subsp. glareosa
(Pall. ex M.Bieb.) Radcl.-Sm.)

[54], 26.04.15, Avr.-Sib., OUFE: 19965.
E. helioscopia L.

[114], 03.05.15, OUFE: 19966.

E. herniariifolia Willd.

[54], 26.04.15, OUFE: 19967.

E. macroclada Boiss.

[87], 10.06.15, OUFE: 19968.

E. nicaeensis All.

[46], 25.06.15, OUFE: 19971.

Euphorbia peplus L.

[87], 10.06.15, OUFE: 19972.

E. seguieriana Neck.

[87], 10.06.15, OUFE: 19973. Salicaceae
SALICACEAE

Populus alba L.

[16], 28.04.12, Avr.-Sib., OUFE: 19969.
P. nigra L.

[16], 28.04.12, OUFE: 19970.

Salix alba L.

[16], 28.04.12, Avr.-Sib., OUFE: 19971.
VIOLACEAE

Viola kitaibeliana Schult.

[7], 25.04.15, OUFE: 20378.

V. occulta Lehm.

[58], 03.05.15, OUFE: 20379.
LINACEAE

Linum bienne Mill.

[19], 26.04.13, Akd., OUFE: 20095.

L. cariense Boiss.

[23], 31.05.15, Ir.-Tur., End., LC, OUFE:
20096.

L. hirsutum L.

[85], 25.06.15, Ir.-Tur., End., LC, OUFE:
20097. HYPERICAEAE

Hypericum lydium Boiss.

[71], 31.05.15, OUFE: 20055.

H. montbretii Spach

[3], 18.05.13, OUFE: 20056.

H. origanifolium var. depilatum (Freyn &
Bornm.)

[12], 07.06.15, OUFE: 20057.

H. perforatum L.

[9], 26.06.15, OUFE: 20058.

H. scabrum L

[11], 02.07.13, Ir.-Tur., OUFE: 20059.
GERANIACEAE

Erodium absinthoides Willd.

[2], 18.05.13, OUFE: 19949.

Erodium ciconium (L.) L'Hér.

[2], 18.05.13, OUFE: 19950.

E. cicutarium (L.) L'Hér.

[20], 18.04.15, OUFE: 19951.

Geranium sylvaticum L.

[3], 18.05.13, OUFE: 20006.

G. tuberosum L.

[53], 23.04.12, OUFE: 20007.
LYTHRACEAE

Lythrum salicaria L.

[104], 31.05.13, Avr.-Sib., OUFE: 20104.
NITRARIACEAE

Peganum harmala L.

[80], 08.07.15, OUFE: 20104.
Anacardiaceae

Pistacia terebinthus L.

[61], 18.04.15, Akd., OUFE: 20201.

Rhus coriaria L.

[9], 23.06.15, OUFE: 20233.
SAPINDACEAE

Acer platanoides L.

[132], 08.07.15, OUFE: 20094.
RUTACEAE

Haplophyllum myrtifolium Boiss.

[102], 24.05.15, Ir.-Tur, End., LC,
OUFE: 20029.

Ruta thesioides Fisch. ex DC.

[143], 07.08.13, OUFE: 20243.
SIMAROUBACEAE

Ailanthus altissima (Mill.) Swingle

[23], 22.06.15, OUFE: 20380.
MALVACEAE

Alcea apterocarpa Boiss.

[158], 03.07.13, fir.-Tur, End., LC,
OUFE: 19647.

Althaea officinalis L.

[81], 28.06.15, OUFE: 20397.

Malva neglecta Wallr.

[116], 26.06.13, OUFE: 20107.
THYMELAEACEAE

Thymelaea passerina (L.) Coss. & Germ.
[115], 11.06.13, OUFE: 20398.
CISTACEAE

Fumana aciphylla Boiss.

[21], 23.06.15, Ir.-Tur., OUFE: 19983.

F. laevis (Cav.) Pau (Syn: Fumana
thymifolia var. viridis (Ten.) Boiss.)

[21], 23.06.15, Akd., OUFE: 19985.

F. paphlagonica Bornm. & Janch.

[21], 23.06.15, Ir.-Tur., End., LC, OUFE:
19986.

Helianthemum nummularium (Cav.)
Losa & Rivas Goday

[54], 31.05.15, End., LC, OUFE: 20033.
H. oelandicum subsp. incanum (Willk.)
G.Lopez (Syn: Helianthemum canum
(L.) Baumg.)

[54], 31.05.15, OUFE: 20034.
RESEDACEAE

Reseda inodora Rchb.

[93], 25.05.15, OUFE: 20228.

Reseda lutea L.

[14], 18.04.15, OUFE: 20228.

R. luteola L.

[14], 18.04.15, OUFE: 20228.
CAPPARACEAE

Capparis sicula Duhamel (Syn: Capparis
ovata Desf. var. canescens (Coss.)
Heywood)

[112], 10.06.15, OUFE: 19798.
BRASSICACEAE

Aethionema arabicum (L.) Andrz. ex DC.
[1], 17.06.12, OUFE: 19636.

Ae. armenum Boiss.

[14], 03.06.15, Ir.-Tur., OUFE: 19638.
Ae. cordatum (Desf.) Boiss.

[72], 25.06.15, OUFE: 19639.

Ae. dumanii M.Vural et N.Adigiizel

[19], 28.06.15, {r.-Tur., End., VU, OUFE:
19640.

Ae. iberideum (Boiss.) Boiss.

[31], 09.07.15, OUFE: 19641.

Ae. subulatum (Boiss. & Heldr.) Boiss.
[79], 28.06.15, End., NT, OUFE: 19642.
Ae. turcica H.Duman & Aytag

[80], 28.06.15, OUFE: 19643.

Alliaria petiolata (M.Bieb.) Cavara &
Grande

[38], 25.04.15, OUFE: 19637.

Alyssum baumgartnerianum Bornm. ex
Baumg.

[45], 25.06.15, OUFE: 19672.

A. corningii Dudley

[15], 03.06.15, OUFE: 19673.

A. desertorum Stapf

[14], 03.06.15, OUFE: 19674.

A. linifolium Stephan ex Willd.

[66], 31.05.15, OUFE: 19675.

A. minutum Schltdl. ex DC.

[162], 18.04.15, OUFE: 19676.

A. murale Waldst. & Kit.

[25], 26.06.15, OUFE: 19677.

A. niveum Dudley

[13], 23.06.15, Ir.-Tur., End., EN, OUFE:
19678.

A. obtusifolium Steven ex DC. (Syn:
Alyssum borzaeanum Nyar.)

[60], 02.05.15, OUFE: 19679.

A. pateri Nyar.

[15], 03.06.15, Ir.-Tur., End., LC, OUFE:
19680.

A. sibiricum Willd.

[68], 03.05.14, OUFE: 19681.

A. simplex Rudolph (Alyssum minus (L.)
Rothm. var. micranthum (Meyer)
Dudley)

[73], 18.05.13, OUFE: 19682.

A. strigosum Schltdl. ex DC.

[147], 18.05.13, OUFE: 19683.

Arabis caucasica (Willd.) Brig. (Syn:
Arabis caucasica subsp. caucasica
Willd.)

[15], 03.06.15, OUFE: 19703.

A. nova Vill.

[38], 25.04.15, OUFE: 19704.

A. sagittata (Bertol.)DC.

[35], 18.04.15, OUFE: 19705.

Aubrieta deltoidea (L.) DC.

[15], 03.06.15, OUFE: 19756.

Boreava orientalis Jaub. & Spach

[15], 06.06.12, OUFE: 19767.

Brassica elongata Ehrh.

[70], 31.05.15, OUFE: 19770.

Calepina irregularis (Asso) Thell.

[103], 23.05.15, OUFE: 19789.

Camelina rumelica Velen.

[3], 26.06.15, OUFE: 19793.

Capsella bursa-pastoris (L.) Medik.

[13], 23.06.15, OUFE: 19800.

Chorispora purpurascens (Banks & Sol.)
Eig (Syn: Chorispora syriaca Boiss.)
[13], 23.06.15, Ir.-Tur., OUFE: 19841.
Clypeola jonthlaspi L.

[23], 25.04.15, OUFE: 19853.

Conringia clavata Boiss.(Syn: Conringia
perfoliata (C.A.Meyer) Busch)

[55], 18.05.13, OUFE: 19863.

C. orientalis (L.) Dumort.

[154], 21.04.14, ir.-Tur., OUFE: 19864.
Crambe orientalis L.
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[154], 21.04.14, OUFE: 19884,

Crambe tataria Sebeok

[154], 21.04.14, OUFE: 19886.
Descurainia sophia (L.) Webb ex Prantl
[124], 03.06.15, OUFE: 19918.

Diplotaxis tenuifolia (L.) DC.

[103], 23.05.15, OUFE: 19927.

Draba bruniifolia subsp. olympica (DC.)
Coode & Cullen

[35], 18.04.15, OUFE: 19931.

Erophila verna (L.) DC.

[13], 01.04.15, OUFE: 19952.

Eruca vesicaria (L.) Cav. (Syn: Eruca
sativa Mill.)

[39], 21.10.12, OUFE: 19953.

Erysimum crassipes Fisch. & C.A.Mey.
[88], 10.06.15, OUFE: 19957.

E. repandum L.

[88], 10.06.15, OUFE: 19958.

Fibigia clypeata (L.) Medik.

[57], 02.07.13, OUFE: 19978.

Hesperis balansae E. Fourn.

[73], 02.05.15 D. Akd., End., NT, OUFE:
20042.

H. kotschyi Boiss.

[22], 23.06.15, Ir.-Tur., End., VU, OUFE:
20043.

Hirschfeldia incana (L.) Lagr.- Foss.
[60], 20.04.14, OUFE: 20399.

Iberis carnosa Willd.

[83], 26.06.15, OUFE: 20060.

Iberis simplex DC. (Syn: lberis taurica
DC.)

[72], 31.05.15 D. Akd., OUFE: 20061.
Isatis floribunda Boiss. ex Bornm.

[127], 17.06.12, ir-Tur., End., LC,
OUFE: 20068.

