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Research article/Arastirma makalesi

A lake restoration project carried out in Tuzla Kamil Abdus Lake, Istanbul/Turkey
Arzu MORKOYUNLU YUCE ™, Ayfer OZMEN !, Mehmet Zeki YILDIRIM ?

! Kocaeli University, Hereke O.1. Uzunyol Vocational Schools, 41000, Kocaeli, Turkey
2 Mehmet Akif Ersoy University, Faculty of Education, 15000 , Burdur, Turkey

Abstract

The water resources of Istanbul, the largest metropolis of Turkey, face the problems brought along with the
ever increasing population, urbanization and industrialization. In the present study, the restoration applications carried
out on the Kamil Abdus Lake (Tuzla/Istanbul), which is vital in ecological and biological terms among the sensitive
wetlands of Istanbul - Turkey, which had lost its characteristics of being a lagoon due to the improper planning carried
out in Turkey. In the present study, the lake restoration applications carried out on the Tuzla Kamil Abdus Lake, which
had completely dried up in 2001 as a result of wrong planning, yet later which has been reintroduced to aquatic
ecosystem in consequence of the said rehabilitation works (2001-2005; 2013-2014), the pytoplankton composition of
the lake, the species available in it and environmental effects were evaluated.

Key words: phytoplankton, lagoon lake, environmental effects, environment restoration

*
Tiirkiye’de uygulanms gél iyilestirme calismasi ve hidrobiyolojik yapis1 (istanbul )

Ozet

Tiirkiye’nin en biiyiikk sehri olan Istanbul’'un su kaynaklar1 her gegen giin artan niifus, kentlesme ve
sanayilesmenin beraberinde getirdigi sorunlarla bas basadir. Bu calismada, Istanbul - Tiirkiye hassas sulak alanlari igin
ekolojik, biyolojik yasamsal éneme sahip, korunmasi gereken ve Tiirkiye’de diizensiz planlama sonucu lagiin goli
Ozelligini kaybederek 2001 yilinda kuruyan ancak, rehabilitasyon caligmasiyla sucul ekosisteme kazandirilan Tuzla
Kamil Abdus Gélii’nde (Tuzla/Istanbul) yapilan gl iyilestirme uygulamalar1(2001-2005; 2013-2014), microplankton
kompozisyonu, yayilis gdsteren sucul canlilar ve g¢evresel etkiler degerlendirilmistir.

Anahtar kelimeler: phytoplankton, lagiin golii, cevre etkileri, cevre restorasyon
1. Introduction

Sustainability of lake ecosystems requires the protection and development of these ecosystems and the natural
and cultural environment they are in relation with. Lake management is to protect and develop a lake, other ecosystems
in relation with the lake and their resources in order to water need both today and tomorrow. Within this frame, World
Lake Vision reports the harmony between human and the nature, the suitable geographical management unit, prevention
strategy, decision making based on scientific information, rational use, participation and a good administration as the
primary principles in lake management plans (Didinen et al.,2008; Demir and Bulut, 2014).

The path to success in a lake restoration project requires one to know these systems thoroughly and to interpret
them in light of scientific knowledge the. Success has been attained in many lake restoration projects through the joint
and coherent works of scientists and managers. The support received from the public further consolidates success
(Carpenter and Lathrop, 1999).

Lake restoration methods have been tried and developed in many countries, particularly in Denmark and
Sweden. The main objective in these works is to fight against eutrophication, which is caused by high concentrations of

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +902625115675; Fax.: +902625115676; E-mail: arzu.yuce @kocaeli.edu.tr
© 2008 All rights reserved / Tiim haklari saklidir BioDiCon. 453-0415


http://www.biodicon.com/

2 Biological Diversity and Conservation —9/1 (2016)

phytoplankton and results in the deterioration of the water quality and biologic diversity of lakes, and to enable the
recovery of the lake's ecosystem in the past.

In the present study, the lake restoration applications carried out on the Tuzla Kamil Abdus Lake, which had
completely dried up in 2001 as a result of wrong planning, yet later which has been reintroduced to aquatic ecosystem
in consequence of the said rehabilitation works (2001-2005; 2013-2014), the pytoplankton composition of the lake, the
species available in it and environmental effects were evaluated.

2. Materials and methods

Tuzla Kamil Abdus Lake (40°49'50"N 29°17'11"E), is a lagoon lake with an area of 300 hectares, formed by
getting separated from the sea via natural and partially artificial sandbars in the inner part of the old Aydinlar Port north
of the Tuzla Peninsula, which in former years had a maximum depth of 80 - 90 cm (20 - 40 cm in summer seasons) and
which had lost all its water due to several ecological and biological factors within years (Anonymus, 2012;Yalcin et al.,
2007). Research stations were given in Figure 1.

For the purpose of reintroducing this lake, which had completely dried by the 2001, back to the aquatic
ecosystem a project was initiated with the meeting of Istanbul Provincial Department of Environment, Istanbul
Metropolitan Municipality, General Directorate of Istanbul Water and Sewage Administration, Department of
Environment Protection and Development, Istanbul Provincial Directorate of Agriculture, 14th Regional Directorate of
State Hydraulic Works, Tuzla Mayoralty, Istanbul Financial Office Directorate of National Estate, Istanbul 5th Regional
Directorate of Cultural and Natural Heritage Preservation Board and Tuzla District Governorship. The necessity of
enabling fresh water input in order to preserve lake area and its surroundings, to reestablish its connection with the sea
and to bring back its lagoon characteristics was set forth. Following the exchange of opinions among the public
organizations and institutions, and after obtaining the necessary permits, the works were initiated. In the works carried
out from 2003 to 2005 within the scope of revitalizing Tuzla Fish Lake, the soils collected from lake bed were
compressed and laid around the lake. For the purpose of enabling water entry to the lake, two ducts with approximately
500 m distance between them were opened on the side of the lake that is connected to the sea. In order to ensure that the
water received from these two main channels is circulated within the lake, intermediary channels that are interconnected
were opened. By means of these channels, it was ensured that sea water and the fresh water in the bottom of the lake
are mixed.
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In order to determine the hydrobiological properties of the lake that is reintroduced to the aquatic ecosystem,
its microplankton composition, aquatic species available in it and environmental effects were examined on seasonal
basis from four research stations (Figure 1). Phytoplankton analyses were collected with plankton net (55p). Samples
were put into 500 mL polyethylene bottles, fixed with 4 % formaldehyde solution and immediately transferred to the
laboratory. Before counting process, samples were homogenized by shaking gently. 10 mL samples were put into
15mL falcon tubes. At least 3 parallels were centrifuged 10 min. at 800rpm and supernatant was removed. Counting
chamber and light microscope were used to quantitative evaluation of microplankton. Identification was carried out
according to Cupp (1943), Kramer and Lange-Bertalot (1986) and Tomas (1995), and Hartley et al. (1996), Hustedt
(1985), Patrick and Reimer (1966,1975), Cleve-Euler (1966). The microalgae species qualitative identified in the
coastal area of the lake are presented in Table 1.

3. Results

In order to monitor the formation of the aquatic ecosystem, the area close to the channel with which the lake
and sea are connected, was selected as the first station. In addition to large and small stones, bivalvia species,
Gammarus sp., freshwater diatome species such as Amphora ovalis Kiitzing, Cymbella affinis Kiitz., Gomphonema
olivacea(Horn.)P. Daws.exRoss et Sims var. olivacea, Cocconeis pediculus Ehr., Navicula lanceolata (Agardh)
Kiitzing, Nitzschia sigma (Kiitzing) W. Smith, also Ceratium furca var. furca (Ehrenberg) Schiller, which is a marine
species, were identified in the soil. While the second station is similar to the first station eco-biologically, also cocoons
belonging to gastropods were identified. In addition to Cymbella affinis Kiitz., Cocconeis pediculus Ehr., Navicula
lanceolata (Agardh) Kiitzing, Pseudo-nitzschia delicatissima (P. T. Cleve) Heiden in Heiden & Kolbe and Ceratium
furca var. furca (Ehrenberg) Schiller, Ceratium fusus var. fusus (Ehrenberg) Schiller, Navicula pennata A. Smith were
determined. In the soils of the area selected as the third station, a yellowish layer on the surface was noted as well as
the stones of varying sizes and epilithic algae (Cymbella affinis Kiitz., Cocconeis pediculus Ehr.) and in consequence of
microscopy examination plenty of bivalvia larvae were found. In the ground of the area selected as the fourth station
stones of varying sizes, bivalvia shells, living crabs, and balanus distribution on stone surfaces have been noted. While
marine species (Ceratium furca var. furca (Ehrenberg) Schiller, Ceratium fusus var. fusus (Ehrenberg) Schiller) were
dominant in the parts of the lake ecosystem connected with the sea, due to the freshwater entrance from the bottom of
the inner parts of the lake, it was determined also species that can live in both salty and freshwaters were present.
Phytoplancton taxa detected in Lake Kamil Abdus were also encountered in the studies carried out on the lentic and
lotic aquatic ecosystems of our country (Goniilol, 1996 ;Aysel, 2005;Kucuk and Ergul 2011). The list of planktonic and
epilithic algal flora determined in Lake Kamil Abdus were given in Table 1.

Table 1. Phytoplankton and epilithic taxa in Lake Kamil Abdug
Classis: DINOPHYCEAE Pascher 1914

Subordo: Ceratiineae Fensome et al. 1993b

Familia: Ceratiaceae Willey and Hickson 1909

Genus: Ceratium F. von P. Schrank 1793

Ceratium furca var. furca (Ehrenberg) Schiller

Ceratium fusus var. fusus (Ehrenberg) Schiller

Classis: BACILLARIOPHYCEAE Haeckel1878 emend Mann in Round et al. 1990
Subclassis: BACILLARIOPHYCIDAE Mann in Round et al. 1990.
Ordo: NAVICULINEAE Hendey 1937.

Familia: Cymbellaceae Greville 1833.

Genus: Cymbella C. A. Agardh 1830

Cymbella affinis Kiitz.

Familia: Gomphonemataceae Kiitzing 1844.

Genus: Gomphonema Ehrenberg 1831

Gomphonema olivacea(Horn.)P. Daws.exRoss et Sims var. olivacea
Familia: Cocconeidaceae Kiitzing 1844

Genus: Cocconeis Ehrenberg 1838

Cocconeis pediculus Ehr.

Ordo: NAVICULALES Bessey 1907 sensu emend

Subordo: Neidiineae Mann in Round et al. 1990.

Familia: Naviculaceae Kiitzing 1844,

Genus: Navicula Bory de St. Vincent 1822 emend. Cox 1979
Navicula lanceolata (Agardh) Kiitzing

Navicula pennata A. Smith

Arzu MORKOYUNLU YUCE et al., A lake restoration project carried out in Tuzla Kamil Abdus Lake, Istanbul/Turkey
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Table 1. Continued

Familia: Catenulaceae Mereschkowsky 1902.

Genus: Amphora Ehrenberg 1840

Amphora ovalis Kiitzing

Ordo: BACILLARIALES Hendey 1937 sensu emend

Familia: Bacillariaceae Ehrenberg 1831.

Genus: Pseudo-nitzschia H. Peragallo in H. Peragallo & M. Peragallo 1900
Pseudo-nitzschia delicatissima (P. T. Cleve) Heiden in Heiden & Kolbe
Genus: Nitzschia Hassall 1845

Nitzschia sigma (Kiitzing) W. Smith

It was determined that the amount of water increased in time at places where the channels are close to the sea
due to precipitation, groundwaters and tides, and that various bird species such as curlew, shelduck and glossy ibis
inhabit the lake. The lake that had completely dried out in 2001 today exhibits a lively nature by means of the 2
channels that connect it to the sea. Green areas and bird observation houses arranged by the Tuzla Municipality are
available around the lake. However, the shipyards and greenhouses near the lake and the recreational usage of its
surroundings affect the lake negatively. As a result of picnic activities carried out in this area particularly in weekends,
domestic wastes are introduced to the environment. As a consequence, the physico-chemical and microbiological
structure of the water is being affected, light transmittance is inhibited and the aquatic ecosystem is affected negatively.
In order to prevent these negative effects caused by human activities on the Kamil Abdus Lake, which is a significant
value among Turkish fragile ecosystems, placing information boards intended to raise the awareness of the public,
increasing the number of suitable trashcans, carrying out environmental inspections and cleaning activities regularly and
popularizing social responsibility project intended to raise environmental awareness are the measures that should be
prioritized within the scope of sustainable water resources management.
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Abstract

The family of Primulaceae has mainly spread to the temperate northern areas of the Old World, specifically at
Caucasia and the European Mountains. It is also known as the primrose family. The family has 22 genus and 1000
species which has spread to the temperate and mountainous regions of the northern hemisphere. The study material was
collected during the floristic Works in April 2014, from Dionysia odora fenzl. C9 square corresponding to Sirnak Cudi
Mountain, and Dionysia bornmuelleri B9 square corresponding to the Van Catak area, according to the gridding system
used for the flora of Turkey. The collected specimens were pressed at the field using the herbarium rules, the locations
and the population observations were carefully recorded, and macro and general photographs that would reflect the
natural form of the plants in the best possible way were taken. The pollen characteristics of the species were studied in
preparations that followed the Wodehouse method for light microscopy (LM) studies. The polar and equatorial axis, the
colpus length and width, exine and intine widths were measured until the Gauss curve has been reached. The pollen and
seed morphologies were studied for the first time using a Scanning Electron Microscope and a Light Microscope.
Through the observations conducted using SEM the ornamentation of the pollen, and through the light microscopy
Works on the seed, both the morphological and the surface ornamentations could be determined.

Key words: Dionysia odora, Dionysia bornmuelleri, Primulaceae, pollen and seed morphology

Dionysia odora ve Dionysia bornmuelleri (Primulaceae) tiirlerinin polen ve tohum morfolojileri

Ozet

Primulaceae familyasi, agirlikli olarak eski diinyanin Kuzey iliman bdlgelerde Kafkasya ve Avrupa'nin
daglarinda yayilis gostermektedir. Ayrica, ¢uha ¢igegi ailesi olarak bilinmektedir. Aile, kuzey yarimkiirenin iliman ve
daglik bolgelerde agirlikli olarak dagilis gosteren 22 cins ve 1000 tiir icermektedir. Calisma materyali Nisan 2014
yilinda yapilan floristik ¢aligmalarda, Tiirkiye Florasinda kullanilan kareleme sistemine gore Dionysia odora fenzl. C9
karesinde bulunan Sirnak Cudi Dagi ve Dionysia bornmuelleri B9 Van Catak yoresinden toplanmugstir. Toplanan
ornekler arazide herbaryum kurallarina uygun olarak preslenmis, lokalite bilgileri ve populasyon gozlemleri dikkatlice
kayit altina alinmis ve bitkilerin dogal halini en iyi sekilde yansitabilecek makro ve genel fotograflar ¢ekilmistir.
tiirlerin polen 6zellikleri, 151k mikroskobu (IM) ¢alismalar1 i¢in Wodehouse metoduna gore hazirlanan preparasyonlarda
incelenmistir. Polenlerin polar ve ekvatoral eksenleri, kolpus uzunlugu ve eni, ekzin ve intin kalmliklar1 Gauss egrisi
elde edilinceye kadar Ol¢iilmiistiir. Scanning (taramali) Elektron Mikroskobu (SEM) ve Isik Mikroskobuyla (IM) ilk kez
polen ve tohum morfolojileri calisilmigtir. SEM' de yapilan ¢aligmalar sonucunda polenin ornemantasyonu, tohumun da
SEM ve Isik mikroskobu ile yapilan ¢alismayla hem morfolojik hemde yiizey siisleri belirlenmistir.

Anahtar kelimeler: Dionysia odora, Dionysia bornmuelleri, Primulaceae, polen ve tohum morfoloji
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1. Giris

Primulaceae familyasi Kuzey yarimkiiresinde Avrupa, Anadolu, Kafkasya ve Himaliya’lardan Bati Cin’e kadar
yayilis gostermektedir. (Beyazoglu, 1982). Familya 22 cins ve 1000 tiir igerir, Kuzey yarimkiirenin iliman ve daglik
bolgelerde agirlikli olarak goriilmektedir (Lamond, 1978). Dionysia ilk kez Fenzl tarafindan Kuzey Irak bolgesinde
Kotschy tarafindan toplanan D. odora ornegi kullanilarak bir cins olarak tamimlanmustir (Fenzl, 1843). Bu bilim
diinyasinca bilinen ilk Dionysia drnegi degildir. 1770’de Kuzey Iran’da toplanan materyali, 1817 yilinda Lehmann
tarafindan kullanarak Primula aretioides’i tanimlamig, ancak 1846’da bu tiir ayn1 zamanda ii¢ yeni tiir daha tanimlayan
Boissier tarafindan Dionysia’ya dahil edilmistir (Boissier, 1879). Bu siralarda Duby Candolle’nin Prodromus’u i¢in
Primulaceae konusunu ele aldiginda Dionysia tiirlerini Douglasia tiirleriyle esanlamli olan ve ¢ok uzaktan akraba bir
genus olan Gregoria cinsine igine dahil etmis, Duby ayn yil igerisinde Macrosyphonia cinsini tanimlayarak Gregoria
caespitosa’sin1 bunun igine dahil etmigtir (Duby, 1844). Kuntze Dionysia’y1 Primula’ya onun bir béliimii olarak déhil
etmistir (Kuntze, 1891). Knuth Engler’in Pflanzenreich’1 i¢in Dionysia’y1 incelerken 20 tiir tanimlamigtir Knuth, 1905;
Melchior, 1943; Lidén, 2007).

Punt ve arkadaslar1 Primulaceae familyasina ait 37 taksonun polenini 151k ve taramali elektron mikroskobunda
calismislardir. Polenlerin morfolojik 6zelliklerine gore familyay1 20 tipe ayirlmiglardir (Punt ve ark.1974). Tiirkiye’de
yetisen Primulaceae familyasina ait Primula L. cinsinin 4 tiirii ve 6 alt tiirliniin polen morfolojileri 151k ve elektron
mikroskobunda karsilagtirmali olarak incelenmistir (Dogan, 2005). Primulaceae familyasina ait Carolinella Hemsl.
cinsinin polenlerini 151k ve taramali elektron mikroskobunda ¢aligmiglardir (Anderberg and El-Ghazaly, 2000). Primula
cinsine ait Sphondylia (Duby) Rupr. alt cinsinde homostilus ve heterostilus 6zelligi bulundugunu ve bu 6zelligin polen
morfolojisine nasil yansidigini 151k mikroskobunda g¢aligmislardir. Primula cinsinde homostilusun heterostilusa gore
daha ilkel bir 6zellik oldugunu gozlemlemistir (Wadi and Richards, 1993). Dionysia Fenzl, cinsi genis anlamda
Primula cinsine aittir, tipik olarak Iran-Turan bélgesindedir. iran florasinda dar bir alanda yayihis gostermektedir.
Bunun yanisira Giineydogu Anadolu ve Iran’in batisinda Tacikistan’dan Afganistan’a kadar yayilis gdstermektedir.
Cogu tiirli kaya catlaklarinda, ilkbaharda sik sar1 menekse rengi, mor ve pembe renkli ¢igeklidir. Baz tiirleri gevsek ve
Primula gériiniimlidiir (Lidén, 2007). Wendelbo tarafindan yapilan revizyon ile 28 tiir olarak tanimlanmistir. Daha
sonra yapilan yayinlarla tiir sayisi artis saglanmistir (Wendelbo, 1961a). Dionysia Kuzey Irak’ta Kotschy tarafindan ilk
kez D. odora (D. sintenisii) materyalinden tanimlanmistir (Bunge, 1871). Giircistan’daki Primulaceae familyasinda
bulunan Dionysia tiirleri olduk¢a uzaktan iligkili cins olan Douglasia cinsi ile sinonim oldu belirlenmis, Primula
cinsinden ayrilmis ve Primula bir seksiyon olarak Dionysia’yay1 ortaya ¢gikarmigtir (Lidén, 2007).

Kuzey Irak’tan toplanan Dionysia odora tiiriiniin polen morfolojisi 151k mikroskobundan 6l¢iim yapmuslar
mikrofotograflarini ¢ekmiglerdir (Salih and Ahmad 2011). Bu ¢alisgmanin diginda bu iki tiir ile ilgili polenle ve tohum
calismasina rastlanilmamistir. Yapilan bu ¢aligma ile sistematigi katki saglayacagi diigiiniilmektedir.

2. Materyal ve yontem

Bu arastirmada materyaller Nisan 2014 yilinda yapilan floristik calismalarda, Tiirkiye Florasinda kullanilan
kareleme sistemine gére Dionysia odora fenzl. C9 karesinde bulunan Sirnak Cudi Dagi1 ve Dionysia bornmuelleri B9
Van Catak yoresinden toplanmistir. Arazide bitkilerin dogal halini en iyi sekilde yansitabilecek makro ve genel
fotograflar ¢ekilmistir. Materyaller herbaryum kurallarina uygun olarak preslenmis, Calisilan tiirlerin polen 6zellikleri,
151tk mikroskobu (IM) calismalar1 i¢in Wodehouse metoduna goére hazirlanan preparasyonlarda incelenmistir
(Wodehouse, 1935). Polenlerin 6l¢iilmesi Olympus BX21 marka 1sik mikroskobu ile yapilmistir. Apochromatik oil
immersion objektif (x100), mikrometrik periplan okiiler (x12,5) kullanilmistir. Kullanilan mikrometrik cetvelin bir
araligr 1,04um olarak hesaplanmistir. Her taksona ait polen dlgiimleri Polar Eksen (P), Ekvatoral Eksen (E), Kolpus
Uzunlugu (Clg), Kolpus Genisligi (Clt), Ekzin (E), intin (in) ve Amb Cap1 (L) i¢in Gausse egrisi elde edilinceye kadar
yapilmistir (Sokal and Rohlf, 1969). Fotograflar, Olumpus BX41 mikroskopla x100 immersiyon objektifi ve 10’luk
okiiler kullanilarak ¢ekilmistir. Polen mikrofotograflarinin kart {izerindeki biiyiitmesi x1000°dir. Polenlerin SEM ile
ekzin yapisini daha detayli incelemek altin kaplama iglemine alinmistir. Kaplama isleminin ardindan Polenlerin yiizey
ayrintilarinin belirlenmesi icin Firat Universitesi Biyoloji Béliimii’ndeki JEOL JSM 7001-F taramali elektrom
mikroskobunda (SEM)’de mikrofotografileri cekilmistir. Polen terminolojisi genellikle (Erdtman 1966)ve ekzin
yapisinin belirlenmesinde kullanilmistir (Praglowski and Punt, 1973).

3. Bulgular
Bu iki tiiriin polenlerinin 151k mikroskobu ile 6l¢timleri yapilmig ve mikrofotograflar ¢ekilmistir. Dionysia’nin
bu iki tiriinin Polenlerinin sekilleri, polen tipleri ve ekzin yiizey siislemeleri SEM mikrofotograflar1 yiizey

ornamentasyonlar belirlenmistir. Tohumlarinin da biiyiikliikleri 6l¢tilmiis ve yiizey siislemeleri SEM mikrofotograflari
ile daha ayrintili olarak ortaya koyulmustur (Sekil 1-3, tablo 1).
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3.1 Dionysia odora

D. odora multikolpat (% 65; 6-kolpat, %25; 7-kolpat, % 10; 8-kolpat) Polenler radyal simetrili, izopolar,
sekilleri prolate-sferoidal (P/E=0.92). Polar eksen 24.96 um (min: 20.80-mak: 29.12 um), ekvatoral eksen 27.04 pm
(min: 22.46- mak: 30.53 um). Ornemantasyon retikulate, 1 pm2’de liimina sayis1 5.7, limina ¢ap1 ortalama 0.51 pm,
miiri kalinligi ortalama 0.23 pm. Muri diizve liimen sekilleri ¢cokgendir (Tablo 1, Sekil 1, a-b).Tohumlar1 bir kapiilde 3-
4 tane, boyutlar1 0.65-0.83x1.15-1.40 mm, rengi siyah, sekli eliptik ovat, yiizey siislemeleri retikulattir (Sekill,c-d).

3.2 Dionysia bornmuelleri

Polenler radyal simetrili, izopolar, polikolpate (% 45; 7-kolpat, % 30; 8-kolpat, %15; 6-kolpat, %10 5-kolpat),
sekilleri prolate-sferoidal (P/E=0.93). Polar eksen 23.44 pm (min: 19.76-mak: 26 pm), ekvatoral eksen 25.33 pm (min:
22.67- mak: 31.24 pm). Ornemantasyon retikulate, 1 pm2’de liimina sayis1 3.2, limina c¢ap1 ortalama 0.63 pm, miiri
kalinlig1 ortalama 0.41 pum. Muri diiz ve limen sekilleri ¢okgendir. (Tablol., Sekil. 3, a-b). Tohumlar1 bir kapiilde
35-40 tane, boyutlar1 0.25-0.35x0.60—0.73mm, rengi siyah, sekli eliptik, yiizey stislemeleri retikulattir (Sekil 3.,c-d).

Tablo 1. Dionysia cinsine ait taksonlarin polenlerin morfolojik parametreleri (um)

Taksonlar Polar eksen Ekvatoral eksen

M S \Y M S \Y%
Dionysia odora 24.96 +2.08 20.80—29.12 27.04 +3.17 22.46-30.53
Dionysia bornmuelleri 23.44 +1.33 19.76-26.00 25.33 +2.76 22.67-31.24

Tablo 2. Dionysia cinsine ait taksonlarin polenlerin morfolojik parametreleri (um)
TAKSONLAR P/E Sekli Clg Clt | Ekzin Intin | Orn Muri | Lumina
kalinh@
Dionysia odora 0.92 Prolat 17.7 55 1.53 0.68 Retikulate 0.4 0.9
sferoidal
Dionysia 0.93 Prolatsferoidal | 23.6 2 2.9 18 Retikulate 0.5 0.7
bornmuelleri

Sekil. 1. (a-e) Dionysia odora SEM a. Polenin genel ekvatoral goriintiisii, b. Polenin genel polar goriintiisii c.
(SEMx4000) Polenin genel ekvatoral gorintiisic d. (SEMx10000) Polenin genel polar goriintiisii
e.(SEMx4000) Polenin ornemantasyonu.
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Sekil 3. (a-e) Dionysia bornmuelleri a-b (LMx1000) a. Polenin genel ekvatoral gériintiisii, b. Polenin genel polar
goriintiisii ¢. (SEMx4000) Polenin genel ekvatoral goriintiisii, d. (SEMx15000) Polenin genel polar
goriintiisii e.(SEMx4000) Polenin ornemantasyonu.
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Sekil 4. Dionysia odora tiiriiniin; a-genel goriiniimii, b-¢icek
Lokaliteler
Dionysia odora Fenzl-Tirkiye. C9 Sirnak; Silopi, Cudi Dag1 besta mevkisi, Nemli kirectasi kaya bloklari, 1165 m, 02
May 2014, M. Fwrat 30625, VANF.
Dionysia bornmuelleri (Pax) Clay-Tirkiye. C9 Sirnak; Silopi, Cudi DagI Hessena mevkisi, Nemli kirectasi kaya
bloklari, 870 m, 02 May 2014, M. Firat 30644, VANF..

4. Sonuglar ve tartisma

Dionysia (Primulaceae) taksonlarinin polenlerinin genel 6zellikleri; radyal simetrili, izopolar, trikolpate,
triparasinkolpat, polikolpat ve spirapertiir’diir. Amb sekilleri sirkular, angular, semiangular, triangular veya
rektangular’dir. Ornemantasyonlari retikulate’dir. Ekzin mezokolpium bélgede daha kalin ve striiktiirii subtektate’dir.
Ektekzin, endekzinden daha kalindir. Intinin mezokolpiumdaki kalinhig1 kutuplara dogru azalmakla beraber apertiir
altinda daha da kalinlasmaktadir. Genel olarak operkulum mevcut degildir (Salih and Ahmad, 2011). Primula cinsine
ait 21 tiirtin 151k mikroskobu ve SEM’ de incelemis ve 3 tip polen tipi belirlemis, bunlar; P. auricula, P. farinosa ve P.
veris tipini bulmustur. Primula veris tipi pollen; yuvarlak olan kolpuslarin sayisi (5—10) ile karateristiktir Dionysia ve
Sredinskya cinsi bu tipin 6zelliklerini gostermistir (Nasir, 1987; Wendelbo, 1961-b)

Al Wadi & Richards Primula’nin altcinsi olan Sphondylia ve Dionysia palinolojik iligkisi incelememisler.
Yaptiklar1 calisgmada Dionysia cinsinin 6 tiirlinii polenlerini 6zellikleri; Dionysia lacei tiirii prolat, 4—5-stefanokolpat, D.
paradoxa tiirli oblate.5—6-stefanokolpat, D. teiicrioides tiirii prolat, 6-stefanokolpat ve oblate 6-stefanokolpat, D.
bornmuelleri tiirli prolat 6-stefanokolpat, oblat, 7-stefanokolpat, D. balsamea sferoid, 4—5-stefanokolpat, oblat, 5-
stefanokolpat ve D. mira tiirli prolat 56 stefanokolpat, sferoid, 6-stefanokolpat olarak belirlemisler (Al Wadi &
Richards, 1992). Bizim ¢aligtigimiz Dionysia odora ve Dionysia bornmuelleri tiirlerini polen sekilleri; Hussen ve
Richards’ n yaptigi calisma ile uyu gostermis ve inceledigimiz Polenler prolat, 5,6,7,8-kolpat ve ornamentasyon
retlikulattir.

Wendelbo 1g1tk mikroskobu kullanarak Dionysia cinsine ait 22 tiriinii ¢alismugtir (Wendelbo, 1961-c).
Spanowsky 9 tiirtinii ¢alismistir (Spanowsky, 1962). Bu iki arastiricida bu cinsin polenlerini stefanokolpat Bir egilim ile
daha fazla kolpuslar (5—8) meydana gelmesini, igne morfolojik kolpus (4—6) polenlerin sagak morfolojik polenlere gére
daha genis oldugunu bu yiizden Dionysia nin primula altcinsi Primula section Armerina ait Primula ‘dan ayitedilemez
(Salih and Ahmad, 2011).

Primulaceae, Myrsinaceae ve Theophrastaceae tohum boyutlarini geklini, yiizeyini tohum kabugunun
kalinligin1 ve endosperm yapisini biyometri metodla 3 tip tohum boyutlarini belirlemislerdir. Biitiin bu familyalara ait
tohumlar incelendi bir angular sekil ile polyhedral veya sectoroid olarak smiflandirmasi ile kiiglik oldugunu
bulmusglardir (Morozowsk ve ark. 2011). Dionysia cinsin tohumlarinin genel 6zellikleri herbir kapsiilde 1-35 tohum
bulunmaktadir. Boyutlar1 0.6-2 mm sekli tigkoseli acili ovat agili veya mercege benzer bazen dis sekli eliptik, oblong ve
ovat. Testa rengi siyahtan kahverengi sariya kadar degisir. Yiizey vesikulos- rugulos arasira kenarlidir (Nasir, 1983).
Yaptigimiz ¢alismada iki tiiriin tohumlarin rengi siyah herbir kapsiilde 3—40 arasinda tohum yer almaktadir. Boyutlari,
0.25-0.83x0.60—1.40 olarak 6l¢iilmiistiir.sekli eliptik ve ovate-eliptik selik gostermektedir. Yiizey siislemeleri; retikulat
ve vesikuloz- rugulozdur ( Sekill-c,d. Sekil 3-c,d)
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Yapilan ¢aligmada iki farkli Primula taksonu karsilastirilip polen morfolojisi ortaya konulmustur. Caligmanin
ileride yapilacak diger palinolojik ve sistematik ¢aligmalara katkida bulunacagi diigiiniilmektedir.
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Abstract

This research was carried out for the purpose of determining the flora of Camucu Forest Enterprise area which
is located in Balikesir, Balya district. The research area is situated in the B1 square according to the grid-system which
is applied in the Flora of Turkey (Davis, 1965). It is also located in Mediterranean-West Anatolia phytogeographical
regions.790 plant specimens were collected from the research area between 2012 June and 2014 May. As a
consequence, according to evaluating of specimens 84 families, 326 genus and 536 taxa were identified. The largest
family is Fabaceae (67 takson, 12,5 %), Asteraceae (65 takson, 12.13 %) and the largest genus is Trifolium (20 takson,
3.73 %) in terms of the number of taxa included. The distrubition of phytogeographical elements is as follows:
Mediterranean Elements 154 taxa(28.7 %), Euro-Siberian Elements 65 taxa (12,13 %), lrano-Turanian Elements 3 taxa
(0,56 %) and cosmopolitans and unknowns elements 314 taxa (58,5 %). 18 taxa are endemic to Turkey (3.36 %). 5 taxa
are recorded as new for the B1 grid square. The Red List categories of Euphorbia anacampseros Boiss. var. tmolea,
Crocus flavus Weston subsp. dissectus T. Baytop et Mathew and Digitalis trojana Ivan are under threatened ascribed as
VU in the Red Data Book of Turkish Plant. The outputs of this study were compared and discussed with other similar
urban flora studies.

Key words: Camucu, Balikesir, B1 square, flora
*

Camucu Orman Isletme Sefligi’nin (Balya, Bahkesir/Tiirkiye) floras:

Ozet

Bu calisma Balikesir Orman Isletme Miidiirliigii, Camucu Orman Isletme Sefligi alanmin florasim ortaya
koymak amaciyla haziran 2012 ve mayis 2014 yillar1 arasinda yapilmistir. Calisma alani Davis (1965)’in karelaj
sistemine gore B1 karesi icerinde ve Akdeniz-Bati Anadolu fitocografik bolgede yer almaktadir. Yapilan caligma
sonucunda alanda, 790 adet bitki 6rnegi toplanmis ve 84 familya, 326 cinse ait 536 takson tespit edilmistir. En ¢ok
takson igeren familyalar Fabaceae (67 takson, % 12,5), Asteraceae (65 takson, % 12.13) ve en ¢ok tiir igeren cins ise
Trifolium (20 takson, % 3.73)’dur. Taksonlarin fitocografik bolgelere dagilimlari ve oranlari: Akdeniz (154 takson, %
28,7), Avrupa Sibirya (65 takson, %12,13), Iran-Turan (3 takson, % 0,56), genis yayilish ve fitocografik bolgesi
bilinmeyen (314 % 58,5) dir. Alanda endemik takson sayis1 18 olup endemizm oran1 % 3,36°dir. 5 takson B1 karesi igin
yeni kayit edilmistir. Tiirkiye Bitkileri Kirmizi Kitabina gére Euphorbia anacampseros Boiss. var. tmolea, Crocus flavus
Weston subsp. dissectus T. Baytop et Mathew ve Digitalis trojana Ivan. VU kategorisinde yer almaktadir. Elde edilen
sonuclar, yakin alanlarda yapilan flora ¢aligmalari ile kiyaslanarak tartigilmastir.

Anahtar kelimeler: Camucu, Balikesir, Balya, B1 karesi, flora
1. Giris

Camucu Orman Isletme Sefligi Balikesir Orman Bolge Miidiirliigii'ne bagl olup biiyiik boliimii Balya ilge sinirlart
icerisinde yer almakta ve Davis’in Tiirkiye Florasi igin kullandig1 grid sistemine gore Bl karesinde yer almaktadir

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +902123382400; Fax.: +9002123382424; E-mail: yilmazhc@istanbul.edu.tr
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(Sekil 1). Camucu Orman Isletme Sefligi toplam orman alan1 16948.5 ha, toplam aciklik alan1 22509.0 ha, toplam alan1
ise 39 457.5 ha’dir (Cevre ve Orman Bakanligi, 2002). Camucu Orman Isletmesi, Marmara Bolgesi‘nin Giiney
Marmara béliimiindedir, kuzeyinde Balya ve Pazarkdy, dogusunda Balikesir merkez ilge, giineyinde Ivrindi, batisinda
da Kalkim ve Havran bulunmaktadir (Sekil 1). Genel olarak engebeli bir topografyas: vardir. Daglik alanlar ve plato
ozelligi gosteren asinim yiizeyleri ¢ok sayida dereler ilederin vadiler halinde yarilmustir. Ilgenin toprak yapist
kahverengi topraklar ve kiregsiz kahverengi topraklardan olugmustur. Camucu Bolgesi’nde ise kiregsiz kahverengi
orman topragi hakim olup toprak pH’s1 genellikle 6.50-7,50 arasindadir (Anonim, 1985).

ZANS” vENicE
<"III'HEHH!I'£R oY
hRItS

ALAD

Sekil 1 Calisma alani

Ulkemiz, esas olarak 1liman iklim kusag icerisinde Akdeniz, Karadeniz (Avrupa-Sibirya) ve kara (iran-Turan)
alt iklim tiirlerinin bulustugu bir konumdadir. Yorenin iklimi yazlar1 kurak ve sicak, kislart sert ve yagish olup yagislar
kis aylarinda kar ve yagmur seklindedir. Balya Meteoroloji Istasyonunun verilerine gore arasgtirma alaninda yilin en
sicak aylar1 temmuz 24.5 °C ve agustos 24.3 °C, en soguk aylar ise ocak -21,8 °C ve subat -13,1 °C olarak
belirlenmistir. Yillik ortalama toplam yagis 571,5 mm, temmuz ay1 ortalamasi 9.6 mm, agustos ay1 ortalamasi ise 7.3
mm’dir. Arastirma alaninin, Walter yontemine gére diizenlenmis olan iklim diyagrami Sekil 2°de verilmistir. Sekildeki
iklim diyagrami incelendiginde yagis ve sicaklik egrileri 6. ayn ilk yarisinda ve 9. aym ilk yarisinda kesismektedir.
Dolayistyla bu donemde yorede kurak evre bulunmaktadir.
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Sekil 2 Balya Meteoroloji Istasyonu verilerine gére Walter diagrami

flgenin yaklasik % 65°i orman ve fundalik, % 27’si kiiltiir arazisi, % 8’i ¢ayir ve meradir. Orman varliginin
biiyiik bir kismu Pinus nigra Arnold. subsp. pallasiana (Lamb.) Holmboe. (karagam) ve Pinus brutia Ten. (kizilgam),
Fagus orientalis Lipsky. (dogu kayini), Quercus petraea (Mattuschka) Liebl. subsp. iberica (Steven ex M. Bieb.)
Krassiln., Q. cerris L., Q. frainetto Ten. (mese) tiirlerinden olusur. Fundalik ve makilik alanlarda Phillyrea latifolia L.
(akgakesme), Paliurus spina-christi Mill. (karagali) , Cistus creticus L. (laden) en yaygin olarak rastlanan tiirlerdir.
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Caligmanin amact daha once flora aragtirmasi yapilmamis bir alan olan Balikesir ili Balya ilgesi Camucu
Orman Isletme Sefligi alanmin florasii tespit etmektir. Bu calisma ile toplanan ornekler, alana ait ilk floristik
kayitlardir. Boylelikle iilkemizin bitki envanterinin ¢ikarilmasi yolunda katki saglayacaktir. Flora tespitinden sonra
endemik ve nadir bulunan bitkilerin tehdit kategorileri belirlenerek, yonetimsel ¢alismalarin planlanmasinda
kullanilmak {izere alanin bitki envanterine dayanan gercek veri saglamak hedeflenmistir.

2. Materyal ve metod

Alaninin florasini ortaya koymak amaciyla 2012-2014 yillar1 arasinda yapilan arazi ¢aligmalari sirasinda 790
vaskuler bitki 6rnegi toplanmis, ornekler kurallara uygun olarak preslenip kurutularak herbaryum materyali haline
getirildikten sonra teshisi baglica kaynak olarak “Flora of Turkey and the East Aegean Islands” (Davis, 1965-1985,
Davis vd., 1988; Gliner vd., 2000) olmak iizere, diger yaymlardan (Tutin vd., 1964-1981, Komarov 1934-1978)
yararlanilarak yapilmistir. Ornekler Istanbul Universitesi Orman Fakiiltesi Herbaryumunda (ISTO) muhafaza
edilmektedir. Bitki tiirlerinin listesi familyalar ve bunun altinda taksonlar alfabetik olarak verilmigtir. Listedeki
bitkilerden B1 karesi i¢in yeni kayit olanlar (#), egzotik olanlar (*) ile isaretlenmistir. Taksonlarin otérleri Brummitt
ve Powell (1992), hayat formlar1 Raunkiaer (1934), tehdit kategorileri ise Ekim vd. (2000)’nin ¢alismalar1 dikkate
alinarak TUCN 3.1 kriterlerine gore diizenlenmistir (IUCN, 2001) (Ek 1). Makalede bitki toplanan istasyonlar bir liste
halinde verilmistir. Floristik listede familya, tiir, otdr ve tiir alt taksonlardan sonra sirast ile toplanma tarihi, ISTO 6rnek
numarasi, lokalite numarasi, fitocografik bolgesi, endemizm durumu, hayat formu verilmistir. Elde edilen ¢alisma
sonuglari takson sayisi, en ¢ok bulunan familya ve cinsler, endemizm orani, fitocografik bolge bakimindan yakin bdlge
flora ¢aligmalari ile karsilastirilmistir.

Flora listesinde kullanilan kisaltmalar g6yledir: Cosm.: Kozmopolitan, Ch: Kamefit, End.:
Endemik, Okzin Euxin, G: Geofit, H: Hemikriptofit, Ir-Tur.: Irano-Turan, K: Kriptofit, LC: Diisiik riskli - az endise
verici, L: Lokalite, Med.: Akdeniz elementi, Ph: Fanerofit, Th: Terofit, Vp: Vaskular parazit, VU: Zarar gorebilir,
Widespr.: Genis yayiligh

Bitki toplanan lokaliteler (Lokalitelerin koordinat bilgileri ISTO’da bulunan 6rnekler iizerinde mevcuttur.)

L 1: Bengiler Koyii, Hac1 Eyilip Cesmesi mevkii, maden sahasi
yakini, agiklik yamag, 307 m.

L 2: Cobandere yerlesim yeri yakini, dere kenari, 329 m.

L 3: Doganlar Koyii yakini, Canakkale yolu kenari, galilik, 467 m.

L 4: Yaylacik Kyii yakini, meselik (Q. cerris), 469 m.

L 5: Yaylacik Kdyii yakini, Paliurus spina-christi-makilik, 508 m.

L 6: Yaylacik Koyii yakini, yol kenari, galilik, 494 m.

L 7: Yaylacik Koyt yakini, ¢ayirlik, 480 m.

L 8: Dortyol-Yaylacik arasi, kizilgam ormani, 470 m.

L 9: Akbas-Cakallar Koyii arasi, kizilgam ormani, 419 m.

L 10: Medrese Koyii yakini, mese ormani (Q. cerris, Q. trojana),
447 m.

L 11: Medrese Koyt yakini, Quercus trojana, kapalilig: diisiik, 440

m.

L 12: Medrese-Kocaavsar Koyt arasi, 392 m.

L 13: Kocaavsar Koyl yakini, agaglandirma alani, kizilgam fideleri
2-3 yasinda, 383 m.

L 14: Bengiler Koyii, Harmanlar mevkii, tarim alanlar1 yakini, dere
boyu, 304 m.

L 15: Bengiler Koyii, biik, dere boyu, 300 m.

L 16: Bengiler-Hacieseler arast, ¢alilik yamag, 333 m.

L 17: Habipler Koyii yakim, taghk kirag alan (Paliurus spina-
christi), 591 m.

L 18: Habipler Koyii yakini, 3-4 yasinda kizilgam agaglandirma
alani, 491 m.

L 19: Balikesir'den Kocaoba Kéyii'ne 1 km kala, toprak dokiimii
yapilmus yerler, 386 m.

L 20: Kocaoba - Farsak arasi, 486 m.

L 21: Kocaoba - Farsak arasi, dik yamag, 510 m.

L 22: Kocaoba -Farsak arasi, karagam ormani, 556 m.

L 23: Farsak yakini, karagam orman kenari, 615 m.

L 24: Kuzupmari-Yesiller Koyii arasi, karagam ormani, 603 m.

L 25: Farsak Koyii yakini, 722 m.

L 26: Farsak Koyii, Yangin kulesi yakini karagam ormani, 737 m.

L 27: Edremit yolu, Evciler yol ayrimindan 6nce, 607 m.

L 28: Akbas-Kocaeli Koyii arasi, kizilgam agaglandirma alani, 402
m.

L 29: Camucu-Farsak Koyii arasi, orman yolu kenari, 636 m.

L 30: Farsak Koyii yash karagam mesceresi, 741 m.

L 31: Farsak gozetleme kulesi etrafi, agiklik, 760 m.

L 32: Evciler Koyii yakini, 301 m.

L 33: Bengiler Koyii, Gokgepinar yakini, maden dokiim sahasi ve
yanindaki ¢alilik alan, 394 m.

L 34: Bengiler Koyii, Marmaracik mevkii, 401 m.

L 35: Hacieseler-Habipler Koyii arasi, mera, 509 m.

L 36: Bengiler Koyii, Ismail Aga Cesmesi, karagam mesceresi alt1 ve
kenari, 305 m.

L 37: Bengiler Koyii, Uzuntarlalar mevkii, dere kenart, 271 m.

L 38: Goktepe-Medrese arasi, kizilgam ormani, 446 m.

L 39: Domuzharman: Yardop agaglandirma alani, 360 m.

L 40: Akbas-Giingdrmez arast, sazlik alan, 270 m.

L 41: Kocabiik Koyii yakini, makilik, 355 m.

L 42: Kocabiik-Kocaavsar Koyl arasi, kizilgam ormant, 216 m.

L 43: Kocagay kenari, kumul, 205 m.

L 44: Kocaavsar-Medrese arast, kayalik, 295 m.

L 45: Ali Demirci Koyt yakini, yol kenari, 293 m.

L 46: Bakacak Koyii, mezarlik yakini, mera, 550 m.

L 47: Gomeni¢ Koyii yakini, orman agikligi, 283 m.

L 48: Narli-Alidemirci Koyt arasi, meselik (Q. pubescens-Q. cerris),
288 m.

L 49: Alidemirci Koyii yakini, Fistikgami ormani, 265 m.

L 50: Isiklar-Kocaavsar Koyl arasi, ¢ayirlik, 176 m.

L 51: Gokgeler Koyii yakini, ¢alilik, 340 m.

L 52: Miistecap -Bengiler Koyt arasi, ¢alilik, 415 m.

L 53: Camucu, yash karacam mesceresi, 580 m.

L 54: Yenice yolu kenar1, karagam ormant, 362 m.

L 55: Yenikdy yakini, ¢alilik, 390 m.

L 56: Kocaoba-Farsak Koyii arasi, yash kestane agaglari alti, 540 m.
L 57: Cigdem Koyii yakini, sev, 410 m.

L 68: Camavsar - Camucu arasi, agaglandirma sahasi, 525 m.

L 59: Camavsar-Habipler arasi, bozuk kizilgam ormani, 565 m.

L 60: Camavsar-Habipler arasi, karagam ormant, 381 m.

L 61: Fistigami ormani, 286 m.

L 62: Medrese Koyii yakini, galilik, 368 m.

L 63: Dortyol kdyii yakini karagam ormani, 537 m.

L 64: Bengiler Koyii, Kuyudere mevkii, 310 m.

L 65: Camucu Koyii yakini, yol kenari, 515 m.

L 66: Camucu koyii yakini, agiklik alan, 569 m.

L 67 Gokgeyaz1 yakini, ¢alilik-agik alan, 202 m.
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Arazi ¢aligmalar1 sirasinda toplanan 790 bitki 6rneginin teshisi sonucu 84 familyaya dahil 536 takson asagida

liste halinde verilmistir. Floristik Liste;

BOLUM: PTERIDOPHYTA

1.ASPIDIACEAE

Dryopteris pallida (Bory) Fomin, 13.06.2012, ISTO 36503, L
21, Med., H

2.ASPLENIACEAE

Asplenium onopteris L., 10.07.2012, ISTO 36502, L21, H
3.EQUISETACEAE

Equisetum arvense L., 10.06.2012, ISTO 36505, L 2, H
4.HYPOLEPLEPIDACEAE

Pteridium aquilinum (L.) Kuhn,, 13.06.2012, ISTO 36504, L
16, Widespr., H

BOLUM: SPERMATOPHYTA

SINIF: GYMNOSPERMAE

5.CUPRESSACEAE

Cupressus sempervirens L., 12.07.2012, ISTO 36290, L 42,
Ph

Juniperus oxycedrus L. subsp. oxycedrus 10.06.2012, ISTO
36291, L 1, Widespr., Ph

6.EPHEDRACEAE

Ephedra major Host subsp. major, 12.07.2012, ISTO 36292,
L 41, Ch

7.PINACEAE

Pinus brutia Ten., 10.06.2012, ISTO 36287, L 8, E. Med., Ph
Pinus nigra J.F.Arnold subsp. pallasiana (Lamb.) Holmboe
var. pallasiana, 20.05.2013, ISTO 36288, L 22, Ph

Pinus pinea L., 12.07.2012, ISTO 36289, L 49, Ph

SINIF: ANGIOSPERMAE

8.ACANTHACEAE

Acanthus hirsutus Boiss., 20.05.2013, ISTO 36294, L 42,
12.07.2012, ISTO 36294, L 42, End., H
9.ACERACEAE/SAPINDACEAE

Acer campestre L. subsp. leiocarpum (Opiz) Pax, 10.06.2012,
ISTO 36346, L 2, Euro-Sib., Ph

10.ALISMATACEAE

Alisma lanceolatum With., 15.06.2012, ISTO 36483, L 27,
Widespr., K

11.AMARANTHACEAE

Amaranthus albus L., 11.07.2012, ISTO 36135, L 2,
Widespr., Th

Amaranthus retroflexus L., 12.07.2012, ISTO 36136, L 40,
Th

12.AMARYLLIDACEAE

Galanthus gracilis Celak, 06.03.2013, ISTO 36148, L 37, E.
Med., G

13.ANACARDIACEAE

Pistacia atlantica Desf., 12.07.2012, ISTO 36471, L 46, Ph
Rhus coriaria L., 13.06.2012, ISTO 36470, L16, Ph

Pistacia terebinthus L. subsp. palaestina (Boiss.) Engler,
13.06.2012, ISTO 36472, L 16, E.Med., Ph

Pistacia terebinthus L. subsp. terebinthus, 28.10.2012, ISTO
36473, L 13, Med., Ph

14.APIACEAE

Apium nodiflorum (L.) Lag., 20.05.2013, ISTO 36317,L 7, H
Caucalis platycarpos L., 10.06.2012, ISTO 36331, L 1, Th
Conium maculatum L., 20.05.2013, ISTO 36328, L 60, H
Daucus carota L., 12.07.2012, ISTO 36321, L 9, H

Eryngium campestre L. var. campestre,12.06.2012, ISTO
36330, L 14, H

Eryngium creticum Lam., 10.07.2012, ISTO 36329, L 32, E.
Med., H

Falcaria vulgaris Bernh., 12.07.2012, ISTO 36326, L 39, H
Ferulago confusa Velen., 12.07.2012, ISTO 36318, L 39,
Euro-Sib., H

Heptaptera anatolica (Boiss.) Tutin, 12.07.2012, ISTO
36324, L 9; 20.05.2013, ISTO 36325, L 41, H

Lagoecia cuminoides L., 10.06.2012, ISTO 36316, L 1, Med.,
Th

Laser trilobum (L.) Borkh., 11.07.2012, ISTO 36323, L16, H
Malabaila aurea (Sm.) Boiss., 20.05.2013, ISTO 36327, L
59, E. Med., H

Myrrhoides nodosa (L.) Cannon, 10.06.2012, ISTO 36319, L
8, Th

Oenanthe pimpinelloides L., 10.06.2012, ISTO 36320, L 2,
Widespr., H

Orlaya daucoides (L.) Greuter, 11.06.2012, ISTO 36332, L 9,
Med.?, Th

Scandix pecten-veneris L.,09.04.2013, ISTO 36315, L 61, Th
Smyrnium connatum Boiss. & Kotschy, 20.05.2013, ISTO
36556, L 58, E. Med., H

Tordylium apulum L., 17.05.2013, ISTO 36554, L 67, Med.,
Th

Torilis arvensis (Huds.) Link. subsp. arvensis, 11.07.2012,
ISTO 36322, L 16, H

15. ARACEAE

Arum maculatum L., 01.05.2014, ISTO 36728, L 36, E. Med.,
G

Dracunculus vulgaris Schott , 10.06.2012, ISTO 36493, L 7,
E. Med., G

16.ARALIACEAE

Hedera helix L., 10.06.2012, ISTO 36478, L 2, Ph
17.ARISTOLOCHIACEAE

Aristolochia pallida Willd., 20.05.2013, ISTO 36484, L 37,
H

Aristolochia sempervirens L., 10.06.2012, ISTO 36485, L 8,
Med., H

18.ASTERACEAE

Achillea millefolium L. subsp. pannonica (Scheele) Hayek,
11.06.2012, ISTO 36067, L 9, Euro-Sib., H

Anthemis altissima L., 11.06.2012, ISTO 36074, L 13,
Widespr., Th

Anthemis auriculata Boiss., 10.06.2012, ISTO 36073, L 1, E.
Med., Th

Anthemis cotula L., 11.06.2012, ISTO 36076, L 12, Widespr.,
Th

Anthemis cretica L. subsp. pontica (Willd.) Grierson,
20.05.2013, ISTO 36072, L 37, H

Anthemis tinctoria L. var. tinctoria, 10.06.2012, ISTO 36075,
L2,H

Bellis perennis L., 06.03.2013, ISTO 36063, L 13, Euro-Sib.,
H

Bellis sylvestris Cyr., 28.10.2012, ISTO 36062, L 48, Med.,
H

Calendula arvensis L., 08.04.2013, ISTO 36053, L 57, Th
Carduus acicularis Bertol., 10.06.2012, ISTO 36028, L 7,
Med., Th

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef.,
15.06.2012, ISTO 36029, L 27, H

Carduus pycnocephalus L. subsp. arabicus (Jacq. & Murray)
Nyman, 10.06.2012, ISTO 36027, L 5, Med., Th

Carlina corymbosa L., 11.07.2012, ISTO 36008, L 31, Med.,
H

Carlina lanata L., 12.07.2012, ISTO 36007, L 41, Med., Th
Carthamus dentatus Vahl, 12.07.2012, ISTO 36012, L 41, Th
Carthamus lanatus L.,12.07.2012, ISTO 36011, L 38,
Widespr., Th

Centaurea cyanus L., 10.06.2012, ISTO 36032, L 4, Th
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Centaurea iberica Sprengel, 12.07.2012, ISTO 36035, ISTO
36036, L 46, Widespr., Th

Centaurea solstitialis L. subsp. solstitialis, 10.06.2012, ISTO
36033, L 4, Widespr., Th

# Centaurea thracica (Janka) Hayek, 11.06.2012, ISTO
36037, L 11, H

Centaurea thirkei Schultz Bip., 09.04.2013, ISTO 36039, L
59, ISTO 36038, L 61, E.Med., H

Chondrilla juncea L. var. juncea, 11.07.2012, ISTO 36071, L
16, Widespr., H

Chrysanthemum segetum L., 15.06.2012, ISTO 36077, L 24,
Med.?, Th

Cichorium intybus L., 16.07.2012, ISTO 36018, L 14,
Widespr., H

Cichorium pumilum Jacq., 11.06.2012, ISTO 36019, L 14,
E.Med., Th

Cirsium arvense (L.) Scop. subsp. vestitum (Wimmer &
Grab.) Petrak, 12.07.2012, ISTO 36047, L 39, H

Cirsium italicum (Savi) DC., 11.07.2012, ISTO 36030, L 36,
Med., Th

Cnicus benedictus L. var. benedictus, 13.06.2012, ISTO
36010, L 18, Th

Crepis rubra L., 09.04.2013, ISTO 36057, L 58, Th

Crepis sancta (L.) Babcock, 06.03.2013, ISTO 36055, L 59,
Widespr., Th

Crepis setosa Hall. Fil., 10.06.2012, ISTO 35056, L 1, Euro-
Sib., Th

Crupina vulgaris Cass., 15.06.2012, ISTO 36017, L 24, Th
Doronicum orientale Hoffm., 08.04.2013, ISTO 36078, L 48,
H

Echinops microcephalus Sm., 12.07.2012, ISTO 36016, L 45,
Med., H

Echinops ritro L., 12.07.2012, ISTO 36015, L 38, H
Echinops viscosus DC. subsp. bithynicus (Boiss.), 11.06.
2012, ISTO 36014, L 12, H

Hedypnois cretica (L.) Dum.-Cours., 16.05.2012, ISTO
36023, L 1, Med., Th

Helminthotheca echioides (L.) Holub., 10.07.2012, ISTO
36069, L 31, Th

Hypochaeris radicata L., 10.06.2012, ISTO 36061, L 7,
Euro-Sib, H

Inula heterolepis Boiss., 12.07.2012, ISTO 36009, L 44, E.
Med., H

Jurinea consanguinea DC., 11.06.2012, ISTO 36042, L 10, H
Lapsana communis L. subsp. pisidica (Boiss. & Heldr.) Rech.
Fil., 13.06.2012, ISTO 36060, L 15, H

Logfia arvensis (L.) Holub, 13.06.2012, ISTO 36065, L 15,
Th

Logfia gallica (L.) Cosson & Germ., 10.06.2012, ISTO
36064, L1, Th

Notobasis syriaca (L.) Cass., 11.06.2012, ISTO 36043, L 12,
Med., Th

Onopordum illyricum L., 10.07. 2012, ISTO 36025, L 31,
Med., H

Pallenis spinosa (L.) Cass., 11.06.2012, ISTO 36050, L 11,
Med., Th

Picnomon acarna (L.) Cass., 20.08.2012, ISTO 36040-
36041, L 34, Med.,Widespr., Th

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.
testimonialis (Naegli ex Peter) Sell & West, 11.06.2012,
ISTO 36066, L 9, Euro-Sib., H

Pilosella piloselloides (Vill.) Sojak subsp. megalomastix
(NP.) Sell &West, 20.05.2014, ISTO 36569, L 59, H
Pulicaria dysenterica (L.) Bernh., 12.07.2012, ISTO 36021,
L40,H

Pulicaria odora (L.) Reichb., 11.06.2012, ISTO 36020, L 13,
Med., H

Rhagadiolus stellatus (L.) Gaertner var. stellatus, 10.06.2012,
ISTO 36022, L2, Th

Scolymus hispanicus L., 10.07.2012, ISTO 36024, L 32,
Med., H

Scariola viminea (L.) F.W. Schmidt, 11.07.2012, L 16,
Scorzonera sublanata Lipschitz, 09.04.2013, ISTO 36054, L
59, E. Med., H

Senecio vulgaris L., 08.04.2013, ISTO 36052, L 57, Th
Sonchus asper (L.) Hill var. glaucescens (Jordan) Ball,
12.07.2012, ISTO 36058,L 39, H

Tolpis barbata (L.) Gaertner, 11.06.2012, ISTO 36059, L 14,
Med., Th

Tussilago farfara L., 07.03.2013, ISTO 36051, L 1, Euro-
Sib., H

Urospermum picroides (L.) F. W. Schmidt, 13.06.2012,
ISTO 36070, L 15, Med., Th

Xanthium spinosum L., 10.06.2012, ISTO 36048, L 8, Th
Xanthium strumarium L. subsp. strumarium, 12.07.2012,
ISTO 36049, L 40, Th

Xeranthemum annuum L., 11.07.2012, ISTO 36045, L 41,
Widespr., Th

Xeranthemum cylindraceum Sm., 10.06.2012, ISTO 36044, L
7, Th

19. ASCLEPEDIACEAE

Cynanchum acutum L. subsp. acutum, 20.08.2012, ISTO
36481, L 14, Widespr., Th

Periploca graeca L. var. graeca, 10.06.2012, ISTO 36480, L
2, E. Med., Ph

Vincetoxicum fuscatum (Hornem.) Reichb. fil. subsp.
fuscatum, 20.05.2013, ISTO 38482, L 59, H

20. BETULACEAE

Alnus glutinosa L. Gaertner subsp. glutinosa,10.06.2012,
ISTO 36341, L 2, Euro-Sib., Ph

Carpinus betulus L., 13.06.2012, ISTO 36343, L 21, Euro-
Sib., Ph

Carpinus orientalis Miller, 13.06.2012, ISTO 36344, L 15,
Ph

Corylus avellana L., 13.07.2012, ISTO 36342, L 21, Euro-
Sib., Ph

21. BORAGINACEAE

Alkanna tubulosa Boiss., 10.06.2012, ISTO 36173, L 1;
09.04.2013, ISTO 36174, L 16, E. Med., End., H

Anchusa undulata L. subsp. hybrida (Ten.) Coutinho,
09.04.2013, ISTO 36175, L 57, Med., Th

Buglossoides arvensis (L.) I.M. Johnst., 09.04. 2013, ISTO
36176, L 61, Widespr., Th

Cerinthe minor L. subsp. auriculata (Ten.) Domac,
11.04.2013, ISTO 36177, L 13, H

Cynoglossum creticum Miller, 12.06.2012, ISTO 36178, L
14, H

Echium italicum L., 10.06.2012, ISTO 36171, L 3, Med.?, H
Echium plantagineum L., 10.06.2012, ISTO 36170, L 1,
Med., Th

Heliotropium europaeum L., 11.07.2012, ISTO 36179, L 2,
Med.?, Th

Lithospermum purpurocaeruleum L., 09.04.2013, ISTO
36172, L 28, Euro-Sib., H

Myosotis  ramosissima Rochel ex Schultes subsp.
ramosissima, 12.07.2012, ISTO 36181, L 55, Th

Symphytum anatolicum Boiss., 09.04.2013, ISTO 36168, L
60, E. Med., End., H

Symphytum orientale L., 13.06.2012, ISTO 36169, L 15,
Euro-Sib.?, H

22. BRASSICACEAE

Aethionema saxatile (L.) R. Br. subsp. oreophilum I. A.
Anderson et Al., 11.06.2012, ISTO 36087, L 11, Th
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Alyssum minus (L.) Rothm. var. minus, 08.04.2013, ISTO
36088, L 55, Widespr., Th

Arabidopsis thaliana (L.) Heynhold, 08.04.2013, ISTO
36578, L 52, Th

Bunias erucago L., 10.06.2012, ISTO 36090, L 1, Th
Capsella bursa-pastoris (L.) Medik., 13.06.2012, ISTO
36094, L 18, Cosm., Th

Cardamine graeca L., 08.04.2013, ISTO 36083, L 55, Th
Cardamine hirsuta L., 06.03.2013, ISTO 36082, L 1, Cosm.,
Th

Erophila verna (L.) Chevall. subsp. spathula (Lang.) Walters,
06.03.2013, ISTO 36092, L 1, Th

Erysimum cuspidatum (Bieb.) DC., 11.06.2012, ISTO 36084,
L 33, Widespr., H

Hesperis theophrasti Borbas subsp. sintenisii Dvorak,
08.04.2013, ISTO 36079, L 52, E.Med., End., H

Lepidium draba L., 17.05.2014, ISTO 36555, L 67, Widespr.,
H

Lepidium spinosum Ard., 10.06.2012, ISTO 36094, L 1, Th
Nasturtium officinale R. Br., 09.04.2013, ISTO 36097, L 60,
Widespr., H

Raphanus raphanistrum L., 12.06.2012, ISTO 36096, L 14,
Th

Rapistrum rugosum (L.) All., 11.06.2012, ISTO 36093, L 13,
Th

Rorippa sylvestre (L.) Bess., 10.06.2012, ISTO 36080, L 2,
Widespr., H

#Rorippa thracica (Gris.) Fritsch, 10.06.2012, ISTO 36081,
L8 H

Sinapis arvensis L., 20.05.2013, ISTO 36089, L 41,
Widespr., Th

Teesdalia coronopifolia (Berg.) Thellung, 06.03.2013, ISTO
36091, L 1, Med., Th

Thlaspi arvense L., 10.06.2012, ISTO 36086, L 2, Th

Thlaspi perfoliatum L., 08.04.2013, ISTO 36085, L 54,
Widespr., Th

23. CAMPANULACEAE

Asyneuma virgatum (Labill.) Bornm. subsp. cichoriiforme
(Boiss.) Damboldt, 20.05.2013, ISTO 36465, L 41, E. Med.,
End., H

Campanula rapunculus L. var. rapunculus, 13.06.2012, ISTO
36468, L 15, H

Campanula lyrata Lam. subsp. lyrata, 10.06.2012, ISTO
36468, L 4, H

Legousia pentagonia (L.) Thellung, 13.06.2012, ISTO 36466,
L 15, E. Med., Th

24. CAPRIFOLIACEAE

Lonicera etrusca Santi var. etrusca, 13.06.2012, ISTO 36457,
L 49, Med., Ph

Sambucus ebulus L., 20.05.2014, ISTO 36571, L 53, Euro-
Sib., H

25. CARYOPHYLLACEAE

Dianthus calocephalus Boiss., 20.05.2013, ISTO 36312, L
59, H

Dianthus pubescens Sibth. & Sm., 10.06.2012, ISTO 36548,
L1, E. Med., H

Dianthus lydus Boiss., 11.06.2012, ISTO 36311, L 9, End., H
Herniaria incana Lam., 11.06.2012, ISTO 36314, L 9, H
Holosteum umbellatum L. var. tenerrimum (Boiss.) Gay,
08.03.2013, ISTO 38308, L 63, Th

Moenchia mantica (L.) Bartl. subsp. mantica (L.) Bartl.,
08.04.2013, ISTO 36309, L 52, Th

Saponaria officinalis L., 12.06.2012, ISTO 36305, L 14, H
Scleranthus perennis L. subsp. dichotomus (Schur) Nyman,
20.05.2013, ISTO 36313, L 59, H

Silene dichotoma Ehrh. subsp. dichotoma Ehrh., 13.06.2012,
ISTO 36303, L 15, Th
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Silene italica (L.) Pers., 13.06.2012, ISTO 36304, L 17, H
Silene vulgaris (Moench) Garcke var. vulgaris, 13.06.2012,
ISTO 36302, L 15, H

Spergularia rubra (L.) J. & C. Presl, 10.07.2012, ISTO
36307, L 41, H

Stellaria media (L.) Vill. subsp. media, 07.03.2013, ISTO
36310,L 2, Th

Velezia rigida L., 13.06.2012, ISTO 36301, L 18, Th

26. CHENOPODIACEAE

Chenopodium album L. subsp. album, 12.07.2012, ISTO
36137, L 40, Th

27. CELASTRACEAE

Euonymus europaeus L., 11.07.2012, ISTO 36338, L 36,
Euro-Sib., Ph

28. CISTACEAE

Cistus creticus L., 13.06.2012, ISTO 36282, L 22, Omni-

Med., Ph
Cistus laurifolius L., 13.06.2012, ISTO 36283, L 22, Med.,
Ph

Cistus salviifolius L., 13.06.2012, ISTO 36284, L 22, Ph
Fumana thymifolia (L.) Verlot var. thymifolia, 11.06.2012,
ISTO 36285, L 11, Med., Ph

Tuberaria guttata (L.) Fourr. var. guttata, 11.04.2013, ISTO
36286, L 62, Th

29. CONVOLVULACEAE

Calystegia sepium (L.) R. Br. subsp. sepium, 11.06.2012,
ISTO 36394, L 11, K

Convolvulus arvensis L., 13.06.2012, ISTO 36393, L 15,
Cosm., H

Convolvulus cantabrica L., 11.06.2012, ISTO 36392, L 11, H
30. CORNACEAE

Cornus mas L., 10.06.2012, ISTO 36343, L 6, Euro-Sib.?, Ph
31. CRASSULACEAE

Umbilicus erectus DC., 10.07.2012, ISTO 36461, L 21, Ch
Umbilicus rupestris (Salisb.) Dandy, 09.04.2013, ISTO
36462, L 38, Ch

Sedum amplexicaule DC. subsp. tenuifolium (Sm.) Greuter,
10.06.2012, ISTO 36464, L 7, Med., Ch

Sedum pallidum Bieb. var. pallidum, 10.06.2012, ISTO
36463, L 1, Ch

32. CUCURBITACEAE

Ecballium elaterium (L.) A. Rich., 12.07.2012, ISTO 36298,
L 46, Med., H

33. CUSCUTACEAE

Cuscuta campestris Yuncker, 12.07.2012, ISTO 36295, L 41,
Vp

34. CYPERACEAE

Carex flacca Schreber subsp. serrulata (Biv.) Greuter,
09.04.2013, ISTO 36420, L 28, Med., K

Carex pendula Hudson, 11.07.2012, ISTO 36421, L 35,
Euro-Sib., K

Cyperus longus L., 12.07.2012, ISTO 36419, L 43, Widespr.,
K

35. DIOSCOREACEAE

Tamus communis L. subsp. cretica (L.) Kit Tan, 11.06.2012,
ISTO 36299, L 13, K

36. DIPSACACEAE

Knautia orientalis L., 13.06.2012, ISTO 36357, L 20, E.
Med., Th

Pterocephalus plumosus (L.) Coulter, 20.05.2013, ISTO
36259, L 41, Widespr., Th

Scabiosa atropurpurea L. subsp. maritima (L.) Arc.,
12.07.2012, ISTO 36360, L 42, Th

Tremastelma palaestinum (L.) Janchen, 20.05.2013, ISTO
36358, L 59, E. Med., Th

37. ERICACEAE

Arbutus andrachne L., 13.06.2012, ISTO 36348, L 22, Ph
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Arbutus unedo L., 13.06.2012, ISTO 36349, L 22, Ph

Erica arborea L., 09.04.2013, ISTO 36543, L 60, Ph
Rhododendron luteum Sweet, 13.06.2012, ISTO 36347, L 22,
Eux., Ph

38. EUPHORBIACEAE

Chrozophora tinctoria (L.) Rafin., 12.07.2012, ISTO 36391,
L 39,Widespr., H

Euphorbia amygdaloides L. var. amygdaloides, 10.06.2012,
ISTO 36382, L 2, Euro-Sib., H

Euphorbia anacampseros Boiss. var. tmolea M. S. Khan,
13.06.2012, ISTO 36390, L 16, E.Med., End., H

Euphorbia cardiophylla Boiss. & Heldr., 11.04.2013, ISTO
36549, L 54, End., H

Euphorbia falcata L. subsp. falcata var. falcata, 11.07.2012,
ISTO 36383, L 33, Widespr., Th

Euphorbia falcata L. subsp. macrostegia (Bornm.) O.
Schwarz, 11.07.2012, ISTO 36384, L 33, E. Med., End., Th
Euphorbia oblongata Griseb., 12.06.2012, ISTO 38385, L
14, E. Med., H

Euphorbia seguieriana Necker subsp. niciciana (Borbas ex
Novak) Rech. Fil., 13.06.2012, ISTO 36387, L 14, H
Euphorbia  seguieriana  Necker subsp. seguieriana,
12.07.2012, ISTO 36386, L 38, Euro-Sib., H

Euphorbia stricta L., 10.06.2012, ISTO 36388, L 2, Euro-
Sib., Th

Euphorbia taurinensis All., 10.06.2012, ISTO 36389, L 1, Th
39. FABACEAE

Adenocarpus complicatus (L.) Gay, 11.07.2012, ISTO 36194,
L 34, Ph

Anthyllis vulneraria L. subsp. praepropera (Kerner) Bornm.,
20.05.2013, ISTO 36196, L 41, Med., Ch

Astragalus hamosus L., 12.07.2012, ISTO 36197, L 39, Th
Cerecis siliquastrum L. subsp. siliquastrum, 12.06.2012, ISTO
36195, L 12, Ph

Cicer montbretii Jaub. & Spach., 13.06.2012, ISTO 36198, L
23,E. Med., H

Chamaecytisus hirsutus (L.) Link., 10.07.2012, ISTO 36199,
L 30, Ch

Chamaecytisus pygmaeus (Willd.) Rothm., 20.05.2013, ISTO
36200, L 22, Euro-Sib., Ch

Coronilla cretica L., 20.05.2013, ISTO 36220, L 41, E. Med.,
Th

Coronilla scorpioides (L.) Koch, 11.06.2012, ISTO 36544, L
13, Th

Dorycnium graecum (L.) Ser., 13.06.2012, ISTO 36202, L
23, Eux., Ch

Dorycnium pentaphyllum Scop. subsp. herbaceum (Vill.)
Rouy, 20.05.2013, ISTO 36203, L 22, Ch

Genista anatolica Boiss., 20.05.2013, ISTO 36204, L 59, E.
Med., Ch

Genista lydia Boiss. var. lydia, 20.05.2013, ISTO 36205, L
22,Ch

Gonocytisus angulatus (L.) Spach., 12.07.2012, ISTO 36206,
L 66, E. Med., Ph

Hippocrepis unisiliquosa L. subsp. unisiliquosa, 11.06.2012,
ISTO 36201, L 13, Th

Hymenocarpos circinnatus (L.) Savi, 15.06.2012, ISTO
36107, L 24, Med., Th

Lathyrus aphaca L. var. affinis (Guss.) Arc., 11.06.2012,
ISTO 36211,L 9, Th

Lathyrus cicera L., 11.04.2013, ISTO 36208, L 62, Th
Lathyrus digitatus (Bieb.) Fiori, 09.04.2013, ISTO 36209, L
16, E. Med., Th

Lathyrus laxiflorus (Desf) O. Kuntze subsp. laxiflorus,
09.04.2013, ISTO 36212, L 60, H

Lathyrus nissolia L., 10.06.2012, ISTO 36210, L 3, Th

Lotus angutissimus L., 10.06.2012, ISTO 36506, L 1, Th

Lotus corniculatus L. var. corniculatus, 10.06.2012, ISTO
36508, L 4, Widespr., Th

Medicago coronata (L.) Bart., 24.05.2014, ISTO 36551, L
37, Med., Th

Medicago lupulina L., 10.07.2012, ISTO 36226, L 16,
Widespr., Th

Medicago orbicularis (L.) Bart., 11.06.2012, ISTO 36225, L
13, Th

Medicago rigidula (L.) All. var. rigidula, 20.05.2014, ISTO
36550, L 65, Widespr., Th

Onobrychis aequidentata (Sibth. & Sm.) d'Urv., 11.06.2012,
ISTO 36213, L 11, Med., Th

Onobrychis caput-galli (L.) Lam, 11.06.2012, ISTO 36214, L
5, Med., Th

Onobrychis oxyodontha Boiss., 11.06.2012, ISTO 36215, L
9,H

Ononis pusilla L., 20.05.2013, ISTO 36223, L 41, Med., H
Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj.,
13.06.2012, ISTO 36217, L 15, Widespr., Ch

Ononis viscosa L. subsp. breviflora (DC.) Nyman,
11.06.2012, ISTO 36216, L 13, Th

Ornithopus compressus L., 08.04.2013, ISTO 36577, L 57,
Med., Th

Psoralea bituminosa L., 11.06.2012, ISTO 36219, L 13,
Med., H

*Robinia pseudo-acacia L., 11,07.2012, ISTO 36218, L 2,
Ph, Kiiltiir

Scorpiurus muricatus L. var. subvillosus (L.) Fiori,
11.06.2012, ISTO 36222, L 13, Med., Th

Securigera securidaca (L.) Degen & Dorf., 20.05.2013, ISTO
36221, L 41, Th

Spartium junceum L., 11.07.2012, ISTO 36224, L 34, Med.,
Ph

Trifolium arvense L. var. arvense, 10.06.2012, ISTO 36227,
L1, Th

Trifolium campestre Schreb., 11.07.2012, ISTO 36228, L 35,
Th

Trifolium echinatum Bieb., 11.06.2012, ISTO 36229, L 11, E.
Med., Th

Trifolium  glanduliferum  Boiss. var.  glanduliferum,
20.05.2014, ISTO 36553, L 59, E. Med., Th

Trifolium globosum L., 20.05.2014, ISTO 36552, L 65, Th
Trifolium glomeratum L., 11.07.2012, ISTO 36230, L 33, Th
Trifolium hybridum L. var. hybridum, 13.06.2012, ISTO
36231, L 15, H

Trifolium lappaceum L., 11.06.2012, ISTO 36232, L 13,
Med., Th

Trifolium leucanthum Bieb., 24.05.2014, ISTO 36575, L 37,
Th

Trifolium nigrescens Viv. subsp. petrisavi (Clem.) Holmboe,
13.06.2012, ISTO 36234, L 17, Widespr., Th

Trifolium pauciflorum dUrv., 20.05.2013, ISTO 36233, L
48, E. Med., Th

Trifolium pilulare Boiss., 01.05.2014, ISTO 36726, L 36, Th
Trifolium pratense L. var. pratense Boiss. & Bal.,
11.06.2012, ISTO 36237,L 9, H

Trifolium purpureum Lois. var. purpureum, 10.06.2012,
ISTO 36238, L 1, Th

Trifolium resupinatum L. var. resupinatum, 11.06.2012,
ISTO 36235,L 9, Th

Trifolium speciosum Willd., 20.05.2013, ISTO 36236, L 22,
Th

Trifolium stellatum L. var. stellatum, 10.06.2012, ISTO
36239,L 3, Th

Trifolium subterranum L., 08.04.2013, ISTO 36507, L 60, Th
Trifolium sylvaticum Gerard ex Lois., 20.05.2014, ISTO
36574, L 59, Th
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Trifolium tomentosum L., 01.05.2014, ISTO 36727, L 36, Th
Vicia cuspidata Boiss., 09.04.2013, ISTO 36576, L 58, E.
Med., Th

Vicia galilaea Plitm. & Zoh., 08.04.2013, ISTO 36245, L 62,
Th

Vicia grandiflora Scop. var. grandiflora, 09.04.2013, ISTO
36244, L 62, E. Med.- Euro-Sib., Th

Vicia hybrida L., 12.06.2012, ISTO 36240, L 14, Th

Vicia lathyroides L., 20.05.2014, ISTO 36241, L 59, Th
Vicia melanops Sibth. & Sm., 11.04.2013, ISTO 36243, L 52,
Th

Vicia sativa L. subsp. nigra (L.) Ehrh., 20.05.2014, ISTO
36573, L 59, Th

Vicia villosa Roth. subsp. eriocarpa (Hausskn.) P.W. Ball,
10.06.2012, ISTO 36246, L 2, Th

40. FAGACEAE

Castanea sativa Miller, 13.06.2012, ISTO 36356, L 21, Euro-
Sib., Ph

Quercus cerris L. var. cerris, 10.06.2012, ISTO 36355, L 4,
Ph

Quercus frainetto Ten., 10.06.2012, ISTO 36351, L 6, Euro-
Sib., Ph

Quercus infectoria Olivier subsp. infectoria, 12.07.2012,
ISTO 36353, L 9, Euro-Sib., Ph

Quercus petraea (Mattuschka) Liebl. subsp. iberica (Steven
ex Bieb.) Krassiln., 13.06.2012, ISTO 36354, L 21, Ph
Quercus pubescens Willd., 11.07.2012, ISTO 36579, L 34,
Ph

Quercus trojana P.B.Webb, 28.10.2012, ISTO 36352, L 11,
E. Med., Ph

41. GENTIANACEAE

Blackstonia perfoliata (L.) Hudson subsp. perfoliata,
12.07.2012, ISTO 36458, L 42, Th

Centaurium maritimum (L.) Fritsch, 20.05.2013, ISTO
36459, L 59, Med., Th

Centaurium pulchellum (Swartz) Druce, 10.06.2012, ISTO
36460, L 5, Widespr., Th

42. GERANIACEAE

Erodium cicutarium (L.) L’Herit. subsp. cicutarium,
12.06.2012, ISTO 36407, L 14, Th

Geranium asphodeloides Burm. Fil. subsp. asphodeloides,
11.06.2012, ISTO 36404, L 9, Euro-Sib., H

Geranium dissectum L., 11.04.2013, ISTO 36406, L 13, Th
Geranium lucidum L., 10.06.2012, ISTO 36403, L 2, Th
Geranium molle L. subsp. molle, 20.05.2014, ISTO 36557, L
59, Th

Geranium purpureum Vill., 20.05.2014, ISTO 36405, L 59,
Th

Geranium robertianum L., 11.04.2013, ISTO 36558, L 13,
Th

Geranium rotundifolium L., 10.06.2012, ISTO ? 36525, L 1,
Th

43. GLOBULARIACEAE

Globularia trichosantha Fisch. & Mey subsp. trichosantha,
09.04.2013, ISTO 36453, L 28, H

44, GUTTIFERAE

Hypericum adenotrichum Spach., 13.06.2012, ISTO 36395, L
18, End., H

Hypericum atomarium Boiss., 13.06.2012, ISTO 36396, L
16, E. Med., H

Hypericum olympicum L. subsp. olympicum, 13.06.2012,
ISTO 36397, L 17, E. Med., H

Hypericum perforatum L., 10.06.2012, ISTO 36398, L 5, H
Hypericum triquetrifolium Turra, 12.07.2012, ISTO 36399, L
46, H

45. IRIDACEAE
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Crocus candidus E. D. Clarke, 07.03.2013, ISTO 36145, L 2,
E. Med,, End., G

Crocus chrysanthus (Herbert) Herbert, 06.03.2013, ISTO
36144,L50, G

Crocus flavus Weston subsp. dissectus T. Baytop & Mathew,
07.03.2013, ISTO 36146, L 53, End., G

Crocus pallasii Goldb. subsp. pallasii, 28.10.2012, ISTO
36141,L10,G

Crocus pulchellus Herbert, 05.10.2012, ISTO 36142, L 48, E.
Med., G

Gladiolus illyricus W. Koch., 10.06.2012, ISTO 36138, L 7,
Med., G

Iris attica Boiss. & Heldr., 09.04.2013, ISTO 36494, L 59, E.
Med., G

Romulea columnae Seb. & Mauri subsp. columnae Seb. &
Mauri, 06.03.2013, ISTO 36140, L 49, Med., G

Romulea linaresii Parl. subsp. graeca Beg., 06.03.2013,
ISTO 36139, L 1, E. Med., G

46. JUGLANDACEAE

Juglans regia L., 11.07.2012, ISTO 36340, L 2, Ph

47. JUNCACEAE

Juncus inflexus L., 11.07.2012, ISTO 36422, L 2, Widespr.,
H

Luzula forsteri (Sm.) DC., 07.03.2013, ISTO 36423, L 24,
Euro-Sib., H

48. LAMIACEAE

Acinos rotundifolius Pers., 10.06.2012, ISTO 36106, L 1,
Widespr., Th

Ajuga chamaepitys (L.) Schreber subsp. chia (Schreber)
Arcangeli var. chia, 12.07.2012, ISTO 36100, L 42,
Widespr., H

Ajuga orientalis L.,08.04.2013, ISTO 36101, L 16, H

Ballota nigra L. subsp. anatolica P. H. Davis, 12.06.2012,
ISTO 36120, L 7, Ir-Tur., End., H

Clinopodium vulgare L. subsp. arundanum (Boiss.) Nyman,
10.06.2012, ISTO 36103, L 8, Widespr., H

Clinopodium vulgare L. subsp. vulgare,12.07.2012, ISTO
36102, L 39, H

Lamium amplexicaule L., 06.03.2013, ISTO 36122, L 1,
Euro-Sib., Widespr., Th

Lamium maculatum L. var. maculatum, 07.03.2013, ISTO
36123, L 24, Euro-Sib., H

Lamium purpureum L. var. purpureum, 07.03.2013, ISTO
36125, L 2, Euro-Sib., Th

Lycopus europaeus L., 12.07.2012, ISTO 36104, L 43, Euro-
Sib., H

Marrubium peregrinum L., 12.07.2012, ISTO 36121, L 43, H
Marrubium vulgare L., 13.06.2012, ISTO 36098, L 15, H
Melissa officinalis L. subsp. altissima (Sm.) Arcangeli,
11.07.2012, ISTO 36105, L 2, E. Med., H

Mentha longifolia (L.) Hudson subsp. typhoides (Brig.)
Harley var. typhoides, 11.07.2012, ISTO 36110, L 2,
Widespr., H