1. glauca Aucher

[3], 18.05.13, End., LC, OUFE: 20069.
Lepidium cartilagineum (J.Mayer) Thell.
[32], 03.05.15, OUFE: 20087.

L. draba L. (Syn: Cardaria draba subsp.
draba (L.) Desv.)

[32], 03.05.15, OUFE: 20088.

L. perfoliatum L.

[23], 25.08.12, OUFE: 20089.

Malcolmia africana (L.) R.Br.

[119], 07.08.13, OUFE: 20106.

Matthiola anchoniifolia Hub.-Mor.

[24], 31.05.15, Ir.-Tur., End., NT, OUFE:
20110.

M. longipetala subsp. bicornis (Sm.)
P.W.Ball

[92], 23.05.15, OUFE: 20111.

Neslia  paniculata  subsp. thracica
(Velen.) Bornm. (Syn: Neslia apiculata
Fisch., Mey. & Avé-Lall.)

[60], 20.04.14, OUFE: 20139.

Raphanus raphanistrum L.

[73], 02.05.15, OUFE: 20400.

Rapistrum rugosum (L.) All.

[92], 23.05.15, OUFE: 20401.

Rorippa sylvestris (L.) Besser

[73], 02.05.15, OUFE: 20402.

Sinapis arvensis L.

[69], 31.05.15, OUFE: 20309.
Sisymbrium altissimum L.

[99], 03.05.15, OUFE: 20310.

S. loeselii L.

[99], 03.05.15, OUFE: 20311.

Smyrnium perfoliatum L.

[25], 03.06.15, OUFE: 20312.

Sonchus asper subsp. glaucescens (Jord.)
Ball ex Ball

[22], 23.06.15, OUFE: 20313.
Sterigmostemum incanum M.Bieb
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[58], 03.05.15, Ir.-Tur., OUFE: 20319.
Thlaspi arvense L.

[24], 31.05.15, OUFE: 19816.

T. jaubertii Hedge

[2], 26.04.15, End., NT, OUFE: 20337.
T. ochroleucum Boiss. & Heldr.

[4], 26.04.15, OUFE: 20339.

Turritis glabra L.

[9], 07.06.15, OUFE: 20360.
SANTALACEAE

Comandra umbellata subsp. elegans
(Rochel ex Rchb.) Piehl

[128], 10.07.13, Avr.-Sib., OUFE: 19861.
Thesium billardierei Boiss.

[91], 25.06.15, Ir.-Tur., OUFE: 20334.

T. procumbens C.A.Mey.

[7], 25.04.15, OUFE: 20335.

T. scabriflorum P.H.Davis

[23], 18.04.15 D. Akd., End., VU, OUFE:
20336.

FRANKENIACEAE

Frankenia hirsuta L.

[144], 07.08.13, D.O. 682, OUFE: 19980.
F. pulverulenta L.

[144], 07.08.13, OUFE: 19981.
TAMARICAEAE

Reaumuria alternifolia (Labill.) Britten
[104], 18.04.14, ir.-Tur., OUFE: 20227.
Tamarix smyrnensis Bunge

[10], 07.06.15, OUFE: 20327.
PLUMBAGINACEAE

Acantholimon acerosum (Willd.) Boiss.
[109], 19.05.13, ir.-Tur., OUFE: 19615.
A. anatolicum Dogan & Akaydin

[132], 08.07.15, End., LC, OUFE: 19616.
A. puberulum Boiss. & Balansa

[90], 08.07.15, Ir.-Tur., OUFE: 19617.

A. riyatguelii Yildirim

[90], 05.06.15, Ir.-Tur., End., CR, OUFE:
20408.

A. ulicinum (Willd. ex Schult.) Boiss.
[35], 09.07.15 D. Akd., OUFE: 19617.
Limonium gmelinii (Willd.) Kuntze
[132], 08.07.15, Avr.-Sib., OUFE: 20336.
Plumbago europaea L.

[142], 07.08.12, Avr.-Sib., OUFE: 20204.
Polygonaceae

Polygonum bellardii All.

[7], 18.05.13, OUFE: 20214.

P. cognatum Meisn.

[7], 18.05.13, OUFE: 20215.

Rumex acetosella L.

[51], 25.06.15, OUFE: 20241.

R. crispus L.

[51], 25.06.15, OUFE: 20242.
CARYOPHYLLACEAE

Arenaria serpyllifolia L.

[126], 03.05.15, OUFE: 19706.
Bolanthus minuartioides (Jaub. & Spach)
Hub.-Mor.

[117], 23.05.15, End., LC, OUFE: 19765.
Cerastium banaticum (Rochel) Heuff.
[70], 25.04.15, OUFE: 19829.

Cerastium perfoliatum L.

[19], 25.08.12, OUFE: 19830.

Dianthus cibrarius Clem.

[62], 25.06.15, OUFE: 19830.

D. crinitus Sm.

[62], 25.06.15, OUFE: 19920.

D. cruentus Griseb. (Syn: Dianthus
calocephalus Boiss.)

[70], 25.06.15, OUFE: 19922.
D.micranthus Boiss. & Heldr.

[61], 26.06.15, OUFE: 19923.

D. zonatus Fenzl

[15], 25.08.12, OUFE: 19924.

Gypsophila eriocalyx Boiss.

[60], 28.06.15, Ir.-Tur., End., LC, OUFE:
20020.

G. laricina Schreb. (Syn: Gypsophila
sphaerocephala var. cappadocica (Boiss.
& Balansa) Boiss.)

[19], 25.08.12, ir.-Tur., End., LC, OUFE:
20021.

G. parva Barkoudah

[54], 31.05.15, Ir.-Tur., End., LC, OUFE:
20022.

G. perfoliata L.

[107], 03.07.13, D.O. 616, OUFE: 20023.
G. pilosa Huds.

[107], 03.07.13, Ir.-Tur., OUFE: 20026.
G. viscosa Murray

[52], 23.05.15, ir.-Tur., End., LC, OUFE:
20027.

Herniaria glabra L.

[84], 18.06.12, OUFE: 20040.

H. incana Lam.

[53], 31.05.15, OUFE: 20041.

Holosteum umbellatum L.

[61], 30.04.13, OUFE: 20047.

Minuartia anatolica (Boiss.) Woronow
[100], 25.06.15, ir.-Tur, End., LC,
OUFE: 20122.

M. juniperina (L.) Maire & Petitm.

[8], 23.06.15, OUFE: 20123.

Moenchia mantica (L.) Bartl.

[17], 07.06.15, OUFE: 20124.

Paronychia carica Chaudhri

[45], 25.06.15, End., LC, OUFE: 20187.
P. dudleyi Chaudhri

[51], 02.06.13, ir.-Tur., End., NT, OUFE:
20188.

Saponaria kotschyi Boiss.

[70], 25.06.15, End., LC, OUFE: 20262.
S. viscosa C.A.Mey.

[51], 25.06.15, Ir.-Tur., OUFE: 20263.
Scleranthus annuus L.

[73], 31.05.15, D.O. 1166, OUFE: 20274.
S. orientalis Rossler

[73], 31.05.15, OUFE: 20275.

Silene cappadocica Boiss. & Heldr.

[10], 07.06.15, Ir.-Tur., OUFE: 20301.

S. conica L. (Syn: Silene subconica Friv.)
[17], 07.06.15, OUFE: 20302.

S. dichotoma Ehrh.

[19], 06.06.12, OUFE: 20303.

S. falcata Sm.

[18], 02.07.13, OUFE: 20304.

S. italica (L.) Pers.

[55], 31.05.15, OUFE: 20305.

S. latifolia Poir (Syn: Silene alba subsp.
divaricata (Rchb.) Walters)

[141], 07.08.12, OUFE: 20306.

S. pruinosa Boiss. (Silene supina subsp.
pruinosa Chowdhuri)

[92], 31.05.15, OUFE: 20307.

S. vulgaris (Moench) Garcke (Silene
vulgaris var. vulgaris (Moench) Garcke)
[92], 31.05.15, OUFE: 20308.
Spergularia media (L.) C.Presl

[58], 10.07.13, OUFE: 20308.

Stellaria media (L.) Vill.

[10], 07.06.15, OUFE: 20205.

Telephium imperati L. subsp. orientale
(Boiss.) Nyman

[10], 07.06.15, OUFE: 20024.

Vaccaria hispanica (Mill.) Rauschert.
[16], 23.06.15, OUFE: 20197.

Velezia rigida L.

[51], 25.06.15, OUFE: 20025.
AMARANTHACEAE

Amaranthus albus L.
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[16], 06.06.12, OUFE: 19684.

A. blitoides S.Watson

[16], 06.06.12, OUFE: 19685.

A. retroflexus L.

[93], 25.06.15, OUFE: 19687.

Atriplex hortensis L.

[45], 19.05.13, OUFE: 19750.

A. lasiantha Boiss.

[109], 07.08.12, OUFE: 19751.

Atriplex patula L.

[42], 17.10.13, OUFE: 19752.
Camphorosma monspeliaca var. lessignii
(Litv.) Aellen

[148], 25.08.12, OUFE: 19797.
Chenopodium album L.

[128], 10.07.13, OUFE: 19837.

C. foliosum Asch.

[128], 10.07.13, OUFE: 19838.
Dysphania botrys (L.) Mosyakin &
Clemants (Syn: Chenopodium botrys L.)
[120], 26.04.15, OUFE: 19932.
Krascheninnikovia  ceratoides  (L.)
Gueldenst.

[93], 25.06.15, OUFE: 20078.
Microcnemum coralloides (Loscos &
J.Pardo) Font Quer

[16], 06.06.12, OUFE: 20121.

Noaea mucronata (Forssk.) Asch. &
Schweinf.

[16], 06.06.12, OUFE: 19686.

Salicornia europaea L.

[143], 07.08.13, OUFE: 20244.

Salsola kali subsp. ruthenica (Iljin) So6
[143], 07.08.13, OUFE: 20403.

Suaeda confusa Iljin

[143], 07.08.13, OUFE: 20325.
Portulacaeae

Portulaca oleracea L.

[5], 18.05.13, OUFE: 20404.
CORNACEAE

Cornus mas L.

[160], 15.04.12, Avrupa- Sibirya, OUFE:
20405. PRIMULACEAE

A. arvensis subsp. foemina (Mill.) Schinz
& Thell. (Syn: Anagallis foemina Mill.)
[49], 09.07.15, Akd., OUFE: 19688.
Androsace maxima L.

[65], 18.03.15, OUFE: 19692.

A. villosa L.

[70], 22.05.15, Avr.-Sib., OUFE: 19693.
RUBIACEAE

Asperula arvensis L.

[113], 18.05.12, OUFE: 19718.

Asperula glomerata (Bieb.) Griseb.

[9], 18.04.15, OUFE: 19719.

A. lilaciflora  Boiss.subsp.  phrygia
(Bornm.) Schonb.-Tem.

[1], 18.05.15, End., LC, OUFE: 19720.
Cruciata taurica (Pall. ex Willd.) Ehrend.
[125], 18.05.13, Ir.-Tur., OUFE: 19720.
Galium incanum Sm. subsp. elatius
(Boiss.) Ehrend.

[10], 26.06.15, OUFE: 20000.

G. rivale (Sibth. & Sm.) Griseb.

[15], 02.05.15, OUFE: 20001.

G. verum L.

[14], 03.07.13, Avr.-Sib., OUFE: 20002.
Rubia peregrina L.

[58], 26.06.15, Akd., OUFE: 20240.

R. tinctorum L.

[58], 26.06.15, Ir.-Tur., OUFE: 20102.
GENTIANACEAE

Centaurium erythraea Rafn  subsp.
turcicum (Velen.) Melderis

[122], 10.07.13, OUFE: 19821.
Centaurium spicatum (L.) Fritsch

[163], 02.06.13, OUFE: 19822.
APOCYNACEAE

Cynanchum acutum L.

[143], 07.08.13, OUFE: 19910.

Periploca graeca L.

[143], 07.08.13 D. Akd., OUFE: 20407.
Vinca herbacea Waldst. & Kit.

[143], 07.08.13, OUFE: 20406.

V. major L.

[15], 20.04.14, Akd., OUFE: 20376.
Vincetoxicum fuscatum (Hornem.) Endl.
[1], 18.05.13, OUFE: 20377.
BORAGINACEAE

Alkanna orientalis (L.) Boiss.

[20], 03.07.13, Ir.-Tur., OUFE: 19649.

A. orientalis var. leucantha (Bornm.)
Hub.-Mor.

[82], 31.05.15, Ir.-Tur., End., NT, OUFE:
19650.

A. tinctoria Tausch

[142], 03.05.15, Akd., OUFE: 19651.
Anchusa azurea Mill.

[21], 02.07.13, OUFE: 19689.

A. leptophylla subsp. incana (Ledeb.)
D.F.Chamb.

[21], 02.07.13, End., LC, OUFE: 19690.
Arnebia densiflora (Nordm.) Ledeb.

[10], 20.04.14, Ir.-Tur., OUFE: 19709.
Asperugo procumbens L.

[110], 03.05.15, Avr.-Sib., OUFE: 19717.
Brunnera orientalis (Schenk) 1.M.Johnst.
[11], 25.06.15, OUFE: 19778.
Buglossoides arvensis (L.) I.M.Johnst.
[34], 03.05.15, OUFE: 19780.

Cerinthe minor L.

[34], 03.05.15, OUFE: 19832.

Echium italicum L.

[2], 18.05.13, Akd., OUFE: 19944.
Heliotropium europaeum L.

[102], 25.04.15, Akd., OUFE: 20038.
Lappula barbata (M. Bieb.) Giirke

[3], 17.06.12, ir.-Tur., OUFE: 20081.
Moltkia aurea Boiss.

[2], 18.05.13, Ir.-Tur., End., LC, OUFE:
20125.

M. caerulea Lehm.

[36], 03.05.15, Ir.-Tur., OUFE: 20126.
Myosotis lithospermifolia  (Willd.)
Hornem.

[96], 26.06.15, OUFE: 20131.

M. ramosissima Rochel

[136], 25.04.15, OUFE: 20132.

Nonea macrosperma Boiss. & Heldr.
[36], 03.05.15, Ir.-Tur., End., LC, OUFE:
20145.

Onosma armenum DC.

[44], 09.07.15, Ir.-Tur., End., LC, OUFE:
20154.

O. isaurica Boiss. & Heldr.

[19], 31.05.15, Ir.-Tur., End., LC, OUFE:
20155.

O. roussaei DC.

[19], 31.05.15, r.-Tur., End., LC, OUFE:
20156.

O. taurica Pall. ex Willd. var. brevifolium
DC.

[63], 10.06.15, End., LC, OUFE: 20157.
Paracaryum racemosum Britten

[4], 18.05.13, ir.-Tur., End., LC, OUFE:
20157.

Rochelia disperma (L.f.) K.Koch

[55], 23.05.13, OUFE: 20234.
CONVOLVULACEAE

Convolvulus arvensis L.

[160], 15.04.12, OUFE: 19871.

C. cantabricus L.

[44], 08.07.15, OUFE: 19872.

C. compactus Boiss.

[55], 08.07.15, OUFE: 19873.

C. galaticus Rost. ex Choisy

[78], 03.07.13, Ir.-Tur., End., LC, OUFE:
19874.

C. holosericeus M. Bieb.

[58], 23.06.15, OUFE: 19875.

C. lineatus L.

[44], 08.07.15, OUFE: 19877.

C. phrygius Bornm.

[19], 23.06.15, Ir.-Tur., End., LC, OUFE:
19878.

C. pulvinatus Sa'ad

[12], 03.06.15, OUFE: 19879.

Cuscuta approximata Bab.

[13], 23.05.15, OUFE: 19901.

C. europaea L.

[29], 18.06.12, OUFE: 19903.

C. palaestina Boiss.

[26], 23.06.15, OUFE: 19904.
SOLANACEAE

Datura stramonium L.

[12], 07.06.15, OUFE: 20039.
Hyoscyamus niger L.

[18], 06.06.12, OUFE: 20051.

H. reticulatus L.

[18], 06.06.12, Ir.-Tur., OUFE: 19904.
Solanum  americanum  Mill.  (Syn:
Solanum nigrum subsp nigrum L.)
[65], 05.03.12, OUFE: 20134.

S. dulcamara L.

[2], 11.08.12, Avr.-Sib., OUFE: 20146.
OLEACEAE

Jasminum fruticans L.

[52], 23.05.15, Akd., OUFE: 20070.
PLANTAGINACEAE

Digitalis ferruginea L.

[161], 23.09.12, Avr.-Sib., OUFE: 19925.
Globularia orientalis L.

[129], 07.08.12, ir.-Tur., OUFE: 20014.
G. trichosantha Fisch. & C.A.Mey.
[19], 18.04.15, Ir.-Tur., OUFE: 20017.
Linaria corifolia Desf.

[2], 18.05.13, Akd., End., LC, OUFE:
20090.

L. grandiflora Desf.

[26], 27.07.13, ir.-Tur., OUFE: 20091.
L. simplex (Link) DC.

[19], 18.04.15, Akd., OUFE: 20092.

L. vulgaris Mill.

[137], 28.08.12, OUFE: 20093.
Plantago crassifolia Forssk.

[28], 09.07.15, Akd., VU, OUFE: 20202.
P. lanceolata L.

[28], 09.07.15, OUFE: 20203.

Veronica grisebachii Walters

[92], 10.06.15 D. Akd., OUFE: 20369.
V. hederifolia L.

[58], 21.10.12, OUFE: 20370.

V. multifida L.

[4], 18.05.13, Ir.-Tur., End., LC, OUFE:
20371.

V. pectinata L.

[117], 02.05.15, OUFE: 20372.

V. persica Poir.

[13], 18.04.15, OUFE: 20373.

V. samuelssonii Rech.f.

[19], 18.04.15, OUFE: 20374.

V. triphyllos L.

[19], 18.04.15, OUFE: 20375.
SCROPHULARIACEAE

Scrophularia scopolii Hoppe ex Pers.
[51], 23.05.15, OUFE: 20284.

S. xanthoglossa var. decipiens (Boiss. et
Kotschy) Boiss.
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[151],07.08.13, ir.-Tur., OUFE: 20285.
Verbascum cheiranthifolium var.
cheiranthifolium Boiss.

[100], 08.07.15, OUFE: 20366.

V. flavidum (Boiss.) Freyn et Bornm.
[88], 23.06.15, Avr.-Sib., OUFE: 20283.
V. gypsicola Vural & Aydogdu

[92], 26.06.15, Ir.-Tur., End., EN, OUFE:
20367.

V. lasianthum Boiss. ex Benth.

[90], 26.06.15, OUFE: 20368

V. splendidum Boiss.

[88], 23.06.15 D. Akd., OUFE: 20365.
LAMIACEAE

Ajuga chamaepitys subsp. chia (Schreb.)
Arcang.

[2], 17.06.12, OUFE: 19645.

A. salicifolia (L.) Schreb.

[161],10.07.13, ir.-Tur., OUFE: 19646.
Ballota nigra L.

[79], 03.07.13, Ir.-Tur., End., LC, OUFE:
19758.

Clinopodium graveolens subsp.
rotundifolium (Pers.) Govaerts (Syn:
Acinos rotundifolius (Pers.))

[93], 09.07.15, OUFE: 19852.
Eremostachys molucelloides Bunge

[53], 09.07.15, OUFE: 19948.

Lamium amplexicaule L.

[2], 18.04.15, Avr.-Sib., OUFE: 20079.

L. orientale (Fisch. & C.A.Mey.)
E.H.L.Krause (Syn: Wiedemannia
orientalis Fisch. & Mey.)

[54], 26.04.15, Ir.-Tur., End., LC, OUFE:
20079.

M. parviflorum subsp. oligodon (Boiss.)
Seybold

[120], 07.08.13, End., LC, OUFE: 20108.
M. peregrinum L.

[34], 09.07.15, OUFE: 20109.

Nepeta italica L.

[24], 25.04.15, OUFE: 201009.