Mentha pulegium L., 11.07.2012, ISTO 36111, L 40, L 29, H
Micromeria myrtifolia Boiss. & Hohen, 11.06.2012, ISTO
36106, L 11, E. Med., H

Origanum vulgare L. subsp. hirtum (Link) letswaart,
10.07.2012, ISTO 36108, L 25, E. Med., H

Phlomis pungens Willd. var. hispida Hub.-Mor., 12.07.2012,
ISTO 36128, L 45, H

Prunella laciniata (L.) L., 10.06.2012, ISTO 36118, L 3,
Euro-Sib., H

Prunella vulgaris L., 10.06.2012, ISTO 36119, L 2, Euro-
Sib., Widespr., H

Salvia tomentosa Miller, 10.06. 2012, ISTO 36113, L 8,
Med., H

Salvia verbenaca L., 11.06.2012, ISTO 36114, L 5, Med., H
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Salvia virgata Jacq., 10.06.2012, ISTO 36112, L 1, H

Salvia viridis L., 17.05.2014, ISTO 36568, L 67, Med., Th
Stachys obliqua Waldst. & Kit., 11.06.2012, ISTO 36126, L
9, E. Med., H

Stachys thirkei C. Koch, 10.06.2012, ISTO 36127, L 2, H
Teucrium chamaedrys L. subsp. chamaedrys, 11.06.2012,
ISTO 36117, L 12, Euro-Sib., H

Teucrium lamiifolium D"Urv. subsp. lamiifolium D'Urv.,
10.07.2012, ISTO 36567, L 22, H

Teucrium polium L., 12.07.2012, ISTO 36116, L 42,
Widespr., H

Teucrium scordium L. subsp. scordioides (Schreber) Maire &
Petitmengin, 12.07.2012, ISTO 36115, L 9, Euro-Sib., H
Thymbra spicata L. var. spicata, 12.07.2012, ISTO 36099, L
24, E. Med., Ch

Thymus longicaulis C. Presl subsp. longicaulis C. Presl var.
subisophyllus (Borbas) Jalas, 10.06.2012, ISTO 36109, L 3,
Ch

49. LILIACEAE

Allium ampeloprasum L., 14.07.2012, ISTO 36162, L 14,
Med.?, G

Allium flavum L. subsp. tauricum (Besser ex Reichb.) Stearn
var. tauricum, 11.06.2012, ISTO 36164, L 9, Med., G

Allium nigrum L., 10.06.2012, ISTO 36161, L 1, Med., G
Allium paniculatum L. subsp. paniculatum, 10.07.2012, ISTO
36165, L 22, Med., G

Allium scorodoprasum L. subsp. rotundum (L.) Stearn,
11.06.2012, ISTO 36163, L 9, Med., Widespr., G

Asparagus aphyllus L. subsp. orientalis (Baker) P. H. Davis,
11.07.2012, ISTO 36153, L 33, E. Med., G

Colchicum bivonae Guss., 18.09.2012, ISTO 36160, L 37, E.
Med., G

Fritillaria bithynica Baker, 09.04.2013, ISTO 36155, L 59,
E. Med., End., G

Gagea chrysantha (Jan) Schultes & Shultes Fil., 09.04.2013,
ISTO 36166, L 59, Med., G

Gagea granatellii (Parl.) Parl., 06.03.2013, ISTO 36167, L
11, Med., G

Muscari comosum (L.) Miller, 11.06.2012, ISTO 36158, L 9,
Med., G

Muscari latifolium Kirk, 08.04.2013, ISTO 36157, L 55, E.
Med., End., G

Muscari neglectum Guss., 06.03.2013, ISTO 36156, L 11,
Widespr., G

Ornithogalum fimbriatum Willd., 06.03.2013, ISTO 36150, L
11, E. Med., G

Ornithogalum orthophyllum Ten., 20.05.2013, ISTO 36149,
L 59, Widespr., G

Ornithogalum pyrenaicum L., 20.05.2013, ISTO 36152, L
42,G

Ornithogalum sigmoideum Freyn & Sint., 06.03.2013, ISTO
36151, L 13, Euro-Sib., G

Ruscus aculeatus L. var. aculeatus, 10.06.2012, ISTO 36154,
L4, Ch

Scilla autumnalis L., 5.10.2013, ISTO 36710, L 52, Med., G
Scilla bifolia L., 07.03.2013, ISTO 36159, L 2, Med.?, G
Tulipa orphanidea Boiss. ex Heldr.,, 09.04. 2013, ISTO
36155, L 59, E. Med., G

50. LINACEAE

Linum bienne Miller, 13.06.2012, ISTO 36451, L 15, Med.,
Th

Linum trigynum L., 10.06.2012, ISTO 36452, L 3, Med., Th
51. LYTRACEAE

Lythrum hysopifolia L., 10.07.2012, ISTO 36133, L 29, H
Lythrum salicaria L., 12.07.2012, ISTO 36134, L 43, Euro-
Sib., H

52. MALVACEAE

Alcea apterocarpa (Fenzl) Boiss., 13.06.2012, ISTO 36280,
L 16, Ir-Tur., End., H

Althaea cannabina L., 12.07.2012, ISTO 36278, L 41, H
Althaea hirsuta L., 20.05.2013, ISTO 36279, L 41, Th
Hibiscus trionum L., 12.07.2012, ISTO 36281, L 39, Th
Malope malacoides L., 11.06.2012, ISTO 36277, L 10, Med.,
H

Malva nicaeensis All., 12.06.2012, ISTO 36276, L 14, Th
Malva sylvestris L., 12.06.2012, ISTO 36275, L 14, H

53. OLEACEAE

Fraxinus angustifolia Vahl. subsp. angustifolia, 11.06.2012,
ISTO 36335, L 12, Ph

Fraxinus ornus L. subsp. ornus, 11.06.2012, ISTO 36333, L
13, Euro-Sib.?, Ph

Jasminum fruticans L., 10.06.2012, ISTO 36334, L 1, Med.,
Ph

Ligustrum vulgare L., 10.06.2012, ISTO 36336, L 6, Euro-
Sib., Ph

Phillyrea latifolia L., 11.07.2012, ISTO 36337, L 34, Med.,
Ph

54. ONAGRACEAE

Epilobium hirsutum L., 12.07.2012, ISTO 36131, L 43, H
Epilobium lanceolatum Seb. & Mauri, 10.07.2012, ISTO
36132, L 42, H

Epilobium tetragonum L. subsp. tetragonum, 10.06.2012,
ISTO 36130,L 1, H

55. ORCHIDACEAE

Cephalanthera damasonium (Miller) Druce, 20.05.2013,
ISTO 36496, L 48, Euro-Sib., G

Dactylorhiza romana (Seb.) Soo subsp. romana, 08.04.2013,
ISTO 36500, L 59, Med., G

Orchis anatolica Boiss., 11.04.2013, ISTO 36497, L 13, E.
Med., G

Orchis purpurea Hudson, 20.04.2013, ISTO 36498, L 52,
Euro-Sib., G

Serapias vomeracea (Burm. Fil) Brig. subsp. laxiflora (Soo)
Golz & Reinhard, 20.05.2014, ISTO 36495, L 59, E. Med., G
56. OROBANCHACEAE

Orobanche ramosa L., 20.05.2013, ISTO 36501, L 37, Vp
57. PAEONIACEAE

Paeonia peregrina Miller, 08.04.2013, ISTO 36492, L 55, H
58. PAPAVERACEAE

Corydalis integra Barbey & Major, 06.03.2013, ISTO 36448,
L 16, K

Fumaria kralikii Jordan, 09.04.2013, ISTO 36447, L 58,
Med., Th

Hypecoum procumbens L., 10.06.2012, ISTO 36449, L 1,
Med., Th

Papaver argemone L., 20.05.2013, ISTO 36445, L 41, Th
Papaver rhoeas L., 11.07.2012, ISTO 36446, L 35, Widespr.,
Th

59. PLANTAGINACEAE

Plantago bellardii All., 10.06.2012, ISTO 36487, L 1, E.
Med., H

Plantago coronopus L. subsp. commutata (Guss.) Pilger,
12.06.2012, ISTO 36488, L 14, E. Med., H

Plantago lagopus L., 10.06.2012, ISTO 36489, L 1, Med., H
Plantago lanceolata L., 10.06.2012, ISTO 36490, L 8, H
Plantago major L. subsp. major, 12.07.2012, ISTO 36491, L
43, H

60. PLATANACEAE

Platanus orientalis L., 10.06.2012, ISTO 36341, L 2,
Widespr., Ph

61. PLUMBAGINACEAE

Armeria cariensis Boiss. var. cariensis, 09.04.2013, ISTO
36274, L 61, E. Med., Ch
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Goniolimon collinum (Griseb.) Boiss., 10.06.2012, ISTO
362730, L 1, E. Med.?, Ch

62. POACEAE

Aegilops geniculata Roth., 10.06.2012, ISTO 36245, L 2,
Med., Th

Aegilops triuncialis L. subsp. triuncialis, 24.05.2014, ISTO
36559, L 37, Widespr., Th

Aira elegantissima Schur subsp. elegantissima, 10.06.2012,
ISTO 36424, L 3, Med., Th

Alopecurus setaroides Gren., 24.05.2014, ISTO 36564, L 37,
E. Med., Th

Avena barbata Pott ex Link subsp. barbata, 13.06.2012,
ISTO 36424, L 16, Med., Th

Briza maxima L., 10.06.2012, ISTO 36428, L 4, Th

Briza media L., 12.07.2012, ISTO 36429, L 39, H
Brachypodium sylvaticum (Hudson) P. Beauv., 10.06.2012,
ISTO 36427, L 2, Euro-Sib., H

Bromus hordaceus L. subsp. hordaceus, 24.05.2014, ISTO
36562, L 37, Th

Bromus japonicus Thunb. subsp. japonicus, 13.06.2012,
ISTO 36430, L 16, Widespr., Th

Bromus lanceolatus Roth, 24.05.2014, ISTO 36563, L 37,
Widespr., Th

Bromus tectorum L. subsp. tectorum, 13.06.2012, ISTO
36431, L 16, Widespr., Th

Cynosurus echinatus L., 10.06.2012, ISTO 36542, L 4, Med.,
Th

Dactylis glomerata L. subsp. hispanica (Roth) Nyman,
12.07.2012, ISTO 36432, L 38, H

Festuca callieri (Hack.) Markgr. subsp. callieri, 10.06.2012,
ISTO 36433,L 1, H

Gaudinia fragilis (L.) P. Beauv., 10.06.2012, ISTO 36434, L
7, Euro-Sib., Th

Hordeum bulbosum L., 10.06.2012, ISTO 36435, L 5,
Widespr., G

Hordeum murinum L. subsp. murinum, 17.05.2014, ISTO
36560, L 67, Th

Koeleria cristata (L.) Pers., 11.06.2012, ISTO 36436, L 11,
Widespr., H

Lolium perenne L., 10.06.2012, ISTO 36437, L 3, Euro-Sib.,
H

Phalaris brachystachys Link, 20.05.2013, ISTO 36438, L 41,
Med., Th

Phleum pratense L., 10.06.2012, ISTO 36439, L 3, Euro-Sib.,
H

Phleum subulatum (Savi) Archers. & Graebn. subsp.
subulatum, 17.05.2014, ISTO 36561, L 67, Th

Poa bulbosa L., 08.04.2013, ISTO 36440, L 52, G

Polypogon monspeliensis (L.) Desf., 12.07.2012, ISTO
36441, L 43, Th

Stipa holosericea Trin., 20.05.2012, ISTO 36442, L 59, Ir-
Tur.?, H

Taeniatherum caput-medusae (L.) Nevski subsp. asper
(Simonkai) Melderis, 10.06.2012, ISTO 36444, L 7,
Widespr., Th

Vulpia myuros (L.) C.C. Gmelin, 24.05.2014, ISTO 36565, L
37, Th

63. POLYGALACEAE

Polygala anatolica Boiss. & Heldr., 11.06.2012, ISTO
36450, L 13, Widespr., H

64. POLYGONACEAE

Polygonum aviculare L., 13.06.2012, ISTO 36413, L 18,
Cosm., Th

Polygonum hydropiper L., 12.07.2012, ISTO 36414, L 18, H
Rumex acetosella L., 13.06.2012, ISTO 36415, L 15, Cosm.,
H
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Rumex bucephalophorus L., 10.06.2012, ISTO 36416, L 1,
Med., Th

Rumex obtusifolius L. subsp. subalpinus (Schur) Celak,
10.06.2012, ISTO 36417,L 8, H

Rumex tuberosus L. subsp. tuberosus, 11.06.2012, ISTO
36418, L 10, H

65. PORTULACEAE

Portulaca oleracea L., 11.07.2012, ISTO 36297, L 2, Th

66. PRIMULACEAE

Anagallis arvensis L. var. caerulea (L.) Gouan, 11.04.2013,
ISTO 36400, L 9, Th

Lysimachia atropurpurea L., 10.06.2012, ISTO 36401, L 6,
E. Med., Th

Primula vulgaris Huds. subsp. sibthorpii (Hoffmanss.) W. W.
Sm. & Forrest, 07.03.2013, ISTO 36402, L 32, Eux., H

67. RANUNCULACEAE

Adonis annua L., 20.05.2013, ISTO 36364, L 42, Med., Th
Anemone blanda Schott & Kotschy, 06.03.2013, ISTO
36361, L 13,G

Anemone coronaria L., 06.03.2013, ISTO 36363, L 18, Med.,
G

Anemone pavonina Lam., 09.04.2013, ISTO 36362, L 61, G
Clematis cirrhosa L., 09.03.2013, ISTO 36369, L 51, Med.,
Ph

Clematis vitalba L., 13.06.2013, ISTO 36368, L 15, Ph
Clematis viticella L., 10.06.2012, ISTO 36367, L 6, Ph
Delphinium peregrinum L., 12.07.2012, ISTO 36365, L 9, Th
Nigella damascena L., 10.06.2012, ISTO 36366, L 5, Th
Ranunculus chius DC., 10.06.2012, ISTO 36370, L 3, Th
Ranunculus ficaria L. subsp. ficariiformis Rouy & Fouc.,
06.03.2013, ISTO 36378,L 1, H

Ranunculus gracilis Clarke, 09.03.2013, ISTO 36371, L 51,
H

Ranunculus marginatus d'Urv. var. marginatus d'Urv.,
10.06.2012, ISTO 36375,L 1, Th

Ranunculus marginatus d'Urv. var. trachycarpus (Fisch. &
Mey.) Azn., 10.06.2012, ISTO 36376, L 1, 20.05.2013, HY
702, ISTO 36377, Th

Ranunculus neapolitanus Ten., 20.05.2013, ISTO 36374, L
48, H

Ranunculus paludosus Poiret, 09.04.2013, ISTO 36373, L 61,
G

Ranunculus rumelicus Griseb., 08.04.2013, ISTO 36372, L
52, E. Med., H

68. RHAMNACEAE

Frangula alnus Mill. subsp. alnus, 10.07.2012, ISTO 36345,
L 22, Euro-Sib., Ph

Paliurus spina-christii Mill., 10.06.2012, ISTO 36345, L 5,
Ph

69. ROSACEAE

Agrimonia eupatoria L., 11.06.2012, ISTO 36266, L 9, H
Cerasus avium (L.) Moench, 15.06.2012, ISTO 36253, L 25,
Ph

Crataegus monogyna Jacg. subsp. monogyna, 13.06.2012,
ISTO 36271, L 15, Ph

Crataegus orientalis Pallas ex Bieb. var. orientalis,
10.06.2012, ISTO 36272, L 3, Ph

Eriolobus trilobatus (Labill. ex Poiret) Roem var. trilobatus,
11.06.2012, ISTO 36251, L 13, Ph

Filipendula vulgaris Moench., 11.06.2012, ISTO 36250, L 9,
Euro-Sib., H

Geum urbanum L., 10.06.2012, ISTO 36267, L 2, Euro-Sib.,
H

Malus sylvestris Miller subsp. orientalis (A. Uglitzkich)
Browicz var. orientalis, 15.06.2012, ISTO 36252, L 25, Ph
Potentilla micrantha Ramond ex DC., 20.05.2013, ISTO
36247, L59, H
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Potentilla recta L., 20.05.2013, ISTO 36248, L 59, H
Potentilla reptans L., 15.06.2012, ISTO 36249, L 25,
Widespr., H

Prunus divaricata Ledeb. subsp. divaricata, 10.06.2012,
ISTO 36254, L 6, Widespr., Ph

Prunus spinosa L. subsp. dasyphylla (Schur) Domin,
11.07.2012, ISTO 36 255, L 2, Euro-Sib., Ph

Pyrus amygdaliformis Vill. var. amygdaliformis, 12.07.2012,
ISTO 36258, L 36, Ph

Pyrus elaeagnifolia Pallas subsp. elaeagnifolia, 10.07.2012,
ISTO 36259, L 31, Ph

#Rosa agrestis Savi, 15.06.2012, ISTO 36260, L 66, Ph

Rosa canina L., 12.07.2012, ISTO 36261, L 2, Ph

#Rosa gallica L., 12.07.2012, ISTO 36262, L 38, Ph

Rosa pulverulenta Bieb., 02.07.2013, ISTO 36263, L 37, Ph
Rubus canescens DC. var. canescens, 10.06.2012, ISTO
36268, L 4, Euro-Sib., Ph

Rubus canescens DC. var. glabratus (Godron) Davis &
Meikle, 15.06.2012, ISTO 36269, L 24, Euro-Sib., Ph

Rubus sanctus Schreber, 11.07.2012, ISTO 36270, L 34,
Widespr., Ph

Sanguisorba minor Scop. subsp. magnolii (Spach) Briq.,
10.06.2012, ISTO 36265, L 8, H

Sanguisorba minor Scop. subsp. minor, 11.06.2012, ISTO
36264,L9,H

Sorbus domestica L., 10.07.2012, ISTO 36257, L 30, Euro-
Sib., Ph

Sorbus torminalis (L.) Crantz var. torminalis, 13.06.2012,
ISTO 36256, L 21, Euro-Sib.?, Ph

70. RUBIACEAE

Asperula involucrata Wahlenb., 11.06.2012, ISTO 36409, L
13, Eux., H

Crucianella bithynica Boiss., 13.06.2012, ISTO 36410, L 16,
E. Med., Th

Galium aparine L., 24.05.2014, ISTO 36566, L 37, H
Galium lovcense Urum., 11.06.2012, ISTO 36412, L 10, H
Galium verum L. subsp. verum, 11.06.2012, ISTO 36411, L
9, Euro-Sib., H

Sherardia arvensis L., 12.06.2012, ISTO 36408, L 14, Med.?,
Th

71. SALICACEAE

Populus alba L., 11.07.2012, ISTO 36517, L 35, Euro-Sib.,
Ph

Populus nigra L., 11.07.2012, ISTO 36519, L 35, Ph

Populus tremula L., 16.06.2012, ISTO 36348, L 28, Euro-
Sib., Ph

Salix alba L., 10.06.2012, ISTO 36516, L 2, Euro-Sib.,
Widespr., Ph

Salix cinerea L., 15.06.2012, ISTO 36515, L 25, Euro-Sib.,
Ph

72. SANTALACEAE

Osyris alba L., 11.06.2012, ISTO 36342, L 10, Med., Ch

73. SAXIFRAGACEAE

#Saxifraga bulbifera L., 08.04.2013, ISTO 36545, L 59, H
74. SCROPHULARIACEAE

Bellardia trixago (L.) All., 20.05.2013, ISTO 36186, L 48,
Th

Digitalis trojana Ivan., 10.06.2012, ISTO 36547, L 8, E.
Med., End., H

Kickxia elatine (L.) Dumort subsp. crinita (Mabille) Greuter,
12.07.2012, ISTO 36180, L 39, Med.?, Th

Kickxia spuria (L.) Dumort subsp. integrifolia (Brot.) R.
Fernandes, 12.07.2012, ISTO 36182, L 39, Th

Linaria pelisseriana (L.) Miller, 10.06.2012, ISTO 36187, L
1, Med., Th

Parentucellia latifolia (L.) Caruel subsp. latifolia,
08.04.2013, ISTO 36184, L 52, Med., Th

Parentucellia viscosa (L.) Caruel, 20.05.2013, ISTO 36185,
L 42, Med., Th

Scrophularia scopolii [Hoppe ex] Pers. var. scopolii,
10.06.2012, ISTO 36183, L 2, Widespr., H

Verbascum blattaria L., 12.06.2012, ISTO 36188, L 14, H
Verbascum parviflorum Lam., 20.05.2014, ISTO 36570, L
65, E. Med., End., H

Veronica anagallis-aquatica L. subsp. anagallis-aquatica,
20.05.2013, ISTO 36189, L 7, Widespr., Th

Veronica chamaedrys L., 10.07.2012, ISTO 36190, L 29,
Euro-Sib., G

Veronica cymbalaria Bodard, 06.03.2013, ISTO 36191, L 1,
Med., Th

Veronica hederifolia L., 07.03.2013, ISTO 36192, L 2,
Widespr., Th

Veronica persica Poiret, 13.06.2012, ISTO 36193, L 15, Th
75. SOLANACEAE

Datura stramonium L., 12.06.2012, ISTO 36474, L 14,
Cosm., Th

Hyoscyamus niger L., 13.06.2012, ISTO 36477, L 19,
Widespr., Th

* Lycium chinense Mill., 28.08.2012, ISTO 36711, L , Ph
Solanum dulcamara L., 12.06.2012, ISTO 36476, L 14, Euro-
Sib., Th

Solanum nigrum L. subsp. nigrum,12.07.2012 , ISTO 36475,
L 39, Cosm., Th

* Solanum sisymbrifolium Lam. 5.10.2013, ISTO 36712, L
76. TAMARICACEAE

Tamarix tetranda Pallas ex Bieb., 13.06.2012, ISTO 36486,
L 16, Ph

77. TILIACEAE

Tilia rubra DC. subsp. caucasica (Rupr.) V. Engler,
10.07.2012, ISTO 36456, L 21, Eux., Ph

78. ULMACEAE

Ulmus minor Miller subsp. canescens (Melville) Browicz &
Zielinski, 20.10.2012, ISTO 36469, L 12, Ph

79. URTICACEAE

Urtica dioica L., 10.07.2012, ISTO 36300, L 22, Euro-Sib.,
H

80. VALERIANACEAE

Valerianella carinata Lois., 08.04.2013, ISTO 36379, L 51,
Th

Valerianella coronata (L.) DC., 11.04.2013, ISTO 36380, L
9, Widespr., H

Valeriana dioscoridis Sm., 08.04.2013, ISTO 36133, L 52, E.
Med., H

81. VERBENACEAE

Verbena officinalis L., 5.10.2013, ISTO.36713, L 52, Cosm.,
Th

Vitex agnus-castus L., 11.07.2012, ISTO 36339, L 43, Med.,
Ph

82. VIOLACEAE

Viola kitaibeliana Roem. & Schult.,, 06.03.2013, ISTO
36546, L 1, Th

Viola odorata L.,0 7.03.2013, ISTO 36454, L 16, H

Viola sieheana Becker, 08.04.2013, ISTO 36455, L 55, H

83. VITACEAE

Vitis sylvestris Gmelin, 10.06.2012, ISTO 36479, L 2, Ph

84. ZYGOPHYLLACEAE

Tribulus terrestris L., 11.07.2012, ISTO 36269, L 2, Th
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4. Sonuglar ve tartisma

Bu ¢alismada ii¢ yil boyunca yapilan arazi ¢alismalar: sirasinda 790 bitki drnegi toplanmistir. Toplanan 6rneklerin
incelenmesi sonucu, alanda 84 familya ve 327 cinse ait 536 dogal vaskiiler bitki taksonu tespit edilmistir. Bu
taksonlardan 4’4 Pteridophyta egretiler, 532’ ise Magnoliophyta tohumlu bitkiler olup bunlardan 6’s1 Gymnospermae-
acik tohumlular ve 526 takson Angiospermae - kapali tohumlular iiyesidir. Kapali tohumlu bitkilerin 72’
Monocotyledoneae — tek ¢enekli ve 454’1 ise Dicotyledoneae — ¢ift ceneklidir. (Tablo 1).

Tablo 1 Taksonomik gruplara gore familya, cins ve tiir sayisi dagilimi
Pteridophyta Gymnospermae /Angiospermae
Dicotyledone  |Monocotyledone TOPLAM
Familya 4 3 68 9 84
Cins 4 4 272 47 327
Tiir ve tiir alt1 takson 4 6 454 72 536

En fazla takson igeren familyalar sirasiyla soyledir: Fabaceae 67 takson %12,5, Asteraceae 65 takson %12,13,
Lamiaceae 32 takson % 6, Poaceae 28 takson %5,22 ve Rosaceae 26 takson % 4,85 (Tablo 3). Calisma alanimizda
Asteraceae ve Fabaceae Familyalarmin ilk siralarda yer almasinin sebebi Tiirkiye Florasinin en biiyiik familyalar
olmast ve tiirlerinin ekolojik toleranslarmin genis olmasidir. Yakin bolgelerde yapilan caligmalarda da ilk sirayi
Fabaceae ya da Asteraceae familyalarinin aldig1 goriilmektedir (Tablo 4).

Tablo 2 Arastirma alan1 ile yakin bolgelerde yapilan floristik arastirmalardaki toplam familya, cins ve takson sayilari,
endemik takson say1 ve oranlari, taksonlarin flora bolgelerine dagilimlari

Arastirma | Familya | Cins Takson Endemik Ender(r)uzm Med. El. Euro-Sib.El. | Ir-Tur. EL
takson sayist orant % Sayis1 Sayis1 Sayis1
No Sayist sayisl Sayis1
orant Orant Orant
153 65 3
1 84 327 536 18 3,36 (%28,7) (%12,13) (%0,56)
53 22 8
2 62 206 267 1 0,37 (%19,86) (%8,23) (%2,99)
87 76 35
3 53 209 442 46 10,48 (%19,8) (%17.3) (%8)
128 69 20
4 73 285 521 51 9,78 (%24,6) (%13,2) (%3,8)
99 42 10
5 83 269 395 16 4,05 (%25,06) (%10,64) (%2,53)
99 49 20
6 64 233 412 46 111 (%24) (%11.,9) (%4,9)
33 7 10
7 38 119 149 14 3 (%22,1) (%4,6) (%6,7)
64 o 12
8 63 245 382 31 8,1 (%16,7) 48  (%13,5) (%3,1)
1. Balikesir Orman Isletmesi, Camucu Orman Isletme Sefligi 5.  Balikesir Degirmenbogazi ve Cevresinin Vejetasyonu Uzerinde
Alant’nin Florasi Floristik ve Ekolojik Arastirmalar (Dogan ve Ozen, 1999)
2. B.U. Cagis Kampiisii ve Cevresinin Flora ve Vejetasyonu 6. Dursunbey (Balikesir)- Alagam Serisi- Golciik Bolge Sefligi
(Sanén ve Ozen, 2001) Orman Alt1 Floras1 Uzerine Calismalar (Dirmenci, 1998)
3.  Flora of Akdag (Balikesir) (Acar ve Satil, 2014) 7. Balya-Gokgeyazi-Ovacik (Balikesir) Arasinda Kalan Bolgenin
4.  Golciik (Dursunbey- Balikesir) Florasi Uzerine Bir Calisma Florasi1 (Erden, 1992)
(Dirmenci, 2006) 8.  Ulus Dagi’'nin Floras1 (Balikesir /Tiirkiye) (Giliner ve Akgigek,

2013)

Arastirma alaninda Trifolium 20 (%3,73), Euphorbia 10 (% 1,87), Ranunculus 8 (%1,5), Vicia 8 (%1,5),
Geranium 7 (%1,3) takson ile en fazla takson iceren cinslerdir (Tablo 3). Tiirkiye Florasi’'nda 6. sirada yer alan
Trifolium cinsi ¢aligma alaninda 1. sirada yer almaktadir. Bélgede yapilan ¢alismalarin ikisi digindakilerde de Trifolium
ilk sirada yer almaktadir (Tablo 4). Alanda Trifolium orman alti, orman i¢i aciklik, nemli yerler, bozuk ormanlik
alanlarda goriilmektedir.

Aragtirma alanindan tamimlanan taksonlarin fitocografik bolgelere gore dagilimlart su sekildedir: Akdeniz
elementi 154 takson (% 28,7), Avrupa Sibirya elementi 65 takson (%12,13), Iran-Turan 3 takson (%0,56)’dir (Tablo 2).
Genis yayilish ve yayilis alan1 bilinmeyenlerin orani ise 314 takson (%58,5)’tiir. Elde edilen veriler yakin ¢evrede
yapilan ¢aligmalar ile kiyaslandiginda tiim arastirma alanlarinda Akdeniz flora bdlgesi elementlerinin hakim oldugu
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goriilmektedir (Tablo 2). Avrupa Sibirya elementleri de sayica birbirine paralellik gostermektedir. Ancak g¢alisma
alaninda Iran-Turan fitocografik bolge elementlerinin oram oldukga diisiiktiir.

Tablo 3. En zengin ilk 5 familya ve 5 cins

Familya Takson Sayisi Yiizde (%) Cins Takson Sayist  |Yiizde (%)
Fabaceae 67 % 12,5 Trifolium 20 % 3,73
/Asteraceae 65 % 12,13 Euphorbia 10 9% 1,87
Lamiaceae 32 % 6 Ranunculus 8 % 1,49
Poaceae 28 % 5,22 Vicia 8 % 1,49
Rosaceae 26 % 4,85 Geranium 7 9% 1,31
Digerleri 318 % 59,32 Digerleri 483 % 90,11

Tablo 4. Takson sayist bakimindan en zengin ilk 3 familya ve 3 cinsin yakin ¢evre floralarina dagilimi

ﬁf)ast“ma ilk 3 Familya Ik 3 Cins

1 Fabaceae; 67 (% 12,5) Asteraceae; 65 (% 12,13) | Trifolium; 20 (% 3,73) Euphorbia; 10 (% 1,87) Ranunculus;
Lamiaceae; 32 (% 6) 8 (% 1,5)

5 Asteraceae; 26 (% 9,73) Poaceae; 24 (% 8,99) | Linum;5 (% 1,87), Galium; 4 (%1,49)
Fabaceae; 18 (% 6,74) Salvia; 4 (%1,49)

3 Asteraceae; 50 (% 11,4) Fabaceae; 50 (% 11,4) | Trifolium; 12 (% 2,7) Ranunculus; 10 (% 2,2 ) Vicia; 9 (%
Lamiaceae; 30 (% 6,8) 2,05)

4 Fabaceae; 64 (% 12,3) Asteraceae; 56 (% 10,7)
Lamiaceae; 35 (% 6,7) Trifolium; 21 (% 4) Vicia; 9 (% 1,7)  Silene; 8 (% 1,5)

5 Fabaceae; 40 (% 10,13) Asteraceae; 39 (% 9,87) | Trifolium; 11 (%2,78) Rumex; 6 (%1,51)
Poaceae; 31 (% 7,85) Geranium; 5 (%1,26)

6 Fabaceae; 56 (% 13,6) Asteraceae; 52 (% 12,6) | Trifolium; 17 (% 4,12 ) Silene; 9 (% 2,18) Vicia; 9
Poaceae; 25 (% 6,1) (%2,18 )

7 Fabaceae; 20 (% 13,4) Lamiaceae; 17 (% 11,4 ) | Vicia; 4 (% 2,68) Trifolium; 3 (% 2,01) Verbascum; 3
Asteraceae; 16 (% 10,7) (% 2,01)

8 Asteraceae; 48 (% 12,5) Fabaceae; 39 (% 10,2) | Trifolium; 12 (% 3,14) Geranium; 9 (% 2,35) Ranunculus;
Lamiaceae; 29 (% 7,5) 8 (% 2,09)

Aragtirma alaninda tespit edilen endemik taksonlar sunlardir: Acanthus hirsutus Boiss., Alkanna tubulosa
Boiss., Symphytum anatolicum Boiss., Hesperis theophrasti Borbas subsp. sintenisii Dvorak, Asyneuma virgatum
(Labill.) Bornm. subsp. cichoriiforme (Boiss.) Damboldt, Dianthus lydus Boiss., Euphorbia anacampseros Boiss. var.
tmolea M. S. Khan, Euphorbia cardiophylla Boiss.&Heldr, Euphorbia falcata L. subsp. macrostegia (Bornm.) O.
Schwarz, Hypericum adenotrichum Spach., Crocus candidus E. D. Clarke, Crocus flavus Weston subsp. dissectus T.
Baytop et Mathew, Ballota nigra L. subsp. anatolica P. H. Davis, Fritillaria bithynica Baker, Muscari latifolium Kirk,
Alcea apterocarpa (Fenzl) Boiss., Digitalis trojana Ivan., Verbascum parviflorum Lam. Alanda tesbit edilen bu 18
endemik taksondan Euphorbia anacampseros Boiss. var. tmolea M. S. Khan, Crocus flavus Weston subsp. dissectus T.
Baytop et Mathew ve Digitalis trojana Ivan. (VU) tehdit altinda, digerleri ise LR diisiik riskli yer almaktadir. Ulkemizin
iletim demetli bitkilerde endemizm oran1 % 33,185 (Giiner vd., 2012) iken arastirma alaninin endemizm orani Tiirkiye
bitkileri endemizm oranina gore oldukea diisiiktiir. Yakin bolgelerde yapilan ¢aligmalarda da en yiiksek endemizm orani
(Dirmenci, 1998) %11,1 olarak tespit edilmistir (Tablo 2). Caligma alaninda endemizm oraninin diisiik olmasi yiikselti
farkinin az olmasi, bataklik, sulak alan, kumul alan1 gibi farkli yasam ortamlarini kapsamamasi gibi etkilere bagli
oldugu diisiiniilmektedir.

Bu ¢alisma ile Centaurea thracica, Rosa agrestis, Rosa gallica, Saxifraga bulbifera, Rorippa thracica B1 karesinden ilk
defa kayit edilmistir (Ozgelik vd., 2013).

Takson isimlerinde yapilan isim ve statii degisiklikleri The Plant List (2013) Verison 1.1, The International Plant
Names Index (2012) ve Giiner vd., (2012) dikkate alinarak gozden ge¢irilmis ve degisiklik yapilmig olan 48 takson
Tablo 5°de verilmistir.

Orta ve Giiney Amerika’da dogal olarak yetisen ve Avrupa’da kiiltiir alanlarinin disinda rastlanan (Hawkes ve

Edmonds, 1964) Karaer ve Kutbay (2007) tarafindan Amasya (A5) ve Samsun (A6)’dan Tiirkiye Florasi i¢in ilk kez
kaydedilen Solanum sisymbrifolium, bu ¢alisma sirasinda B1 karesinden toplanmugtir. Bu kayit istilaci olarak bilinen bu
bitkinin tilkemizde yayilmaya basladigina isaret etmektedir.
Bu calisma ile Balikesir Orman Isletme Miidiirliigii’ne bagli Camucu Orman Isletme Sefligi alanmnin floras: belirlenerek
bu alanda yapilacak ¢aligmalara katkida bulunmasi amaglanmistir. Arastirma alaninda madencilik faaliyetleri, tarim,
hayvancilik 6zellikle otlatma faaliyetleri gibi etkiler sonucunda zaman igerisinde floristik yap1 degisebilir. Caligma
sonucunda elde edilen veriler gelecekte farkli sebeplerle gergeklesebilecek bozulmalar durumunda temel veri olarak
kullanilabilecektir. Yine bu veriler bolgenin odun dis1 orman iiriinleri envanterinin belirlenmesinde énemli bir kaynak
olusturacaktir.
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Acinos rotundifolius Pers.

Clinopodium graveolens (M.Bieb.) Kuntze subsp. rotundifolium
(Pers.) Govaerts

Alyssum minus (L.) Rothm. var. minus

Alyssum simplex Rudolph

Anemone pavonina Lam.

Anemone hortensis L.

Anthemis altissima L.

Cota coelopoda (Boiss.) Boiss.

Anthemis tinctoria L. var. tinctoria

Cota tinctoria (L.) J.Gay ex Guss.

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef

Carduus nutans L.

Centaurea cyanus L.

Cyanus segetum Hill.

Centaurea thirkei Schultz Bip.

Cyanus thirkei (Sch. Bip.) Holub

Cerasus avium L. Moench

Prunus avium (L.) L.

Chamaecytisus hirsutus (L.) Link.

Cytisus hirsutus L.

Chamaecytisus pygmaeus (Willd.) Rothm.

Cytisus pygmaeus Willd.

Chrysanthemum segetum L.

Glebionis segetum (L.) Fourr.

Chnicus benedictus L.

Centaurea benedicta (L.) L.

Coronilla cretica L.

Securigera cretica (L.) Lassen

Dianthus calocephalus Boiss.

Dianthus cruentus Griseb.

Dianthus pubescens Sibth. & Sm.

Dianthus diffusus Sm.

Dryopteris pallida (Bory) Fomin

Dryopteris raddeana (Fomin) Fomin

Echinops viscosus DC. subsp. bithynicus (Boiss.)

Echinops spinosissimus Turra. bithynicus (Boiss.) Greuter

Euphorbia cardiophylla Boiss. & Heldr.

Euphorbia condylocarpa M. Bieb.

Ferulago confusa Velen.

Ferulago sylvatica (Besser) Rchb. subsp. confusa (Velen.)
Hartvig

Goniolimon collinum (Griseb.) Boiss.

Goniolimon incanum (L.) Hepper

Hedypnois cretica (L.) Dum.-Cours.

Hedypnois rhagadioloides (L.) Willd.

Koeleria cristata (L.) Pers.

Koeleria pyramidata (Lam.) P. Beauv.

Muscari comosum (L.) Miller

Leopoldia comosa (L.) Parl.

Lithospermum purpurocaeruleum L.

Buglossoides purpurocaeruleum (L.) .M. Johnst.

Logfia arvensis (L.) Holub

Filago arvensis L.

Logfia gallica (L.) Cosson & Germ.

Filago gallica (L.) L.

Orlaya daucoides (L.) Greuter

Orlaya grandiflora (L.) Hoffm.

Pilosella hoppeana (Schultes) C. H. & F. W. Schultz subsp.

testimonialis (Naegli ex Peter) Sell et West

Pilosella pilisquama (Néageli & Peter) Dostal

Phlomis pungens Willd. var. hispida Hub.-Mor.

Phlomis herba-venti subsp. pungens (Willd.) Maire ex DeFilipps.

Polygonum hydropiper L.

Persicaria hydropiper (L.) Delarbre.

Prunus divaricata Ledeb. subsp. divaricata

Prunus cerasifera Ehrh.

Psoralea bituminosa L.

Bituminaria bituminosa (L.) C.H.Stirt.

Ranunculus ficaria L. subsp. ficariiformis Rouy & Fouc.

Ficaria verna subsp. ficariiformis (Rouy & Foucaud) B.Walln.

Rorippa thracica (Gris.) Fritsch

Rorippa lippizensis (Wulfen) Rchb.

Scilla autumnalis L.

Prospero autumnale (L.) Speta

Solanum nigrum L. subsp. nigrum

Solanum americanum Mill.

Tamus communis L. subsp. cretica (L.) Kit Tan

Dioscorea communis (L.) Caddick & Wilkin

Tremastelma palaestinum (L.) Janchen

Lomelosia palaestina (L.) Raf.

Trifolium speciosum Willd.

Trifolium grandiflorum Schreb.

Umbilicus erectus DC.

Umbilicus luteus (Huds.) Webb & Berthel.

Vitis sylvestris Gmelin

Vitis vinifera L.

Tesekkiir

Bu calisma Istanbul Universitesi Bilimsel

desteklenmistir. Proje numaras1 22432.
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Abstract

In this study, bryophyte flora of Gevne and Dimgay1 Valleys was investigated. After examination of plant
specimens collected from 71 different sites, 143 taxa belonging to 40 families were determined. Among them, 17 taxa
recorded for the first time from C12 square. Moreover, Buxbaumia viridis (Moug. ex Lam. & DC.) Brid. ex Moug. &
Nestl. which reported only Western Black Sea Region (A2 grid square) up to now, was recorded for the first time from
different part of Turkey.
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Gevne ve Dimc¢ay1 Vadileri Briyofit floras:

Ozet

Bu caligmada Gevne ve Dimgay1 Vadileri’nin briyofit florasi arastirilmistir. 71 farkli istasyondan toplanan
bitki 6rneklerinin teshis edilmesi sonucunda, 40 familyaya ait 143 takson belirlenmistir. Bunlardan 17 tanesi C12 karesi
i¢in yenidir. Ayrica, daha dnce sadece Bati Karadeniz Bolgesi’nden (A2 karesi) bildirilen Buxbaumia viridis (Moug. ex
Lam. & DC.) Brid. ex Moug. & Nestl., Tiirkiye’ nin farkli bir noktasindan ilk defa kaydedilmistir.

Anahtar kelimeler: briyofit, flora, biyogesitlilik, Antalya, Konya
1. Introduction

In terms of biodiversity, Turkey is one of the richest countries in the temperate zone (Kahraman et al., 2012).
This richness is mainly because of distinct geographic, edaphic and climatic features of the country. Because of these,
Turkey divided into three different phytogeographic regions (Euro-Siberian, Mediterranean and Irano-Turanian) and
each of these regions have important ecosystems, such as wetlands, agricultural areas, grasslands and meadows,
deciduous, coniferous and mixed forests, steppes etc. This diversification in ecosystems and habitats causes a high
endemism rate; approximately 34% of Turkish vascular plant species are endemic to Turkey (Bulut and Y1ilmaz, 2010).

Although vascular plant flora is well-known for long years, bryofloristic studies are not sufficient enough for
understanding bryodiversity of Turkey completely. Some important bryological studies and additional records published
in recent years (Uyar et al., 2007; Kegeli et al., 2011; Oren et al., 2010, 2012; Ursavas and Cetin, 2012; Kirmaci et al.,
2012; Batan and Ozdemir, 2013; Batan et al., 2013a, b, c; Kara et al., 2014; Ozenoglu Kiremit et al., 2014; Batan et al.,
2015; Oren et al., 2015); however, for the complete “Turkish Bryophyte Flora”, more bryofloristical studies should be
conducted.