N. nuda L.

[3], 18.05.13, OUFE: 20136.

N. nuda subsp. albiflora (Boiss.) Gams
[1], 18.05.13, OUFE: 20137.

Nepeta stricta (Banks & Sol.) Hedge &
Lamond

[15], 02.07.13, OUFE: 20138.

Origanum sipyleum L.

[19], 03.07.13 D. Akd., End., LC, OUFE:
20160.

Phlomis armeniaca Willd.

[19], 23.06.15, Ir.-Tur., End., LC, OUFE:
20193.

P. herba-venti subsp. pungens (Willd.)
Maire ex DeFilipps (Syn: Phlomis
pungens var. pungens Willd.)

[15], 02.07.13, OUFE: 20195.

Prunella orientalis Bornm.

[15], 02.07.13, OUFE: 20194.

Salvia absconditiflora Greuter & Burdet
(Syn: Salvia cryptantha Montbret et
Aucher ex Bentham)

[5], 18.05.13, Ir.-Tur., End., LC, OUFE:
20246.

S. aethiopis L.

[51], 19.05.13, OUFE: 20247.

S. bracteata Banks & Sol.

[19], 02.07.13, OUFE: 20247.

S. candidissima Vahl

[22], 28.07.12, Ir.-Tur., OUFE: 20248.

S. cyanescens Boiss. & Balansa

[18], 23.06.15, OUFE: 20251.

S. dichroantha Stapf
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[69], 25.06.15, Ir.-Tur., End., LC, OUFE:
20252.

Salvia multicaulis Vahl

[44], 08.07.15, OUFE: 20253.

S. sclarea L.

[72], 26.06.15, OUFE: 20254.

S. tchihatcheffii (Fisch. & C.A.Mey.)
Boiss.

[18], 23.06.15, Ir.-Tur., End., NT, OUFE:
20256.

S. tomentosa Mill.

[80], 31.05.15, Akd., OUFE: 20257.

S. virgata Jacq.

[22], 02.07.13, Ir.-Tur., OUFE: 20258.

S. viridis L.

[20], 02.07.13, Akd., OUFE: 20259.

S. wiedemannii Boiss.

[78], 31.05.15, Ir.-Tur., End., LC, OUFE:
20260.

Scutellaria albida L. subsp. velenovskyi
(Rech.f.) Greuter & Burdet (Syn:
Scutellaria velenovskyi Rech. Fil.)

[4], 18.05.13, OUFE: 20287.

S.orientalis subsp. pectinata (Montbret &
Aucher ex Benth.) J.R.Edm.

[123], 19.05.13, OUFE: 20286.

S. orientalis subsp.  santolinoides
(Hausskn. ex Bornm.) J.R.Edm.

[15], 20.04.14, Ir.-Tur., End., LC, OUFE:
20290.

S. salviifolia Benth.

[123], 19.05.13, End., LC, OUFE: 20291.
Sideritis galatica Bornm.

[79], 03.05.13, End., NT, OUFE: 20298.
S. gulendamii H.Duman &
Karaveliogullari

[272], 25.06.15, ir-Tur, End., NT,
OUFE: 20299.

S. montana L.

[50], 10.07.13, Akd., OUFE: 20300.
Stachys annua (L.) L.

[21], 02.07.13, OUFE: 20315.

S. byzantina K.Koch

[20], 02.07.13, Avr.-Sib., OUFE: 20316.
S. iberica M.Bieb.

[62], 02.07.13, OUFE: 20317.

Teucrium chamaedrys subsp.
chamaedrys L.

[16], 23.06.15, Avr.-Sib., OUFE: 20331.
T. orientale var. orientale L.

[10], 02.07.13, r.-Tur., OUFE: 20332.

T. polium L.

[31], 07.08.12, OUFE: 20333.

Thymus leucostomus Hausskn. & Velen.
[91], 23.06.15, Ir.-Tur., End., NT, OUFE:
20341.

T. longicaulis C. Presl

[9], 03.06.150UFE: 20342.

Thymus sipyleus Boiss.

[57], 23.05.15, OUFE: 20343.

Ziziphora tenuior L.

[55], 23.05.15, Ir.-Tur., OUFE: 20385.
OROBANCHACEAE

Bornmuellerantha  aucheri  (Boiss.)
Rothm.

[14],23.06.15, Ir.-Tur., OUFE: 19768.
Bungea trifida (Vahl) C.A.Mey.

[15], 07.06.15, Ir.-Tur., OUFE: 19781.
Cistanche salsa (C.A.Mey.) Beck

[20], 23.06.15, Ir.-Tur., OUFE: 19851.
Euphrasia pectinata Ten.

[2], 17.06.12, Avr.-Sib., OUFE: 20318.
Orobanche alba Stephan ex Willd.

[2], 17.06.12, OUFE: 20171.

O. anatolica Boiss. & Reut.

[1], 17.06.12, OUFE: 20172.

O. caryophyllacea Sm.

[20], 23.06.15, OUFE: 20173.

O. elatior Sutton

[15], 07.06.15, OUFE: 20174.

O. minor Sm.

[98], 07.08.15, OUFE: 20175.

O. ramosa L.

[115], 11.06.13, OUFE: 20176.
Parentucellia latifolia Caruel

[1], 17.06.12, Akd., OUFE: 20288.
Pedicularis comosa L. var. sibthorpii
(Boiss.) Boiss.

[1], 17.06.12, OUFE: 20264.
ACANTHACEAE

Acanthus hirsutus Boiss.

[17],02.07.13, End., LC, OUFE: 19619.
VERBENACEAE

Verbena officinalis L.

[117], 02.05.15, OUFE: 20255.
CAMPANULACEAE

Asyneuma limonifolium (L.) Janchen
subsp. pestalozzae (Boiss.) Damboldt
[14], 23.06.15, ir.-Tur., End., LC, OUFE:
19747.

A. linifolium (Boiss. & Heldr.) Bornm.
[67], 28.06.12 D. Akd., End., LC, OUFE:
19748.

A. lobelioides (Willd.) Hand.-Mazz.

[14], 23.06.15, OUFE: 19749.
Campanula argentea Lam.

[78], 03.07.13, Ir.-Tur., End., LC.

C. fastigiata Dufour ex Schult.

[78], 03.07.13, OUFE: 19795.

C. lyrata Lam.

[14], 23.06.15, End., LC, OUFE: 19796.
Legousia speculum veneris (L.) Durande
ex Vill.

[2], 18.05.13, Akd., OUFE: 20082.
ASTERACEAE

Achillea arabica Kotschy

[58], 31.05.15, Ir.-Tur., OUFE: 19620.
Ac.biebersteinii Afan.

[44], 25.06.15, OUFE: 19621.

Ac. gypsicola Hub.-Mor.

[78], 10.06.15, ir.-Tur., End., VU, OUFE:
19622.

Ac. ketenoglui H.Duman

[76], 10.06.15, Ir.-Tur., End., EN, OUFE:
19623.

Ac.millefolium L.

[23], 23.06.15, Avr.-Sib., OUFE: 19624.
Ac. phrygia Boiss. & Balansa

[15], 06.06.12, Ir.-Tur., End., LC, OUFE:
19627.

Ac. santolinoides subsp. wilhelmsii
(K.Koch)  Greuter  [Syn:  Achillea
wilhelmsii K.Koch]

[15], 06.06.12, Ir.-Tur., OUFE: 19628.
Anthemis aciphylla Boiss.

[69], 02.05.15, OUFE: 19695.

A. cretica subsp. anatolica (Boiss.)
Grierson

[69], 02.05.15, OUFE: 19696.

A.cretica subsp. tenuiloba (DC.) Grierson
[93], 26.04.15, OUFE: 19698.

A. kotschyana Boiss. var. gypsicola
H.Duman

[76], 07.06.12, Ir.-Tur., End., EN, OUFE:
19699.

A. pauciloba var. microstephana (Eig)
Grierson

[156], 26.06.15 D. Akd., End., LC,
OUFE: 19701.

Artemisia absinthium L.

[143], 25.08.12, OUFE: 19711.

Ar. campestris L.
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[143], 25.08.12, OUFE: 19712.
Ar.santonicum L.

[59], 02.05.15, OUFE: 19713.

Ar. scoparia Waldst. & Kitam.

[3], 18.05.13, OUFE: 19714.
Bombycilaena erecta (L.) Smoljan.
[65], 05.03.13, OUFE: 19766.

Carduus nutans L.

[15], 06.06.12, OUFE: 19981.

Carlina oligocephala Boiss. & Kotschy
[61], 18.05.13, OUFE: 19700.
Carthamus lanatus L.

[61], 18.05.13, OUFE: 19804.

C. persicus Desf. ex Willd.

[25], 03.06.15, OUFE: 19807.
Centaurea benedicta (L.) L.

[25], 03.06.15, OUFE: 19697.
C.calcitrapa L.

[145], 07.08.13, OUFE: 19808.

C. carduiformis DC.

[55], 23.05.15, OUFE: 19808.

C. depressa M.Bieb.

[30], 13.07.13, OUFE: 19809.

C. drabifolia subsp. cappadocica (DC.)
Wagenitz

[44], 25.06.15, End., LC, OUFE: 19810.
C. drabifolia subsp. floccosa (Boiss.)
Wagenitz & Greuter

[44], 25.06.15, End., LC, OUFE: 19811.
C. iberica Trax. ex

[20], 06.06.12, Ir.-Tur., OUFE: 19812.
C. kotschyi var. pesica (Boiss.) Greuter
[20], 06.06.12, Ir.-Tur., OUFE: 19813.
C. nivea (Bornm.) Wagenitz

[18], 26.06.15, End., CR, OUFE: 19814,
C. patula DC.

[65], 05.03.13, OUFE: 19815.
Centaurea sericea Wagenitz

[145], 07.08.13, OUFE: 19817.

C. solstitialis L.

[27], 03.07.13, OUFE: 19818.

C. urvilei (Syn: Centaurea urvilei subsp.
stepposa)

[58], 10.07.13, Ir.-Tur., End., LC, OUFE:
19819.