1.1 Study Area

Gevne and Dimgay1 valleys are located in the southern part of Turkey and in C12 square according to
Henderson’s grid system (1961) (Figure-1). Despite locating in the same geographical region (Mediterranean) of
Turkey, these two valleys have different geographic, climatic and vegetational features.
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Figure 1. Position of the study area according to Henderson’s grid system (1961)

Gevne Valley is mainly located in the boundaries of Konya province, Hadim County. This valley situated in
mostly mountainous area, the altitude range is between 1000 m (in Taskent County) and 2200 m (in Tosmur plateu)
approximately. According to data obtained from Bozkir meteorological station, this area shows the characteristics of
Mediterranean climate (Emberger’s drought index (1955) is 1.5). According to De Martonne-Gottmann index (1942)
that calculated as 11.3, climate type of the area is step/semi-humid. As can be seen on ombrothermic climatic diagram,
there is a dry season between June and September (Figure-2). Steppes and alpine meadows are the dominant vegetations
in Gevne Valley. However, there are sparse forests (mixed or pure) formed by Taurus cedar (Cedrus libani A. Rich.),
juniper (Juniperus sp.), Cilician fir (Abies cilicica (Antoine & Kotschy) Carriére), black pine (Pinus nigra J.F. Arnold)
and Scots pine (Pinus sylvestris L.) at the lower parts of the valley.

35 h 70
— 60

[
(=]

(%]
h
\.
n
(=]

8
[ —
bS]

Average Temperature (°C
=
[ 5]
o

Average Percipiation (mm)

b

Months

==fe=Temparature ==@==Percipiation

Figure 2. Ombrothermic climatic diagram for Bozkir meteorological station

Dimgay1 Valley is located in Alanya county of Antalya province. This area is nearby Mediterranean coast and
the altitude range is between 60 m. (in Dimg¢ayr Dam) and 1250 m. (in Dimgayr Wildlife Improvement Area)
approximately. According to Alanya meteorological station, Dim¢ay1 Valley should be classified in Mediterranean
climate (Emberger’s drought index (1955) is 0.5). De Martonne- Gottmann index (1942) calculated for Alanya
meteorological station as 23.1 which means climate of this area is semi-humid. According to ombrothermic climatic
diagram, there is a dry season at June, July and August (Figure-3). Evergreen sclerophyllous shrublands (maquis) are
dominant at this valley. Also, Cilician fir (Abies cilicica (Antoine & Kotschy) Carriére), black pine (Pinus nigra J.F.
Arnold), Turkish pine (Pinus brutia Ten.), Juniper (Juniperus sp.) and Taurus cedar (Cedrus libani A. Rich.) formations
are common at high altitudes. In addition, there is riparian vegetation consisting of oriental plane (Platanus orientalis
L.), oriental alder (Alnus oriantalis Decne.) and white willow (Salix alba L.) in Dimgay1 valley.

Both of Dimg¢ay1 and Gevne (including Gokbel Plateau) Valleys are listed as Key Biodiversity Areas (KBAs).
Gevne Valley hosts 115 endemic seed plant taxa and among them, 8 are local endemic (Duman et al., 2000). Also,
according to the IUCN criteria, 12 Vulnerable (VU), 9 Endangered (EN) and 5 Critically Endangered (CR) seed plant
taxa distributes at Gevne Valley. Dimg¢ay1 Valley is important area for invertebrates; 3 vulnerable (VU), 1 Endangered
(EN) butterfly and 1 Vulnerable (VU) dragonfly taxa inhabit at this area (Eken et al., 2006). In addition, target species
of Dimgay1 Wildlife Improvement Area is wild goat (Capra aegagrus), which also listed as Vulnerable (VU) (Weinberg
et al., 2008). There aren’t any bryological studies concerning about Gevne and Dimgay1 valleys. However, there are
some studies take place at C12 grid square in recent decade (Abay et al., 2006; Ozenoglu Kiremit et al., 2007; Kirmac1
and Ozgelik, 2010; Batan and Ozdemir, 2011; Ursavas and Cetin, 2013).
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Figure 3. Ombrothermic climatic diagra

2. Materials and methods

Field trips conducted to Gevne and Dimgay1 valleys between 2012 and 2013. Due to their vegetational and
geographical characteristics, 71 collecting sites were determined (Table-1). Specimens were identified using related
literature (Zander, 1993; Frey et al., 1995; Greven, 1995; Smith, 1996, Paton, 1999; Cortini Pedrotti, 2001; Greven,
2003; Heyn and Herrnstadt, 2004; Smith, 2004; Cortini Pedrotti, 2006; Guerra et al., 2006; Brugués et al., 2007; Casas
ent check-lists (Uyar and Cetin, 2004; Kiirschner and Erdag,
2005; Ros et al., 2007; Ozenoglu Kiremit and Kegeli, 2009; Ros et al., 2013). After identification process, specimens

et al., 2009). The status of taxa were checked with curr
were deposited at Biilent Ecevit University Bryophyte He

Table 1. Detailed information about collecting sites

Site Number Location Coordinates Altitude (m a.s.l) Vegetation

1 Taskent; Pirlerkondu 36°55'15.1"N-32°29"27.9"E 1062 Salix alba, Juglans regia, Cerasus avium

2 Vicinity of Cayarasi village 36°39'11.5"N-32°24'22.6"E 1138 Juniperus sp., Platanus orientalis, Quercus cerris, Acer sp.

3 Between Cayarasi-Cirlasun 36°41'02.4"N-032°26'49.7"E 1138 Platanus orientalis, Quercus cerris, Pinus nigra

4 Cukuryurt gullet 36°50'36.4"N-032°30'01.3"E 1931 Steppe

5 Kocaalan plateu, vicinity of Mihlioluk 36°54'28.6"N-032°18'40.1"E 2062 Steppe

6 Tosmur Plateu 36°53'52.2"N-032°18'04.9"E 2200 Steppe

7 Ceki¢c Mountain 36°54'20.3"N-032°18'25.3"E 2150 Steppe

8 Vicinity of Dortliitas 36°54'29.3"N-032°19'12.2"E 2065 Steppe

9 Kocaalan Plateu, vicinity of Deliktas 36°54'03.7"N-032°19'51.8"E 2048 Steppe

10 Kocaalan Plateu, vicinity of Zirnap 36°53'33.2"N-032°21'04.5"E 2067 Steppe

11 Vicinity of Dathsu  36°52'42.3"N-032°22'20.4"E =~ 2012 Steppe

12 Topuzlu Plateu 36°51'21.0"N-032°21'56.9"E 2040 Juniperus sp., Salix sp., Malus domestica, Prunus sp.

13 Gevne Valley 36°49'17.5"N-032°27"24.4"E 1833 Steppe

14A Ishakli Village, stream side 36°50'05.2"N-032°32'38.2"E 1577 Salix alba

14B Ishakl Village, hillside 36°50'05.2"N-032°32'38.2"E 1577 Cedrus libani, Abies cilicica, Pinus nigra

15 Ishakli Village 36°49'09.9"N-032°22'51.8"E 1791 Near stream bed

16 Ishakli Plateu (Basyayla) 36°47'53.0"N-032°22'55.5"E 2035 Steppe

17 Between Bagyayla-ishakli Village 36°48'34.3"N-032°22'58.0"E 1935 Pinus nigra

18 Beyreli Village 36°50'40.1"N-032°22"22.8"E 1606 Pinus nigra, Abies cilicica, Salix alba

19 Between Beyreli-ispath 36°49'45.8"N-032°25'09.6"E 1535 Abies cilicica, Cedrus libani, Quercus sp., Juniperus sp.

20 Between Cirlasun-Cayarast 36°43'15.3'N-032°27'57.1"E 1308 Pinus nigra, Platanus orientalis, Carpinus orientalis, Juniperus
sp., Acer campestre, Berberis sp., Erica sp.

21 Gokbel Plateu road  36°38'17.7"N-032°23'34.1"E 1265 Quercus sp.

22 Mahmutlar-Cindi Plateu 36°41'13.5"N-032°21'12.5"E 1861 Steppe

23A Gokbel Plateu 36°41'09.9"N-032°19'04.7"E 1715 Meadow

23B Gokbel Plateu 36°41'09.9"N-032°19'04.7"E 1715 Steppe

24 Vicinity of Kumbucag: Village 36°39'50.1"N-032°22'16.5"E 1672 Cedrus libani, Juniperus sp.

25 Tirlar Village 36°38'29.8"N-032°24'16.4"E 1220 Quercus cerris, Carpinus orientalis

26 Vicinity of Fakircali village 36°40'17.3"N-032°26'09.9"E 1263 Pinus sylvestris, Juniperus sp.

27 Alanya-Taskent road, 2 km to Fakircali Village 36°42'21.7"N-032°27'00.4"E 1257 Cedrus libani, Juniperus sp.

28A Cirlasun  36°45'07.6"N-032°27'39.9"E 1225 Pinus nigra, Erica sp., Platanus orientalis, Juniperus sp.

28B Cirlasun  36°45'07.6"N-032°27'39.9"E 1225 Near stream bed

29 Hadim  36°59'11.9"N*-032°27'54.7"E 1417 Shrub formation

30 Taskent-Alanya road, vicinity of Belpmar1 36°45'07.6"N-032°27'39.9"E 1733 Steppe, stream side

31 Between Cukuryurt-Beyreli 36°49'47.5"N-032°27'00.5"E 1754 Juniperus sp.

32 Vicinity of Beyreli village 36°52'06.1"N-032°25'29.1"E 1956 Steppe

33 Vicinity of Beyreli village 36°53'31.2"N-032°24'14.1"E 1931 Meadow, steppe

34 Vicinity of Beyreli village 36°55'11.1"N-032°24'144"E 1856 Steppe

35 Vicinity of Beyreli village 36°56'14.9"N-032°23'37.2"E 1880 Steppe
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Table 1. devam ediyor

36 Vicinity of Beyreli village 36°49'01.0"N-032°26'38.1"E 1515 Pinus nigra, Juniperus sp.,Quercus sp., Cedrus libani, Abies
cilicica

37 Cicikli Plateu 36°47'32.0"N-032°26"21.1"E 1332 Quercus sp., Juniperus sp., Pinus nigra

38 Deliabath Plateu 36°47'42.8"N-032°25'53.0"E 1503 Juniperus sp., Pinus nigra

39 Sarveliler road, vicinity of Goksu 36°41'28.3"N-032°27'35.6"E 1353 Pinus nigra, Abies cilicica

40 Alanya road, construction site of hydroelectric plant  36°40'31.8"N-032°26'53.6"E 1175 Pinus nigra, Abies cilicica

41 Alanya road, construction site of hydroelectric plant  36°42'49.8"N-032°26'48.1"E 1383 Juniperus sp., Quercus cerris, Pinus
nigra

42 Alanya-Hadim road 36°43'41.6"N-032°26'03.3"E 1740 Steppe

43 Alanya-Hadim road 36°41'35.3"N-032°26'59.2"E 1205 Pinus nigra, Pinus sylvestris, Platanus orientalis, Salix sp., Abies cilicica

44 Alanya-Hadim road 36°40'57.7"N-032°23'23.2"E 1325 Pinus nigra, Abies cilicica, Cedrus libani, Juniperus sp.

45 Alanya-Hadim road 36°41'26.4"N-032°23'15.3"E 1351 Pinus nigra, Abies cilicica, Cedrus libani, Juniperus sp.

46A Dimgay1 Wildlife Improvement Area 36°36'35.4"N-032°24'32.6"E 1227 Quercus cerris, Juniperus sp.

46B Dimgay1 Wildlife Improvement Area 36°36'35.4"N-032°24'32.6"E 1227 Near stream bed, Populus sp.

47 Gokbel Plateu road  36°36'29.5"N-032°20'41.8"E 1196 Pinus nigra, Abies cilicica

48 Gokbel Plateu road  36°39'59.3"NE-032°19'21.5"N 1595 Near stream bed

49 Between Dimgay1-Gokbel Plateu 1612 Abies cilicica, Cedrus libani, Pinus nigra, Juniperus sp.

50 Dimgay1 Wildlife Improvement Area, Kuskayasi District 36°33'10.0"N-032°19'49.9"E 1280 Pinus nigra, Juniperus sp.

51 Alanya road 986 Pinus brutia, Juniperus sp., Crateagus sp., Quercus sp.

52 Alanya road, vicinity of Yalc Village 36°32'57.2"N-032°16'17.4"E 704 Pinus brutia, Juniperus sp., Platanus orientalis,
Quercus sp.

53 Alanya road 36°32'55.1"N-032°15'18.0"E 610 Pinus brutia, Arbutus sp., Platanus orientalis, Ostrya carpinifolia

54 Alanya road, vicinity of Yalci Village 36°32'59.1"N-032°15'35.7"E 983 Pinus brutia, Arbutus sp., Quercus sp.

55 Uzundz Village, vicinity of Piirenlik 36°33'19.0"N-032°13'46.0"E 290 Pinus brutia, Arbutus sp., Platanus orientalis,
Ostrya carpinifolia

56 Dimgay1 Dam 36°32'55.1"N-032°11'53.9"E 225 Pinus brutia, Arbutus sp., Platanus orientalis, Ostrya carpinifolia

57 Dim Cave 36°32'24.4"N-032°06'32.4"E 225 Pinus brutia, Cistus sp.

58 Dimgay1, stream side 36°32'49.9"N-032°07'17.6"E 70 Pinus brutia, Platanus orientalis, Pistachia terebintus

59 Dimgay1 Dam 36°32'37.8"N-032°08'22.5"E 65 Pinus brutia, Platanus orieantalis

60 Dimgay1 Dam 36°32'51.7"N-032°09'44.1"E 250 Pinus brutia, Arbutus sp., Platanus orientalis, Quercus sp.

61 Alanya-Hadim road, upper part of Dimgay1 36°34'23.9"N-032°14'31.4"E 360 Pinus brutia, Arbutus sp., Platanus orientalis

62 Alanya-Hadim road, upper part of Dimgay1 36°33'10.7"N-032°16'55.4"E 635 Pinus brutia, Pistachia terebintus

63 Alanya-Hadim road, upper part of Dimgay1 36°32'44.2"N-032°16'554"E 835 Pinus brutia, Pinus sylvestris, Pistachia terebantus,
Cystus sp.

64 Gokbel Plateu road  36°34'46.3"N-032°21'14.9"E 1365 Pinus nigra, Abies cilicica

65 Gokbel Plateu 36°30'05.7"N-032°10'02.2"E 600 Quercus sp., Cystus sp., Pistachia terebentus, Daphnea sp.

66 Dimgay1 Valley 36°31'36.4"N-032°13'28.5"E 1065 Pinus brutia, Quercus sp., Arbutus sp., Pistachia terebintus-67
Dimgay1 Valley 36°36'23.3"N-032°23'56.4"E 1140 Quercus sp., Platanus orientalis, Abies cilicica, Pinus nigra, Juniperus sp

68 Dimgay1 Valley 36°37'43.7"N-032°23'04.1"E 1160 Quercus sp., Juniperus sp.

69 Dimgay1 36°32'36.7"N-032°11'00.9"E 210 Pinus brutia, Arbutus sp.

70 Dimgay1, Gumiiskavak Village 36°33'23.1"N-032°13'10.1"E 100 Platanus orientalis, Alnus orientalis, Pinus brutia

71 Upper parts of Dimgayt Dam  36°32'55.1"N-032°11'55.0"E 216 Platanus orientalis, Alnus orientalis, Pinus brutia.

3. Results

In consequence of this study, 143 taxa belonging to 40 families were determinated. Among them, 13 families
and 20 taxa belong to Marchantiophyta (liverworts), 1 family and 1 taxon belongs to Anthoceratophyta (hornworts), 26
families and 122 taxa belong to Bryophyta (mosses) (Table-2). The bryofloristic list was arranged according to Goffinet
and Shaw (2009), and new records for C12 square were indicated with an asterisk (*).

Table 2. Bryofloristic list (A: Acidity, M: Moisture, L: Light, Subs: Substrate, N: Subneutrophyte, B: Baziphyte, A:
Acidophyte, Mz: Mesophyte, X: Xerophyte, H: Hygrophyte, R: Reophyte, Am: Amphiphyte, P: Photophye, S:
Sciophyte, So: Soil, R/S: Rock or stone, Tr: Tree, Br: Other bryophytes, Dc: Decaying wood)

Family Taxon Loc. Nr. A M L  Subs
MARCHANTIOPHYTA
Lunulariaceae Lunularia cruciata (L.) Dumort. ex Lindb. 52 N Mz P R/S
Aytoniaceae Reboulia hemisphaerica (L.) Raddi 5,7,8,9, 10, 16, 20, 22, B X P So,
23B, 24, 25, 29, 44, 51, R/S
55, 66
Cleveaceae Athalamia hyalina (Sommerf.) S.Hatt. 22,23B, 44 N X P So
Ricciaceae *Riccia bifurca Hoffm. 23B N H P So
Riccia canaliculata Hoffm. 32 A H P So
Targioniaceae Targionia hypophylla L. 51,53 N Mz P So
Pelliaceae Pellia endiviifolia (Dicks.) Dumort. 14A, 18, 20 N H P So,
R/S
Fossombroniaceae Fossombronia angulosa (Dicks.) Raddi 53, 56 A H P So
Fossombronia caespitiformis De Not. ex Rabenh. 57 A H P So
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Fossombronia pusilla (L.) Nees. 53 A Mz P So
Aneuraceae Aneura pinguis (L.) Dumort. 14A, 32 N H S So
Metzgeriaceae Metzgeria conjugata Lindb. 52, 53 N H S R/S
Metzgeria furcata (L.) Dumort. 61,69, 71 A Mz P Tr
Porellaceae Porella cordaeana (Huebener) Moore 8, 20 N H S So,
R/S
Porella platyphylla (L.) Pfeiff. 8,21, 23B, 52 N Mz S So
Frullaniaceae Frullania dilatata (L.) Dumort. 52 A X P Tr
Lejeuneaceae *Lejeunea cavifolia (Ehrh.) Lindb. 56 N Mz S So,
Tr
*Cololejeunea rossettiana (C.Massal.) Schiffn. 52 B H S Br
Jungermanniaceae Leiocolea turbinata (Raddi) H.Buch 20,52, 57 B H S So,
R/S
Arnelliaceae Southbya tophacea (Spruce) Spruce 52,53 N H S So
ANTHOCEROTOPHYTA
Anthocerotaceae Phaeoceros laevis (L.) Prosk. 53,57 N Mz S So
BRYOPHYTA
Buxbaumiaceae *Buxbaumia viridis (Moug. ex Lam. & DC.) Brid. 47 N H S Dc
ex Moug. & Nestl.
Timmiaceae *Timmia bavarica Hessl. 35 N Mz S So
Encalyptaceae Encalypta streptocarpa Hedw. 35,44 N X S R/S
Encalypta vulgaris Hedw. 14B, 25, 29, 30, 35 N X P So,
R/S
Funariaceae Entosthodon convexus (Spruce) Brugués 29, 30, 44, 48 N Mz P So
Funaria hygrometrica Hedw. 5, 15, 28, 47, 50 N Mz P So
*Physcomitrium pyriforme (Hedw.) Brid. 23 N H P So
Grimmiaceae Grimmia anodon Bruch & Schimp. 6,11, 13, 14B, 35 N X P R/S
*Grimmia dissimulata E.Maier 50 N X P R/S
Grimmia montana Bruch & Schimp. 42 A X P R/S
Grimmia pulvinata (Hedw.) Sm. 1, 15, 36, 50 N X P R/S
Grimmia trichophylla Grev. 21 A X P R/S
Schistidium atrofuscum (Schimp.) Limpr. 5,15, 36, 41, 47 B X P So,
R/S
Schistidium confertum (Funck) Brunch & Schimp. 13,18 N X P R/S
Seligeriaceae Seligeria acutifolia Lindb. 47,52, 53, 66 B Mz S R/S
Fissidentaceae *Fissidens crassipes subsp. warnstorfii (M.Fleisch.) 58 N R S R/S
Brugg.-Nann.
Fissidens dubius P.Beauv. 20, 27, 40, 44, 47,69 N Mz S R/S
Fissidens pusillus (Wilson) Milde 46 A H S R/S
Fissidens taxifolius Hedw. 52,53, 59 N Mz S R/S,
Dc
Fissidens viridulus (Sw. Ex anon.) Wahlenb. 1,11, 14B, 28, 46 N Mz S So,
R/S
Ditrichaceae Ceratodon purpureus (Hedw.) Brid. 32 N Mz P So
Distichium capillaceum (Hedw.) Bruch & Schimp. 25,44 A Mz S So
Pleuridium acuminatum Lindb. 52 N Mz P So
Dicranaceae Dicranella howei Renauld & Cardot 54 B X P So
Dicranella varia (Hedw.) Schimp. 20,43 B H P R/S
Dicranoweisia cirrata (Hedw.) Lindb. 35,44 B H P Tr
Pottiaceae Eucladium verticillatum (With.) Brunch & Schimp. 46, 55 B H P R/S
Gymnostomum calcareum Nees & Hornsch. 20,31 B H S R/S
Tortella tortuosa (Hedw.) Limpr. 20, 35, 40 B X P So,
R/S
Weissia condensa (Voit) Lindb. 35 N X P R/S
Weissia controversa Hedw. 32 N X P So
Aloina ambigua (Bruch & Schimp.) Limpr. 57 N X P R/S
Barbula convoluta var. sardoa Bruch & Schimp. 46 N Mz P R/S
Barbula unguiculata Hedw. 13,31 A X P So
Bryoerythrophyllum recurvirostrum (Hedw.) 29, 30, 35 N Mz S So
P.C.Chen
Dialytrichia mucronata (Brid.) Broth. 58 N H P Tr
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Didymodon insulanus (De Not.) M.O.Hill 30, 46A, 46B N Mz S R/S
Phascum cuspidatum Hedw. 13,31 N Mz P So
Pterygoneurum ovatum (Hedw.) Dixon 31 B X P So
Crossidium squamiferum var. pottioideum (De Not) 4,28 B X P So,
Monk R/S
Syntrichia ruralis (Hedw.) F.Weber & D.Mohr. 13, 14A, 15, 18, 20, 30 N X P So,
R/S
Syntrichia virescens (De Not.) Ochyra 2,13 N X p T
R/S
Turtula cuneifolia (Dicks.) Turner 53 B X P So
Tortula inermis (Brid.) Mont 15, 31, 32,37, 42 N X P So,
R/S,
Tr
Tortula muralis Hedw. 28 N Mz P R/S
Tortula subulata Hedw. 14A, 28 N X S So,
R/S
Timmiella barbuloides (Brid.) Monk. 53 B X P So
*Hymenostylium recurvirostrum (Hedw.) Dixon 20 B H S R/S
Cinclidotace Cinclidotus aquaticus (Hedw.) Bruch & Schimp. 2,18, 56, 58 B R P R/S
Cinclidotus bistratosus Kurschner & Liibenau - 18, 58 B R P R/S
Nestle.
Cinclidotus fontinaloides (Hedw.) P.Beauv. 14A, 15, 37, 43, 46B, 58 B R P R/S
Cinclidotus riparius (Host ex Brid.) Arn. 2, 14A, 18, 37, 46B N R P R/S
Bryaceae Bryum alpinum Huds. ex With. 31 B Mz P So
Bryum argenteum Hedw. 5,13, 34,49 N X P So,
R/S
Bryum pseudotriquetrum (Hedw.) P.Gaertn. et al. 32 N H P So
Ptychostomum archangelicum (Bruch & Schimp.) 16 N Mz P R/S
J.R.Spence
Ptychostomum capillare (Hedw.) Holyoak & 36, 56 N Mz P So,
N.Pedersen R/S
Ptychostomum donianum (Grev.) Holyoak & 53 N Mz P So
N.Pedersen
Ptychostomum imbricatulum (Miill.Hal.) Holyoak & 31, 62 N Mz P So
N.Pedersen
Pohlia melanodon (Brid.) A.J.Shaw 53 A H P So
Pohlia elongata Hedw. 71 A H P R/S
*Epipterygium tozeri (Grev.) Lindb. 52 N Mz S So
Mniaceae *Plagiomnium affine (Blandow ex Funck) T.J.Kop. 71 A H S S
*Plagiomnium elatum (Bruch & Schimp.) T.J.Kop. 46B, 56, 61, 67, 69 N H S So,
R/S
Plagiomnium undulatum (Hedw.) T.J.Kop. 46 N H S R/S
Bartramiaceae Bartramia stricta Brid. 53 A H S So
*Philonotis caespitosa Jur. 31,48 A H S R/S
Orthotrichaceae Orthotrichum affine Schrad. ex Brid. 2,14B, 19, 40, 66, 67, 68 N Mz S Tr
Orthotrichum anomalum Hedw. 42,52 N X P R/S
Orthotrichum cupulatum Hoffm. ex Brid. var. 15, 18, 19, 30, 44, 52, 67 N Mz P So,
cupulatum R/S,
Tr
Orthotrichum cupulatum Hoffm. ex Brid. var. 48 N Mz P R/S
bistratosum Schiffn.
Orthotrichum lyellii Hook. & Taylor 27,37, 40, 42, 66, 68 N Mz P Tr
Orthotrichum pumilum Sw. ex anon. 25 N X P Tr
Orthotrichum rupestre Schleich. ex Schwigr. 2,46 N X P Tr
*Qrthotrichum schimperi Hammar 2 N X P Tr
Orthotrichum speciosum Nees var. speciosum 14B N Mz P Tr
Zygodon rupestris Schimp. ex Lorentz 52,58, 70 B X P Tr
Aulacomniaceae Aulacomnium androgynum (Hedw.) Schwagr. 47 A H S Dc
Fontinalaceae Fontinalis antipyretica Hedw. 46B, 58 N R P R/S
Amblystegiaceae Cratoneuron filicinum (Hedw.) Spruce 33,43, 46 B H P R/S,
Tr
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Drepanocladus aduncus (Hedw.) Warnst. 23 N Am P So
Palustriella commutata (Hedw.) Ochyra 11, 14A, 21 B Am P R/S
Palustriella falcata (Hedw.) Ochyra 14A, 32 B Am P So
Leskeaceae Pseudoleskea incurvata (Hedw.) Loeske 35 N X P So
Brachytheciaceae Brachytheciastrum velutinum (Hedw.) Ignatov & 30, 31, 44,51 N Mz P So,
Huttunen var. velutinum Tr
Brachytheciastrum velutinum var. salicinum 20, 31 N Mz P Tr
(Schimp.) Ochyra & Zarnowiec
Brachythecium albicans (Hedw.) Schimp. 15, 47 A Mz P So,
R/S
*Brachythecium glareosum (Bruch ex Spruce) 45 N Mz S So
Schimp.
Brachythecium rivulare Schimp. 46B, 67 N Am S R/S
Brachythecium rutabulum (Hedw.) Schimp. 59, 60 N Mz S So,
R/S
Brachythecium salebrosum (Hoffm. ex F.Weber & 30,32, 71 N Mz S So
D.Mohr) Schimp.
Cirriphyllum crassinervium (Taylor) Loeske & 46, 49 N Mz S R/S
M.Fleisch.
Eurhynchium meridionale (Schimp.) De Not 51,52, 53, 58, 69 N H S So,
Tr
Eurhynchium striatulum (Spruce) Schimp. 52 N H S R/S
Eurhynchium striatum (Hedw.) Schimp. 51 N H S So
Homalothecium aureum (Spruce) H.Rob. 46 N H S R/S
Homalothecium lutescens (Hedw.) H.Rob. 30 N X P R/S
Homalothecium philippeanum (Spruce) Schimp. 40 B X S R/S
Homalothecium sericeum (Hedw.) Schimp. 14B, 20, 25, 40 B X P Tr
Microeurhynchium pumilum (Wilson) Loeske. 52,70 N X S So
Oxyrrhynchium hians (Hedw.) Loeske 46 N Mz S R/S
Platyhypnidium riparioides (Hedw.) Dixon 11, 46, 53 N H S R/S
Rhynchostegiella tenella (Dicks.) Limpr. 52,54 N H S R/S
Rhynchostegium megapolitanum (Blandow ex 57 N H S So
F.Weber & D.Mohr) Schimp.
Scleropodium touretii (Brid.) L.F.Koch 51, 62 N Mz S So
Scorpiurium circinatum (Bruch) M.Fleisch. & 46, 52, 54, 59 B X P R/S
Loeske
Hypnaceae Calliergonella cuspidata (Hedw.) Loeske. 14A, 32 N H P So
Hypnum cupressiforme Hedw. var. cupressiforme 61,71,75 N X P R/S
*Hypnum cupressiforme var. filiforme Brid. 52 N X P Tr
Hypnum cupressiforme var. resupinatum (Taylor) 46 A Mz S Tr
Schimp.
Hypnum lacunosum (Brid.) Hoffm. ex Brid. 25,52 N X P So,
R/S
Pterigynandraceae *Myurella tenerrima (Brid.) Lindb. 33 N Mz S So
Pterigynandrum filiforme Hedw. 40, 45, 49 N Mz S Tr,
Dc
Hylocomiaceae Ctenidium molluscum (Hedw.) Mitt. 47 N H S R/S
Leucodontaceae Antitrichia californica (Hedw.) Brid. 21,52 N Mz S Tr
Leucodon sciuroides var. morensis (Schwégr.) De 21,27, 25,51 N X P So,
Not. R/S,
Tr
Leucodon sciuroides (Hedw.) Schwagr. var. 20 N X P R/S
sciuroides
Pterogonium gracile (Hedw.) Sm. 25,51,71 N X P R/S
Neckeraceae Homalia trichomanoides (Hedw.) Brid. 52 N Mz S R/S
Neckera menziesii Drumm. 46A, 46B, 67 N Mz S R/S
Thamnobryum alopecurum (Hedw.) Gangulee 52,56, 58, 7AN N H S So,
R/S
Leptodontaceae Leptodon smithii (Hedw.) F.Weber & D.Mohr 51, 58, 66, 71 N Mz P R/S
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4. Conclusions and discussion

As a result of this study, 17 taxa (Riccia bifurca Hoffm., Lejeunea cavifolia (Ehrh.) Lindb., Cololejeunea
rossettiana (C. Massal.) Schiffn., Buxbaumia viridis (Moug. ex Lam. & DC.) Brid. ex Moug. & Nestl., Timmia
bavarica Hessl., Physcomitrium pyriforme (Hedw.) Bruch & Schimp, Grimmia dissimulata E.Maier., Fissidens
crassipes subsp. warnstorfii (M.Fleisch.) Brugg.-Nann., Hymenostylium recurvirostrum (Hedw.) Dixon, Epipterygium
tozeri (Grev.) Lindb., Plagiomnium affine (Blandow ex Funck) T.J.Kop., Plagiomnium elatum (Bruch & Schimp.)
T.J.Kop., Philonotis caespitosa Jur., Orthotrichum schimperi Hammar, Brachythecium glareosum (Bruch ex Spruce)
Schimp., Hypnum cupressiforme var. filiforme Brid., and Myurella tenerrima (Brid.) Lindb.) are new records for C12
square.

Buxbaumia viridis is one of the most interesting new grid square records in this study. It can only be found on
wet, decaying logs of Caucasican fir (Abies nordmanniana subsp. bornmuelleriana (Matff.) Coode & Cullen) at A2 grid
square of Turkey before (Abay and Cetin, 2003; Uyar et al., 2007; Ursavas and Abay, 2009; Oren et al., 2012; Alatas
and Uyar, 2015). A2 square situated in Black Sea region of Turkey and have oceanic or humid climate that mostly
charcterised with lacking of an arid season. With this study, this species has been recorded from another grid square
except A2 for the first time. C12 square is under effect of Mediterrinnean climate with severe drought periods during
summer. At this square, B. viridis collected on decaying logs of Cilician fir (Abies cilicica (Antoine & Kotschy)
Carriére). B. viridis classified in VU (Vulnerable) category according to IUCN Red List (ECCB, 1995). With this
remarkable found, IUCN category and adaptive capacity of Turkish B. viridis should be reconsidered.

Pottiaceae (24 taxa, 17%) and Brachytheciaceae (21 taxa, 15%) are the richest bryophyte families at the study
area (Figure-4). These two families are highly cosmopolitan, also there are a lot of taxa adopted different environmental
conditions classified under them. Because of these reasons, these two families are the richest ones in Turkey, like other
Mediterranean and Southwest Asian countries (Kiirschner and Frey, 2011; Ros et al., 2013).

Figure 4. Families and percentage of taxa classified under them

As can be seen eological features of taxa on the bryoflorsitic list, most of the taxa prefer subneutrophic
conditions (97 taxa, 68%). 61% of taxa are photophye and rest of 39% are sciophyte. The percentage of mesophytic,
xerophytic and hygrophytic taxa are close to each other (34%, 31% and 28%, respectively) (Figure-5). These results can
be explained with different ecological features and diversity of habitats at the study area. Gevne Valley is characterized
with arid climate, high altitudes and steppe vegetation. Xerophytic and photophytic taxa inhabit on bare rocks and soil
are common, and also rock crevices host a great deal of mezophytic and sciophytic taxa. But some hygrophytic taxa can
be found on soil that sooked with melting snow. In contrast to Gevne Valley, Dimcay1 Valley has more temperate
climate, also most of this valley covered with deciduous forests that provide shadow and moist environment for
sciophytic, mesophytic and/or hygrophytic taxa. Also, some photophytic bryophytes can be found on open areas in
Dimgay1 Valley. Rheophytic and amphiphytic taxa are occur at aquatic habitats in these areas. Geological and climatic
differences in these areas cause habitat diversification and species richness for bryophytes.

Gevne and Dimgay1 Valleys have diverse ecosystems and habitats. For this reason, study area has rich
bryophyte flora and host a threatened bryophyte species, Buxbaumia viridis. These KBAs are threatened by
antropogenic factors, such as increasing tourism potential, construction of new roads, hydroelectric plants and therefore
must be carefully managed.
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Figure 5. Percentage of ecological features of taxa a: acidity b: light ¢: moisture
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Development of health-harmless plant dyes for the coloring of paper
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Abstract

Artificial dyes, developed by chemical processing are commonly used in book printings, writing, painting and
many other teaching materials. In recent studies, it was found that the chemicals used in the production of artificial dyes
such as lead and iron as heavy metals and some other chemicals are harmful to human health.

The aims of this project were to investigate the availability of using dyes derived from plants such as Turkish
red-madder (Rubia tinctorum), Elderberry (Sambucus nigra), Hibiscus (Hibiscus rosa-sinensis), Privet (Ligustrum
vulgare), Aspen (Populus tremula), Handle oak (Quercus robur) and Mahonia (Mahonia aquifolium), to dye the print
texts, cardboards and packaging papers, and improving the plant dyes that are harmless to the environment and human
health. Therefore, the plant dyes produced in this study were investigated for the color shift and durability of them in 27
different types of papers, which are commonly used in printing segment and our daily life.

As a result of the laboratory experiments, some color shifts were determined in some types of papers,
depending on the paper properties and the quality. On the other hand, the colors were stable in their natural state
without any discoloration in certain types of paper,

The results of this study showed that, the plant dyes, obtained from Turkish red-madder, Elderberry, Privet,
Aspen, Handle oak and Mahonia can be used for coloring books, painting notebooks and other related education
materials and also cardboards and cleaning and packaging papers.

Key words: plant dyes, paper dyeing, natural dyes

k

Kagitlarin renklendirilmesi icin saghga zararsiz bitkisel boyalarin gelistirilmesi

Ozet

Kitap baskilari, yaz1 ve resim dersleri ile diger birgok egitim ve 6gretim materyalinde yaygin olarak kimyasal
islemler ile gelistirilmis yapay boyalar kullanilmaktadir. Son yillarda yapilan arastirmalarda bu boyalarn iiretiminde
kullanilan demir, kursun gibi agir metaller ile diger bazi kimyasal maddelerin insan sagligina zararli oldugu
belirlenmistir.

Bu ¢aligmanin amaci; Tiirk kirmizisi-Kokboya (Rubia tinctorum), Miirver (Sambucus nigra), Yazgiili-Cingiili
(Hibiscus rosa-sinensis), Kurtbagr1 (Ligustrum vulgare), Titrek kavak (Populus tremula), Sapli Mese (Quercus robur)
ve Mahonya (Mahonia aquifolium) bitkilerinden elde edilen boyalarin; baski yazi, karton ve ambalaj kagitlarini
boyamada kullanilabilirligini arastirmak, ¢evreye ve insan sagligina zararsiz bitkisel boyalar gelistirmektir. Bu ¢alisma
kapsaminda iiretilen bitkisel boyalar; giinlik hayatimizda ve matbaacilik sektoriinde yaygin olarak kullanilan, farkli
ozellikteki 27 kagit ¢esidinin renklendirilmesinde kullanilarak renk kaymalar1 ve kalicilig1 incelenmistir.

Laboratuvar deneyleri sonunda kagit hamurunun 6zelligi ve kagit kalitesine bagl olarak bazi kagit cesitlerinde
renk kaymalarinin oldugu belirlenmistir. Baz1 kagit cesitlerinde ise renk kayiplarinin olmadigt dogal hali ile renklerin
kalict oldugu goriilmiistiir.

Yapilan calismalar sonunda Tirk kirmizisi, Mirver, Yazgilii, Kurtbagri, Titrek kavak, Sapli Mese ve
Mahonya bitkilerinden elde edilen bitki boyalarinin kitap, resim defteri ve diger egitim malzemeleri ile karton, temizlik
ve ambalaj kagitlarinin boyanmasinda kullanilabilecegi belirlenmistir.

Anahtar kelimeler: bitkisel boya, kagit boyama, dogal boya

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905319228818; Fax.: +905319228818; E-mail:dyucel35@gmail.com
© 2008 All rights reserved / Tiim haklari saklidir BioDiCon. 479-0815


http://www.biodicon.com/

36 Biological Diversity and Conservation — 9/ 1 (2016)

1. Giris

Insan1 diger canlilardan ayiran en énemli &zelliklerden birisi de duygu ve diisiincelerini yazi1 ve resimle ifade
edebilmesidir. Yazinin bulunusu insanligin bilgi ve tecriibelerini gelecek kusaklara aktarmasimi saglamis ve boylece
bilim ve teknolojinin gelismesinin temelini olusturmustur. Yazinin iki temel bilesimi vardir. Bunlardan biri kagit, digeri
de boyadir. Insanlar 6nce tas, deri ve papiriis iizerine daha sonra da kagit iizerine resim ¢izmeye ve yazi yazmaya
baglamigtir. Kaynaklara gore; kagit tiretimi énce M.S. 105’te Cin’de baslamig, daha sonra Japonya’ya, oradan da Orta
Asya ve Orta Dogu yolu ile Avrupa’ya yayilmistir. Malazgirt savast ile Anadolu’ya yerlesen Tiirklerin burada
Kagithaneler kurduklari bilinmektedir (Musmal 2008). Hagl seferleri sirasinda, Fransiz ve Italyanlar kagitcilig
Tiirklerden 6grenerek iilkelerine gotiirmiislerdir. Istanbul’da 1453 yilinda KAgithane kdyiinde kurulan tarihi KAgithane
II1.Selim doneminde aralikli olarak isletilmistir. II.Beyazit zamaninda Bursa’da 1486 yilinda bir K&githane kurulmus,
Matbaanin kurulusundan sonra 1476 yilinda Yalova’nin Elmalik kdyiinde Yalakabad Kéagithane’si kurulmus ve bunu
digerleri izlemistir (Musmal 2008, Geng 2014).

Ince bitki liflerinden meydana gelen iizerinde baski yapilmaya elverisli tabakaya kagit adi verilmektedir.
Kagitlar, yapildigi hammadde, igerdigi katki maddesi ve yiizeylerine uygulanan son iglemler gibi degisik kriterlere gore
tiretilir ve tanimlanir (Usta 2003). Yaklasik olarak 3000 farkli kg1t ve karton {iriinii vardir ve 225 g/m? ye kadar olan
triinler kagit, bu gramajin iistiindeki triinler ise karton olarak adlandirilir. Kullanim sekline goére kagit ve karton
cinsleri; grafik kagitlar, ambalaj kagitlar1 ve kartonlar, temizlik kagitlari, 6zel kagit ve kartonlar olmak iizere dort ana
gruba ayrilir (URL 1). Baski islerinde en ¢ok kullanilan kagit tiirleri sunlardir; 1. Hamur kagit, 2.Hamur kagit, 3.Hamur
kagit, Kuse kagit, Peliir, Ambalaj kagidi, Amerikan Bristol, Fotokopi kagitlari, Ozel Kagitlar (Aydinger, Ozalit kagidi)
(URL 2).

Herhangi bir nesneye renk vermek veya korumak i¢in uygulanan kaplamaya boya, adi verilmektedir (Karadag
2007). Boya baglayic1 ve ¢oziicli pigmentler ile diger katki maddeleri olmak iizere temel olarak dort ana bilesenden
olusur (URL 3). Kimya endiistrisinin gelismesi ile boya maddelerinin biiyiik fabrikalarda daha ucuz ve hizli bir sekilde
iiretilmeye baslamasi ile birlikte, bitkisel boyalarin kullanimi giderek azalmistir (Anonim 2007). Ancak yapilan bilimsel
calismalar sonucu, boya elde edilmesinde kullanilan bazi kimyasallarin insan ve cevre sagligmna zararli oldugu
bulunmustur. Bazi boya maddeleri ise dogada uzun siire bozulmadan kalmakta, su ve topragin fiziksel yapisini bozarak
dogaya zarar vermektedir. Bazi sentetik inorganik boyalarin insan ve dogaya olan zarari anlasildiktan sonra dogal
boyalara doniis baglamistir (Karadag 2008). Giiniimiizde bitkisel boyalarin daha saglikli oldugu goriisiiniin hakim
olmas1 sonucu, bunlarin kullanimi her gegen giin artmaktadir (Erkan ve ark 2010, Kayabasi ve Etikan 1998).