C. virgata Lam.

[5], 17.06.12, ir.-Tur., OUFE: 19820.
Chardinia orientalis (L.) Kuntze

[65], 05.03.12, Ir.-Tur., OUFE: 19835.
Chondrilla juncea L.

[63], 07.06.12, OUFE: 19840.
Cichorium intybus L.

[40], 09.07.15, OUFE: 19844.

Cirsium arvense (L.) Scop.

[61], 18.05.13, OUFE: 19846.

Cirsium sintenisii Freyn

[137], 23.09.12, OUFE: 19849.

Cirsium vulgare (Savi) Ten.

[145], 07.08.13, OUFE: 19850.

Cota tinctoria (L.) J.Gay

[46], 26.06.15, OUFE: 19881.

Cousinia iconica Hub.-Mor.

[34], 07.08.12, Ir.-Tur., End., NT, OUFE:
19883.

Crepis foetida subsp. rhoeadifolia
(M.Bieb.) Celak.

[18], 23.06.15, OUFE: 19889.

Crepis macropus Boiss. & Heldr.

[17], 25.08.12, OUFE: 19890.

Crupina crupinastrum (Moris) Vis.
[17], 07.06.15, OUFE: 19898.

Cyanus depressus (M.Bieb.) Sojak
[24], 22.06.15, OUFE: 19905.

Cy. pichleri (Boiss.) Holub

[25], 03.06.15, OUFE: 19906.

Cy. thirkei (Sch.Bip.) Holub

[51], 23.05.15, OUFE: 19907.

Cy. triumfettii (All.) Dostal ex A.Love &
D.Love

[55], 18.05.15, OUFE: 19908.
Cymbolaena griffithii (A.Gray) Wagenitz
[24], 22.06.15, OUFE: 19908.

Echinops microcephalus Sm.

[145], 07.08.13, OUFE: 19941.

E. pungens Trautv.

[17],25.08.12, Ir.-Tur., OUFE: 19942.

E. ritro L.

[17], 25.08.12, OUFE: 19943.

Filago pyramidata L.

[86], 10.06.15, OUFE: 19979.

Gundelia tournefortii L.

[13], 23.05.15, Ir.-Tur., OUFE: 20019.
Helichrysum arenarium (L.) Moench
[Helichrysum arenarium (L.) Moench.
subsp. aucheri (Boiss.) Davis & Kupicha]
[2], 19.05.13, Ir.-Tur., End., LC, OUFE:
20035.

H. chionophyllum Boiss. & Balansa
[152], 08.07.15, End., LC, OUFE: 20036.
H. graveolens (M.Bieb.) Sweet

[152], 08.07.15, End., LC, OUFE: 20037.
Hieracium pannosum Boiss.

[44], 09.07.15 D. Akd., OUFE: 20044.
Inula ensifolia L.

[13], 02.07.13, Avr.-Sib., OUFE: 20062.

I. oculus-christi L.

[13], 02.07.13, OUFE: 20063.

Jurinea consanguinea DC.

[17], 25.06.15, OUFE: 20073.

J. pontica Hausskn. & Freyn ex Hausskn.
[89], 07.06.15, Ir.-Tur., End., LC, OUFE:
20075.

Klasea yunusemrei

[23], 22.06.15, Ir.-Tur., End., LC, OUFE:
20076.

Koelpinia linearis Pall.

[52], 23.05.15, Ir.-Tur., OUFE: 20077.
Lactuca serriola L.

[28], 09.07.15, Avr.-Sib., OUFE: 20045.
Leontodon asperrimus (Willd.) J. Ball
[87], 28.06.13, Ir.-Tur., OUFE: 20083.

L. crispus Vill.

[89], 07.06.15, OUFE: 20084.
Onopordum tauricum Willd.

[17], 06.06.12, Avr.-Sib., OUFE: 20153.
Picnomon acarna (L.) Cass.

[80], 08.07.15, Akd., OUFE: 20196.
Picris strigosa M.Bieb.

[65], 05.03.13, Ir.-Tur., OUFE: 20198.
Pilosella hoppeana (Schultes) C. H. ET F.
W. Schultz

[89], 07.06.15, OUFE: 20199.
Podospermum canum C.A.Mey.

[28], 09.07.15, OUFE: 20210.
Ptilostemon afer (Jacq.) Greuter

[138], 18.04.14, End., LC, OUFE: 20221.
Pulicaria dysenterica (L.) Gaertn.

[156], 21.10.12, OUFE: 20222.
Rhaponticum repens (L.) Hidalgo (Syn:
Acroptilon repens L.)

[9], 23.06.15, Ir.-Tur., OUFE: 20232.
Scolymus hispanicus L.

[14], 02.07.13, Akd., OUFE: 20276.

S. eriophora DC.

[53], 31.05.15, End., LC, OUFE: 20277.
S. laciniata L.

[50], 31.05.15, OUFE: 20278.

Scorzonera pygmaea subsp. nutans
(Czeczott) D.F.Chamb.

[45], 18.04.15, End., NT, OUFE: 20279.
S. semicana DC.

[10], 03.06.15, Ir.-Tur., End., LC, OUFE:
20280.

S. suberosa K.Koch

[76], 31.05.15, Ir.-Tur., OUFE: 20281.
S.tomentosa L.

[61], 25.06.15, ir.-Tur., End., LC, OUFE:
20282.

Senecio leucanthemifolius subsp.
vernalis (Waldst. & Kit.) Greuter (Syn:
Senecio vernalis Waldst. & Kit.)

[11], 07.06.15, OUFE: 20295.

S. viscosus L.

[10], 18.04.15, OUFE: 20297.

Sonchus asper (L) Hill subsp.
glaucescens (Jordan) Ball

[10], 18.04.15, OUFE: 20296.
Stizolophus coronopifolius (Lam.) Cass.
[100], 08.07.15, OUFE: 20324.
Taraxacum bessarabicum  (Hornem.)
Hand.-Mazz.

[123], 23.05.15, OUFE: 20328.

T. farinosum Hausskn. & Bornm. ex
Hand.-Mazz.

[123], 23.05.15, Iir.-Tur., End., LC,
OUFE: 20045.

T. serotinum (Waldst. & Kit.) Poir.

[100], 08.07.15, OUFE: 20330.
Tragopogon dubius Scop.

[73], 31.05.15, OUFE: 20346.

T. latifolius Boiss.

[79], 31.05.15, ir.-Tur., OUFE: 20347.

T. porrifolius  subsp.  longirostris
(Sch.Bip.) Greuter

[11], 07.06.15, OUFE: 20361.

Tussilago farfara L.

[80], 14.04.12, Avr.-Sib., OUFE: 20361.
Xanthium spinosum L.

[70], 25.06.15, D.O. 1577, OUFE: 20381.
X. strumarium L.

[80], 31.05.15, OUFE: 20382.
Xeranthemum inapertum (L.) Mill.

[41], 07.08.12, OUFE: 20384.
CAPRIFOLIACEAE

Cephalaria aristata K.Koch

[138], 07.08.13, OUFE: 19825.

C. aytachii Goktiirk & Stimbiil

[63], 07.06.12, Ir.-Tur., End., CR, OUFE:
19826.

C. syriaca (L.) Schrad. ex Roem. &
Schult.

[12], 07.06.15, OUFE: 19827.

C. transsylvanica (L.) Schrad. ex Roem.
& Schult.

[14], 02.07.13, OUFE: 19828.

Dipsacus laciniatus L.

[144], 07.08.13, D.O. 679, OUFE: 19928.
Morina persica L.

[17], 02.07.13, Ir.-Tur., OUFE: 20127.
Scabiosa argentea L.

[2], 18.05.13, OUFE: 20265.

S. calocephala Boiss.

[17], 23.06.15, Ir.-Tur., OUFE: 20266.

S. hololeuca Bornm.

[45], 08.07.15, Ir.-Tur., End., EN, OUFE:
20267.

S. pseudograminifolia Hub.-Mor.

[55], 31.05.15, OUFE: 20268.

S. rotata M. Bieb.

[12], 06.06.12, Ir.-Tur., OUFE: 20269.
Valerianella coronata DC.

[15], 18.04.15, OUFE: 20363.

V. vesicaria Moench

[159], 03.05.15, OUFE: 20364.
APIACEAE

Anethum graveolens L.

[78], 03.07.13, OUFE: 19694.
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Artedia squamata L.

[12], 23.06.15, OUFE: 19710.
Astrodaucus orientalis (L.) Drude
[133],10.07.13, ir.-Tur., OUFE: 19745.
Berula erecta (Huds.) Coville

[87], 25.06.15, OUFE: 19761.

Bifora radians M.Bieb.

[72], 08.07.15, OUFE: 19762.
Bupleurum croceum Fenzl

[87], 25.06.15, ir.-Tur., OUFE: 19782.
B. croceum Fenzl

[87], 25.06.15, Ir.-Tur., OUFE: 19782.
B. euboeum Beauverd & Topali

[72], 08.07.15, Akd., OUFE: 19783.
B. gerardii All.

[78], 03.07.13, OUFE: 19784.

B. rotundifolium L.

[84], 02.06.13, OUFE: 19785.

B. sulphureum Boiss. & Balansa
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[84], 02.06.13, ir.-Tur., End., LC, OUFE:
19786.

B. turcicum Snogerup

[88], 02.07.13, ir.-Tur., End., NT, OUFE:
19787.

Chaerophyllum byzantinum Boiss.
[27], 09.07.15, OUFE: 19833.
Conium maculatum L.

[72], 08.07.15, OUFE: 19862.
Daucus carota L.

[7], 18.05.13, OUFE: 19915.
Echinophora tenuifolia
sibthorpiana (Guss.) Tutin

[72], 08.07.15, Ir.-Tur., OUFE: 19938.

E. tournefortii Jaub. & Spach

[157], 07.06.12, Akd., OUFE: 19939.
Eryngium bithynicum Boiss.

[107], 03.07.13, fir.-Tur, End., LC,
OUFE: 19939.

E. campestre L. var. virens (Link) Weins

subsp.

[94], 07.06.12, OUFE: 19956.

Falcaria vulgaris Bernh.

[9], 25.08.12, OUFE: 19974.