Tiirkiye boya sektdrii Avrupa’nin altinct bilyilk boya {ireticisi olmasina karsm, kullanmis oldugu
hammaddelerin ¢ok biiyiik bir kismi dis iilkelerden ithal edilmektedir (Aydin 2011). Bunun sonucu olarak Ulkemiz
boya iiretiminde disa bagimli hale gelmistir. Ayrica bu disa bagimlilik boya maliyetlerini de artirmigtir. Bu noktada
Tiirkiye boya sektérii, renk pigmentlerini Ulkemizde yetisen bitkilerden karsilayarak diinya pazarindaki rekabet giiciinii
arttirabilir. Porjeye konu olan bitkilerin genel 6zellikleri agsagida verilmistir (Yiicel 2012-2014)

Tiirk kirmizisi-Kokboya (Rubia tinctorum); ¢ok yillik, sarilici, 1,30m kadar boylanabilen, govdesi 4 koseli,
otsu bir bitkidir. Yapraklar, kaba tiiylii, koyu yesil renklidir. Cigekler semsiyemsi kurullarda ve sar1 renklidir. Tohum ve
toprak alt1 kokleri ve iretilebilir. Bitkinin koklerinden Alizarin ve Parparin maddelerinden elde edilen boya, Diinya'da
"Tiirk Kirmizist" adiyla bilinmektedir. Vatan1 Akdeniz bélgesi ile Orta ve Bati Anadolu bolgesidir.

Miirver (Sambucus nigra); kisin yaprak doken, 5 (10) metreye kadar boylanabilen, grimsi-kahverengi dalls;
beyaz olan 6zii ¢ok genis ve yumusak, dagmik tepeli bir ¢alidir. 3-7 yaprakeikli, kenarlart keskin digli, sivri u¢lu, alt
yiizii agik, tst ylzi koyu yesil renklidir. Cigekler semsiyemsi salkim seklindeki kurullarda, krem-beyaz renklidir.
Meyve sulu, kiiremsi, siyah (koyu kirmizi, pembe) renklidir. Vatan1 Tiirkiye, Avrupa, Kuzey Afrika ve Bat1 Asya’dir.

Yazgiilii-Cingiilii (Hibiscus rosa-sinensis); herdemyesil, 2 (5) metreye kadar boylanabilen, sik dalli, daginik
tepeli bir ¢alidir. Yapraklar yumurtamsi, kenar1 kaba disli, sivri uglu, parlak koyu yesil renklidir. Cigekler uzun sapli,
parlak, kirmizi renklidir. Vatam Cin’dir. Ulkemizin Akdeniz, Ege ve Marmara bdlgelerinde siis bitkisi olarak yetistirilir.

Kurtbagr (Ligustrum vulgare); kisin yaprak doken, 5 metreye kadar boylanabilen, sik dalli bir ¢alidir.
Yapraklar karsilikli dizili, diiz, yesil renklidir. Cigekler siirgiin uclarinda, salkim seklinde, bal kokulu, beyaz renklidir.
Meyve iiziimsii, parlak siyah renklidir. Vatani Tiirkiye, Kuzey Afrika ve Avrupa’dir.

Saph Mese (Quercus robur); kisin yapragim doken 40 metreye kadar boylanabilen; genis ve daginik tepeli bir
agactir. Yapraklar kisa sapli, kenar1 derin loplu, alt yiizii mavimsi yesil, list yilizii koyu yesil renklidir. Meyve uzunca
yumurta seklinde, iizeri boyuna ¢izgili, kahve renkli ve uzun saplidir. Erkek ¢igekler sarimsi-yesil renkli; disi ¢igekler
basak seklinde, uzun saplidir. Vatani Tiirkiye, Avrupa, Kafkaslar ve Kuzey Afrika’dir.

Titrek kavak (Populus tremula); kisin yaprak doken, 30 metreye kadar boylanabilen, yuvarlak genis tepeli bir
agactir. Yaprak yuvarlak-yumurta; kenarlar1 diizensiz kaba digli, alt yiizii acik yesil, iist yiizii parlak koyu yesil
renklidir. Cigekler basak seklinde kirmizimsi renklidir. Vatam Tiirkiye, Kuzey Afrika, Avrupa ve Sibirya’dir.

Mahonya (Mahonia aquifolium); kisin yaprak dokmeyen, 1-2 metreye kadar boylanabilen bir ¢alidir.
Yaprakgiklar 5-9 adet, yumurta-elips seklinde, kenar1 dikensi disli, koyu yesil renklidir. Meyve tiziimsii, tizeri dumanli,
mavimsi-siyah renklidir. Vatan1 Kuzey Amerika’nin batisidir. Ulkemizde park bahgelerde siis bitkisi olarak yetistirilir.
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Bu calismanin amaci;
a) Tirk kirmizisi-K6kboya (Rubia tinctorum), Miirver (Sambucus nigra), Yazgiili-Cingiilii (Hibiscus rosa-sinensis),

Kurtbagr1 (Ligustrum vulgare), Titrek kavak (Populus tremula), Sapli Mese (Quercus robur) ve Mahonya
(Mahonia aquifolium) adli bitkilerden bitkisel boyalar elde etmek,

b) Farkli bitkilerden elde edilen bitkisel boyalari belli oranlarda karistirarak yeni renkler elde etmek,

c) Farkli ozellikteki baski yazi, karton, temizlik ve ambalaj kagitlarinin {izerine yazi yazma, boyama veya
renklendirilmesinde bitkisel boyalarin, kullanilabilecegini belirlemek,

d) Bitkisel boyalarin kagit tiiriine bagli olarak renk kaymalarinin olup olmadigini rakamsal olarak belirlemek,

e) Insan ve cevre sagligima zararsiz bitkisel boyalar gelistirmektir.

2. Materyal ve yontem

Calismada Tiirk kirmizisi-Kokboya (Rubia tinctorum), Miirver (Sambucus nigra), Yazguli-Cingiilii (Hibiscus
rosa-sinensis), Kurtbagri (Ligustrum vulgare), Titrek kavak (Populus tremula), Sapli Mese (Quercus robur) ve
Mahonya (Mahonia aquifolium) olmak {izere yedi bitki tliriiniin yaprak, meyve ve g¢iceklerinden elde edilen renk
pigmentleri arastirma materyali olarak segilmistir. Projede kullanilacak yontemler bitkisel boyalarin elde edilmesi ve
kagit tlirlerinin boyama i¢in hazirlanmasi olmak iizere iki ana baslik altinda ele alinmistir (Sekil 1).

1.1. Bitkilerden renk pigmentlerinin elde edilmesi

Deneylerde kullanilan bitkilerden boya elde etme yontemi asagida sira ile verilmistir;

Tiirk kirmizisi-Kokboya bitkisinin toprak alt1 siirgtinleri 20 Eyliil 2014°de, Eskisehir’in merkez Yunusemre
Parki civarindan toplanarak suda hafifce temizlendikten sonra kurutulmus, degirmende 6giitiilerek gézenek aciklig 2
mm olan elekten gecirilerek standart biiyiikliikte parcaciklar haline getirilmistir. 100g 6giitiilmiis materyal tizerine 500
ml distile su ilave edilmistir. +45°C sicaklikta 72 saat bekletildikten sonra, por agikligi 110 mm olan whatman kagit
filtreden siiziilmiistiir. Elde edilen boya kullanilincaya kadar +4°C de buzdolabinda saklanmustir.

Yazgiilii-Cingiilii bitkisinin kirmizi renkli ¢igekleri 2 Agustos 2014’de Antalya’dan toplanmustir.
Temizlendikten sonra kurutulan gigekler ogiitiildiikten sonra, gdzenek agikligi 2mm capli elekten elenmistir. Ogiitiilen
100g bitki materyali lizerine 500 ml distile su ilave edilmistir. +45°C sicaklikta 72 saat bekletilmis, whatman kagit
filtreden siiziilmistiir. Siiziilen boya cam siselerde +4°C de buzdolabinda saklanmuistir.

Saph Mese ve Titrek Kavak yapraklari 15 Kasim 2014’de, Eskisehir Anadolu Universitesi Yunusemre
Kampiisiinden toplanmistir. Yapraklar suda temizlendikten sonra golge bir ortamda kurutulmustur. Kurumus yapraklar
degirmende ogiitiildiikten sonra 2mm ¢apli elekten elenmistir. 100g elenmis yaprak iizerine 500 ml distile su ilave
edilmistir. 45°C sicaklikta 72 saat bekletilmistir. Daha sonra whatman kagit filtreden siiziilerek, kullanilmak {izere cam
siselerde +4°C de buzdolabinda saklanmustir.

Miirver, Kurtbagri ve Mahonya bitkilerinin meyveleri, 21 Eyliil 2014- 7 Aralik 2014°de, Eskigehir Anadolu
Universitesi Yunusemre Kampiisiinden toplanmistir. Toplanan meyveler suda yikanarak temizlendikten sonra temiz bir
kap icinde ezilmistir. Ezilen meyveler whatman (110 mm) kagit filtreden siiziillerek cam sgiselere konmus ve
kullanilincaya kadar +4°C de buzdolabinda saklanmustir.

Miirver+Yazgiilii karistmmin hazirlanmasi; Calismada 6 bitki tiirlinden elde edilen renkler sade olarak
kullanilirken, birinde miirver ve yazgiilii bitkilerinden elde edilen boyalarin karisimi kullanilmistir. Karigim i¢in miirver
ve yazgiilii bitkilerinden ayr1 ayri hazirlanan boyalar; 80 ml miirver, 20 ml yazgiilii oranlarinda karistirildiktan sonra
kagit yiizeylere uygulanmistir.

Deneylerde kullanilan bitkisel boyalara, distile su diginda herhangi bir madde veya kimyasal karistirilmamis
olup, elde edilen boya saf olarak kullanilmistir.

1.2. Deneylerde kullanilacak kdgit-karton tiirlerinin hazirlanmasi

Aragtirmada matbaacilik sektoriinde en yaygin olarak kullanilan farkli 6zelliklere ve kullanim alanlarina hitap
eden; baski yazi, karton, temizlik ve ambalaj kagit gruplarindan segilen 27 kagit tiirii kullanilmigtir. Deneylerde
kullanilan bu kagit tiirleri sunlardir; 1.2.3. hamur kagit, Resim defteri kagidi, Parlak kuse, Mat kuse, Amerikan biristol,
Lake; Zenit; Tuale, Krome karton, Ambalaj kagidi, Kurutma kagidi ve temizlik kagidi grubundan, Tuvalet kagidi, Kagit
havlu, Pecete (Tablo 1).
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Tablo 1. Bitkisel boy

alarin uygulandigi kagit tiirleri

Deney sira no.

Kagit Turua, Gramaji

hamur kagit, 60 g/m?

hamur kagit, 70 g/m?

hamur kagit, 80 g/m?

hamur kagit, 120 g/m?>

hamur 80 g/m?

1
1
1
1 hamur kagit, 90 g/m?
1
2
3

hamur kagit, 54 g/m?

Resim Defteri Kagidi, 120 g/m?

V|0 (N[O [_]JW|N|R

Parlak kuse, 115 g/m?

Parlak kuse, 135 g/m?’

P e
|0

Parlak kuse, 170 g/m2

[
N

Mat kuse, 300 g/m?

i
w

Amerikan biristol, 200 g/m2

[y
IS

Amerikan biristol, 250 g/m2

=
[6)]

Lake 220 g/m?

=
(0)}

Zenit 220 g/m?

[y
N

Zenit kuse 280 g/m?

[y
00

Tuale 135 g/m2

Y
©

Tuale kalin 170 g/m?

N
o

Gafleli tuale 180 g/m?

N
[y

Tuale 220 g/m?

N
N

Krome karton 300 g/m?

N
w

Tuvalet kagidi, 20 g/m?

N
I

Kagit havlu, 40 g/m?

N
0}

Pecete, 17 g/ m?

N
)}

Kurutma kagidi, 60 g/m?>

N
N

Ambalaj Kagidi 120 g/m?

Deneyler igin her bir kagit tiiriinden A4 ebatlarinda kagitlar alinmus, tizerlerine boyama alanlarini belirlemek

amaciyla 5x5 cm ebatlarinda kareler ¢izilerek boyamalar i¢in hazir hale getirilmistir.

Bitkilerden ¢ikartilan boyalar suluboya resim firgasi ile hazirlanan kagit ylizeylerine bir kat siiriilmiis, boya
kuruduktan sonra aymi sekilde ikinci bir kez daha boya siriilmiigtiir. Siiriilen boyalar tamamen kuruduktan sonra
renklerin 1g1k haslik degerleri TS 867 ve DIN 5033°c¢ gore, Minolta spektrometre CM 3600 cihazinda, ISO 2470

standartlarma (A*Eab) gore olciilmiistiir. Olgiimlerde temel renk evreni olarak kullanilan CIELab renk evreni modeli

esas almmustir (Sekil 1).

Beyaz
Le

Sekil 1. Olgiimlerde temel renk evreni olarak kullanilan CIELab renk evren modeli
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3. Bulgular

Tiirk Kirmizist bitkisinin toprak alt1 gévdelerinden kirmizimsi-pembe renk pigmentleri elde edilmistir. Miirver
bitkisinin meyvelerimden koyu kirmizi renk elde edilmistir. Yazgiilii bitkisinin ¢i¢eklerinden parlak kirmizi renk,
Kurtbagri bitkisinin meyvelerinden koyu mor renk elde edilmistir. Titrek kavak yapraklarindan ¢ok giizel agik sart renk
elde edilmistir. Mese yapraklarindan koyu sari-kahverengi renk elde edilmistir. Mahonya bitkisinin meyveleri ise koyu
siklamen rengi vermektedir (Resim 3).

Tirk kirmizsss Kurtbagnq

Titrek kavak - Sapli-Mege - Mahonya¥

Sekil 2. Bitki tiirlerinden elde edilen renkler

Tiirk Kirmizisi, Miirver, Yazgiilii, Kurtbagri, Titrek kavak, Mese ve Mahonya bitkilerinden elde edilen renk
pigmentleri, 27 farkl 6zellikteki kagit-karton yiizeyine uygulandiktan sonra 6l¢iilen renk degerleri Tablo 2°de rakamsal
olarak verilmistir. Olgiilen renk degerleri incelendiginde, bitkisel boyalarin kagit yilizeylerine uygulandiktan sonra, kagit

tiirline bagl olarak belli oranlarda degistigi ve renk kaymalarinin oldugu goriilmiistlir (Sekil 3). Bununla birlikte
renklerin kalict oldugu, boya kuruduktan sonra renk kayiplarimin olmadig1 gézlenmistir.

Sekil 3. Bitkisel boyalarin baski yazi, karton, temizlik ve ambalaj kagit yilizeylerinde renk degerleri ve renk degisim
miktarlar1 (AE*ab)
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Tablo 2. Bitki (Tiirk Kirmizisi, Miirver, Mirver+Yazgiilii, Kurtbagri, Titrek kavak, Mese, Mahonya) boyalarin kagit
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cesitlerine baglh olarak gosterdigi renk degisim degerleri
Kagit Tirk Miirver
Turi Kirmizisi Miirver + Yazgili |Kurtbagri Titrek Kavalf Sapli Mese |Mahonya
- AL* -26,22 -45,81 -46,59 -54,88 -27,75 -38,17 -63,11
% Aa* 11,39 5,79 20,59 1,05 3,97 7,03 30,3
§ Ab* 12,11 -5,26 0,36 -3,88 35,92 29,2 0,49
= AE* 31,05 46,47 50,94 55,03 45,56 48,57 70,01
- AL* -21,45 -40,04 -47,18 -53,64 -21,22 -36,93 -64,04
E Aa* 9,5 3,87 17,01 8,46 2,66 8,25 18,3
§ Ab* 6,45 -4,26 0,72 1,01 33,06 35,24 -1,95
3 AE* 24,33 40,45 50,16 54,31 39,37 51,71 66,63
- AL* -22,13 -33,94 -50,03 -55,81 -21,51 -39,91 -69,31
% Aa* 10,96 3,31 16,41 7,67 2,42 7,52 17,39
% Ab* 1,85 -6,32 0,11 -2,39 31,86 39,42 -2,47
3 AE* 24,77 34,68 52,65 56,39 38,52 50,15 71,49
o AL* -16,9 -33,78 -41,56 -46,6 -17,93 -33,62 -63,06
C"i’_ Aa* 7,47 3,61 20,68 1,66 0,99 7,06 28,8
% Ab* 8,04 -5,91 0,88 -4,63 31,13 30,48 -0,3
3 AE* 20,15 34,48 46,43 46,86 35,94 45,92 69,32
=2 AL* -17,38 -36,63 -43,68 -49,58 -20,36 31,84 -65,35
L:‘, Aa* 9,48 3,02 14,62 7,39 3,63 6,95 20,7
§ Ab* 4,57 -4,71 0,81 0,69 31,61 30,86 -2,9
S AE* 20,32 37,06 46,07 50,13 37,77 44,89 68,61
- AL* -22,19 -42,19 -44,67 -60,72 -25,66 -43,02 -63,46
% Aa* 8,7 1,96 10,6 8,93 5,22 8,01 11,54
E Ab* 8,27 -0,32 2,67 5,91 31,75 28,09 1,12
= AE* 25,23 42,24 45,99 61,65 41,16 52 64,51
- AL* -22,67 -40,36 -42,87 -61,72 -23,86 -44,42 -59,26
% Aa* 8,87 1,46 10,44 9,93 4,63 8,75 16,42
= Ab* 8,47 0,59 2,75 7,91 31,08 28,78 -4,55
p AE* 25,78 40,39 44,21 63,65 39,45 53,64 61,66
§ AL* -26,72 -38,13 -46,94 -54,38 -16,13 -42,45 -62,44
5] Aa* 12,03 3,34 16,41 7,77 -0,11 10,14 25,09
i Ab* 2,08 -6,55 0,34 2,47 27,06 33,86 -6,79
g AE* 24,92 38,83 49,73 54,99 31,51 55,24 67,63
%D AL* -22,69 -25,91 -35,06 -43,53 -20,72 -33,27 -56,21
A Aa* 12,18 -2,42 6,27 1,18 2,16 7,85 9,82
= Ab* 6,12 6,22 2,84 4,6 33,79 33,05 -10,38
E AE* 26,47 26,76 35,73 43,78 36,69 47,55 58
%D AL* -10,29 -23,39 -34,15 -48,55 -18,17 -32,88 -64,88
A Aa* 4,99 -0,69 7,1 3,91 2,14 8,14 13,06
= Ab* 1,34 -4,01 -1,82 -1,81 33,48 33,43 -8,99
E AE™ 11,58 23,74 34,93 48,74 38,16 47,59 66,79
éb AL* -10,41 -33,93 -37,73 -35,32 -30,07 -32,4 -60
A Aa* 5,4 -1,73 5,79 3,24 8,94 7,94 9,29
- Ab* 1,44 5,11 2,52 2,81 42,48 33,86 -10,74
E AE* 11,82 34,36 38,26 35,58 52,81 47,53 61,66
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Kagit Turk Miirver
Trh Kirmaizisi Miirver + Yazgiili |Kurtbagri Titrek Kavalf Sapli Mese |Mahonya
=y AL* -12,93 -33,92 -35,02 -43,35 -40,35 -27,54 -54,55
i Aa* 6,27 -8,77 9,13 3,04 1,04 6,76 17,25
El Ab* 3,3 -5,6 -0,93 -3,95 -1,95 35,66 -2,27
§ AE* 14,74 35,48 36,2 43,63 41,63 45,56 57,26
g
a AL* -22,33 -28,54 -36,55 -31,58 -19,91 -28,18 -57
§ Aa* 13,96 -3,31 9,58 0,96 4,83 6,78 10,4
é Ab* 10,3 -5,38 -2,11 -4,03 33,83 30,74 -5,18
5
g AE* 28,28 29,23 37,84 31,85 39,55 42,25 58,18
>
% AL* -17,47 -26,7 -25,76 -36,84 -21,4 -32,13 -60,28
g Aa* 10,65 -3,03 5,12 3 5,02 8,88 9,08
é Ab* 7,44 -5,11 -1,16 -3,41 39,26 35,49 -6,91
S
§ AE> 21,77 27,36 26,29 37,12 45 48,69 61,35
AL* -12,59 -25,92 -40,59 -26,43 -23,26 -23,56 -59,92
§’ Aa* 6,61 0,12 15,47 -1,2 6,93 3,94 22,44
% Ab* 7,71 -2,6 0,94 -3,18 37,49 21,23 -1,32
E AE* 16,18 26,05 43,45 26,65 44,66 31,95 63,99
AL* -16,48 -36,82 -37,73 -38,32 -18,89 -32,92 -66,72
§’ Aa* 11,55 1,22 14,18 2,93 4,31 6,51 24,44
= Ab* 1,93 -6,15 -0,95 -6,42 31,88 28,07 -2,62
,2:1 AE> 20,22 37,35 40,31 38,97 37,31 43,75 71,11
é“ AL* -17,48 -27,81 -38,22 -40,41 -20,22 -32,78 -62,44
;; Aa* 10,76 -3,54 12,07 2,26 4,75 9,26 15,93
_—2 Ab* 9,16 -4,4 1,41 -2,05 37,37 37,19 -6,26
E AE> 22,48 28,38 40,11 40,52 42,76 50,43 64,74
AL* -12,02 -24,64 -42,63 -35,89 -23,66 -26,97 -56,2
§’ Aa* 6,16 -2,87 10,24 3,19 6,35 6,02 17,17
Z; Ab* 5,72 -3,85 -0,28 -5,01 38,85 34,8 -6,03
E AE> 14,67 25,11 43,84 36,38 45,93 44,44 59,07
= AL* -19,39 -31,91 -36,18 -42,33 -20,45 -28,65 -58,26
T:i Aa* 11,12 2,89 15,41 1,65 5,28 5,37 26,69
ii Ab* 11,81 -3 0,07 -4,78 31,5 25,71 -2,24
;g AE* 25,28 32,18 39,33 42,63 37,93 38,86 64,12
§’ AL* -17,79 -46,81 -39,53 -36,93 -18,5 -32,32 -63,98
% Aa* 11,06 6,87 24,16 4,25 3,57 6,98 33,14
é Ab* 3,39 -7,84 -1,32 -8,66 32,43 29,45 5,77
5 AE> 21,22 47,96 46,34 38,16 37,5 44,27 72,28
AL* -13,76 -28,37 -34,09 -37,67 -22 -32,92 -53,03
§’ Aa* 6,84 -3,23 12,45 8,04 5,86 8,11 20,16
ZJ Ab* 6,97 -3,78 1,23 -0,92 38,04 37,69 -1,8
§ AE* 16,87 28,8 36,31 38,53 44,33 50,7 56,76
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Tablo 2. (devam ediyor)

Kagit Turk Miirver
Turi Kirmizisi Miirver + Yazgili |Kurtbagri Titrek Kaval Sapli Mese |Mahonya

[=2]

§ AL* -16,87 -22,64 -31,11 -34,13 -21,19 -28,63 -54,36

é Aa* 8,24 -1,64 8,28 1,88 2,82 4,99 12,59

«

4

2 Ab* 6,46 -2,54 -0,69 -2,38 29,19 28,39 -10,84

o

< AE* 19,86 22,84 32,2 34,26 36,18 40,63 56,84

on

N AL* -26,56 -49,68 -53,16 -46,74 -29,47 -47,41 -58,43

%0 Aa* 13,67 11,49 22,79 11,14 8,33 10,1 23,27

v

% Ab* 8,43 0,47 2,11 3,22 34,1 30,47 5,31

>

= AE* 31,04 51 57,88 48,16 45,84 57,25 63,12

o0

I AL* -28,89 -49,28 -52 -52,93 -30,65 -41,6 -63,21

é Aa* 9,73 12,35 22,75 11,25 5,55 7,58 21,63

<

§ Ab* 7,57 0,99 2,14 4,11 31,11 29,22 5,87

on

S AE* 31,41 50,82 56,8 54,27 44,02 51,4 67,06
AL* -25,37 -51,19 -50,12 -54,94 -29,27 -42,98 -66,14

22 Aa* 13,55 3,67 16,49 10,64 8,8 9,74 29,12

g Ab* 7,84 -2,71 1,04 2,75 38,02 31,83 3,77

5&’; AE* 29,81 51,39 52,77 56,03 48,79 54,36 72,36

=]

NS AL* -24,14 -37,41 -51,4 -25,19 -44,28 -38,89 -64,21

=

gb Aa* 8,14 9,77 22,81 3,89 9,18 13,46 22,63

2

g Ab* 7,67 0,88 2,24 29,69 30 2,72 6,87

=

—

Q AE* 26,6 38,68 56,28 39,13 54,27 41,24 68,06

on

4 AL* -34,58 -45,51 -45,78 -52,33 -38,69 -42,13 -68,71

ED Aa* 8,64 0,57 13,86 -0,9 3,52 5,89 20,14

<«

-

%‘ Ab* 13,21 2,25 4,46 0,35 30,31 24,38 2,75

)

E AE* 38,01 45,57 48,04 52,34 49,28 49,03 71,66

4. Sonuglar ve tartisma

Bitkisel boyalar gesitli malzemelerin boyanmasinda ¢ok eski zamanlardan beri kullamlmaktadir. Insanlar
bitkilerin; kok, kabuk, yaprak ve meyve gibi gesitli kisimlarindan elde ettikleri boyalari gesitli arag, gereg, kagit ve
kumaslarin boyanmasinda kullanmiglardir.

Projede toplam yedi bitki tiiriinden elde edilen bitkisel boyalar, 27 farkli kagit-karton tiirtinde kullanilmustir.
Toplam olarak kullanilan yedi bitkisel boyanin, altisinda farkli bitkilerden elde edilen boyalar saf olarak kullanilmus,
birinde ise miirver ve yazgiilii bitkilerinden ayr1 ayr1 hazirlanan boyalar belli oranda karistirildiktan sonra bu karigim
kullanilmistir.

Yapilan ¢aligmalardan sonra varilan sonuglar bes ana baslik altinda toplanabilir.

a). Tirk Kirmizisi, Miirver, Yazgiili, Kurtbagri, Titrek kavak, Mese ve Mahonya bitkilerinden elde edilen
boyalar; baski yazi, karton, temizlik ve ambalaj kagitlarinin renklendirilmesinde kullanilabilir.

b). Arastirma konusu bitkisel boyalar kayit yiizeylerine uygulandiktan sonra degisime ugrayarak renk
kaymalar1 ortaya ¢ikmaktadir. Bunun ii¢ ana nedeninin oldugunu diisiiniiyorum. Bunlardan birincisi bitkisel boyar
maddeler hava ile temas ettiginde oksijen ile reaksiyona girerek okside olmaktadir. ikincisi ise farkli amaglar igin
tiretilmis olan kagitlarin, kdgit hamurunda bulanan selilloz ve diger kimyasallarin oranlari ile kagit yiizeylerine
uygulanan islemler farkli olmakta, buna bagli olarak bitkisel boyalar bu kimyasallarla reaksiyona girmektedir.
Ugiinciisii ise saf olarak elde edilen boyalarda bulunan su miktarmin tam olarak standardize edilememis olmamasidir.
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c¢). Baz1 kagit tiirlerinde ilk uygulama aninda kagit tiirline bagl olarak renk kaymasi olmasina karsin, boya
kuruduktan sonra renk kayiplarinin olmadigi, dolayisiyla bitkisel boyalarin haslik ve kalicilik degerinin yiiksek oldugu
gorillmiistiir.

d). Bitkisel boyalar, bitki ¢esitliligi bakimindan ¢ok zengin olan iilkemiz igin kirsal kalkinmanin 6nemli bir
unsuru olabilir.

e). Farkli bitkilerden elde edilen bitkisel boyalar belli oranlarda karistirilarak yeni ve daha farkl bitkisel
boyalar elde edilebilir.

f). Yapilacak ayrintili arastirmalarla; Tiirk Kirmizisi, Miirver, Yazgiilii, Kurtbagri, Titrek kavak, Mese ve
Mahonya bitkilerinden insan ve ¢evre sagligina zararsiz bitkisel boyalar gelistirilebilir ve bu bitkisel boyalar basta
egitim ve dgretim materyali olmak tizere tiim kagit tiirlerinin boyanmasinda kullanilabilir.

(Bu calisma Tiibitak ve Milli Egitim Bakanligi’nin ortaklasa diizenledigi “Bu Benim Eserim” proje

yaragmasinda bolge finaline katilmistir.)
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Abstract

A study was carried out to assess the antitumor activity of essential oil of rosemary (Rosmarinus officinalis L.)
by potato disc method. Regression analysis revealed highly significant (P< 0.01) differences among various
concentrations of rosemary oil regarding tumour count and percent tumour inhibition in potato discs. A linear increasing
trend was observed for inhibition percentage with an increase in oil concentration while a linearly decreasing trend was
depicted for tumour count with increasing concentrations of rosemary oil. The highest inhibition (42.85%) was
observed for 35 ppm essential oil which was statistically at par with 30ppm concentration (42.5%). Lowest inhibition
was recorded for 10 ppm (15.29%). The instant results suggest that potato disc antitumor assay could be used as a
reliable, inexpensive and a rapid pre-screen for antitumor activity of rosemary oil or similar extracts from other plant
species.

Key words: rosemary, essential oil, potato discs, tumours, antitumor
1. Introduction

The nutritional, medicinal, anti-microbial and other properties of Rosemary (Rosmarinus officinalis L; Family:
Lamiaceae) have been well known to mankind for thousands of years. Cultivation and use of the species has been
reported from ancient Egypt, Mesopotamia, China and India (Bradley, 2006). Native to the Mediterranean region, it is
cultivated in temperate climates (Chomchalow, 2002). It is a cool loving, fragrant, leafy and evergreen shrub. The plant
can attain a height of upto 2m. It prefers sandy soils and responds well to application of nitrogen and lime. The crop is
suitable to cultivate in temperate Himalayas (Mishra et al., 2009). The medicinal importance of rosemary has been well
recognized and documented in modern times (Ghannadi, 2002; Al-Sereitia et al., 1999; Bradley, 2006). A variety of
therapeutic and medicinal properties have been attributed to the oil, leaves or extracts of this species including being
anti-hypertensive, antibacterial, anti-fungal, anti-inflammatory, a nerve tonic, astringent, diaphoretic, stimulant,
carminative, spasmolytic, thymoleptic, sedative, diuretic, rubefacient and analgesic. It is traditionally used as a spice in
foods, beverages and as alternative herbal medicine for Gl ailments including flatulence and dyspepsia. It has been
found useful in headaches, myalgia, sciatica, intercoastal neuralgia, renal and biliary colic or liver and gallbladder
complaints among other ailments Rosemary oil has also been used in balneotherapy and aromatherapy. (Al-Sereitia et
al., 1999; Gilani, 2005; Nusier et al., 2007; Issabeagloo et al., 2012).

In recent years’ rosemary oil has not only been used as an ingredient in the preparation of Eau-de-Cologne
(Moss et al., 2003) but the food industry has also shown increasing interest in the antibiotic and antioxidant properties
of its essential oils and organic or aqueous extracts. The industry is interested in using rosemary extracts as natural
preservative instead of synthetic ones to attract the “green” consumers (Davidson, 2005; Peiretti et al., 2012). Rosemary
extract is considered one of the most important sources of phenolic compounds with strong antioxidant activity due to
their phenolic hydroxyl groups (Raskovic et al., 2014). Rosemary oil is also known to possess anti-carcinogenic
activities and chemo-preventive properties (Al-Sereiti et al., 1999; Aherne et al., 2007).
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Despite the many medicinal and therapeutic properties, the specific bioactive ingredients of rosemary
responsible for particular therapeutic effects have not been characterized in detail for their chemical nature and
mechanism of action though valuable progress has been reported regarding chemistry of the essential oils (Doolaege et
al., 2007, Ozcan and Chalchat 2009; Jiang et al., 2011). Keeping in view the potential of anti-carcinogenic potential of
rosemary oil, a reliable, less expensive pre-screen method is needed for assessing antitumor activity of the rosemary
essential oil and other similar oils. The present study reports the findings of using potato disc method for testing the
efficacy of rosemary oil for its antitumor activity.

2. Materials and methods

An experiment was conducted during 2013-14 at the Institute of Agri-Biotechnology & Genetic Resources
(IABGR), National Agricultural Research Centre (NARC), Islamabad, Pakistan to assess the anti-tumour activity of
essential oil of rosemary through potato disc method described by Ahmad et al., (2008). The experimental materials
were obtained from Seed Health Laboratory of NARC.

2.1. Extraction of essential oil

The essential oils were extracted from shade dried and powdered rosemary leaves by hydro-distillation method
using Clevenger apparatus. Different concentrations (10, 15, 20, 25, 30 and 35 ppm) of essential oils were prepared in
Dimethyl sulfoxide (DMSO). All the solutions were prepared and inoculation or culturing was done using sterile
techniques in an aseptic environment under laminar flow.

2.2. Assay for anti-tumour activity

The anti-tumour activity of rosemary oil was assayed at six different concentrations (10, 15, 20, 25, 30 and 35
ppm) for tumour inhibition in the potato discs normally produced by Agrobacterium tumifaceins (LBA- 4404), a gram
negative and tumour inducing, soil bacterium.

2.3. Preparation of media, culture and inoculum

A. tumefaciens was cultured in Luria broth (LB) media prepared by dissolving 2 g powder in 100 ml of
distilled water and adjusting the pH to 7.0 followed by autoclaving (121°C and 15 psi pressure). After cooling the media
was inoculated with a loop full of single colony culture of A. tumefaciens (LBA-4404) and incubated for 48 hours at
37C? in shaking incubator. Inoculum (1500 pL) was prepared by adding 150 pL of essential oil, 750 uL of autoclaved
distilled water and 600 pL of bacterial culture in sterile Eppendorf tubes. Positive control was prepared by taking 750 pl
of autoclaved distilled water and 750 pl of bacterial culture in sterile Eppendorf tubes. Six plates each, containing 2%
Agar as supporting media for the potato discs, were prepared for each concentration of essential oil and each control.
These plates were prepared by pouring a 100 ml of 2% autoclaved agar in each autoclaved 9cm petri-plate and allowing
solidifying.

2.4. Assay procedure

Red skinned potatoes were thoroughly washed under running tap water and then surface sterilized in 0.1%
mercuric chloride (HgCly) solution in distilled water for 7-10 minutes, followed by rinsing with autoclaved distilled
water. Cylindrical potato slices were obtained with the help of sterilized cork borer (8 mm). From both ends of the
cylinder, 1cm slices were cut off with sterilized blade and discarded. The remaining cylinder was cut in to 5 mm x 8
mm thick discs which were placed on solidified agar plates (10 discs per plate). One drop of inoculum (50 pl) including
appropriate concentration of the essential oil was applied to the surface of each disc and allowed to diffuse for 10-20
minutes into the discs. The plates were then covered and wrapped in parafilm strips to avoid contamination and loss of
moisture during incubation. The plates were incubated at 28°C for 21 days.

2.5. Data collection and statistical analysis

After incubation, the potato discs were placed on slides and examined under the microscope Nikon UFX-DX to
count the tumours (Fig. 1). Lugol’s solution, prepared in distilled water (10% KI, 5% I,), was used for staining the discs
for 30 minutes. The Lugol’s reagent reacted with the starch in the potato discs and turned them into dark brown to dark
blue colour. However, the tumours induced by A. tumefaciens appeared orange to creamy because they do not take up
the stain (McLaughlin et al., 1998). Numbers of tumours per disc were counted and percentage inhibition for each
concentration was determined as follows;
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Average noof tumours of sample
Percentage inhibition= [ﬂ‘.-'E[‘!.gE no of tumours of -ve control o 100]

The data on tumour count in test and control samples and percent tumour inhibition was subjected to regression
analysis as suggested by Gomez and Gomez (1984).

3. Results
3.1. Percent inhibition of tumours

The mean values of percent inhibition of tumour at various concentrations of rosemary oil are presented in
figure 2 (a). Regression analysis revealed significant (P< 0.05) increasing trend in percent tumour inhibition with an
increase in concentration of rosemary oil. The increasing trend was linear, thus maximum percent inhibition was
recorded with the treatment using 35 ppm rosemary oil. Minimum inhibition was recorded in potato discs treated with
10 ppm rosemary oil. This increased inhibition of tumour might be attributed to the enhanced antitumor activity of
rosemary oil due to increase in its concentration. Anti-carcinogenic and chemo-preventive properties of rosemary oil
have previously been reported by Al-Sereiti et al., (1999) and Aherne et al., (2007). In the current experiment too, the
crude extract of essential oil exhibited a pronounced level of tumour inhibition, which might be due to the antagonistic
effects of the compounds present in the crude extract. However, Inayatullah et al., (2007) had found that the effect of
crude extract of H. nepalensis on viability of A. tumefaciens was quite insignificant indicating that the extract/fractions
are not involved in killing the bacterium (A. tumefaciens) that causes tumours, but rather inhibit tumours by other
means. The same mechanism may be at work in case of rosemary oil too. This may become clear with the on-going
experiments in our lab.

3.2. Average tumour count

The average number of tumours as recorded in various concentrations of rosemary oil is presented in figure 2
(b). Regression analysis revealed highly significant (P< 0.01) decrease in average tumour with an increased
concentration of rosemary oil. The decreasing trend was linear and thus maximum tumours (7.2) were recorded at 10
ppm whereas minimum was recorded at 35 ppm (figure 1, b). This decrease in tumour count might be due to the
antitumor performance of rosemary oil. These findings are in complete agreement with the previous results of
Inayatullah et al., (2007). whose findings support the present results. Similarly the tumour counts were recorded in
tested as well as in positive control samples. Figure 2 (c) clearly depicts that in control samples the tumour count was
statistically same and no significant differences for tumour were observed. In contrast the tumour counts significantly
decreased in tested samples with increased concentration of oil. The instant results for the potato disc antitumor assay
supports the previous findings that rosemary plant has highly potent antitumor agents.

4, Conclusions and discussion

The instant results for the potato disc antitumor assay suggests that rosemary plant has highly potent anti-
tumour agents and thus highest inhibition was observed for 35 ppm essential oil (42.85%), whereas lowest inhibition
was recorded for 10ppm (15.29%). Present results suggest that potato disc antitumor assay could be used as a reliable,
inexpensive and a rapid pre-screen for antitumor activity. As reported by Mishra et al., (2009), the rosemary plants can
be successfully cultivated in temperate Himalayas. It means that rosemary can be successfully cultivated in certain
northern parts of Pakistan which may bring additional income to the farmers.

tefpr1

Figure 1. Potato discs placed on 2% agar to determine anti tumour activity of different concentrations of rosemary
essential oil
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Figure 2. (a) Percent tumour inhibition on potato discs using different concentrations of rosemary oil (b) Average
tumour count in test samples plotted against various concentration (¢) Tumour count in test and control samples at
various concentrations of rosemary oil.
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Abstract
Atriplex oblongifolia Waldst. & Kit. is recorded the first time for the flora of Turkey. Its description,
synonymes, distribution map in Turkey and photographs are provided and morphological characters are discussed.

Key words: Atriplex oblongifolia, Amaranthaceae, Teutliopsis, new record, Turkey

k

Tiirkiye Florasi icin Atriplex L. (Amaranthaceae) cinsinden yeni bir kayit

Ozet

Bu makale ile Tiirkiye floras1 i¢in Atriplex L. cinsinden Atriplex oblongifolia Waldst. & Kit. tiiriiniin ilk defa
kayd: verildi. Tirtin kapsamli betimi, sinonimleri, Tiirkiye deki yayilis haritasi ve fotograflar1 verildi ve morfolojik
ozellikleri tartigildi.

Anahtar kelimeler: Atriplex oblongifolia, Amaranthaceae, Teutliopsis, yeni kayit, Tiirkiye
1. Giris

Atriplex cinsi, diinyanin pek ¢ok kurak ve yar1 kurak alanlarinda, 6zellikle de yiiksek toprak tuzluluguna sahip
habitatlarda baskin bir cins olup (Ouardo vd., 2006), giiniimiizde cinsin diinya iizerinde yaklagik 260 tiirii
bulunmaktadir (Sukhorukov ve Danin 2009).

Atriplex cinsi iilkemizde toplam 19 taksonla (17 tiir ve 2 varyete) temsil edilmektedir. Aellen (1967) Tiirkiye
Floras: ikinci cildinde 13 tiir ve 2 varyete olmak iizere toplam 15 takson vermistir. Davis (1988) Tiirkiye Floras1 10.
cildinde Atriplex micrantha C.A.Meyer tiiriinii ve Freitag (2000) Tiirkiye Floras1 11. cildinde A. aucheri Moqg. tiiriinii
ilave etmistir. Yakin zamanda yapilan ¢aligmalarda A. leucoclada Boiss. (Kaya vd., 2010) tiirii ve A. lehmanniana
Bunge (Yaprak ve Bagkdse, 2012) tiirleri lilkemiz florasina ilave edilmistir.

Tarafimizca 2013-2015 yillar1 arasinda Trakya Bolgesinde yapilan arazi ¢aligmalari sirasinda, iilkemizde
yayilis gosteren Atriplex taksonlarindan morfolojik olarak farkli 6zelliklere sahip ornekler toplanmustir. Daha sonra
komsu iilke floralar1 ve yakin zamanda yapilmig giincel ¢alismalar kullanilarak yapilan teshisler sonucunda, bu
orneklerin Atriplex oblongifolia tiiriine ait oldugu belirlenmistir. Bu makale ile birlikte, iilkemizde yayilis gosteren
Atriplex cinsine ait toplam takson sayisi 20 (18 tiir ve 2 varyete) olacaktir.

2. Materyal ve yontem

Bu ¢aligmanin materyalini, 2013-2015 yillar1 arasinda yapilan arazi ¢alismalari sonucu toplanan bitki 6rnekleri
olusturmaktadir. Toplanan &rnekler preslenmis, kurutulmus ve herbaryum materyali haline getirilmistir. Bu ¢alisma i¢in
kullanilan bitki materyalleri, Ankara Universitesi Fen Fakiiltesi Biyoloji Béliimii Herbaryumunda (ANK)
saklanmaktadir (Sekil 5). Taksona ait morfolojik karakterlerin 6lgiimii, BAB stereo binokiiler mikroskop altinda ve
BAB goriintii isleme ve analiz sistemi (Bs200Pro) kullanilarak gerceklestirilmistir.
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Toplanan 6rneklerin teshisi i¢in Flora Europaea (Tutin vd., 1964), Flora U.S.S.R (Shishkin, 1936), Flora of
North America (Welsh, 2003) ve Flora D’Italia (Pigratti, 1982) gibi komsu iilke floralari ve bazi taksonomik ¢aligmalar
(Frankton ve Bassett, 1968; Suchorukow, 2007) kullanilmustir.