Ferula szowitziana DC.

[59], 25.06.15, End., LC, OUFE: 19975.
Malabaila secacul Banks & Sol.

[123], 07.08.13, OUFE: 20105.
Prangos meliocarpoides Boiss.

[45], 23.04.12, r.-Tur., End., LC, OUFE:
19694.

Scandix pecten-veneris L.

[45], 23.04.12, OUFE: 20270.

S. stellata Banks & Sol.

[1], 18.05.13, OUFE: 20271.

Seseli tortuosum

[1], 18.05.13, OUFE: 20383.

Torilis leptophylla (L.) Rchb. f.

[7], 18.05.13, OUFE: 20197.

Turgenia latifolia (L.) Hoffm.

[1], 06.06.12, OUFE: 20359.

3.1. The Localities List

3.1.1. The Localities where the plants were collected

The entire study area is located within the borders of
Eskisehir province; and is in the A3 and B3 square
according to the squaring system of Davis (Figure 1.)

L1.

L2.

L3.

Eskisehir City Center; Musadzii Surroundings Opposite Riding
Club, N 39°43'30.64"- E 030°20'38.33", 892 m.

Eskisehir City Center; Between Musaozii-Takmak, N
39°41'59.93"- E 030°22'3.67", 895 m.

Eskisehir City Center; Yenisof¢a Outlet, Inside The Forest, N
39°36'32.94"- E 030°22'0.11", 875 m.

L23.

L24.

L25.

L26.

L27.

L28.

L29.

L30.

L4. Eskisehir City Center; Yenisofca Water Tank, N 39°37'51.62"-
E 030°21'54.70", 880 m. L31
L5. Eskisehir City Center; Yoriik Akgayir Neighborhood '

L6.

L7.

L8.

L9.

Surroundings, N 39°43'37.08"- E 030°20'49.19", 882 m.
Eskigehir City Center; Takmak Village Road Turning, White
Soils, N 39°43'20.23"- E 030°20'39.71", 894 m.

Eskisehir City Center; Giilpmar Surroundings, N 39°42'21.54"-
E 030°35'27.82", 891 m.

Alpu; Bozan Afforestation Field, N 39°47'54.6"- E 31°07'16.4";
885 m.

Alpu; Bozan Afforestation Field, Eastern Slope, N 39°47'41.7"-
E 31°08'01.6"; 890 m.

L32.

L33.

L34.

L35.

Alpu; Bozan Afforestation Field, N 39°4827.77"- E
031°06'39.75",919 m.
Alpu; Bozan Afforestation Field,
031°07'26.68", 926 m.
Alpu; Mihalicik Road Bozan Road Junction, Bozan Opposite
Slopes, N 39°49'2.440"- E 031°05'15.74", 858 m.

Beylikova; Asagidoganoglu Road Junction, N 39°49'28.01"-
E 031°1020.89", 858 m.

Beylikova; Asagidoganoglu Village Forest Area Road
Surroundings, N 39°51'19.49"- E 031°11'43", 939 m.
Beylikova; Between Asagidoganoglu-Yukaridoganoglu, Forest
Area Road, N 39°52'40.90"- E 031°12'57.13", 1026 m.
Beylikova; Asagi Dudas Village Surroundings, N 39°5022"- E
031°13'55.00", 926 m.

Beylikova; Asagi Doganoglu Village Surroundings, N
39°50'10.4"- E 31°12'57.7", 930 m.
Beylikova; Asagi Doganoglu Village,
31°11'15.01", 850 m.
Beylikova; Asagi Doganoglu Forest Afforestation Field, N
39°52'32.2"- E 31°12'20.8", 1350 m.
Beylikova; Between Yukari Doganoglu-Sultaniye Village, N
39°48'33.38"- E 031°12'35.88", 931 m.
Beylikova; Asagi Dudas Village Surroundins, N 39°50'23.9"- E
31°34'03.3", 934 m.
Beylikova; Yukar1 Dudas Village Parting Of The Ways, N

N 39°48'19.58"- E

N 39°5023.15"- E

39°49'44.3"- E 31°17'15.8", 947 m.

Between Beylikova-Alpu, N 39°48'20.4"- E
Beylikova; Emircik Village, N 39°42'46.6"- E 31°16'36.9",
Beylikova; Yeniyurt Village; N 39°4224.10"- E 31°20'8.98",

Beylikova; Adahisar, Yalinli Village Outlet, N 39°41'52.69"- E
31°24'59.70", 705 m.

Mihalgazi; Alpugut, N 40°00'40.9"- E 30°30'33.3", 206 m.
Mihalgazi; Cay Village Entrance, N 40°02'17.52"- E
Mihalgazi; Sakari Karacadren Village, N 40°0.1'16.7"- E
Mihalicgik; Between Biger Village-Ahur6zii Village, N
39°43'52.7"- E 31°42'31.5", 827 m.

Mihalicgik; Between Biger Village-Ugbagh Village, N
39°44'16.7"- E 31°42'43.1", 862 m.

Between Ahir Village-Omerler Village, N
39°43'04.7"- E 31°46'20.1", 803 m.

Mihaliggik; Usbash Village Surroundings, N 39°45'16.8"- E

Mihaliggik; Karageyikli, N 39°50'49.04"- E 31°17'54.11", 983

Mihalicgik; Between Biger Village-Ahur6zii Village, N
39°44'06.6"- E 31°42'24.9", 840 m.

L10. Alpu; Bozan Afforestation Field, Southern Slope, N L36. ?f!l'g"g‘; 918 m.
39°47'44.2"- E 31°06'18.1"; 903 m. L37. o

L11. Alpu; Bozan Afforestation Field, Southern-Eastern Slope, N 750 m.
39°48'31.6"- E 31°07'06.5"; 925 m. L38.

L12. Alpu; Bozan Afforestation Field, Northern Slope, N 752 m.
39°48'14.6"- E 31°07'29.6"; 927 m. L39.

L13. Alpu; Bozan Afforestation Field, Southern Western Slope, N
39°47'55.1"- E 31°07'23.4"; 845 m. L40

L14. Alpu; Bozan Afforestation Field, Western Slope, N L41:
39°48'10.1"- E 31°06'37.7", 924 m. 30°29'4.73". 158 m.

L15. Alpu; Bozan; N 39°48'34.07"- E 31°8'46.64", 788 m. L42 ’

L15. Alpu; Alapmar Village Forest Area, N 40°00'52.42"- E I30°55'16.7" 470 m.
030°50'42.69", 1093 m. L43. ’

L16. Alpu; Bozan Afforestation Field, N 39°47'40.99"- E
031°06'18.20", 891 m. Lad.

L17. Alpu; Bozan Afforestation Field, N 39°47'45.94"- E
031°06'41.12", 842 m. : .

L18. Alpu; Bozan Afforestation Field, N 39°48'9.78"- E L4S. Mihalicerk;
031°06'35.5", 916 m. L46.

L19. Alpu; Bozan Road Left Hills, N 39°48'15.26"- E 020! "
031°04'37.30", 843 m. La7 vs !, 209 M

L20. Alpu; Bozan Road Left Hills, N 39°489.111"- E ’ m
031°03'38.75", 829 m. L48.

L21. Alpu; Bozan Road Left Hills, N 39°489.111"- E
031°03'38.75", 829 m. L49.

L22.

Alpu; Bozan Afforestation Field, N 39°47'58.06"- E

031°06'2.109", 897 m.

Sivrihisar; Demirciler Village Girisi, N 39°35'44.1"- E
31°47'12.5", 818 m.
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Sivrihisar; Demirciler Village-Ortaklar Village Between, N
39°35'31.58"- E 031°46'24.72", 812 m.

Sivrihisar; Demirciler Village Entrance , N 39°35'31.9"- E
31°47'08.1",799 m.

Sivrihisar; Between Demirci Village-Ankara Road, N
39°35'31.55"- E 031°47'38.89", 839 m.

Sivrihisar; Demirciler Village, N 39°35'44.5"- E 31°47'16.1",
820 m.

Sivrihisar; Demirciler Village Surroundings, N 39°35'51.4"- E
31°48'07.4", 829 m.

Sivrihisar; Ankara-Eskisehir Road, Demirci Village, N
39°35'5.70"- E 031°46'3.21", 747 m.
Sivrihisar;  Ankara-Eskisehir Road, Demirci  Village

Surroundings, N 39°35'32.17"- E 031°47'37.18", 838 m.
Sivrihisar; Asagikepen Village Surroundings, N 39°22'32.6"- E
31°30'03.7", 955 m.

Sivrihisar; Asagikepen Village Slopes, N 39°22'26.9"- E
31°30'14.1", 954 m.

Sivrihisar; Eskisehir-izmir Road Slopes, N 39°21'53.9"- E
31°29'38.2"; 925 m.

Sivrihisar; Eskisehir-izmir Road Slopes, A. Kepen Village
Surroundings, N 39°22'04.2"- E 31°29'21.8", 958 m.

Sivrihisar; Asagikepen Road Right Slopes, N 39°22'9.6"- E
31°28'58.1", 910 m.

Sivrihisar; Asagikepen Village, N 39°22'58.60"- E
31°29'40.28", 916 m.
Sivrihisar;  Asagikepen  Village, N  39°21'5.098"- E

031°31'15.67", 946 m.

Sivrihisar; Between Asagikepen- Yesilkoy, N 39°18'31.07"- E
31°30'28.67", 862 m.

Sivrihisar; Asagikepen Surroundings,
031°30'3.538", 942 m.

Sivrihisar; Asagikepen Village N 39°21'9.6"- E 31°29'5.6",
910 m.

Sivrihisar; Between Sivrihisar-Asagikepen, N 39°23'18.02"- E
031°30'18.66", 943 m.

Sivrihisar; Ballihisar Village Surroundings, N 39°20'19.1"- E
31°35'5.2", 980 m.

Sivrihisar; Yesilkdy Surroundings,
31°28'33.04", 830 m.

Sivrihisar; Between  Yesilkoy-Ballihisar
39°18'15.1"- E 31°30'39.6", 857 m.
Sivrihisar;  Yesilkdy Outlet, Airport
39°17'44.2"- E 31°29'17.4", 846 m.
Sivrihisar; Between Yesilkoy-Ballihisar Village, Left Slopes, N
39°18'21.4"- E 31°31'01.2", 850 m.