3. Bulgular

Ulkemizde yayilis gdsteren Atriplex taksonlar1 bes seksiyon (seksiyon Teutlioides, Atriplex, Teutliopsis,
Sclerocalymma ve Stylosa) altinda toplanmaktadir (Ulbrich, 1960; Suchorukow, 2007). Atriplex oblongifolia ise
bunlardan Teutliopsis Dumort. seksiyonuna aittir. Bu seksiyon, yapraklarm her iki yiiziiniin yesil, yaprak enine
kesitlerde kranz anatomisi igermemesi (izolateral yapt mevcudiyeti), disi ¢igekler serbest ya da kenarlar1 1/2 veya 1/3
oraninda birlesik iki periant tarafindan sarili olmasi, periantin meyve olgunlagsma zamani dahi otsu, sertlesmemesi ve
damarlarinin belirgin hale gelmesiyle diger seksiyonlardan ayrilmaktadir. Bu seksiyon igerisinde yer alan diger Atriplex
taksonlari; Atirplex patula L., A. laevis C.E. Meyer, A. micrantha C.E. Meyer, A. hastata L. ve A. davisii Aellen dir.

Sect. Teutliopsis Dumort. einend. Sukhor., FI. Belg.: 20 (1827)
Atriplex oblongifolia Waldst. & Kit., Descr. Icon. Pl. Rar. Hung. 3: 278 (1812). Rumeli Unlucas (Sekil 4)

= Teutliopsis oblongifolia (Waldst & Kit.) Celak., Osterr. Bot. Zeitschr. 22: 168 (1872). Typus: [Hungaria,]
Buda, N 502358

= A. tatarica Schkuhr, Bot. Handb. 4: 331 (1808), non L. 1753.

= A. campestris W.D.J. Koch & Ziz, Cat. PI. Palat: 24 (1814).

= A. patula L. a. (var.) hololepis Fenzl in Ledeb., FI. Ross. 3: 726 (1851).

= A. patula L. (var.) oblongifolia Westerl., Linnaea 40: 169 (1876).

Bitki tek y1llik, otsu ve monoik. Govde dik, bazen yiikselici, 2 m’ye kadar, alt kisimlar1 1 cm ¢apina kadar, iist
kisimlar1 daha az, en alt birka¢ nodyumdaki dallar karsilikli, tisttekiler almagh dizilisli, nodyumlarda karsilikl ikiser dal
cikar, bazen tek, govde ve yan dallar silindirik, bazen st kisimlar ve yan dallar hafif kdseli, yesil renkli, boyuna sari-
yesil ¢izgili; govde alt kisimlan tiiysiiz, Gst kisimlar ve yan dallar kepeksi (furfuraseous) tiiylii, govde epidermisi
soyulucu degil. Yapraklar basit, tam, dokiiliicti, etli degil, en alt yapraklar karsilikli, iistekiler almagh dizilisli, sapl,
10.5 x 3 cm’ye kadar (sap dahil), sap 1 cm’ye kadar, pulsu tiiylii, yaprak ayasi lanseolat, oblong veya lanseolat-oblog,
ana govde ve yan dal yapraklar birbirine benzer, belirgin 1 damarli, yaprak ucu akuminat, yaprak kenarlar1 diiz, bazen
hafif loplu, yaprak tabani, genellikle kuneat, bazen obtus, yaprak iist yiizeyi tliysiiz veya hafif pulsu tiiylii, alt yiizeyi gri
mumsu tliylii; yapraklar iki renkli, {ist ylizeyi yesil, alt yiizeyi gri. Cicek durumu aksillar veya terminal panikula,
brakte ve brakteollu, birer adet, brakteler seritsi, brakteoller subulat sekilli; ¢icekler sapsiz, bir eksen {izerine dizili
kiimeler (glomerul) seklinde, ¢igek kiimeleri eksen tizerinde almagh dizilisli, eksen pulsu tiiylii, her ¢igek kiimesinde 5-
6 arasinda erkek cicek, 3-7 arasinda disi ¢igek mevcut, 1sinsal simetrili; erkek ¢iceklerde periant ters koni seklinde,
genelde 4 birlesik segmentli, nadiren 5 segmentli, geng iken yesil renkli, olgunlastiginda siyah renkli, tiiysiiz, ovat, ucu
akuminat veya obtus, kenarlar1 diiz, bazen zarimsi, segmentler 0.50-1 x 0.30-0.60 mm; stamenler genellikle 4 adet,
nadiren 5, periant segmentlerinin karsisinda tabanda birlesik, 0.60 mm’ye kadar; anterler i¢e doniik, 0.20-0.35 x 0.20-
0.40 mm, sar1 renkli, obovat, iki tekali, tekalar boyuna agilir; filamentler beyaz renkli, yassi, anterlere sirttan bagl,
0.20-0.65 x 0.05-0.13 mm; disi cicekler tek tip (monomorf), periant segmentleri sadece taban kismu birlesik, segmentler
kalici, sapsiz veya subsesil ovat, nadiren ovat-deltoid, olgunlukta yesil kahverengi, 9 x 7 mm’ye kadar, kenarlar1 diiz,
ucu akut, tabam obtus, nadiren kuneat, segmentlerin sirt kismu sigilsiz (apendigsiz), segmentler tohumdan biiyiik, 3-5
damarli, 3’0 belirgin, ags1 damarly; pistil 1 adet, 2 karpelli 1 lokuluslu 1.5 mm’ye kadar; stigma 2 adet, filiform, 0.30-
0.10 mm arasinda; stilus 1 adet, sesil veya subsesil; ovaryum iist durumlu, orbikular veya ovat, zars1 yapida, yesil
renkli, tiiysiiz, hafif punktat, 1.10 x 0.45 mm’ye kadar; plasentasyon bazal. Meyve kuru, ovat, nadiren ovat-deltoid.
Tohumlar iki tip, yatay konumda, biri biiylik kahverengi, yanlardan basik, virgiil seklinde, 1.5-3.0 X 1.5-3 mm, yiizeyi
piriizlii, digeri kiigiik siyah renkli, yanlardan disa dogru siskin, yilizeyi diiz, parlak cilal (lustros), 1.20-2.10 x 1.15-2.0
mm, embriyo halkasal. Ciceklenme zamam 8. ay. Tohumlanma zamam 10-11. aylar. Ulkemizde sadece Trakya
bolgesinde tarla ve yol kenarlarinda, deniz seviyesinden 50-250 metre yiikseltiler arasinda yayilis gosterir.

Tip: [Hungaria,] Buda, N 502358

Incelenen 6rnekler; A1 Kirklareli: Pmarhisar, Pinarhisar-Demirkoy yolu, Poyrali kdyii ¢ikisi, tarla ve yol
kenarlar1, 225 m, 02.10.2013, K 041° 37.775'-D 026° 35.893', Baskose-2325 (!); Pinarhisar, Pinarhisar'a 5 km kala yol
ve tarla kenarlar, 150 m, 09.09.2014, K 041° 36.268'-D 027° 27.396' Baskdse-2672 (!); Pmarhisar, Pinarhisar-
Demirkoy yolu, Poyrali kdyii ¢ikisi, tarla ve yol kenarlari, 225 m, 09.09.2014, K 041° 37.775'-D 026° 35.893', Baskose-
2673 (!); Pmarhisar, Hamzabey koyii girisi, tarla ve yol kenarlari, 115 m, 22.08.2015, K 041° 31' 33.40"-D 027° 55'
13.34", Baskose-2929 (!); Pinarhisar, Ceylankoy girisi, tarla ve yol kenarlari, 120 m, 22.08.2015, K 041° 32' 49.61"-D
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027° 25' 54.76", Baskose-2930 (1); Al Edirne: Sarayakpinar, Suakacagi koyii, Tunca nehri kenarlari, 55 m, 10.09.2014,
K 041° 50.659'-D 026° 35.110', Bagkose-2687 (1).

Tiir, diinyada Cin, Rusya, Ukrayna, Moldova, Letonya, Kazakistan, Kirgizistan, Ozbekistan, Ermenistan,
Giircistan, Azerbaycan, Avusturya, Bulgaristan, Almanya, Yunanistan, halya, Polonya, Romanya ve K. Amerika’da
yayilis gostermektedir (Suchorukow, 2007; Aellen ve Akeroyd, 1964).

Atriplex taksonlarinda ana gévde ve yan dallar iizerinde bulunan yapraklarin aya sekillerinde farkliliklar
goriilmektedir. Teshis anahtarlarinda 6zellikle ana gonde yaprak aya sekli tiirlerin ayriminda kullanildigindan, ¢cogu
zaman bu farklilik teshislerde giicliik ¢ikarmaktadir. Yapilan morfolojik incelemeler sonucunda Atriplex oblongifolia
tiirliniin ana govde ve yan dal yaprak ayasinin benzer oldugu ve genel olarak lanseolat, oblong veya lanseolat-oblog
sekilli oldugu belirlenmistir (Sekil 2).

Atriplex oblongifolia tiiriine ait ¢igeklerinin incelenmesi sonucunda, tiiriin disi ¢igek (Sekil 3A) ve fonksiyonel
erkek ¢igek (Sekil 3B) olmak {izere iki farkli cinsiyete ¢igeklere sahip oldugu tespit edilmistir. Ayrica erkek ¢igeklerin
cogunlukla 4’lii sayida, nadiren 5°li sayida oldugu belirlenmistir (Sekil 3B, Sekil 5B,C,F). Bu durum dikkate
alindiginda, tiire ait 6rneklerinin sahip oldugu bu 6zellik, tiirii teshis anahtarinda diger taksonlardan ayirmak i¢in 6nemli
bir karakter yapis1 gostermektedir. Yapilan literatiir incelemelerinde ise, tiirlin “Flora U.S.S.R” de yer alan betiminde
erkek ¢igeklerin 3 ile 5 arasinda degisen segmentlere, “Flora of North America” da yer alan betiminde ise erkek
ciceklerin genellikle 5 segmentli oldugu ifade edilmistir.

3 4

LN

o
o
~
©

9 10

5

o] & ot T

D T
@ Atriplex oblongifolia

Sekil 1. Atriplex oblongifolia tiiriiniin Tiirkiye’deki dagilimi
Tiirkiye Atriplex cinsi Teutliopsis seksiyonu teshis anahtari;

1. Meyveli periant segmentlerinin tabana yakin kismu veya yaridan asagisi bariz siingerimsi yapida............... A. laevis
1. Meyveli periant segmentleri siingerimsi yapida degil

2. Disi ¢igek periant segmenti veya meyve iki fakli tipte (dimorf); her ikisi de orbikular, kii¢iikk olanlar 1.5 mm ¢apina
kadar, biiyiik olanlar 2-3 mm ¢apinda.............cooiiiiiiiiii e e A. micrantha
2. Disi ¢igek periant segmenti veya meyve tek tip (monomorf); deltoid, ovat, ovat-deltoid triangular-deltoid, obovat-
rombik veya eliptik-deltoid

3. Disi ¢igek periant segmentleri kiigiik, tohumla esit boyda ve tohumu hafifce sarar................................ A. davisii
3. Disi ¢icek periant periant segmentleri belirgin sekilde meyveden biiyiik

4. Yapraklar genellikle hastat veya deltoid-hastat...................oiiiii e A. hastata
4. Yapraklar genellikle elongat-ovat, deltoid-ovat, lanseolat, oblong veya lanseolat-oblog

5. Meyveli periant segmenti deltoid, 3-loblu, kenarlar1 diiz veya digli.................ccooccoiiiiii . A. patula
5. Meyveli periant segmenti ovat, nadiren ovat-deltoid, kenarlar1 diiz..............cccocoiiiiiiiiiiiiiinninn A. oblongifolia
Tesekkiir

Bu caligmay1, 11B4240009 ve 1410430001 numarali projeler ile destekleyen Ankara Universitesi Bilimsel
Aragtirma Projeleri (BAP) Koordinatorliigiine tesekkiirlerimizi sunariz.
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Sekil 2. Atriplex oblongifolia tiirtiniin yaprak morfolojisi

}'f;

Sekil 3. Atriplex oblongifolia tiiriine ait ¢i¢ek esey du

rumlari; A-disi ¢igek, (ps: periant segmenti, pst: pistil), B-
fonksiyonel erkek ¢igek, (ps: periant segmenti, st: stamen, pk: pistil kalintisi)

e G
PR

Sekil 4. Atriplex oblongifolia tiiriiniin habitusu
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Sekil 5. Atriplex-oblongifolia tiirline ait herbarm orngi, Bagkdse-2931 (Herrium ANK)
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M L SRR
Sekil 6. Atriplex oblongifolia tiiriiniin ¢igek durumu, ¢icek ve meyve kisimlari. A-Ci¢ek durumu, B-Erkek ¢icekte
periant, C-Stamenler, D-Meyve durumu, E-Pistil, F-Flamentler, G- Meyve, H-Kahverengi tohum, J-Siyah Tohum.
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The morphological, anatomical and palynological investigations on some taxa of genus Aethionema A. T. Waiton
(Brassicaceae)

Muhammet Mustafa ATCEKEN?, Hiiseyin DURAL?, Burcu YILMAZ CITAK ™
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Abstract

In this investigation, the macromorphological, micromorphological, anatomical and palynological properties of
some Aethionema species (Ae. arabicum, Ae. cordatum, Ae. armenum and Ae. karamanicum) which belong to
Brassicaceae family were exhibited. In macromorphological studies, the heights of stem, the length of leaf and flower
and fruit dimensions of species have been given and their descriptions are expanded. In micromorphological
investigations we determined that the fruit ornamentation of studied species is scabrous in Ae. arabicum, verrucose in
Ae. cordatum, papillate in Ae. karamanicum, smooth in Ae. armenum. Also the micromorphological seed characteristics
of species have determined that are essential for species differentiation. In anatomical studies, the structural
characteristics of cross sections of root, stem and leaf of species have shown taxonomical significance. All examined
species have reticulate pollen ornamentation but their murus are different each other in point of their palynological
features.

Key words: Aethionema, anatomy, micromorphology, morphology, palynology

%

Aethionema A. T. Waiton (Brassicaceae) cinsine ait bazi taksonlarin morfolojik, anatomik ve palinolojik yonden
incelenmesi

Ozet

Bu ¢alismada, Brassicaceae familyasinda yer alan Aethionema cinsine ait (Ae. arabicum, Ae. cordatum, Ae.
armenum ve Ae. karamanicum) bazi taksonlarin makromorfolojik, mikromorfolojik, anatomik ve palinolojik 6zellikleri
ortaya konulmustur. Makromorfolojik caligmalarda tiirlerin; gévde boyu, yaprak uzunluklar ile ¢igek ve meyve gibi
yapilarina ait Sl¢limleri verilmis ve deskripsiyonlar1 genisletilmistir. Mikromorfolojik arastirmalarda ise arastirilan
tiirlerin meyve ornamentasyonlarinin Ae. arabicum’da skabroz, Ae. cordatum’da verrukoz, Ae. karamanicum’da
papillali, Ae. armenum’da diiz oldugu belirlenmistir. Ayrica tiirlerin tohum mikromorfolojik karakterlerinin, tiirlerin
ayriminda 6nemli bir 6zellik oldugu tespit edilmistir. Anatomik ¢aligmalarda, kok, gévde ve yaprak enine kesitlerinin
yapisal ozellikleri taksonomik 6nem gostermistir. Palinolojik 6zellikleri agisindan arastirilan tiirlerin tamaminda polen
ornamentasyonu retikulattir fakat muruslari birbirlerinden farklidir.

Anahtar kelimeler: Aethionema, anatomi, mikromorfoloji, morfoloji, palinoloji
1. Giris

Brassicaceae familyas: iiyelerinin cogu Kuzey 1liman kusakta yayilis gostermektedir. Diinyada 338’ den fazla
cinse ait yaklasik 3700 tiir ile temsil edilmektedir (Bailey vd., 2006). Ulkemizde Brassicaceae familyasinda 88 cins, 539
tiir (210’u endemik tiir) bulunmaktadir (Erik ve Tarikahya, 2004). Bu familyada yer alan ve yiiksek endemizm oranina
sahip olan Aethionema cinsinde ise 40 tiire ait 43 takson mevcut olup bunlardan 20’si endemiktir. Cinsin endemizm
orant % 50’dir (Ertugrul, 2012). ‘Kayagiilii’ olarak adlandirilan (Ertugrul, 2012) Aethionema, taksonomik bakimdan
Tiirkiye'deki Brassicaceae familyasinin en zor cinslerinden birisidir. Tiirlerin biiyiik ¢ogunlugunda teshis i¢in meyveli
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ve ¢igekli materyal gerekli oldugu icin, ¢ogu herbaryum materyali teshis edilememistir (Hedge, 1965). Cinsin teshisinde
ortaya cikan giicliikler, cins hakkinda yapilan caligmalari olduk¢a siirlamistir. Yaptigimiz literatiir arastirmalarinda
Aethionema cinsi ile ilgili yapilan anatomik ve palinolojik bir aragtirma bulunmamaktadir. Buna kargin cinse ait
mikromorfolojik bir arastirma mevcuttur. Pmnar vd. (2007) tarafindan yapilan tohum mikromorfolojisi ile ilgili
calismada, Tiirkiye’ nin ¢esitli bolgelerinden toplanan 17 Aethionema A. T. Waiton (Brassicaceae) tiiriiniin tohum yiizey
ozellikleri, SEM (taramali elektron mikroskobu) ve LM (1s1k mikroskobu) kullanilarak incelenmis ve 4 morfolojik
tohum tipi belirlemislerdir. Bunlar; retikulat, ruminat, retikulat-verrukat, verrukattir. Ayn1 familyaya ait iki taksonun
polen ve tohumlarmin morfolojik &zelliklerini ortaya koyan bir ¢aligmada da her iki taksonun polenlerinin prolat-
sferoidal, tohumlarinin ise Bornmuellera cappadocica da rugulose-striate, Physocardamum davisii ‘de ise eliptik-
retikulat oldugunu rapor etmislerdir (Firat ve Bager, 2015). Calismamiz ile taksonomik olarak ayrimi gii¢ tiirlerden
olusan Aethionema cinsi taksonlarinin, tohum 6zellikleri mevcut literatiirler 15181 altinda degerlendirilerek, tiirlerin
sistematiklerine katkida bulunulmaya c¢alisilmistir. Bu c¢alismada, Ae. arabicum (L.) Andrz. ex DC, Ae. cordatum
(Desf.) Boiss., Ae. armenum Boiss. ve Ae. karamanicum Ertugrul & Beyazoglu tiirleri makromorfolojik,
mikromorfolojik, anatomik ve palinolojik olarak incelenmis, benzerlik ve farkliliklar1 ortaya konmus ve tiirlerin
sistematik 6zelliklerine yenileri eklenmistir. Ortaya konan verilerin ileride yapilacak bilimsel caligmalara 151k tutacagi
kanaatindeyiz.

2. Materyal ve yontem

Araziden toplanan ornekler bitkilerin ¢igeklenme periyotlarina rastlayan devrelerinde tip lokalitelerinden veya
yayils gosterdikleri bolgelerden toplanmustir. Orneklerin toplandig: lokaliteler Tablo 1° de verilmistir.

Tablo 1. Aethionema cinsine ait tiirlerin toplandigi lokaliteler

Tiir Lokalite Toplay
1c1 No

Ae. karamanicum C4 Karaman — Ayranci — Kayaonii Kéyii 1583 m., 15.06.2013 H. Dural-3524-
K 37°08°353”” D 33°47°651”’ M.Atceken

Ae. arabicum C4 Konya — Biiyiik Gevele Dagi giiney bati yamaglari, 1647 m., 12.06.2013 H. Dural-3521-
K 37°55°343” D 32°22°576’ M.Atgeken

Ae. cordatum C4 Konya — Biiyiik Gevele Dagi kuzey yamaci, 1694 m.,12.06.2013 H. Dural-3523-
K 37°55°404°° D32°22°682’ M. Atceken

Ae. armenum C4 Konya — Cal Dagi1 — Erikli Tepesi dogu yamaglari, 1783 m., 12.06.2013 H. Dural-3522-
K 37°49°830”” D 32°10°498”’ M.Atgeken

1.1. Morfolojik Incelemeler

1.1.1. Makromorfolojik Incelemeler

Makromorfolojik ¢aligmalarda, araziden toplanan bitkiler yaygin herbaryum tekniklerine gore kurutularak
herbaryum materyali haline getirilmis ve Davis’in (1965) Tiirkiye Florasi ile Ertugrul ve Beyazoglu (1997) adli eserler
kullanilarak teshisleri yapilmigtir. Herbaryum oOrnekleri Konya Herbaryumu’'nda (KNYA) saklanmaktadir.
Makromorfolojik deskripsiyonlar yapilirken bitkinin gévde boyu, yaprak dlgiitleri, ¢icek boyutlar l¢iiliip tablo halinde
sunulmustur. Her bir karakter i¢in en az 20 6l¢iim yapilmustir.

1.1.2.  Mikromorfolojik Incelemeler

Mikromorfolojik ¢aligmalar igin tiirlerin olgun meyve ve tohum ornekleri kullanilmig olup bunlarin hava
almalar1 engellenmeyecek sekilde kagit torbalarda saklanmistir. Tohum ve meyvelere ait 20 6rnek, uzunluk, genislik
bakimindan dl¢iiliip degerleri belirlenmistir. Daha sonrasinda SEM kullanilarak olgun meyve ve tohumlarin fotograflar
cekilmistir.

1.2. Anatomik Incelemeler

Anatomik c¢aligmalar i¢in toplanan Aethionema ornekleri arazi kosullarinda % 70’lik etil alkole alinmis ve bu
orneklerin kok, gévde ve yaprak anatomileri parafin metoduna gore calisilmistir (Johansen, 1940). Parafin metodu
calismalar1 icin; %70’lik etil alkol i¢cinde bulunan Orneklere, derece derece yiikselen alkol serilerinden gegirilerek
dehidrasyon islemi uygulanip parafine doyurma iglemi yapilmistir. Parafine doyurulan érneklerden parafin bloklar elde
edilip, elde edilen bu parafin bloklardan Thermo scientific marka Rotary Mikrotom ile 10-15 um kalinliginda kesitler
alinmistir. Alinan kesitlere safranin-fast green ikili boyamasi uygulanip daimi preparat haline getirilmislerdir.
Fotograflar Leica DM 1000 arastirma mikroskobuna takili Canon EOS 450D markali dijital kamera ile ¢ekilmistir.
Mikrotom ile kesit alinamayan dokulardan el kesitleri alinarak floroglisin-HCI ile boyanmis ve bu kesitler iizerinde
dogrudan mikroskop ile inceleme yapilmistir.
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1.3. Palinolojik Incelemeler

Herbaryum materyallerinden Wodehouse (1935) yontemine gore preparatlar hazirlanip, bu preparatlar 1s1k
mikroskobunda incelenmistir. Polenlerin 30 tanesi dlgiilerek ekvatoral, polar uzunluklari ile ekzin ve intin kalinliklar
Kameram 21 programi kullanilarak 6l¢iilmiistiir. Elektron mikroskobunda yapilan polen ¢alismalarinda, polenler stablar
lizerine alinmig ve Cressington Auto 108 altin piiskiirtiicii kullanilarak altin tozu ile kaplanmislardir. Bu sekilde
hazirlanan o6rnekler ZEISS EVO LS10 model SEM (taramali elektron mikroskobu) ile incelenmistir. Polen
terminolojisinde Punt vd. (2007) kullanilmigtir.

3. Bulgular

1.1 Morfolojik Bulgular
1.1.1. Makromorfolojik Bulgular

Aethionema arabicum (L.) Andrz. ex DC. (Arap taggantasi)

Tek yillik, takriben 6.86-9.5 cm boyunda, genellikle ¢ok dallanmis. Taban yapraklar1 oblong veya genis ovat
ve sapli, govdeye ait yapraklar akut, kalpsi, govdeyi sarici. Petaller 1.5-2.5 x 0.4-1 mm, beyaz veya pembe. Stamenlerin
filamentleri kivrilmus, disli, filament 0.6 mm. Stamenler apikulet, anter 0.05-0.2 mm arasinda. Infloresens ¢icek ve
meyvede kompakt. Meyve pediselleri az ¢ok dik, 1.72-2.5 mm. Silikula genisce ovat, 3.99-8.64 x 3.94-7.48 mm;
septum 4-6 x 1-1.5 mm; kanatlar 1.5-3.33 mm; siniis 1.8-3.9 mm; stilus ¢ok kisa, 1 mm’den kiigiik. Tohumlar1 3-4 adet
papilli, musilajli.

Aethionema cordatum (Desf.) Boiss. (Kalp ¢antasi)

Cok yillik, tabanda odunsu, 24-30 cm boyunda ¢igekli gdvde basit veya dallanmus, tiiysiiz. Yaprak boyutlari
3.39-10.89 x 3.08-8.31 mm arasinda, deltoit-kalpsi veya ovat-kalpsi, gévdeyi sarici, uglar1 akut. Petaller pembe, 5-9 X 2-
4 mm. Filamentler ince, disli degil; anterler apikulet. Infloresens meyvede uzamis. Meyve pediseli dik, askending, 3.8-
6.29 mm. Silikula-ovat, 3.7-7.24 x 2.9-5.91 mm; septum 6 x 2 mm; kanatlar diizensiz ve degisken disli, 1.07-2.58 mm,
siniis 1-2 mm; stilus 2-4 mm. Tohumlar 1-2 adet hafif¢e musilajli.

Aethionema armenum Boiss. (Tas ¢antasi)

Cok yillik, ¢ok gdvdeli tiiysiiz, nadiren dallanmus, ¢igekli govdeleri 6-20 cm askending veya yart dik. Govde
yapraklar linear-oblong 7.84-11.12 x 1.38-1.7 mm, akut. Petaller pembe 2.15-2.97 x 0.79-1.18 mm, tabanda gii¢lii bir
sekilde 3 damarli. Filamentler disli degil; anterler apikulet. Infloresens kapitat-korimbus, meyvede uzar. Meyve
pediselleri dikten geriye dogru kivrilmisa kadar degisir, 3.62-4.54 mm. Silikula ovat-obovat 4.36-5.6 x 4.37-4.8 mm,
tabanda kalpsi; kanatlar 1.61-1.97 mm krenat disli veya tam; sinus 1-1.5 mm; stilus 0.5 mm. Tohum 2 veya 1. Tohumlar
papillos ve musilajsiz.

Aethionema karamanicum Ertugrul & Beyazoglu (Karaman kayagiilii)

Cok yillik, ¢ok dalli tabanda odunlu, cicekli govdeler 18-38 cm dik veya askending sekilde. Govde yapraklari
alternat, linear lanseolat 6.22-12.27 x 1.17-1.9 mm. Infloresens subkapitat, kompakt, meyvede uzamis. Sepaller 3.8-4.05
x 1.45-1.5 mm, hemen hemen sakkat. Petaller mor, sepaller kadar, tabanda damarli. Filamentler kanatli, tabanda
genisglemis anterler apikulet. Meyve pediselleri basik 3.18-4.62 mm. Silikula obovat veya orbikular, imbirikat, 4.8-6.39
X 4.16-5.96 mm; kanatlar 1.58-3 mm, tek parca; sinus 2-2.5 mm; stilus yaklagik 1 mm. Tohumlar 1-2 adet, papillos ve
musilajsiz.

Uzerinde ¢alismis oldugumuz taksonlardan elde ettigimiz veriler ile Tiirkiye Florasinda Hedge (1965) ve
Ertugrul ve Beyazoglu (1997) tarafindan ortaya konulan veriler Tablo 2’de karsilastirilmustir.

1.1.2. Mikromorfolojik Bulgular

Meyve Mikromorfolojisi

Aragtirma materyali olarak sectigimiz Aethionema tiirlerinin hepsinde meyve tipi silikuladir. Ae. arabicum
tiiriniin meyveleri diger {i¢ tiirden daha biiyiiktiir. Ae. arabicum tiiriiniin meyvelerinde yesil renklilere ilave olarak sari
renklilere de rastlanmistir. Arastirilan tiirlerin meyve pedisel uzunlugu Ae. cordatum tiiriinde en fazladir. Caligilan
tirlerin meyve yiizey ornamentasyonu incelendigi zaman Ae. arabicum skabroz, Ae. cordatum verrukoz, Ae.
karamanicum papillali, Ae. armenum diiz ornamentasyona sahip meyveleri ile birbirlerinden ayrilabilmektedir (Sekil
3.1, Tablo 3).
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Tablo 2. Aragtirilan Aethionema tiirlerinin Hedge (1965) ve Ertugrul & Beyazoglu (1997) ¢aligmalar ile karsilagtirmali
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Tablo 3. Calisilan Aethionema cinsinde yer alan tiirlerin meyve karakterleri

Meyve karakterleri Ae. arabicum Ae. cordatum Ae. karamanicum Ae. armenum

Uzunluk (mm) 3.99-8.64 3.7-7.24 4.8-6.39 4.36-5.6

Genislik (mm) 3.94-7.48 2.94-591 4.16-5.96 4.37-4.8

Sekli Genisge ovat Ovat Obovat veya Ovat-obovat

orbikular

Meyve rengi Yesil-sar1 Yesil-kahverengi Yesil-kahverengi Yesil-kahverengi

Kanat boyutu (mm) 1.5-3.33 1.07-2.58 1.58-3 1.61-1.97

Kanat kenar Diiz Diizensiz ve Diiz Krenat ya da tam
degisken disli

Meyve pedisel 1.72-2.5 3.8-6.29 3.18-4.62 3.62-4.54

uzunlugu (mm)

Ornamentasyonu Skabroz Verrukoz Papillali Diiz

\ EHT=2000kV

N £
Mag= 15X | | i/ SgnalA=SE1  Mag= 500X

M ‘ :vnn'-.f:::: Signal A = SE1 Mag= 500X |_‘ @
Sekil 3.1. Arastirilan Aethionema tiirlerinin meyve mikrofotograflari. A. Ae. arabicum genel goriiniis B. Ae. arabicum yiizey C. Ae.
cordatum genel goriiniis D. Ae. cordatum yiizey E. Ae. armenum genel goriiniis F. Ae. armenum yiizey G. Ae. karamanicum genel
goriiniis H. Ae. karamanicum yiizey
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Tohum Mikromorfolojisi

Aragtirdigimiz tiirlere ait tohum &zellikleri Tablo 4’de verilmistir. Tiirlere ait tohum SEM mikrofotograflari ise Sekil
3.2’de gosterilmistir.

Tablo 4. Arastirilan Aethionema cinsine ait tiirlerin tohum yapilarinin karsilagtirilmasi

Tohum Ae. Ae. Ae. karamanicum Ae.
karakterleri arabicum cordatum ) armenum
Uzunluk (mm) 1.28-1.68 1.81-2.35 2.03-2.39 1.73-2.36
Genislik (mm) 0.72-1.01 0.81-1.36 0.97-1.23 0.6-1.18
Tohum sekli Ovoid Ovoid Ovoid Ovoid

Tohum  outline Eliptik Eliptik Eliptik Eliptik

(dis siniri)

Rafe Belirgin ve diiz Belirgin ve diiz Belirgin ve diiz Belirgin ve diiz

Mikropilar kutup ~ Akut Akut Akut Konkav (i¢ biikey)
Tohum rengi Sarimsi-Kahverengi Sarimsi-Kahverengi Sarimsi-Kahverengi Sarimsi-Kahverengi
Tohum Verrukat Verrukat Verrukat Verrukat
yiizeyindeki

sekiller

EMT =20.00 WV

200pm

Mag= 50X

Signal A= SE1

WD =115 mm

EMT = 20,00 KV

el SgrailA=SEl  Mag® 50X

S8 EMT= 2000k

Sekil 3.2. Aragtirilan Aethlonema tiirlerinin tohum mikrofotograflari. A. Ae arablcum genel goriiniis B. Ae. arabicum yiizey C. Ae.
cordatum genel goriiniis D. Ae. cordatum yiizey E. Ae. armenum genel goriiniis F. Ae. armenum yiizey G. Ae. karamanicum genel
goriiniis H. Ae. karamanicum yiizey
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1.2. Anatomik Bulgular

Ae. arabicum

Koklerden alinan enine kesitlerin en dis kisminda koruyucu tabaka olarak tek sirali, dikdortgen sekilli ve hiicre
boyutlar1 3.6x9.1 pm arasinda degisen epidermis bulunmaktadir. Korteks tabakasi parankimatik olup 5-6 siralidir ve
hiicrelerinin boyutlar1 6.9-26 x26.6-61.3 um arasinda degismektedir. {letim dokusu floem ve ksilem elemanlarindan
olusmaktadir. Floem g¢evreye, ksilem merkeze dogru konumlanmustir. Oz bélgesi tamamen ksilem elemanlar: ile
kaplhidir. Trake boyutlar1 6.7-18.1 pm arasinda degismektedir (Sekil 3.3-a, Tablo 5).

Govdelerden alinan enine kesitlerin en diginda koruyucu tabaka olan epidermis tek sira halinde bulunmaktadir.
Epidermis hiicreleri besgenimsi-yuvarlak sekillidir ve hiicrelerinin boyutlar1 6.4-30 x 18-41 pum’ dir. Epidermis
tizerinde 4.3-8.1 um kalinliginda kalin bir kutikula tabakasi bulunmaktadir. Epidermisin hemen asagisinda yer alan
yuvarlak sekilli hiicrelerden olusan korteks tabakasi 5-6 sirali olup hiicre boyutlar1 25.9-47.8 x 13.6-29.5 um’ dir.
Endodermis hiicreleri besgen sekilli olup tek siralidir. Korteks parankimasmin devaminda govde gevresine paralel
olarak iletim demetleri dizilmistir. Floem ve ksilem iyi gelismistir. Oz bélgesi parankimatik hiicrelerden olusmustur ve
6z hiicreleri yuvarlak sekillidir. Oz hiicrelerinin boyutlar1 21.8-54.9 um arasinda degismektedir (Sekil 3.4-a, Tablo 5).

Yapraklardan alman enine kesitlerin her iki yiizeyinde de tek tabakali epidermis bulunmaktadir. Ust ve alt
epidermis hiicrelerinin sekli dikdértgenimsi-ovaldir. Ust epidermis tabakasinin hiicre boyutlar1 16.2-31x25.1-52.3 pm
arasinda, alt epidermis tabakasmin ki ise 15.2-31.5%22.1-72 pum arasinda degismektedir. Ust epidermis tabakasimin {izeri
2.9-4.3 pm kalinliginda kutikula ile kapl iken alt epidermis tabakasimin {izerindeki kutikula kalinlig1 2.9-5.6 um’ dir.
Ust ve alt epidermis hiicrelerinin arasinda stomalar bulunmaktadir. Mezofil tabakas1 goriiniis acisindan farkli olmayan
tek tip parankimatik hiicreden olusmaktadir. Yani yaprak unifasiyal tiptedir. Diizensiz sekilli parankima hiicreleri
igerisinde bol miktarda kloroplast olup hiicre boyutlar1 12.9-32.6 x 11-38 um arasinda degismektedir. iletim demetleri
kollateral tiptedir. Yapragin orta damarina rastlayan demet biiyiik, diger kisimlarinda bulunan demetler kiigiiktiir.
Yaprak enine kesitlerinde stomalar mezomorfik tiptedir (Sekil 3.5-a, Tablo 5). Yiizeysel kesitlerde stomalar amaryllis
tipte olup stoma hiicrelerinin ve yardime1 hiicrelerin diizenlenis durumuna goére de stomalar anizositik tiptedir. Yaprak
amfistomatiktir (Sekil 3.6-a,b).

Ae. cordatum

Ae. cordatum’ un kok enine kesitlerinde, kokiin sekonder yapiya sahip oldugu gézlemlenmistir. Kokiin digini
saran yapi peridermistir. Peridermisi, merkeze dogru 7-8 sirali parankimatik yapili ve hiicre boyutlart 11.7-29.2x24.2-
78.3 um arasinda degisen korteks hiicreleri izlemektedir. Korteks hiicrelerinin arasinda yer yer sklerenkima hiicrelerine
rastlanmaktadir. Kambiyum kok enine kesitlerinde tam olarak ayirt edilememistir. Kokte iletim dokusu, floem ve
ksilem elemanlarindan olugmaktadir ve 6z bolgesi tamamen ksilem elemanlari ile doludur (Sekil 3.3-b, Tablo 5).

Govde enine kesitlerinin en dig kisimlarinda 2-3 sirali epidermis hiicreleri bulunmaktadir. Dikdortgenimsi-oval
sekilli olan epidermis hiicreleri yer yer stomalar ile kesintiye ugramakta olup, 8.5-16.1 um kalinliginda kutikula ile
kapli olan hiicrelerin boyutlar ise 8.9-27.5 x14.9-33.1 um arasinda degismektedir. Merkeze dogru epidermisi izleyen
korteksi olusturan hiicreler 6-7 sirali parankimatik karakterli olup, hiicre boyutlar1 11.5-23 um’dir. Korteks tabakasi
icerisinde 1-2 sirali 6bek obek yerellesmis sklerenkima hiicreleri bulunmaktadir. Endodermis hiicreleri tek siralidir.
Iletim demetleri iyi gelismis olup gévde eksenine paralel olarak dizilmislerdir. Oz hiicreleri yuvarlak sekilli olup 17.2-
73.3 um boyutlarindadir (Sekil 3.4-b, Tablo 5).

Yapraklardan alinan enine kesitlerde iist ve alt epidermis hiicrelerinin sekilleri ovaldir. Ust epidermis
tabakasinin hiicre boyutlar1 13.6-24.9x13.3-33.9 um arasinda, alt epidermis tabakasmin ki ise 12.6-26.3x8.7-33.4 um
arasindadir. Ust epidermis tabakasinin iizeri 14.9-23.2 pm kalinhiginda kutikula ile kapli iken alt epidermis tabakasinin
iizerindeki kutikula kalmligi 10.4-19.2 pm’ dir. Ust ve alt epidermis hiicrelerinin arasinda stomalar bulunmaktadar.
Mezofil tabakasi goriiniis agisindan palizat ve siinger tabakasi olmak tizere farkli iki tip parankimatik hiicreden
olugmaktadir. Yaprak ekvifasiyal tiptedir. Dikdortgenimsi, diizensiz sekilli palizat parankimasi hiicreleri igerisinde bol
miktarda kloroplast olup hiicre boyutlar1 18.4-56.9x10.4-21.4 pm arasinda degismektedir. Palizat parankimalari
arasinda bulunan siinger parankimasi hiicrelerinin boyutlari 15.7-36.1 um arasinda degismektedir. Iletim demetleri
kollateral tiptedir. Yapragin orta damarinda bulunan demet biiyiik, diger kisimlarinda bulunan demetler kiigiiktiir.
Yaprak enine kesitlerinde stomalar mezomorfik tiptedir (Sekil 3.5-b, Tablo 5). Yiizeysel kesitlerde stomalar amaryllis
tipte olup stoma hiicrelerinin ve yardime1 hiicrelerin diizenlenis durumuna gore de stomalar anizositik tiptedir. Yaprak
amfistomatiktir (Sekil 3.6-c,d).

Ae. armenum

Ae. armenum koklerinden alinan enine kesitlerde kokiin sekonder kok yapisina sahip oldugu gézlemlenmistir.
Kokte, koruyucu doku olarak peridermis tabakasi géze ¢arpmaktadir. Parankimatik karakterli olan korteks tabakas1 7-8
sirali olup peridermisin hemen asagisinda yerellesmistir. fletim elemanlar1 koklerde floem ve ksilemden olusmaktadir
ve kok enine kesitlerinde kambiyum net olarak ayirt edilememistir. Oz bolgesi ksilem elemanlari ile doludur (Sekil 3.3-
c, Tablo 5).

Govdelerin en dig kismini 2-3 sirali dikdortgenimsi-oval hiicreli epidermis tabakasi gevrelemektedir ve
epidermis hiicreleri yer yer stomalar ile kesintiye ugramaktadirlar. 2.7-8,2 um kalinliginda kutikula ile kapli epidermis
hiicrelerinin boyutlart 10.3-33.5x19.6-61.1 pm arasinda degismektedir. Korteks parankimatik olup, 6-7 siralidir ve
epidermisin asagisinda bulunmaktadir. Korteks parankimasi hiicrelerinin sekilleri yuvarlak ya da farkli sekillerde
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olabilmektedir. Endodermis hiicreleri tek siral1 ve besgen sekillidir. fletim demetlerinin iizerinde bulunan sklerenkima
dokusu 1-3 siralidir. iletim demetleri floem ve ksilem elemanlarindan olusmakta olup, g¢evreye paralel
konumlanmusglardir. Parankimatik 6z hiicreleri yuvarlak sekilli olup 31-77.6 um arasinda degisen boyutlardadir (Sekil
3.4-c, Tablo 5).

Ae. armenum yapraklarindan alinan enine kesitlerin her iki yiizeyinde de tek tabakali, oval sekilli epidermis
bulunmaktadir. Ust epidermis tabakasmin hiicre boyutlar1 20.5-57.8%32.1-72.3 pm, alt epidermis tabakasinimn ki ise
22.5-59.7 x 17.1-65.7 pm arasinda degismektedir. Ust epidermis tabakasinin iizeri 4.7-7.7 um kalinhginda kutikula ile
kapli iken alt epidermis tabakasinin iizerindeki kutikula kalinlig1 3.4-9.1 um’ dir. Mezofil tabakas1 goriiniis agisindan
palizat ve siinger tabakasi olmak iizere farkli iki tip parankimatik hiicreden olusmaktadir. Yaprak ekvifasiyaldir.
Dikdortgenimsi, diizensiz sekilli palizat parankimasi hiicreleri igerisinde bol miktarda kloroplast olup hiicre boyutlari
28.3-57.8 x8-15.1 um arasinda degigsmektedir. Palizat parankimalari arasinda bulunan siinger parankimasi ise diizensiz
sekilli olup hiicre boyutlar1 15.2-59 um arasinda degismektedir. iletim demetleri kollateral tiptedir. Yapragm orta
damarinda bulunan demet biiyiik, diger kisimlarinda bulunan demetler kiigiiktiir. Enine kesitlerde stomalar mezomorfik
tiptedir (Sekil 3.5-c, Tablo 5). Yiizeysel kesitlerde stomalar amaryllis tipte olup stoma hiicrelerinin ve yardimci
hiicrelerin diizenlenis durumuna gore ise anizositik tiptedir. Yaprak amfistomatiktir (Sekil 3.6-¢,f).