Sivrihisar; Between  Yesilky-Ballihisar
39°18'38.7"- E 31°32'16.2", 956 m.

Sivrihisar; Between Ballihisar Village-Yesilkdy, Slopes, N
39°19'15.6"- E 31°34'11.9", 928 m.

Sivrihisar; Between Ballihisar Village-Ertugrul Village, Slopes,
N 39°19'38.02"- E 031°35'7.490", 957 m.

Sivrihisar; Between Caykoz Surroundings -Ballihisar Village,
N 39°17'47.82"- E 031°36'31.04", 884 m.

Sivrihisar; Ballihisar Village Surroundings, N 39°20724.6"- E
31°34'52.6",970 m.

Sivrihisar; Ertugrul Village Surroundings, N 39°19'17.1"- E
31°34'08.4", 837 m.

N 39°22'34.75"- E

N 39°17'47.77"- E
Village, N

Surroundings, N

Village, N

Sivrihisar; Ertugrul Village Center, N 39°17'47.3"- E
31°36'03.6", 885 m.
Sivrihisar; Between Ertugrul Village-Caykoz Village, N

39°17'55.4"- E 31°36'07.5", 930 m.

Sivrihisar; Ballihisar Village Surroundings, N 39°19'08.1"- E
31°34'49.5", 926 m.

Sivrihisar; Between Ballihisar Village-Ertugrul Village , N
39°19'20.8"- E 31°34'50.1", 935 m.

Sivrihisar; Ballihisar Village Outlet, Slopes, N 39°19'35.1"- E
31°35'07.2", 955 m.

Sivrihisar; Afyon Road Asagikepen Village, N 39°22'42.64"- E
31°29'54.20", 943 m.

Sivrihisar; Ertugrul Village, N 39°17'2.26"- E 31°34'44.73",
920 m.

Sivrihisar; Ertugrul Village,
937 m.

Sivrihisar; Between  Ertugrul
39°19'9.23"- E 31°34'48.06", 912 m.

N 39°17'3.66"- E 31°34'52.64",

Village-Ballihisar, N

L88.

L89.

L90.

L91.

L92.

L93.

L94.

L95.

L96.

L97.

L98.

L99.

L100

L101.

L102.

L103

L104.

L105.

L106.

L107.

L108.
L109.

L110.

L111.

L112.

L113.

L114.

L115.

L116.

L117.

L118.

L119

L120.

L121.

L122.

L123.

L124.

L125.

Sivrihisar; Between Dinek Village-Ertugrul
39°20'43.1"- E 31°39'1.3",914 m.

Sivrihisar; Between Ertugrul Village- Arayit Mountain; 3.Km
Left Slopes, N 39°17'08.7"- E 31°37'12.5", 905 m.

Sivrihisar; Between Ahiler Village-Ertugrul Village, Right
Slopes, N 39°15'49.2"- E 31°37'05.5", 856 m.

Sivrihisar; Between Yesilky-Kurtseyh, Airport Surroundings;
N 39°18'16.7"- E 31°30'28.8", 863 m.
Sivrihisar; {léren  Village-Ahurdzii
39°43'45.7"- E 31°42'21.4", 819 m.
Sivrihisar; Iléren Village Environment, Train
Surroundings, N 39°42'44.1"- E 31°46'25.9", 780 m.
Sivrihisar; Between iléren Village-Ahirozii Village, N
39°43'44.7"- E 31°42'17.2", 787 m.

Sivrihisar; Bicer Village Surroundins, N 39°43'47.8"- E
31°42'22.2", 850 m.

Sivrihisar; Between Iléren Village-Biger Village, Slopes, N
39°41'20.4"- E 31°43'28.6", 730 m.

Sivrihisar; Golgayir Village Surroundings, N 39°15'14.7"- E
31°23'56.9", 839 m.

Sivrihisar; Between Golgayir Village-Buhara Village, N
39°13'13.4"- E 31°25'38.7", 825 m.

Sivrihisar; Buhara Village Surroundings, N 39°11'13.5"- E
31°30'01.9", 841 m.

. Sivrihisar; Buzluca Village Surroundings , N 39°12'45.3"- E
31°27'28.7", 840 m.

Sivrihisar; Between Kurtseyh Village-Ahiler Village , N
39°11'35.2"- E 31°35"23.7", 823 m.
Sivrihisar; Nasrettin Hoca Village,
31°39'58.5", 881 m.

. Sivrihisar; Between Nasrettin Hodja Village -Hamamhisar, N
39°29'53.3"- E 31°40'31.1", 948 m.

Sivrihisar; Nasrettin Hodja Village, Subagi, N 39°30'00.0"- E
31°40'16.2", 940 m.

Sivrihisar; Oglank¢1 Village, N 39°34'54.05"- E 31°33'3.27",
1125 m.

Sivrihisar; Pessinus Surroundings,
31°35'0.80", 943 m.

Sivrihisar; Iléren, Cevre Road iléren, N 39°33'8.90"- E
31°45'11.96", 775 m.

Sivrihisar; Elcik Road, N 39°34'49"- E 31°46'002", 775 m.
Sivrihisar; iloren Village, N 39°42'43.19"- E 31°46'26.40",
772 m.

Sivrihisar; Ahirézi Road, N 39°44'51.68"- E 031°43'28.34",
930 m.

Sivrihisar; Ahirozii Village, Ugbash Village Road, N
39°47'37.77"- E 031°41'21.03", 940 m.

Sivrihisar; Ahir Village, N 39°46'23.85"- E 031°33'22.98",
782 m.

Sivrihisar; Ortaklar Village Surroundings, N 39°38'0.08"- E
031°46'12.77", 733 m.

village, N

Village Road, N

Road

N 39°31'352"- E

N 39°19'53.97"- E

Sivrihisar; Between Gencali Village Way, Ahir6zi, N
39°43'0.58"- E 031°46'0.33", 804 m.

Sivrihisar; Kavuncu Village-Bedil  Surroundings, N
039°24'51.21"- E 031°56'58.85", 708 m.

Sivrihisar; Gumiiskonak, Kayakent Surroundings, N

39°19'4.138"- E 031°48'55.57", 983 m.

Sivrihisar; Nasrettin Hodja Village Surroundings, N
39°29'54.85"- E 031°40'20.57", 944 m.

Sivrihisar; Nasrettin Hodja Village, Slopes, N 39°29' 47.59"-
E 031°40'41.42", 953 m.

. Sivrihisar; Between Hamamkarahisar-Cardakozii, Slopes, N
39°26'18.90"- E 031°45'19.31", 902 m.
Sivrihisar; Cardakozii Village Hillsides,
031°46'19.00", 857 m.

Sivrihisar; Yazir Village And Surroundings, The Hills, N
39°26'58.87"- E 031°48'44.94", 827 m.
Sivrihisar; Milk Village  Surroundings,
39°35'31.39"- E 031°47'16.22", 810 m.
Sivrihisar; Between Ortaklar Village Againsts, Demirci, N
39°36'5.742"- E 031°45'20.61", 829 m.

Sivrihisar; Ortaklar Village Surroundings, N 39°38'2.875"- E
31°45'59.95", 740 m.

Sivrihisar; Yazir Village Surroundings,
31°48'13.6", 840 m.

N 39°25'50.43"- E

Slopes, N

N 39°26'15.9"- E
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Sivrihisar; Yazir Village-Cardak Ozii Village Surroundings, N
39°25'36.3"- E 31°47'13.5", 833 m.

. Sivrihisar; Altagi Ozii Village, N 39°18'40"- E 31°32'24", 970

m.
Sivrihisar; Between Karadat Village- Biger Village, Slopes, N
39°39'16.0"- E 31°39'04.2", 840 m.

Sivrihisar; Forest Road On Yarimca Road, N 39°54'34.48"- E
030°37'15.44", 1275 m.

L145.

L146.

L147.

L148.

149

Giinyiizii;, Between Yazir Village-Kavuncu Village, N
39°2721.28"- E 031°51'50.80", 825 m.

Giinylizii;, Kavuncu Village Road, N 39°25'33.58"- E
031°99'39.73", 790 m.

Giinytizii; Between Kavuncu Village Fatih Village, N
039°24'36.60"- E 031°56'39.40", 704 m.

Giinyiizii; Kavuncu Village Surroundings, N 39°24'57.58"- E
031°53'40.34", 751 m.

L130. Sivrihisar; Between Ballihisar-Caykoz, N 39°18'9.260"- E L149. Giinytizii; Cardakdzii  Village, N  39°25'53.72"- E
031°36'46.52", 895 m. 031°46'42.13", 842 m.
L131. Sivrihisar; Arayit Mountation Road Surroundings, N L150. Giinytizii;, Between Cardakézii  Village-Gecek, N

L132

L133.

L134.

L135.

L136.

L137.

L138.

L139.

39°18'2.408"- E 031°49'55.15", 789 m.

. Sivrihisar; Between Hiidavendigar Village-Demirci Village, N

39°35'03.1"- E 31°38'21.3", 1010 m.

Sivrihisar; Yesilkdy Village Surroundings, N 39°17'45.00"- E
031°2823.50", 842 m.

Sivrihisar; Afyon Ankara Road Yesilkdy Slopes, N
39°21'16"- E 31°26'26", 850 m.

Sivrihisar; Karadat Village Surroundings, N 39°3821.2"- E
31°38'55.9", 910 m.
Seyitgazi; Seyitgazi
30°39'3.85", 965 m.
Giinylizii; Celtik Road Junction,
031°49'33.68", 803 m.

Giinyiizii; Cardakozii Village Surroundings, N 39°25'49.18"-
E 031°46'42.64", 847 m.

Giinylizii; Altmini Area, N 39°25'34.82"- E 031°21.9'33.72",
804 m.

Outlet Slopes, N 39°25'2427"- E

N 039°25'34.82"- E

L151

L152.

L153

L154.

L155.

L156.

L157.

L158.

39°25'32.97"- E 031°46'19.80", 905 m.

. Glinyiizii; Ellezin Kaya, N 39°25'42.79"- E 031°51'47.09",

775 m.
Giinylizii; Between Sazak Ahirkdy,
031°36'36.34", 859 m.

N 39°4726.00"- E

. Glinyiizi; Yazir Way Out, Left Slopes, N 39°25'57.44"- E

031°51'6.348", 815 m.

Giinyiizii; Between Caykoz Village-Arayit Mountain Road, N
39°19'47.48"- E 031°43'16.87", 896 m.

Giinyiizi, Between Kadmcik Village-Hamamkarahisar
Village, N 39°2524.5"- E 31°42'14.9", 980 m.

Giinyiizii; Between Hamamkarahisar Village-Dutlu Village, N
39°2428.7"- E 31°43'45.9", 980 m.

Giinyiizii;, Dutlu Village Surroundings, N 39°23'36.8"- E
31°42'42.9",1150 m.

Giinytizii; Between Dutlu Village-Cardakozii Village, N
39°24'32.8"- E 31°43'44.5",980 m.

L140. Giinyiizii; Ug Kuyular Area, N 39°28'56.74"- E L159. Giinyiizii;, Between Yazir Village-Giinyiizi Turning, N
031°52'25.40", 828 m. 39°25'40.3"- E 31°49'29.3", 810 m.
L141. Giinyiizii; Yesilyaka Village Surroundings, N 39°19'14.72"- E L160. Giinyiizi; Between Gecek Village-Atlas Village, N

L142.

L143

L144.

031°56'27.36", 883 m.
Giinyiizii; Kavuncu Village-Salty Area,
31°56'56.7",710 m.

N 39°24'54.6"- E

. Glinyiizii; Kavuncu Village Surroundings, N 39°24'57.32"- E

031°57'45.34", 658 m.
Giinyiizii;, Kavuncu Village Road,
031°49'33.61", 790 m.

N 39°25'3498"- E

L161.

39°21'33.1"- E 31°43'50.2", 1230 m.
Giinyiizii; Ayvali Village Surroundings, N 39°20'58.7"- E
31°512.3", 850 m.

Giinytizii; Northern Kavuncu Village, N 39°26'15.9"- E 31°54'21.3",
816 m.

The richest families in terms of number of species and underground taxa are given in Table 1. In terms of

number of species and subspecies, 98 (% 13,29) species and subspecies taxa and Asteraceae family are the first order.
Later on, Brassicaceae 70 (9.49%), Fabaceae 68 (9.22%), Lamiaceae 47 (6.73%), Poaceae 44 (5.97%), Caryophyllaceae
40 (3,66%), Boraginaceae 24 (3,25%), Ranunculaceae 19 (2,57%), Asparagaceae 19 (2,57%), Amaranthaceae 17
(2,30%), Papaveraceae 17 ), Plantaginaceae 16 (2,17%), Rosaceae 14 (1,89%), Euphorbiaceae 13 (1,76%) and others
283 (38,26%) were identified as taxa and species (Table 1.).

Table 1. The richest families in research

No Family Name Number of Species | Rate (%)
1 Asteraceae 98 13,29
2 Brassicaceae 70 9,49
3 Fabaceae 68 9,22
4 Lamiaceae 47 6,73
5 Poaceae 44 5,97
6 Caryophyllaceae 40 5,42
7 Apiaceae 27 3,66
8 Boraginaceae 24 3,25
9 Ranunculaceae 19 2,57
10 Asparagaceae 19 2,57
11 Amaranthaceae 17 2,30
12 Papaveraceae 17 2,30
13 Plantaginaceae 16 2,17
14 Rosaceae 14 1,89
15 Euphorbiaceae 13 1,76
16 Others 282 38,26

Total 738 100

In terms of species and subspecies number of taxa, the first order is the order of 19 species and the subspecies taxa
and Astragalus. Allium (14 spp.), Salvia and Centaurea (13 spp.) , Alyssum and Euphorbia (12 spp.) , Ornithogalum (9 spp.),
Convolvulus and Silene (8 spp.), Achillea, Aethionema, Medicago, Papaver, Veronica (7 spp.), Bupleurum, Crocus, Gagea,
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Gypsophila, Orobanche, Scorzonera (6 spp.), Anthemis, Consolida, Dianthus, Hypericum, Scabiosa, Trifolium, Verbascum (5
spp.), 484 species and subspecies were identified as taxa, while Acantholimon, Bromus, Colchicum, Genista, Linaria, Nepeta,
Onobrychis, Onosma, Poa, Ranunculus, Rosa, Scutellaria, Thlaspi, Tragopogon (4 spp.) (Table 2).

Table 2. The richest species in the study area.

No Genera Numbt_er Rate
of Species (%)

1 | Astragalus 19 2,57

2 | Allium 14 1,89

3 | Centaurea, Salvia 13 1,76

4 | Alyssum, Euphorbia 12 1,62

5 | Ornithogalum 9 1.22

6 | Convolvulus, Silene 8 1,08

7 | Achillea, Aethionema, Medicago, Papaver, Veronica 7 0,94

8 | Bupleurum, Crocus, Gagea, Gypsophila, Orobanche, Scorzonera 6 0,81

9 | Anthemis, Trifolium, Consolida, Verbascum, Dianthus, Hypericum, Scabiosa 5 0.67
Acantholimon, Bromus, Colchicum, Genista, Linaria, Nepeta, Onobrychis, Onosma, Poa,

10 . . 4 0,54
Ranunculus, Rosa, Scutellaria, Thlaspi, Tragopogon
Others 475 64,45
Total 738 100

Out of the 243 species and subspecies taxa whose phytographic regions are already known, 152 (20,6%) species and
subspecies taxa were Iran-Turan phytogeographical area elements, 42 (5,6%) species and subspecies taxa were Mediterranean
phytogeographical area elements, 38 (5,1%) species and subspecies taxa were from Europe-Siberia phytogeographical area
element, and 478 (64,7%) species and subspecies taxa were unknown phytogeographical areas or were multiareal (Table 3.).

Table 3. Distribution of Species and Subalpine Taxa in Research Area by Phytogeographic Region.

Phytogeographic Region Number of Species Rate (%)
Iran-Turan 152 20,6
Mediterranean 42 5,6

E. Mediterranean 27 3,6
Euro-Siberian 38 5,1
Multi-Region or Unknown 478 64,7
Total 738 100

Out of the 738 species and subspecies taxa that were detected in our study area, 130 were endemic and the rate of
endemism of these species and subspecies taxa was determined as 17.61%.
The distribution of the endemic and non-endemic species according to the danger class specified by the IUCN was determined
by using the "Plants of Turkey Red Book™" (Ekim et al., 2000). Out of the 137 endemic taxa in the Study Area, 6 were EN, 9
were VU, 4 were CR, 22 were NT and 97 were in LC category.

4. Conclusions and discussion

According to the P. H. Davis’s (1965) grid system, a large part of Eskisehir province is located in B3, a smaller part
is located in south-east B4, and another smaller part is located in north part in A3 square. From March of 2012 to October of
2015, a total of 56 days’ Field Study was conducted in the study area. As a result of the field studies, 1850 samples were
collected and 354 genera of 72 families and 738 species and subspecies taxa of these species were identified in the diagnoses.
Specified species were compared to those reported in similar studies conducted in the previous years near the study area.

The Asteraceae family ranked the first in terms of the number of taxa it possesses in the study area and in other
studies conducted around the study area. Asteraceae family is the world’s and Turkey’s largest family, and the result is
natural. The Brassicaceae, which ranks the second in terms of the taxa it has in the flora of Turkey (Yiicel at al., 2010). When
the ranks of the other families were examined, it was determined that they show approximately parallel family ranking in the
flora of Turkey. The reason why Scrophulariaceae, which is important for the flora of Turkey, was not included in the list was
due to the fact that the taxon list was prepared as based on the APG Il1 system.

The taxonomic location of many genera, species and subspecies has changed in the APG I1l system. These results
have caused that some families like Amaranthaceae that were normally not in the list among the first 10 were included in the
list. All the previous studies compared in terms of location were in the same phytogeographical region with the study area.
Parallel to this, in all studies, the richest phytogeographical region in terms of the number of the taxa is Iran-Turan elements.
The Mediterranean Phytogeographical region ranks the second in terms of the number of the taxa; and the Euro-Siberian
Phytogeographical region ranks the last in all previous studies.

When Astragalus is the first order, Salvia, Silene, Centaurea, Allium and Alyssum are followed by the most taxa-
containing breeds found in the study. Turkey is Astragalus first place in the ranking of the Flora family that is in line with the
results obtained from this study area. When investigated by other researches, Salvia took the first place and Allium was in the
second place in the research field.
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All of the 738 species and subspecies taxa determined in the study area were endemic and the endemism rate was
17.61%. This rate is lower than the 31.82% endemism rate in Turkey. The area that is the richest region in Turkey in terms of
the phytogeographical region and the number of the endemic taxa is Iran and Turan phytogeographical area. The
Mediterranean and Europe-Siberian phytogeographical area follow this area. In the light of the data received in the study area
it is observed that this ranking, which depended on the endemism rate in Turkey, is similar to the findings.

Most of the step areas in the study area are used as agricultural areas especially if they are near the villages. Aside
from these, the areas that are not suitable for agriculture and the surrounding areas are left open to grazing. In these
unprotected areas, there is a defective vegetation. As a result of the cutting down of the trees (especially of the oaks) in order
to burn at homes, forest formations were largely destroyed; and they are replaced by step formations where especially
Astragalus dominated. There are no plant covers under the Astragalus groups, which reveals the extent of intense pressure and
damage on the diversity of the species. Erdogan (2011) and Tiire (2002) conducted studies and made syntaxonomic and
floristic analyses for the vegetation cover of Sivrihisar Mountains (Eskisehir); and mentioned about gypsicol step vegetation
and flora in the area.

With the present study, the relationship between the gypsiferous and marn lands in Eskisehir and the vegetation
cover has been determined; and the lack of data in the literature relevant to the vegetation cover and species diversity in this
area has been resolved.
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