Ae. karamanicum

Koklerden aliman enine kesitlerin en dis kisimlarinda peridermis tabakasi bulunmaktadir. Peridermisi merkeze
dogru izleyen korteks hiicreleri parankimatik karakterli olup 6-7 siralidir. Korteks hiicrelerinin boyutlar1 11.3-32.8 x
13.3-71.9 pum arasinda degismektedir. Sklerenkima dokusu 2-3 sirali olup iletim demetlerinin iizerinde yerellesmistir.
fletim dokusu merkeze dogru ksilem ve cevreye dogru floem olarak konumlanmaktadir. Kesitlerde kambiyum net
olarak gozlenememistir. Trakelerin boyutlart 6.7-15.7 um arasinda degismektedir. Kokte, 6z hiicrelerine rastlanmamistir
(Sekil 3.3-d, Tablo 5).

Govdeleri gevreleyen oval sekilli epidermis tabakasi tek sirali olup yer yer stomalar ile kesintiye ugramaktadir.
Epidermis hiicrelerinin boyutlart 4.2-14.4x10.2-29.5 um arasindadir ve iizerlerinde 2.8-9.1 pm kalinliginda kalin bir
kutikula tabakasi bulunmaktadir. Korteks parankimasi 5-6 sirali olup hiicrelerinin boyutlar1 3.4-24.5 x 11.4-40.9
pum’dir. Endodermis hiicreleri tek siralidir. Sklerenkima dokusu 1-2 sirali hiicrelerden olugsmakta ve hiicre boyutlar1 7.1-
21.4 pm arasinda degismektedir. Iletim demetleri govdeye paraleldir, floem ve ksilem elemanlarindan olusmaktadir. Oz
bolgesi yuvarlak sekilli, parankimatik 6z hiicrelerinden olusmaktadir (Sekil 3.4-d, Tablo 5).

Yapraklardan alinan enine kesitlerin her iki tarafinda da tek sirali epidermis hiicreleri bulunmaktadir.
Epidermis hiicrelerinin sekilleri dikdortgenimsi-oval olup iist epidermis tabakasinin hiicre boyutlar1 9.3-29.4x16.7-52.5
um arasinda, alt epidermis tabakasmin ki ise 10.2-34.4 x9.4-53.5 um arasindadir. Ust epidermis tabakasinin iizeri 6.2-
17.9 um kalinhiginda kutikula ile kapli iken alt epidermis tabakasinin iizerindeki kutikula kalinlig1 6.2-11.2 pm’ dir. Ust
ve alt epidermis hiicrelerinin her ikisinde de stomalar bulunmaktadir. Mezofil dokusu palizat ve siinger
parankimalarindan olusmaktadir. Yaprak ekvifasiyaldir. Dikdortgenimsi, diizensiz sekilli palizat parankimasi hiicreleri
icerisinde bol miktarda kloroplast olup hiicre boyutlar1 27-70.3 x4.6-16.8 pm arasinda degismektedir. Siinger
parankimas1 hiicreleri yuvarlak veya diizensiz sekilli olup hiicre boyutlar1 14.7-45.2 um arasinda degismektedir. fletim
demetleri kollateral tiptedir. Yapragin orta damarinda bulunan demet biiytik, diger kisimlarinda bulunan demetler
kiigiiktiir. Enine kesitlerde stomalar mezomorfik tiptedir (Sekil 3.5-d, Tablo 5). Yiizeysel kesitlerde stomalar amaryllis
tipte olup stoma hiicrelerinin ve yardimci hiicrelerin diizenlenis durumuna goére de anizositik tiptedir. Yaprak
amfistomatiktir (Sekil 3.6-g,h).

Tablo 5. Calisilan Aethionema tiirlerine ait anatomik hiicre 6l¢timleri

Genislik (um) Uzunluk (nm)
Min. Max. Ort+Sd Min. Max. Ort+Sd
Epidermis 3.6 9.1 64+1.8
Kok Korteks parankimasi 26.6 61.3 41.2+89 6.9 26 17.2+4.7
Trake 6.7 18.1 12243
Kutikula 43 8.1 55+ 09
Epidermis 18 41 29.8+£6.1 6.4 30 15.6+3.1
Govde Korteks parankimasi 13.6 29.5 21.8+3.9 25.9 47.8 359+ 6
Sklerenkima 3.8 8.1 58+ 1.4
Oz hiicreleri 21.8 54.9 345+93
E Ust kutikula 2.9 43 37+ 0.5
2 Ust epidermis 25.1 52.3 39.8+8.8 16.2 31 26.6 +3.5
@ Yaprak Mezofil dokusu 11 38 27.6+ 8 129 32.6 22.3+43
© Alt epidermis 22.1 72 39.1+23 15.2 315 21.7+5
< Alt kutikula 2.9 5.6 3.9+0.9
Peridermis 375 44.3 41.8+2.2
Kok Korteks 24.2 78.3 41.6+13.3 11.7 29.2 19+43
g Trake 4.6 19.1 93+33
= Kutikula 8.5 16.1 125+1.8
I Govde Epidermis 14.9 33.1 209+4 8.9 275 14.8+2.9
© Korteks 115 23 164+3.1
£ Sklerenkima 6.7 23.4 14.1+6.3
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Tablo 5. devam ediyor
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Oz 17.2 73.3 43.1+139
Ust Kutikula 14.9 23.2 18.6+1,8
Ust Epidermis 13.3 33.9 23.6+5.3 13.6 24.9 92+28
Yaprak Palizat Parankimasi 104 21.4 16.2+£2.6 18.4 56.9 40.3+14.5
Siinger Parankimasi 15.7 36.1 24.1+5
Alt Epidermis 8.7 334 26.1+£72 12.6 26.3 18.7+4.9
Alt Kutikula 10.4 19.2 13.6+2.6
Peridermis 32.2 44.4 37.8+4.1
Kok Korteks 20.5 59.9 348+8.5 12.6 46.9 29.1£8.6
Trake 34 19.2 93+42
Kutikula 2.7 8.2 53+1.1
Epidermis 19.6 61.1 353=+11.5 10.3 335 22+7.8
Govde Korteks 22.6 42.8 33.1+6 12.1 27.9 184+3.6
Sklerenkima 6.6 16.1 10.2+3
Oz 31 77.6 522+13.7
Ust Kutikula 4.7 7.7 62=+1.5
g Ust Epidermis 321 72.3 51.5+129 20.5 57.8 42.7+£12.9
S Yaprak Palizat Parankimasi 8 15.1 11+£1.7 28.3 57.8 40.3+8.6
1S Siinger Parankimasi 15.2 59 29.6+9.1
«© Alt Epidermis 17.1 65.7 36.8+£22.5 22.5 59.7 373+93
£ Alt Kutikula 34 9.1 6+13
Peridermis 325 44.9 36.9+49
Kok Korteks 13.3 71.9 41.1+13.2 11.3 32.8 202+5.1
Trake 6.7 15.7 9.5+2.1
Kutikula 2.8 9.1 63+1.1
Epidermis 10.2 29.5 18.4+4.3 4.2 14.4 145+1.6
Govde Korteks 114 40.9 20+6.2 3.4 24.5 12.7+3.2
Sklerenkima 7.1 21.4 12.1+3.6
£ 0z 21 85.3 455+15.6
3 I_.Jst Kutikula 6.2 17.9 94+23
'g Ust Epidermis 16.7 52.5 32.5+14.2 9.3 29.4 17.1+5.7
% Yaprak Palizat Parankimasi 4.6 16.8 103+£2.4 27 70.3 44 +14.1
= Siinger Parankimasi 14.7 45.2 263+54
=< Alt Epidermis 9.4 53.5 263+11.8 10.2 34.4 19+58
£ Alt Kutikula 6.2 11.2 8.6+1.6

Ort: ortalama, Sd: standart sapma

A

o .

Sekil 3.3. Arastlrﬂa tirlerin kok anatomik yapilar a. Ae. arabicum b.

karamanicum ep: epidermis, pe: peridermis, ko: korteks, sk: sklerenkima, fl: floem, ks: ksilem, 6: 6z (Bar: 100 um)
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d

Sekil 3.4. Aratlrllan tiirlerin gdvde anatomik yapilart a. Ae. arabicum b. Ae. cordatum c. Ae. armenum d. Ae.
karamanicum ku: kutikula ep: epidermis, ko: korteks, en: endodermis, sk: sklerenkima, fl: floem, ks: ksilem, 6: 6z

Sekil 3.5. Arastirilan tiirlerin yaprak anatomik yapilari a. Ae. arabicum b. Ae. cordatum c. Ae. armenum d. Ae.
karamanicum ku: kutikula iie: iist epidermis, ae: alt epidermis, fl: floem, ks: ksilem, m: mezofil, pp: palizat
parankimasi, Sp: siinger parankimasi, St: stoma, stb: stoma alt1 boglugu
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Sekil 3.6. Aethionema tiirlerinin stoma gorutﬁleri a. Ae. arabicum iist yﬁze b. Ae. arabicum alt yiizey €. Ae. cordatum
st yiizey d. Ae. cordatum alt yiizey e. Ae. armenum st yiizey f. Ae. armenum alt yiizey g. Ae. karamanicum iist yiizey
h. Ae. karamanicum alt yiizey. ep: epidermis, st: stoma.

1.3. Palinolojik Bulgular

Aethionema arabicum

Ae. arabicum polenleri monad, radyal simetrik, izopolar ve trikolpattir. Polenlerin sekli prolat-sferoidaldir
(P/E: 1.07) ve polar goriintiste sirkulardir. Polar eksen 20.71-13.17 um (Ort. 18.4 um) ve ekvatoral eksen 18.61-13.33
pm (Ort. 17.14 pm)’dir. Kolpuslar kutup ekseni boyunca uzanir ve genis olup, kolpus uzunlugu 18.89 um ve kolpus
genisligi 1.2 um’dir. Kolpus siirlar1 belirgindir. Ekzin 1.06 um, intin 0.51 pm kalinligindadir. Ekzin ornamentasyonu
kiigtik luminali retikulattir. Muri genisligi 0.55 pm’dir (Sekil 3.7-a,b).

Aethionema cordatum

Ae. cordatum polenleri monad, radyal simetrik, izopolar ve trikolpattir. Polenlerin sekli prolat (P/E: 1.39) ve
polar goriiniiste sirkulardir. Polar eksen 18.32-23.26 pm (Ort. 21.09 pm) ve ekvatoral eksen 11.46-18.28 pm (Ort. 15.1
um) ’dir. Kolpuslar kutup uglarina kadar uzanmaz ve genis olup, kolpus uzunlugu 9.92 pm ve kolpus genisligi 1.41
um’dir. Kolpus sinirlari belirgindir. Ekzin 0.91 um, intin 0.7 um kalinligindadir. Ekzin ornamentasyonu biiyiik luminali
retikulattir. Muri genisligi 0.91+0.15 pm’dir (Sekil 3.7-c,d).

Aethionema armenum

Ae. armenum polenleri monad, radyal simetrik, izopolar ve trikolpattir. Polenlerin sekli subprolat (P/E: 1.26)
ve polar goriiniigte sirkulardir. Polar eksen 14.51-21.03 pum (Ort. 17.37 pum) ve ekvatoral eksen 10.37-16.54 um (Ort.
13.7 um)’dir. Kolpuslar kutup uglarina kadar uzanmaz ve genis olup, kolpus uzunlugu 14,71 pm ve kolpus genisligi
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1,45 pum’dir. Kolpus sinirlart belirgindir. Ekzin 1.01 pm, intin 0.71 pm kalinligindadir. Ekzin ornamentasyonu biiyiik
luminali retikulattir. Muriler besgen, altigen sekilli ve genislikleri 1,07+0,26 um’dir (Sekil 3.7-¢,f).

Aethionema karamanicum

Ae. karamanicum polenleri monad, radyal simetrik, izopolar ve trikolpattir. Polenlerin sekli prolat (P/E: 1.35)
ve polar goriiniiste sirkulardir. Polar eksen 16.97-19.6 um (Ort. 17.96 um) ve ekvatoral eksen 11.71-15.27 pum (Ort.
13.28 um)’dir. Kolpuslar kutup uglarina kadar uzanmaz ve genis olup, kolpus uzunlugu 9.01 pm ve kolpus genisligi
1.11 um’dir. Kolpus sinirlart belirgindir. Ekzin 1.02 pm, intin 0.7 pum kalinligindadir. Ekzin ornamentasyonu biiyiik
luminali retikulattir. Muri genisligi 0.69+0.21 pm’dir (Sekil 3.7-g,h).

EHT = 20.00 kv = 2pm'
et Signal A= SE1 Mag= 300KX |—|

T
Signal A = SE1 Mag= 1200 KX }um_'
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Sekil 3.7. Aragtirilan Aethionema tiirlerinin polen mikrofotograflari. A. Ae. arabicum genel goriiniis B. Ae. arabicum
ornamentasyon C. Ae. cordatum genel goriiniis D. Ae. cordatum ornamentasyon E. Ae. armenum genel goriiniis F. Ae.
armenum ornamentasyon G. Ae. karamanicum genel goriiniis H. Ae. karamanicum ornamentasyon
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4. Sonuglar ve tartisma

Aragtirmamiz sonucunda Aethionema cinsine ait dort tiir igin ortaya konulan makromorfolojik 6zelliklere gore;
Ae. arabicum bitki boyu agisindan en kisa govdelere sahiptir. Buna karsin Ae. karamanicum tiirii ise 40 cm’ye yaklagan
boylu orneklere sahiptir. Ae. arabicum ve Ae. cordatum tiirleri gévdeyi sarict ve kalpsi sekilleri ile birbirlerine
benzerdir. Ae. karamanicum’da linear-lanseolat, Ae. armenum’ da ise linear-oblong gévde yapraklar ile diger iki
tirden ayrilmaktadir. Ae. arabicum ve Ae. cordatum tiirlerinin her ikisinde de brakteler mevcut degil iken, Ae.
karamanicum ve Ae. armenum tiirlerinde sirasi ile yaklagik olarak 9%1.5 mm, 1x6 mm boyutlarinda brakte mevcuttur.
Tiirlerin tigiinde petaller pembe renkli iken Ae. karamanicum petalleri mor renklidir (Tablo 2).

Aragtirma materyali olarak segtigimiz tiirlerin hepsinde meyve tipi silikuladir. Ae. arabicum tiiriiniin meyve
boyutlar1 diger ii¢ tiirden daha biiyliktiir. Meyvelerin sekillerine bakildigi zaman ¢alisilan Aethionema tiirlerinin hepsi
birbirinden rahatlikla ayrilmaktadir. Tiirlerin meyvelerinde, Ae. arabicum ve Ae. cordatum’da meyve ovat sekilli, Ae.
karamanicum’ da obovat veya orbikular, Ae. armenum’ da ise ovat-obovat sekillidir. Meyvedeki kanat boyutu dort
tirde yaklagik ayni Olgiilerdedir (Tablo 3). Arastirilan tiirlerin meyve pedisellerinden, Ae. cordatum tiiriiniinki en
uzundur. Meyve kanadi ise Ae. cordatum’ da diizensiz ve degisken disli, Ae. armenum’ da krenat disli veya tamdir.
Caligilan tiirlerin meyve yiizey ornamentasyonu incelendiginde, Ae. arabicum skabroz, Ae. cordatum verrukoz, Ae.
karamanicum papillali, Ae. armenum diiz ornamentasyona sahiptir. Bu meyve 6zellikleri ile taksonlar birbirlerinden
ayrilabilmektedir.

Aethionema cinsi tohum yiizey ornamentasyonlari agisindan degerlendirildiginde, taksonomik problemlerin
¢oziimiinde tohum yiizeyi ayrintilarinin degerli bir kriter oldugu ortaya konulmustur (Heywood, 1971; Buth ve Roshan,
1983; Brochmann, 1992; Koul vd., 2000). Pmar vd., (2007) yaptig1 aragtirma ile Aethionema cinsine ait 17 tiiriin tohum
yiizeylerinin taramali elektron mikroskobu sonuglarina gore dort temel tohum ylizey ornamentasyonunun oldugunu
belirlemislerdir: retikulat, ruminat, retikulat-verrukat, verrukat. Verrukat tohum yiizey ornamentasyonuna sahip olan
tirler; Ae. heterocarpum, Ae. arabicum, Ae. turcicum, Ae. carneum* dur. Bu ¢alisma sonucunda elde ettigimiz verilerin
Pinar vd. (2007)’nin ortaya koymus olduklar1 sonuglarla uyumluluk gdsterdigi ve arastirma materyali olarak sectigimiz
Ae. arabicum, Ae. cordatum, Ae. armenum ve Ae. karamanicum taksonlarinda da tohum yiizey ornamentasyon tipinin
verrukat oldugu belirlenmistir. Ayrica galistiimiz taksonlarin tohumlariin mikropilar kutuplarinda farkliliklar
mevcuttur. Ae. arabicum, Ae. cordatum ve Ae. armenum’da mikropilar kutuplar akut bir ugla sonlandigi halde Ae.
karamanicum’da ise konkav (i¢ biikey) bir sekilde sonlanmistir. Tohum boyutlarinda ise tiirler arasinda kayda deger bir
farklilik yoktur (Tablo 4).

Calismamiza materyal olan dort Aethionema tiiriinden sadece Ae. arabicum tiirii tek yillik iken diger ii¢ tiir ok
yilliktir. Bu durum anatomik 6zelliklerine de yansimigtir. Tiirlerin kok anatomileri incelendigi zaman Ae. arabicum
koklerinde epidermis hiicreleri dikdortgen sekilli tek sirali ve hiicre boyutlart 3.6x9.1 um’ dir (Tablo 5). Ae. cordatum,
Ae. karamanicum, Ae. armenum tiirlerinde ise peridermis tabakasi koklerin en digini sarmakta ve peridermisin kalinlig:
tirlerde sirasi ile 37.5-44.3 pm, 32.5-44.9 um, 32.2-44.4 pm’ dir. Kok anatomisinde korteks parankimasi hiicreleri Ae.
arabicum’ da 5-6 sirali, Ae. cordatum’ da 7-8 sirali, Ae. karamanicum’ da 6-7 sirali, Ae. armenum’ da ise 7-8 siralidir.
Caligilan tiirlerin hepsinde kok kesitlerinde 6z hiicrelerine rastlanmamugtir. G6vde anatomik kesitlerinde Ae. cordatum
tirinde kutikula tabakasinda 16 pm’ye kadar kalinlagmalar goézlemlenmistir. Ae. arabicum ve Ae. karamanicum
govdelerinin en dis kisminda tek sirali epidermis var iken Ae. cordatum ile Ae. armenum tiirlerinin her ikisinde birden
2-3 sirali epidermisin bulunmasi dikkat ¢ekmektedir. Korteks parankimasi ve sklerenkima hiicrelerinin sira sayisi tiirler
arasinda benzerdir. Oz bdlgesinde yer alan 6z hiicreleri parankimatik karakterli olup en biiyiik hiicre boyutuna sahip
olan Ae. armenum’ da gozlemlenmistir. Arastirilan tiirlerin yaprak anatomik yapisinin benzer oldugu gozlemlenmistir.
Yaprak anatomisinde en belirgin fark olarak Ae. arabicum tiiriiniin yaprak mezofilinde tek tip parankimatik hiicrelere
rastlanmustir. Yaprak unifasiyal tiptedir. Ae. cordatum, Ae. karamanicum ve Ae. armenum tiirlerinin ti¢iinde birden ise
mezofil dokusu iki tip parankimatik hiicreden (palizat ve siinger parankimasi) olusmaktadir. Bu tiirlerde ise yaprak
ekvifasiyal tiptedir.

Polen morfolojileri ¢alisilan Aethionema cinsi tiirlerinin polenleri monad, radiyal simetrik, izopolar, prolat-
sferiodal ya da suboblattir. Polenler apertiir sayis1 bakimindan trikolpattir. Polar goriiniiste sirkular olan Aethionema
polenlerinin ornamentasyonlari 151k mikroskobu ile yapilan incelemelerde retikulat olarak belirlenmistir. Fakat Taramali
Elektron Mikroskobu kullanilarak yapilan ayrintili incelemelerde murilerin tiirler arasinda degisken yapida oldugu
belirlenmistir. Ae. arabicum’un retikulat olan ornamentasyonunda liimenler oldukga kiiciik iken diger tlirlerden Ae.
armenum’da 6zellikle diiz kenarli muri dikkati ¢cekmektedir. Ae. cordatum ve Ae. karamanicum’da ise muri duvarlar1 az
¢ok bozulmustur.

Bu arastirma, ileride Aethionema cinsi ile ilgili yapilacak olan benzer aragtirmalara yol gosterir nitelikte
olacaktir.

Muhammet Mustafa ATCEKEN et al., The morphological, anatomical and palynological investigations on some taxa of genus Aethionema A. T.
Waiton (Brassicaceae)



68 Biological Diversity and Conservation — 9/ 1 (2016)

Tesekkiir

Bu Qallsmada kullanilan Ae. karamanicum orneklerinin toplanmasinda bize yard1mc1 olan Saymn Prof. Dr.
Kuddisi ERTUGRUL’a ve 13201079 no’lu proje ile bu ¢aligmay1 destekleyen Selcuk Universitesi Bilimsel Arastirma
ve Projeler Koordinatorligiine tesekkiir ederiz.

Kaynaklar

Bailey, C. D., Koch, M. A., Mayer, M., Mummenhoff, K., O’Kane, S. L., Warwick, S. 1., Windham, M. D., Al-
Shehbaz, 1. A. 2006. Toward a global phylogeny of the Brassicaceae. Molecular Biology and Evolution. 23/11:
2142-2160.

Brochmann, C. 1992. Pollen and seed anatomy of Nordic Draba (Brassicaceae phytogenetic and ecological
implications. Nordic Journal of Botany. 12/6: 657-673.

Buth, G. M., Roshan, A. 1983. Seed coat anatomy of some cultivated Brassica. Phytomorphology. 31: 69-78.

Erik, S., Tarikahya, B. 2004. Tiirkiye Floras1 Uzerine, Kebikeg.

Ertugrul, K., Beyazoglu, O. 1997. New species from South Anatolia-Aethionema karamanicus (Cruciferae), Turkish
Journal of Botany. 21/2: 99-101.

Ertugrul, K. 2012. Aethionema. Tiirkiye Bitkileri Listesi (Damarli Bitkiler). (Ed.) Giiner, A., Aslan, S., Ekim, T., Vural,
M., Babag, M.T., Nezahat Gokyigit Botanik Bahgesi ve Flora Arastirmalar1 Dernegi Yayini, istanbul. 246-248.

Firat, M., Bager, B. 2015. Pollen and seed morphology of species Physocardamum davisii and Bornmuellera
cappadocica. Biological Diversity and Conservation. 8/3: 168-172.

Hedge, I. C. 1965. Aethionema R. Br. Flora of Turkey and the East Aegean Islands. (Eds.) Davis, P. H., Mill, R. R.,
Tan, K., Vol. 1, Edinburgh Univ. Press., Edinburgh. 314-328.

Heywood, V.H. 1971. The characteristics of the scanning electron microscopes and their importance in biological
studies. (Ed.) Heywood V.H., Scanning electron microscopy: Systematic and Evolutionary applications. 4, London.

Johansen, D. A. 1940. Plant microtechnique. McGraw-Hill Book Company. inc.

Koul, K. K., Nagpal, R., Raina, S. N. 2000. Seed coat microsculpturing in Brassica and Allied genera (Subtribes
Brassicinae, Raphaninae, Morcandinae). Annals of Botany. 86/2: 385-397.

Pmar, N. M., Adigiizel, N., Geven, F. 2007. Seed coat macrosculpturing in some Turkish Aethionema R. Br.
(Brassicaceae). Pakistan Journal of Botany. 39/4: 1025-1036.

Punt, W., Hoen, P. P., Blackmore, S., Nilsson, S., Le Thomas, A. 2007. Glossary of pollen and spore terminology.
Review of Palaeobotany and Palynology. 143/1-2: 1-81.

Wodehouse, R. P. 1935. Pollen Grains. McGraw-Hill Book Company Inc. New York and London.

(Received for publication 01 September 2015; The date of publication 15 April 2016)

Muhammet Mustafa ATCEKEN et al., The morphological, anatomical and palynological investigations on some taxa of genus Aethionema A. T.
Waiton (Brassicaceae)



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online; ISSN 1308-5301 Print 9/1 (2016) 69-75

Research article/Arastirma makalesi

Contributions to flora of the Bodrum (Turkey) peninsula
Hediye AKTAS AYTEPE ™}, Omer VAROL !
! Department of Biology, Faculty of Science, Mugla Sitk1 Kogman University, Kotekli, Mugla, Turkey

Abstract

The research area is located in Mugla province. During the vegetation study 494 taxa were determined by
appraising the collected plant specimens in the 2009-2013 years. 77 of this taxa were different from the others which
were previously determined in this study area. In this study, by evaluating 77 plant specimens 20 family, 53 genus, 53
species, 14 subspecies and 10 varieties were identified. The number of endemic plants is 2 (2.60). The distribution rates
of taxa into phytogeographical regions are as follows: Mediterranean elements 30 (38.96%), Irano-Turanien elements 2
(2.60 %), Euro-Siberian elements 3 (3.89%) and unknown or cosmopolits 40 (51.95%).

Key words: Bodrum, Bodrum Peninsula, Flora, Mugla, Turkey

k

Bodrum Yarmmadasi Florasma Katkilar

Ozet

Aragtirma alant Mugla ilinde yer alir. Vejetasyon calismast sirasinda 2009-2013 yillarinda toplanan bitki
ornekleri degerlendirerek 494 takson belirlendi. Bu taksonlarin 77 tanesi caligma alaninda Onceden yapilmis
calismalardaki taksonlardan farklidir. Bu ¢aligsmada, 77 bitki 6rneginin degerlendirilmesiyle 20 familya, 53 cins, 53 tiir,
14 alttiir ve 10 varyete tespit edilmistir. Endemik bitkilerin sayis1 2 (%2.60)’dir. Taksonlarin fitocografik bolgelere
dagilim oranlar1 su sekildedir: Akdeniz elementleri 30 (%38.96), iran-Turan elementleri 2 (%2.60), Avrupa-Sibirya
elementleri 3 (%3.89), Genis yayilish ve yayilis alanlar1 belli olmayan taksonlarin sayisi 40 (%51.95).

Anahtar kelimeler: Bodrum, Bodrum Yarimadasi, Flora, Mugla, Tiirkiye
1. Giris

Davis (Davis, 1965-1982)’e gore flora zenginligimizin nedenleri arasinda Giineybati Asya ile Gliney Avrupa
arasinda bitki gocleri acisindan koprii gorevi gérmesi, ¢ok sayida cins ve seksiyonun farklilasma merkezi olmasi ve ¢ok
sayida kiiltiir bitkilerinin orjin merkezi konumunda olmasi, konumu itibariyle Avrupa-Sibirya ve Akdeniz ve Iran-
Turan flora bolgelerinin kesisim alaninda bulunmasi, Giineybati Asya ile Giiney Avrupa arasindaki bitki gd¢lerinde
kopri islevi gormesi, ¢cok sayida cins ve seksiyonun farklilasma merkezi olmasi, endemik tiirlerin fazlalig1 (yaklasik
%30) ve bu durumun 6zellikle Kuaterner doneminde yasayan ardisik buzullasmalarin da bir sonucu olmasi, ¢ok sayida
kiiltiir bitkisinin orjin merkezini olusturmasi gelmektedir.

Ulkemiz florasina iliskin genis kapsamli calismalar Boissier (1867-1888) ve Davis (1965-1982) tarafindan
yapilmistir. Giiney-Bati Anadolu 6zellikle de Mugla dolaylar iilkemizin floristik agidan en zengin rezervlerini
barmdiran bir bdlgedir (Ozhatay ve ark., 2003). Mugla ve civarinda yakin zamanda yapilmis floristik caligmalarda
mevcuttur. Bu c¢aligmalar arasinda Yilanli Dagi (Mugla)’nin Floras1 (Varol ve ark., 2004), Bencik Dag1 (Yatagan-
Mugla) Floras1 (Aytepe ve Varol, 2007), Urban Flora Of Mugla (Mugla, Turkey) (Kaya ve ark., 2008), Mugla
Universitesi Kampiisii ve Cevresinin Floras1 (Ceylan, 2009), calisma alanina yakin, yapilmis olan diger ¢aligmalar
arasinda Tarihi Labranda (Milas-Mugla) Kalintilar1 ve Cevresi’nin Floristik Ozellikleri (Giiler ve Varol 2012), Tarihi
Aspat (Strobilos) Kalesi (Bodrum-Turgutreis) ve Cevresinin Floristik Ozellikleri (Varol ve Cinar, 2014), Masa Dag1 ve
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Kizildag (Mugla) Floras1 (Kirdal ve Varol 2014), Mugla ilinde Dogal Yayilis Gosteren Liquidambar orientalis Mill.
Ormanlarinin Floristik Ozellikleri (Akbas ve Varol 2014), Didim, Milas, Oren ve Bodrum (Tiirkiye) floras: (Pirhan ve
Gemici, 2015), Ecology of tertiary relict endemic Liquidambar orientalis Mill. Forests (Oztiirk ve ark, 2008), Mugla-
Dalaman Bolgesindeki Sucul ve Karasal Bitkileri (Kara ve ark, 2006), Kaplumbaga Ureme Kumsallarindaki Vejetasyon
Yapis1 ve Bu Ortiiniin Korunmasi (Celik ve ark, 2007) bulunmaktadir.

Calisma alaninda yapilan arastirmalarin daha ¢ok etnobotanik ¢alismalar oldugunu gérmekteyiz. Bunlardan
Bodrum Yarimadasi’nin Cicekleri ve Yararli Bitkileri (Tuzlaci, 2003), Wild Edible Plants Of The Bodrum Area
(Mugla, Turkey) (Ertug, 2004), Bodrum’da Bitkiler ve Yasam (Tuzlaci, 2005) ¢alismalar1 dikkati ¢ekmektedir.

Aragtirma alanimiz, Akdeniz fitocografik bolgesi igerisinde, Mugla ili sinirlart i¢inde olup, giineybati
kesiminde 27" 32' Dogu boylami ve 37" 12' Kuzey enlemi arasinda yer almaktadir. Yaklasik olarak 400 km?
biiyiikliiglindedir. Davis’ in kullandig1 kareleme sistemine gore Cl karesi igerisinde yer alir (Sekil 1). Bodrum
Yarimadasi 0-690m arasinda bir yiikseklik farkina sahiptir. Alanin en yiiksek noktasi 690 m ytiikselti ile Karadaglar’dir.
Alanda goriilen diger daglar ise sirasiyla; Karakaya Daglar1 (445m), Cilek Dag1 (390 m), Ezden Dag1 (390 m), Bozdag
(380 m), Pire Dag1 (174 m)’ dur.

Caligma alaninin anakayasi ¢okel, magma ve metamorfik kayalardan olugmaktadir (Ercan T., ve ark., 1982).
Aragtirma alaninin genel toprak gruplari koliivyal topraklar, aliivyal topraklar, kirmizi kahverengi Akdeniz topraklart ve
kiregsiz kahverengi topraklardir (Anonim, 1998). Alanin iklim tipini belirlemek i¢in Emberger (1952)’in yagis sicaklik
emsali (Q=2000.P/M?-m?) formiilii kullanilmistir (Akman, 1990). Bu verilere gore Bodrum Az Yagish Sicak Akdeniz
iklimi, Milas Az Yagish Yumusak Akdeniz iklimi, Yatagan Az Yagisli Serin Akdeniz iklimi, Mugla Yagish Serin
Akdeniz iklimine sahiptir.

2. Materyal ve yontem

2009-2013 yillart arasinda Bodrum Yarimadasi’nda gergeklestirdigimiz 40 vejetasyon arazi ¢aligmasi esnasinda 494
bitki 6rnegi toplanmistir. Bu taksonlarin 77 tanesi arastirma alaninda yapilmig ¢aligmalarda tespit edilen taksonlardan
farkl1 olan taksonlardir. Toplanan 6rnekler herbaryum materyali haline getirilip Mugla Sitk1 Kogman Universitesi, Fen
Fakiiltesi, Biyoloji Boliimii Herbaryumu’nda muhafaza edilmistir. Bu ornekler Tiirkiye Floras1 (Davis ve ark. 1965-
1988, Giiner ve ark. 2000) yardimu ile teshis edilmistir. Teshisinde sikint1 cekilen tiirler Ege Universitesi Fen Fakiiltesi
Herbaryumu’ndaki tiirlerle karsilagtirilmistir. Teshis edilen tiirler Resimli Tiirkiye Florasi Cilt 1 (Giiner ve ark., 2014)
’e gore diizenlenmistir. Aragtirma alanimizda tespit edilen tiirlerin yayilis alanlarinin belirlenmesinde Distribution Maps
to P. H. Davis “Flora of Turkey, 1-10” (Donner, 1990) adli eserden yararlanilmigtir. Otor isimleri "Authors of Plants
Names" (Brummitt 1992) kitabindan faydalanilarak yazilmistir. Tespit edilen drneklerin dahil oldugu fitocografik
bolgeler belirtilmistir. Arastirma alanina ait cografik harita Harita Genel Komutanligi’'nin 1/25.000° lik paftalarindan
faydalanilarak ¢izilmistir. Arastirma alan1 ve gevresinin ombrotermik diyagrami Mugla Meteroloji Istasyonu’ndan
alinan verilerden yararlanilarak gizilmistir (Anonim, 2010). Buna gore Bodrum “Az Yagish, Sicak Akdeniz Iklimi”,
Milas “Az Yagisl, Yumusak Akdeniz Tklimi”. Yatagan “Az Yagisl, Serin Akdeniz Iklimi”. Mugla “Yagisli, Serin
Akdeniz iklimi” ne sahiptir (Tablo 1). Calisma alaninmn iklim diyagrami Mugla meteoroloji istasyonundan alinan
verilere gore hazirlannmugtir (Sekil 2, 3, 4, 5). Iklim diyagramlar1 incelendiginde Bodrum’da kurak periyodun yogun
gectigi géze carpmaktadir.

Sekil 1. Caligma alani haritast
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3. Bulgular

Tablo 1. Arastirrma alaninin biyoiklim ve yagis rejimi tipi
istasyon ?{nii)ksekﬁk P(mm) M m Q PE  PE/M iklim Tipi
Bodrum 27 681.80 34 8.10 89.50 5.60 0.20 Az Yagish, Sicak Akdeniz Tklimi
Milas 52 70050 3570 470 7701 1890 0.50 ﬁjim‘gaglsl” Yumusak  Akdeniz
Yatagan 365 653.30 35 2.30 68.45 30.40 0.90 Az Yagish, Serin Akdeniz iklimi
Mugla 646 1142.60 33.30 1.50 123.64 39.40 1.20 Yagisli, Serin Akdeniz Iklimi

P: Yillik yagis ortalamasi

PE: Ug aylik yaz yagis1 ortalamasi

M: En sicak ayn en yiiksek sicaklik ortalamasi
m: En soguk ayin en diisiik sicaklik ortalamasi

T a b c d e f P (mm)

Bodrum 27 32 36 189°C 681.6 mm T

a b ¢ d e f P (mm)

Milas 52 32 36 17.6C 7008 mm

1 ] w v v vV v X X o XX | om v vV vk vie X X X xXi
Sekil 2. Bodrum istasyonu ombrotermik diyagrami Sekil 3. Milas istasyonu ombrotermik diyagrami
T a b c d e f P (mm) x 2 b cd < L R

= —_— Mugla 646 32 36 149¢C 11424 mm
Yatagan 365 32 36 1620C 6528 mm

| ] m v v v v vk ix X X Xi | ] m v v v vivi ix X X Xxu
Sekil 4. Yatagan istasyonu ombrotermik diyagrami Sekil 5. Mugla istasyonu ombrotermik diyagrami

a. Meteoroloji istasyonunun adi, b. Meteoroloji istasyonunun rakimi (m), ¢. Sicaklik rasat siiresi, d. Yagis rasat siiresi, e. Yillik ortalama sicaklik, f.
Yillik toplam yagis miktar1 (mm), g. Sicaklik egrisi, h. Yagis egrisi, i. Kurak periyot, k. Yagish periyot

3. Bulgular
3.1. Lokaliteler

Aragtirma alaninin lokaliteleri agagida verilmistir.

Lok.1. Torba/Yalikavak yoniine dogru yolun sol taraflari batt yamaglar, makilik alan, 28.03.2009

Lok.2. Torba girisi Kayabagi Mevkii yolun sol taraflar1 makilik alan 28.03.2009

Lok. 3. Glindogan-Madnasa Antik kenti bat1 yamaglar makilik alan 28.03.2009

Lok. 4. Konacik Pedasa Antik kenti makilik alan 11.04.2009

Lok. 5. Myndos Antik kenti makilik alan 11.04.2009

Lok. 6. Bagla civari sol taraflar dogu yamaglar makilik alan 12.04.2009

Lok. 7. Asag1 Islamevleri Mevkii-Giineyi (Karadag) Pire tepesi ile Asag1 Islamevleri arasinda kalan tepe makilik alan 18.04.2009
Lok. 8. Bagla Mevkii Ezden Dagi etekleri D/KD yamaglari makilik alan 19.04.2009

Lok. 9. Torba Mevkii- Timan Dag1 KD etekleri yol kenar1 19.04.2009
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Lok. 10. Pedesa Antik kenti I¢ Kale karsis1 giiney tepe yamagclart makilik alan 19.04.2009

Lok. 11. Akyarlar-Karaincir mevkii Burun Dagi K yamaglar garig vejetasyonu 19.04.2009

Lok. 12. Torba yol ayrimi1 Kayabagi Mevkii Tirman Dagi 34- 83 m arasi Cistus alani, 25.04.2009

Lok. 13. Giirece Islamhaneleri GB yamaglar 132 m. Quercus 6nleri 26.09.2009

Lok. 14. Pedesa Antik kenti, garig vejetasyonu, 270 m., KB yamaglar, 07.05.2011

Lok. 15. Pedesa Antik kenti, garig vejetasyonu, 272 m., K yamaglar, 07.05.2011

Lok. 16. Pedesa Antik kenti, garig vejetasyonu, 283 m., KD yamaglar, 07.05.2011

Lok. 17. Pedesa Antik kenti, garig vejetasyonu, 274 m., K yamaglar, 08.05.2011

Lok. 18. Pedesa Antik kenti, maki vejetasyonu, 79 m., K yamaglar, 15.05.2011

Lok. 19. Pedesa Antik kenti, maki vejetasyonu, 85 m., K yamaglar, 20.05.2011

Lok. 20. Pedesa Antik kenti, maki vejetasyonu, 78 m., K yamaglar, 20.05.2011

Lok. 21. Pedesa Antik kenti, maki vejetasyonu, 83 m., K yamaglar, 21.05.2011

Lok. 22. Aspat karsisi, garig vejetasyonu, 83 m., G yamaglar, 17.03.2012

Lok. 23. Aspat karsisi, garig vejetasyonu, 26 m., G yamaglar, 18.03.2012

Lok. 24. Burun Dagi, garig vejetasyonu, 13 m., KB yamaglar, 18.03.2012

Lok. 25. Burun Dagi, garig vejetasyonu, 138 m., B yamaglar, 23.03.2012

Lok. 26. Burun Dagi, garig vejetasyonu, 118 m., KB yamaglar, 23.03.2012

Lok. 27. Akyarlar Kefaluka Oteli karsisi, garig vejetasyonu, 56 m., GB yamaglar, 25.03.2012

Lok. 25. Turgutreis Pire Dagi, garig vejetasyonu, 138 m., B yamaglar, 07.04.2012

Lok. 26. Turgutreis Pire Dagi, garig vejetasyonu, 129 m., K yamaglar, 07.04.2012

Lok. 27. Turgutreis Pire Dagi, garig vejetasyonu, 57 m., D yamaglar, 07.04.2012

Lok. 28. Aspat Kalesi, maki vejetasyonu K yamaglar, 95 m., 08.04.2012

Lok. 29. Aspat Kalesi, maki vejetasyonu KB yamaglar, 144 m., 08.04.2012

Lok. 30. Derekdy Karadere Mevkii, maki vejetasyonu K yamaglar, 128 m., 22.04.2012

Lok. 31. Derekdy Karadere Mevkii, maki vejetasyonu B yamaglar, 118 m., 22.04.2012

Lok. 32. Yalikavak, garig vejetasyonu KD yamaglar, 18 m., 27.04.2012

Lok. 33. Demirsii Mevki, orman vejetasyonu K yamaglar, 92 m., 04.05.2012

Lok. 34. Pedasa Kutsal Alan iistii, orman vejetasyonu GD yamaglar, 288 m., 06.05.2012

Lok. 35. Pedasa, orman vejetasyonu, D yamaglar, 301 m., 06.05.2012

Lok. 36. Dagbelen Koyii Mevkii Sarnig Tepesi Yalikavak’a dogru, orman vejetasyonu, KB yamaglar, 255 m., 26.05.2012

Lok. 37. Pedasa girisi Konacik, orman vejetasyonu, GD yamaglar, 163 m., 02.06.2012

Lok. 38. Ezden Dagi, garig vejetasyonu, G yamaglar, 371 m., 31.03.2013

Lok. 39. Cilek Dagi, maki vejetasyonu, D yamaglar, 354 m., 20.04.2013

Lok. 40. Karadaglar, garig vejetasyonu, K yamaglar, 580 m., 22.04.2013

Lok. 41. Karadaglar, orman vejetasyonu, KB yamaglar, 551 m., 23.04.2013

Lok. 42. Karadaglar, maki vejetasyonu, K yamagclar, 607 m., 23.04.2013

Lok. 43. Torba, maki vejetasyonu, KD yamaglar, 47 m., 27.04.2013

Lok. 44. Torba, maki vejetasyonu, D yamaglar, 53 m., 27.04.2013

Lok. 45. Torba, maki vejetasyonu, KD yamaglar, 19 m., 27.04.2013

Lok. 46. Akyarlar Kos karsisi, maki vejetasyonu, B yamaglar, 5 m., 12.05.2013

Lok. 47. Akyarlar Kos karsisi, maki vejetasyonu, B yamaglar, 2 m., 12.05.2013

Floristik liste yeni hazirlanan Tiirkiye Bitkileri Listesi’ne gore verilmistir. Floristik listede yapilan kisaltmalar asagidaki sekildedir.
H.A.: Hediye AKTAS AYTEPE, subsp.: Alttiir, var.: Varyete, Akd.: Akdeniz, D. Akd.: Dogu Akdeniz, ir.-Tur.: Iran-Turan, Avr.- Sib.:

Avrupa Sibirya, ele.: Elementi, End.: Endemik, LR (cd): Koruma 6nlemi gerektiren, LR (lc): En az endise verici, LR (nt): Tehdit alta girebilir,

VU:Zarar gorebilir, EN: Tehlikede, CR: Cok tehlikede r N: North E: East.

3.2. Floristik Liste

2. Boliim: SPERMATOPHYTA

1. Alt boliim: GYMNOSPERMAE

1. Simif: CONIFEROPSIDA

1. EPHEDRACEAE

Ephedra major Host. (Lok 32), HA 1985.

2. Alt boliim: ANGIOSPERMAE

1. Siif: MAGNOLIOPSIDA (DICOTYLEDONES)

2. APIACEAE

Bunium ferulaceum Sibth. & Sm. (Lok. 42-44), HA 2016, Akd. ele.
Turgenia latifolia (L.) Hoffm. (Lok. 12), HA1467.

3. ASTERACEAE (COMPOSITAE)

Carduus pycnocephalus L. subsp. albidus (M.Bieb.) Kazmi (Lok. 29), HA1949.
Crepis dioscoridis L. (Lok. 8), HA 1403a, D. Akd. ele.

Crepis setosa Hall. fil. (Lok. 19), HA1800, Av.- Sib.ele.

Cyanus segetum Hill. (Lok. 43-44), HA2018.

Filago arvensis L. (Lok. 4), HA0967.

Tragopogon dubius Scop. (Lok. 11), HA1417.
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4. BORAGINACEAE

Buglossoides arvensis (L.) 1.M.Johnst.

Onosma frutescens Lam. (Lok. 41), HA 2069, D. Akd. ele.

5. BRASSICACEAE (CRUCIFERAE)

Alyssum desertorum Stapf. var. desertorum (Lok. 3), HA0907b.

Arabidopsis thaliana (L.) Heynh. (Lok. 39), HA2046.

Arabis verna (L.) R.Br. (Lok. 25), HA 1885, Akd. ele.

Clypeola jonthlaspi L. (Lok. 37), HA2061.

Draba verna (L.) subsp. praecox (Stev.) Walters (Lok. 21), HA1838.

Ricotia sinuata Boiss. & Heldr. (Lok. 42), HA 2090, End. D. Akd. ele.

6. CARYOPHYLLACEAE

Dianthus zonatus Fenzl var. hypochlorus (Boiss. & Heldr.) Reeve (Lok. 13), HA1607.
Silene odontopetala Fenzl (Lok. 2), HA0893.

Stellaria media (L.) Vill. subsp. postii Holmboe (Lok. 30), HA 1974.

Velezia rigida L. (Lok. 43), HA2073.

7. CISTACEAE

Helianthemum aegyptiacum (L.) Mill. (Lok. 23), HA 1850.

8. FABACEAE (LEGUMINOSAE)

Lathyrus aphaca L. var. affinis (Guss.) Arc (Lok. 17), HA1733.

Lathyrus aphaca L. var. modestus P. H. Davis (Lok. 4) HA0976, Akd. ele.
Lathyrus cicera L. (Lok. 40) HA1844.

Lathyrus inconspicuus L. (Lok. 10), HA1356.

Lathyrus sativus L. (Lok. 16), HA1726 Akd. ele.

Lathyrus sphaericus Retz. (Lok. 25), HA1813.

Lotus corniculatus L. var. tenuifolius L. (Lok. 46), HA2074.

Lupinus hispanicus Boiss. & Reut. (Lok. 7), HA1265.

Medicago arborea L. (Lok. 9), HA1331, Akd. ele.

Medicago disciformis DC (Lok. 35), HA2032, Akd. ele.

Medicago littoralis Rohde ex Lois. var. littoralis (Lok. 15), HA1702.
Medicago rugosa Desr. (Lok. 35), HA2053, Akd. ele.

Melilotus elegans Salzm. (Lok. 28-29), HA1946, Akd. ele.

Melilotus italica (L.) Lam. (Lok. 4), HA0973, Akd. ele.

Ononis mitissima L. Akd.ele., (Lok. 18, Lok.44), HA1783, Akd. ele.
Ornithopus compressus L. (Lok. 14), HA 1668, Akd. ele.

Pisum fulvum Sibth. & Sm. (Lok. 4) HA1053, D. Akd. ele.

Securigera cretica L. (Lassen) (Lok. 27) HA 1938, Akd. ele.

Securigera securidaca (L.) Degen & Dorfl. (Lok. 21), HA 1815.

Securigera varia L. (Lassen) (Lok. 12), HA1450, D. Akd. ele.

Trifolium arvense L. var. arvense (Lok. 15), (Lok. 17), HA1692.

Trifolium boissieri Guss. ex Soy.-Will. & Godr. (Lok.34), HA2015, D. Akd. ele.
Trifolium glanduliferum Boiss. var. glanduliferum (Lok. 25), HA1926, D. Akd. ele.
Trifolium nigrescens Viv. subsp. nigrescens (Lok. 6), HA1131.

Trifolium phleoides Pourr. & Willd. (Lok. 14-17), HA1678.

Trifolium pilulare Boiss. (Lok. 34), HA2052.

Trifolium subterraneum L. (Lok. 38), HA1849.

Trigonella spruneriana Boiss. var. spruneriana (Lok. 5), HA1058, Ir.-Tur. ele.
Vicia sativa L. subsp. nigra (L.) Ehrh. var. segetalis (Thuill.) Ser. ex. DC. (Lok. 24), HA1887.
Vicia villosa Roth subsp. microphylla (d'Urv.) P. W. Ball (Lok. 40), HA2068.
9. GENTIANACEAE

Blackstonia perfoliata (L.) Hudson subsp. perfoliata (Lok. 18-21), HA 1770.
Centaurium erythraea Rafn subsp. erythraea (Lok. 21), HA 1812, Av.- Sib.ele.
Centaurium maritimum (L.) Fritsch (Lok. 14), HA1684, Akd. ele.

10. GERANIACEAE

Erodium ciconium (L.) L'Hérit. (Lok. 31), HA1982.

Geranium columbinum L. (Lok. 24), HA1913.

11. LAMIACEAE (LABIATAE)

Sideritis montana L. subsp. montana (Lok. 36), HA2055, D. Akd. ele.

Stachys cretica L. subsp. lesbiaca (Lok. 12), HA1484, D. Akd. ele.

12. MALVACEAE

Alcea biennis Winterl (Lok. 29), HA1948.
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13. PAPAVERACEAE

Fumaria officinalis L. (Lok. 43), HA2043.

14. POLYGALACEAE

Polygala monspeliaca L. (Lok. 21), HA 1822, Akd. ele.

15. POLYGONACEAE

Rumex tuberosus L. subsp. tuberosus (Lok. 7), HA1280.

16. PRIMULACEAE

Asterolinon linum-stellatum (L.) Duby (Lok. 26), HA1937, Akd. ele.

17. RUBIACEAE

Crucianella imbricata Boiss. (Lok. 12), HA1455, D. Akd. ele.

Galium brevifolium Sm. subsp. insulare Ehrend. & Schonb.-Tem. (Lok. 11), HA1429, D. Akd. ele.
Galium floribundum Sm. subsp. floribundum (Lok. 37), HA2029.

Galium heldreichii Hal. (Lok. 38), HA 2063, D. Akd. ele.

Galium murale (L.) All. (Lok. 26), HA1928, Akd. ele.

Galium odoratum (L.) Scop. (Lok. 4), HA1015, Av.- Sib.ele.

2. Simif: LILIOPSIDA (MONOCOTYLEDONES)

18. ASPARAGACEAE

Muscari neglectum Guss. (Lok. 24), HA1876.

Ornithogalum armeniacum Baker (Lok. 44-45), HA 2077, D. Akd. ele.

19. ORCHIDACEAE

Ophrys apifera Huds. (Lok. 24), HA 1872.

Orchis morio L. subsp. picta (Loisel.) K. Richt. (Lok. 1), HA 0844, Akd. ele.
20. POACEAE

Alopecurus utriculatus Sol. subsp. utriculatus (Lok. 26), HA 1934, Ir.-Tur. ele.
Lolium multiflorum Lam. (Lok. 46-47), HA 2031.

Stipa bromoides (L.) Dorfl.

4. Sonuglar ve tartisma

Aragtirma alanindan 2009-2013 yillar1 arasinda vejetasyon ¢alismasi amaciyla toplanan bitki érneklerinin
teshisi sonucu 494 takson tespit edilmistir. Bu taksonlarin 77 tanesi ¢aligma alaninda yapilmis ¢alismalarda tespit edilen
taksonlardan farkli olan taksonlardir. Buna gore yapilan degerlendirmede 20 familya, 53 cins, 53 tiir, 14 alttiir ve 10
varyete tespit edilmistir. Toplam 77 taksondan 1'i Gymnospermae, geri kalan 76's1t Angiospermae subdivizyosuna aittir.
76 kapali tohumlu bitki taksonunun 69’u Magnoliopsida (Dicotyledoneae), geri kalan 7 takson ise Liliopsida
(Monocotyledoneae) siniflarina aittir.

Aragtirma alanimizla ilgili yapilan calismalardan ilki etnobotanik bir ¢aligma olan “Bodrum’da Bitkiler ve
Yasam” (Tuzlaci, 2005) adli calismadar. Ilgili calismada 747 takson tespit edilmistir. 284 takson halk tarafindan tedavi
amagch kullanilmaktadir.

Arastirma alaninda yapilan bir baska etnobotanik ¢alisma da “Wild Edible Plants of the Bodrum Area” (Ertug,
2004) adli ¢alismadir. Bu ¢alismada 770’1 agkin bitki 6rnegi toplanmis, 400°e yakin tiir tespit edilmis, 179 yararl bitki
saptanmigtir. Yararh bitkilerin 143’{i dogal/yabani ve 36’s1 tarim1 yapilan bitkilerdir.

Aspat Kalesi ve Cevresinin Floristik Yapisi adli ¢alismada (Varol ve Cinar, 2014) 337 takson tespit edilmistir.

Arastirma alaninin dahil oldugu bir baska calisma olan Didim, Milas, Oren ve Bodrum (Tiirkiye) floras1 adl1
calismada da (Pirhan ve Gemici, 2015) toplamda 424 takson tespit edilmistir.

2009-2013 yillar1 arasinda yapmis oldugumuz “Bodrum Yarimadasi’nin Fitososyolojik Yonden Arastirilmasi”
adli caligmada toplamis oldugumuz bitki 6rneklerinin teshisi sonucunda 494 takson tespit edilmistir. Calisma alaninda
bahsi gegen caligmalarla karsilastirildiginda 77 taksonun ilgili ¢alismalarda bulunmadigi goriilmiistiir. Dolayisiyla
degerlendirmeler 77 takson iizerinden yapilmistir. Bodrum Yarimadasi florasina eklenen 77 takson igerisinde en fazla
tiir ihtiva eden familyalardan ilk besi sirasiyla Fabaceae (30 tiir), Asteraceae (6 tiir), Brassicaceae (6 tiir), Rubiaceae (6
tir) ve Caryophyllaceae (4 tiir)’dir. Bu taksonlar tilkemizdeki takson ve yayilis alani bakimindan biiyiik
familyalardandir. Calisma alanindaki familyalarin ihtiva ettigi takson sayist Sekil 6’da verilmistir.

Arastirma alanimiz habitat bozulmalarmin hizli bir sekilde gergeklestigi bir yerdir. Yangin, tarim alan1 agma,
asir1 otlatma gibi sebeplerden dolay1 alana Fabaceae tiyeleri konumlanmustir.

Alandan toplanan endemiklerin IUCN kategorileri, Tiirkiye Bitkileri Kirmizi Kitabi'ndan (Ekim ve ark., 2000)
taranmus, 1 takson LR (Ic) olarak tespit edilmis, Tablo 2’de verilmistir.

Tablo 2. Caligma alanindaki endemik bitkilerin tehlike kategorileri

Endemik Bitkiler Tehlike Kategorileri

Ricotia sinuata Boiss. & Heldr. LR (Ic)
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Sekil 6. Familyalarin ihtiva ettigi tiir say1st

Bu ¢alisma “Bodrum Yarimadasi’nin (Mugla) Fitososyolojik Yonden Arastirilmasi” adli doktora tez ¢alismasindan iiretilen
bir calismadir. Bu ¢alismanin Tiirkiye' deki floristik ¢alismalara az da olsa katki saglayacag: iimidindeyiz.

Tesekkiir

Bu ¢alisma esnasinda bazi bitkilerin teshisinde destegini gordiigiimiiz Prof. Dr. Ozcan SECMEN'e ve Ege Universitesi
Botanik Bahgesi Herbaryum Uygulama ve Arastirma Merkezi' nde gorevli uzman hocalarimiza tesekkiirii bir borg biliriz. Bu ¢aligma
BAP-011-38 numaral: bilimsel arastirma projesi ile desteklenmistir.
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Abstract

Some specimens collected from Kars, Ardahan and Artvin were identified as Senecio kubensis Grossh and S.
massagetovii Schischk which had been previously described in Azerbaijan and Georgia. As a result of examination of
the type specimens and after evaluating of the literatures, S. massagetovii and S. kubensis were determined as identical
specimens and S. massagetovii was reduced to as a synonym of S. kubensis. S. kubensis which is a new record for
Turkey, S. munzurdaglarensis Yild. which was recently described from Tunceli and S. farfarifolius Boiss. & Kotschy
which had been formerly transferred as invalid was transferred to the genus Turanecio Hamzaoglu based on their
taxonomic characters such as the thickish rhizome, the short-sagittate anther bases, and the style branches with papillate
lower surface, and in possessing a persistent pappus.

Key words: Asteraceae, new combinations, new synonym, taxonomy, Turkey

*

Turanecio cinsi taksonomisine ve yayihisina katkilar (Asteraceae, Senecioneae)

Ozet

Kars, Ardahan ve Artvin’den toplanan bazi orneklerin, Azerbaycan ve Giircistan’dan tanimlanan Senecio
kubensis Grossh. ile S. massagetovii Schischk. oldugu tespit edildi. Tip orneklerin ve ilgili literatiiriin incelenmesi
sonucu S. massagetovii ile S. kubensis’in ayni oldugu belirlendi ve S. massagetovii'nin S. kubensis'in sinonimi oldugu
degerlendirildi. Turkiye igin yeni kayit olan S. kubensis, son zamanlarda Tunceli’den tanimlanan S. munzurdaglarensis
Yild. ve daha 6nce gegersiz bir sekilde aktarilmig olan S. farfarifolius Boiss. & Kotschy rizomlarinin kalinlagmig, anter
tabanlarinin kisa-sagittat, stilus dallar1 alt yiizeylerinin papillali ve pappuslarinin kalict olmasi gibi taksonomik
karakterlere dayanilarak Turanecio Hamzaoglu cinsine aktarildi.

Anahtar kelimeler: Asteraceae, yeni kombinasyonlar, yeni sinonim, taksonomi, Tiirkiye
1. Introduction

The generic and infrageneric concepts of Senecio s.l. have been changed several times and it was divided into
several genera, such as Tephroseris (Rchb.) Rchb., Jacobaea Mill., Iranecio B.Nord., Caucasalia B.Nord., and
Turanecio Hamzaoglu (Jeffrey et al., 1977; Nordenstam, 1997, 2007; Nordenstam and Rechinger, 1989; Jeffrey, 1992;
Heller and Heyn, 1993; Pelser et al., 2006, 2007, Hamzaoglu et al., 2011). Turanecio was constituted of Senecio
cariensis Boiss., S. hypochionaeus Boiss., S. lazicus Boiss. & Balansa, S. pandurifolius K.Koch, S. lorentii Hochst., S.
eriospermus DC., S. taraxacifolius (M.Bieb.) DC., S. davisii V.A.Matthews and S. jurineifolius Boiss. & Balansa. They
are known formerly in the Senecio (Matthews, 1975; Hamzaoglu et al., 2011; Arslan et al., 2013). However, Senecio
farfarifolius that is one of them, as invalid was transferred to the genus Turanecio.

Turanecio belongs with Iranecio, Caucasalia, Pojarkovia, Adenostyles, and Dolichorrhiza in the
“Quadridentate Group” of the subtribe Senecioninae. This group is characterised by 4-lobed disc corollas with 4
stamens (Jeffrey, 1992; Nordenstam, 1997). Dolichorrhiza is the closest genus to Turanecio in terms of some vegetative
and floral characters. However, Turanecio differs from Dolichorrhiza in that the thickish rhizome, the short-sagittate

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903122028084; Fax.: +903122238693; E-mail: erginhamzaoglu@yahoo.com
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anther bases, and the style branches with papillate lower surface, and in possessing a persistent pappus (Schischkin,
1995; Nordenstam, 1997, 2007; Hamzaoglu et al., 2011).

In 1979 Sinasi Yildirimli visited Munzur Mountains (Tunceli) and he collected some Senecio specimens.
These specimens were recently described by him as Senecio munzurdaglarensis (Yildirimli, 2010). Also, some
specimens collected from Kars, Ardahan and Artvin were identified as S. kubensis Grossh and S. massagetovii Schischk
which had been previously described in Azerbaijan and Georgia. All these specimens were evaluated with the help
of type specimens and literatures.

2. Materials and methods

This study is based on herbarium material in GAZI, ANK and HUB (Ankara), ISTE, ISTF and ISTO
(Istanbul), KATO (Trabzon), KNYA (Konya), AIBU (Bolu), OMUB (Samsun) and the Bozok University Herbarium
(‘Yozgat). Some collections and type digital images were obtained from G, TBI, LE and BAK.

3. Results
3.1 Turanecio kubensis (Grossh.) Hamzaoglu, comb. nov. (“Kafkas Turanotu” in Turkish)

= Senecio kubensis Grossh., Trud. Azerb. Otdyel. Zakavk. Fil. Akad. Nauk SSSR, Sect. Bot. 1: 59 (1933);
Iranecio kubensis (Grossh.) C.Jeffrey, Kew Bull. 47(1): 102 (1992). Holotypus: Azerbaijan. Kuba: Apmut stream,
subalpine zone, rock crevices, 27.7.1930, M.Sachokiya s.n. (BAK with number 23606!, digital image).

= Senecio massagetovii Schischk., FI. URSS 26: 722 & 882 (1961) , syn. nov.; lranecio massagetovii
(Schischk.) C.Jeffrey, Kew Bull. 47(1): 103 (1992). Holotypus: Georgia. Grusinskaja SSR: In faucibus fluminis
Borzhomka [Borjomi] prope stationem viae ferreae Sakoczavi [Sakochavi], in saxosis, 25.6.1934, P.Massagetov s.n.
(LE!, digital image).

Specimens seen: TURKEY. A9 Artvin: Hatila Valley, Deliklitas place, 1930 m, 07.6.2008, E.Hamzaoglu
5052, A.Aksoy & U.Budak (GAZI, Bozok Univ. Herb.); Melo place, c. 1840 m, 08.7.1978, A.Diizenli 598 (ANK);
Tiitiinciiler, Avana upland, Civkariyet kayasi, 2000 m, 19.7.1973, M.Koyuncu 4017 (GAZI); from Kozlu village to
Tiitiinciiler upland, 2500 m, 27.7.2010, E.Hamzaoglu 6028, U.Budak & M.Kog¢ (GAZI); South-east slope of Tiryal
Dagi, road of Artvin-Hatila, Bat1 stream, c¢. 990 m, 29.5.1976, A.Diizenli 594 (ANK); Yusufeli, Yiiksekoba village,
1965 m, 27.7.2008, E.Hamzaoglu 5299, A.Aksoy & U.Budak (GAZI, Bozok Univ. Herb.); between Savsat and Artvin,
32. km, around Pirnalli village, 490 m, 23.4.1983, A.Giiner 4718 & M.Vural (ANK, HUB, ISTE, ISTF); ibid., 535 m,
07.5.2007, U.Budak 2142, E.Hamzaoglu & A.Aksoy (GAZI, Bozok Univ. Herb.); between Savsat and Ardahan, 18.
km, 2000 m, 06.7.1984, N.Ozhatay & E.Ozhatay (ISTE 54740). Ardahan: Posof, between Alabalik village and Arsiyan
Mountain, 1700-3000 m, 28.6.1986, N.Demirkus 3620 (HUB); between Ardahan and Posof, above Ilgar Dag1 pass,
2585 m, 03.8.2005, U.Budak 1963, E.Hamzaoglu & A.Aksoy (GAZI, Bozok Univ. Herb.). Kars: Arpacay, Kisir
Mountain, above Dagkdyii village, 2430 m, 24.7.2000, M.Vural 8381, H.Ocakverdi, N.Adigiizel & M.Kaya (GAZI);
ibid., 2465 m, 25.7.2010, E.Hamzaoglu 5947, U.Budak & M.Kog (GAZI). GEORGIA. Grusinskaja SSR: In faucibus
fluminis Borzhomka [Borjomi] prope stationem viae ferreae Sakoczavi [Sakochavi], in saxosis, 25.6.1934,
P.Massagetov s.n. (holotype of Senecio massagetovii, LE!, digital image); Samtskhe-Djavakheti: calcareous slopes,
1800 m, 24.7.1967, Chinthhibidze s.n. (TBI!, digital image); Racha-Lechkhumi region; calcareous slopes, 2000 m,
03.8.1966, Mikaledze s.n. (TBI!, digital image); Svaneti region: Chanis Tskali, rocks, 1300-1500 m, ??.7.1988,
Mikaledze s.n. (TBI!, digital image). AZERBAIJAN. Kuba: Apmut stream, subalpine zone, rock crevices, 27.7.1930,
M.Sachokiya s.n. (holotype of Senecio kubensis, BAK with number 23606!; isotype: LE!, digital image). Intermediate
forms between Turanecio lorentii & T. kubensis - TURKEY. A8 Erzurum: West of Agcakent village, 2070 m,
10.7.1976, A.Tath 4736 (KNYA); between Ispir and Erzurum, 30. km, c. 2450 m, 03.7.1975, R.Cetik 5871 (KNYA);
between Oltu and Tamrut, 19.6.1987, Goren s.n. (ISTE 58208); Erzurum: Olur, from fire tower to Olur, 1700-2500 m,
31.7.1984, N.Demirkus 2253 (HUB); Oltu, from Eskidutlu village to top of Dutlu Dagi, 2200-2500 m, 19.7.1982,
N.Demirkusg 1423 (HUB).

According to the Flora of the U.S.S.R; Turanecio kubensis differs from Senecio massagetovii based on the
characters such as shape of lower leaves base, terminal lobes, involucre length and number of ray flowers (Schischkin,
1995). As a result of specimens examination which were collected from Turkey and found in LE, BAK, TBI herbaria, it
is established that these characters are not stable and reveal variations (Figures 1, 2 and 3). Based on the examined
specimens, it was decided that these two taxa are identical and S. massagetovii is synonym of S. kubensis (i.e. T.
kubensis). Distribution areas of T. kubensis and T. lorentii (Hochst.) Hamzaoglu species are overlapped at north-east
Turkey (Figure 4). The lower leaves are smaller, multipartite and have uncertain terminal lobes in T. lorentii which was
adapted to xeric habitats in Erzurum, Agri, Bayburt, Yerevan (Armenia) and Iran (Hamzaoglu et al., 2011).
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Figure 1. Lower cauline leaves in Turanecio kubgnsis (A- Artvin, Hamzaoglu 6028 et al.; B- Artvin, U.Budak
2142 et al.; C- Kars, Hamzaoglu 5947 et al.; D- Ardahan, U.Budak 1963 et al.).

Figure 2. Type of Turanecio kubensis (as basionym Senecio kubensis, herbarium BAK 23606).
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Figure 3. Type of Senecio massagetovii (Herbarium LE, unnumbered).

Turanecio kubensis grows in humid habitats in Artvin, Ardahan, Kars, Borjomi (Georgia) and Kuba
(Azerbaijan) and its lower leaves are big, few partitate and have certain terminal lobes. Some specimens which were
collected from the northern Erzurum were found to be similar to T. kubensis due to their big base leaves and certain
terminal lobes and similar to T. lorentii due to their multipartite lower leaves (A.Tatli 4736, R.Cetik 5871, Géren s.n.,
N.Demirkus 1423 and 2253). These specimens were considered as intermediate forms between two species. Also, T.
kubensis which was transferred to genus Turanecio is a new record for the flora of Turkey (Matthews, 1975;
Schischkin, 1995).
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Figure 4. Distribution map of Turanecio kubensis (O), T. lorentii (®) and intermediate forms between T. kubensis and
T. lorentii (®). Type localities; SK — Senecio kubensis, SM — Senecio massagetovii.
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3.2 Turanecio farfarifolius (Boiss. & Kotschy) Hamzaoglu, comb. nov. (“Turanotu” in Turkish)

= Senecio farfarifolius Boiss. & Kotschy, Diagn. PI. Orient. ser. 2(3): 33 (1856) [as “farfaraefolius”, published
later (isonym) by authors (FI. Orient. 3: 400, 1875), ICBN Art. 33.7(a), Melbourne Code], non (Siebold & Zucc.)
Sch.Bip. ex K.Koch, Wochenschr. Gértnerei Pflanzenk. 1: 212 (1858) [nom. illeg., later homonym, basionym: Cacalia
farfarifolia Siebold & Zucc., Abh. Akad. Muench. 4(3): 190 (1846)], nec (Siebold & Zucc.) Maxim., Bull. Acad. Imp.
Sci. Saint-Pétersbourg 19: 483 (1874) [nom. illeg., later homonym]; Iranecio farfarifolius (Boiss. & Kotschy) C.Jeffrey,
Kew Bull. 47(1): 102 (1992); Senecio bulghardaghensis Soldano, Comp. Newsl. 20/21: 7 (1992) [nom. illeg., nom.
superfl., ICBN Art. 11.4, Melbourne Code]; Iranecio bulghardaghensis (Soldano) D.Heller, Consp. Fl. Orient. 8: 68
(1993) [nom. illeg., nom. superfl., ICBN Art. 11.4, Melbourne Code]; Turanecio bulghardaghensis (Soldano)
Hamzaoglu, Turk J Bot 35(5): 502 (2011) [nom. illeg., nom. superfl., ICBN Art. 11.4, Melbourne Code]. Lectotypus
(hoc loco designates): [Turkey. C5 Nigde/Mersin]: Iter Cilicicum in Tauri alpes Bulgar Dagh [Bolkar Dag1], crescit in
schistosis aquiloni oppositis ad Bulgar Magara fodinas argentiferas alt. 7000. ped. (c. 2130 m), Mense Jul. Aug. 1853
(July/August 1853), Kotschy 96b. 18. 235. (G-BOIS with barcode G00150309!, digital image; isolectotypus: G-BOIS
with barcode G00150310!, digital image).

The digital images of the type specimens of the taxon are provided from G . There are in total 3 sheets in G,
but 1 of them is without flower (barcode G00150308). Lectotypification was performed using the specimens containing
barcodes.

Cacalia farfarifolia Siebold & Zucc. was reported in 1846 as a new taxon from Japan (Siebold & Zuccarini,
1846). This taxon was transferred to genus Senecio twice as Senecio farfarifolius (Siebold & Zucc.) Sch.Bip. ex
K.Koch in 1858 and Senecio farfarifolius (Siebold & Zucc.) Maxim. in 1874 (Koch & Fintelmann, 1858; Maximowicz,
1874). Senecio farfarifolius Boiss. & Kotschy which is endemic to Turkey was published in “Diagnoses Plantarum
Orientalium novarum” in 1856 for the first time (Boissier, 1856). This taxon was re-reported in 1875 as isonym and this
literature was given as the original publication in “Flora of Turkey and the East Aegean Islands” (Boissier, 1875;
Matthews, 1975).

Soldano (1992) has taken into consideration the date 1858 for the naming of Senecio. He re-named Senecio
farfarifolius Boiss. & Kotschy which was reported as isonym in 1875 as Senecio bulghardaghensis Soldano in order to
remove the homonym. But this re-naming was found as invalid according to the International Code of Botanical
Nomenclature (ICBN) due to the original publication date of Senecio farfarifolius which was 1856 (McNeill et al.,
2012).

Similar mistakes were made during the transfer of Senecio farfarifolius Boiss. & Kotschy to the genera
Iranecio and Turanecio. According to the ICBN, the taxon was transferred with “bulghardaghensis” epithet instead of
“farfarifolius” epithet incorrectly (Heller & Heyn, 1993; Hamzaoglu et al., 2011; McNeill et al., 2012). In the current
study, Senecio farfarifolius Boiss. & Kotschy which was reported in 1856 was considered as basionym and was
transferred to the genus Turanecio in accordance with ICBN.

3.3 Turanecio munzurdaglarensis (Yild.) Hamzaoglu, comb. nov. (“Munzur Turanotu” in Turkish)

= Senecio munzurdaglarensis Yild., Ot Sist. Bot. Dergisi 17(2): 36 (2010); Iranecio munzurdaglarensis
(Y1ld.) Raab-Straube & Greuter, Willdenowia 41: 315 (2011). Holotypus: Turkey. B7 Tunceli: Ovacik, Munzur
Mountains, Kepir Hill, Bellihasan Cukurlugu ridges, 2500-2700 m, 29.7.1979, S.Yildirimli 2300! (Yildirimli Herb.;
isotypus: HUB!, Bozok Univ. Herb.!).

Senecio munzurdaglarensis which has been described in the Munzur Mountains, Tunceli in recent years was
transferred to the genus Turanecio based on the examined type specimens and its taxonomic characters (Yildirimli,
2010; Hamzaoglu et al., 2011; Greuter & Raus, 2011). Similar to T. pandurifolius (K.Koch) Hamzaoglu but basal
leaves 0-1 pairs (not 1-3 pairs), glabrous above, sparsely floccose below (sparsely floccose and greenish above, very
densely floccose and whitish below), phyllaries 5-6 mm long (not 8-9 mm long), pappus 5 mm long (not 6-8 mm long)
and T. lorentii but basal leaves 0-1 pairs (not 3-7 pairs), glabrous above, sparsely floccose below (not usually densely
floccose and greyish above, very densely floccose and whitish below), phyllaries 5-6 mm long (not 6-8 mm long),
pappus 5 mm long (not 6-7 mm long).

4. Discussion

In the current study, it was determined that Senecio kubensis Grossh. (i.e. Turanecio kubensis) and S.
massagetovii Schischk grow in Turkey which was known from Azerbaijan and Georgia (Schischkin, 1995). Total taxa
number of the genus Turanecio increased to 13 with the transfer of T. kubensis, T. munzurdaglarensis and T.
farfarifolius (12 species and 1 variety). All taxa of the genus also including Senecio lipskyi Lomakin and S.
massagetovii which were decided to be synonym grow in Turkey. Seven of Turanecio taxa are endemic to Turkey and
the endemism rate of the genus is approximately 55%. T. pandurifolius, T. lorentii, T. eriospermus (DC.) Hamzaoglu, T.
taraxacifolius (M.Bieb.) Hamzaoglu, T. davisii (V.A.Matthews) Hamzaoglu and T. kubensis are distributing in Turkey
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as well as Georgia, Azerbaijan, Iran and Iraq (Matthews, 1975; Nordenstam & Rechinger, 1989; Schischkin, 1995;
Hamzaoglu et al., 2011). The chorological data of the taxa showed that the gene source of the genus is Turkey and
Transcaucasia.
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Abstract

In this study, the morphological characteristics of three endemic Ononis L. (Leguminosae) species (O.
sessilifolia Bornm., O. basiadnata Hub.&Mor. and O. macrosperma Hub.&Mor.) which are native to Turkey were
examined to determine the relevance of these properties in the establishment of similarities and differences in these
taxa. The morphological characters of the plants, such as leaf, stem and flower properties, were described in detail. As a
result, the trichomes and branching of the stem, corolla and peduncle properties, seed surface, and type of stamen like
this porperties were analyzed to help in morphological differences in the between the Ononis species. Also, as a result
of the fieldworks done, if the necessary measures are not taken, especially for O. sessilifolia and O. macrosperma, these
species could be seriously threatened in the future.

Key words: Ononis, morphology, endemic, Leguminosae, Turkey

*

Tiirkiye’de yetisen ii¢ endemik Ononis L. tiirii iizerinde karsilastirmali morfolojik ¢alismalar

Ozet

Bu ¢alismada, Tirkiye’de dogal olarak yetisen ii¢ endemik Ononis L. (Leguminosae) tiiriniin (O. sessilifolia
Bornm., O. basiadnata Hub.&Mor. ve O. macrosperma Hub.&Mor.) morfolojik 6zellikleri bu taksonlar arasindaki
benzerlik ve farkliliklar1 temel alinarak bu ozelliklerin iliskisi tanimlanarak arastirilmigtir. Bitkilerin morfolojik
Ozellikleri 6rnegin yaprak, govde ve cicekleri detayli olarak tanimlanmustir. Sonug olarak, tiiyler, gévde dallanmasi,
korolla, pedunkul, tohum yiizeyi ve stamen tipleri gibi 6zelliklerin, Ononis tiirleri arasindaki morfolojik farkliliklarin
tespitine yardimei olabilecegi analiz edilmistir. Ayrica, yapilan arazi ¢alismalart neticesinde, sayet gerekli 6nlemler
alinmazsa, Ozellikle O. sessilifolia ve O. macrosperma tiirlerinin gelecekte yiiksek tehdit altinda olabilecegi
diistintilmiistiir.

Anahtar kelimeler: Onanis, morfoloji, endemik, Leguminosae, Tiirkiye
1. Introduction

The legume family is second only to the grass family in terms of its importance to humans. Almost every
major civilization since the development of agriculture has had legumes as well as grain as part of its support system.
This family is the source of a wide range of products, such as foods and medicines, although fewer than 50 legume
species provide 90 % of the world’s current requirements (Simpson and Ogarzaly, 2001; Cunha et al. 2012).

The species of Ononis L., which belong to the family Leguminosae, are called “Kayiskiran”, “Sabankiran”,
“Demirdelen”, “Kayik ¢igegi”, “Yandak”, “Sirbik”, “Koca 6rsele” or “Yaltakdikeni” in Turkey. The genetic source of
the genus Ononis L., which is represented by 75 species in the world, is the Mediterranean (Evans, 2002). This genus
has 17 species of which 4 taxons are endemic in Turkey (Davis, 1970; Giiner, 2012).
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In this study, the morphological properties of three endemic Ononis species (O. sessilifolia Bornm., O.
basiadnata Hub.-Mor. and O. macrosperma Hub.-Mor.) were studied comparatively. According to the IUCN Red Data
Book (Ekim et al., 2000) in Turkey, while O. basiadnata and O. macrosperma are at lower risk, O. sessilifolia has been
recorded as vulnerable. In different regions of our country, the various species of Ononis have been used for their
diuretic, antiseptic and antimicrobial effects (Baytop, 1999).

Members of the genus have been reported to possess pharmacological activities due to their aperient,
antiedemic, antiscorbutic, antiseptic, cardiotonic, depurative, diuretic, estrogenic, hemolytic, litholytic, antibacterial,
analgesic, anti-inflammatory, antiviral, cytotoxic, antioxidant (Erdemgil et al. 2002; Duke et al. 2002; Deliorman et al.
2012), antifungal (Altuner, 2010), antiproliferative (Talib, 2010), antilipase (Bustanji et al. 2011), antitumor (Talib,
2012) and wound healing effects (Altuner et al. 2010, Siintar et al. 2011). In addition, the aerial part of O. arvensis has
been used in traditional medicine to treat urinary tract infections and skin diseases. In the literature, there are a few
anatomical and morphological investigations on some species of Ononis (Langer et al.1995; Duke et al. 2002; Taia,
2004; Baldemir et al. 2009; Agullo, 2013). Leaf epidermal studies are useful in determining their different
morphological and anatomical characteristics, thus helping in the assessment of a taxonomic relationship (identification,
classification) between species (Ogie-Odia et al. 2010).

In the present investigation, new and extended findings on three species of Ononis were revealed in
comparison with the morphological definitions given in the Flora of Turkey (volume 3) (Davis, 1970).

2. Materials and methods
1.1. Plant materials

Plant materials were gathered from the localities indicated in Table 1. Voucher specimens are deposited in the
Herbarium of the Faculty of Pharmacy at the University of Ankara, Turkey (AEF).

Table 1. Locations and herbarium numbers of the studied Ononis species.

Species Locations Herbarium number

O. sessilifolia C5 Nigde: Camardi, Demirkazik mountains, (AEF 23979)
Narpizli plateau, channel around, rocky slopes,
sl. 2073 m, 13.06.2007, Ayse and Sikri
Baldemir

0. basiadnata C4 igel: Giilnar-Mut road, exit of Giilnar, fields, (AEF 23968)
among maquis, s.I. 1140 m. 08.06.2007, Ayse
and Siikrii Baldemir

O. macrosperma C2 Antalya: Elmali, Ciglikara, entrance of (AEF 24698)
Sinekgibeli, rocky slopes, Cedrus libani forest,
sl. 1684 m. 29.5.2008, Ayse and Siikri
Baldemir

1.2. Morphological studies

For morphological studies, three species of Ononis were analyzed in detail in terms of parameters such as size,
shape, surface, and other properties of the leaf, flower, stem and fruit. We generally used herbarium specimens and
sometimes benefited from material deposited in 70% alcohol. The microphotographs and drawings were carried out
with a Leica Stereo microscope.

3. Results
During morphological studies, the herbarium materials and plant materials deposited in 70% alcohol were used.

3.1. O. sessilifolia Bornm. In Feddes Rep. 50: 133, t. 337 (1941).
Type: Described from Turkey C5 Nigde, Ellenberg 108.
Perennial, dwarf undershrub with depressed short stems. Detailed morphological characteristics of O.
sessilifolia are given in Table 2 (Figures 2, 3).
Flowering time: June-August. The plant’s natural habitat is Alpine slopes, at altitudes between 2400-2800 m.
Endemic, Ir.-Tur. Element (Davis, 1970).
Category of danger: Lower risk (LR-cd) (Ekim et al. 2000)
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Figure 1. Photographs of herbarium samples H1- O. sessilifolia, H2- O. basiadnata, H3- O. macrosperma

Figure 2. Morphological drawing of O. sessilifolia
a. general view of plant, b. stamens monodelphous (10), c. stamen, d. ovary, e. calyx, f. seed, g.
legume, h. flower, j. vexillum (standard), k.wing, . carina
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Figure 3. O. sessilifolia- S1- general view of plant in nature, S2- the stem residue from the previous year, S3- root, S4-
leaves trifoliate and leaflike stipula, S5- flower, S6- awn, S7- calyx, S8- corolla, S9- androecium, S10- androecium and

gynoecium, S11- stamens monodelphous (10), S12- ovary, S13- front view of stamen, S14- rear view of stamen, S15-
view of the legume in nature, S16- legume and seed.

3.2. O. basiadnata Hub.-Mor. In Bauhinia 2 (3): 298, t. 3, 324 (1965).
Type: Described from Turkey C4 igel, Huber-Morath 9533.
Annual to perennial, densely glandular villous, many-branched with ascending stems. Morphological properties
of O. basiadnata are given in detail (Table 2) (Figures 4, 5).

Flowering time: June-July. It grows naturally on stony slopes, limestone rocks and Quercus macchie at altitudes
between 600-1350 m.

Endemic, East Mediterranean element (Davis, 1970).
Category of danger: Vulnerable (VU) (Ekim et al. 2000).
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Figure 4. Morphological drawing of O. basiadnata a. general view of plant, b. seed, c. calyx, d. corolla, e. stamens
diadelphous (9+1), f. ovary, g. stamen, h. flower, j. vexillum (standard), k. wing, l. carina, m. legume

Ayse BALDEMIR et al., Comparative morphological studies on three endemic Ononis L. (Leguminosae) species growing in Turkey



Biological Diversity and Conservation —9/ 1 (2016) 87

B13 B14 B15 B16

Figure 5. O. basiadnata- B1, B2- general view of plant in nature, B3- root, B4- flowers, B5- leaves unifoliate and
leaflike stipula, B6- leaflike stipula, B7, B8- flower, B9- calyx, B10- corolla, B11- androecium, B12- stamens
diadelphous (9+1), B13- ovary, B14- front view of stamen, B15- rear view of stamen, B16- legume and seed.

3.3. 0. macrosperma Hub.-Mor. In Bauhinia 3 (2): 313 (1967).
Type: Described from Turkey C2 Antalya, Friederike Sorger 63-36-25.
Annual, branched from base, glandular-villous. Morphological properties of O. macrosperma are described in
more detail (Table 2; Figures 6, 7).
Flowering time: May-July. its natural habitat is Juniperus excelsa forests at altitudes between 1100-1500 m.
Endemic, East Mediterranean element (Davis, 1970).
Category of danger: Vulnerable (VU) (Ekim et al. 2000).
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Figure 6. Morphological drawing of O. macrosperma a. general view of plant, b. androecium and gynoecium, c.
diadelphous stamen (9+1), d. ovary, e. stamen, f. seed, g. corolla, h. vexillum (standard), j. wing, k. carina, I. fruit
(legumen), m. flower, n. calyx.

4. Conclusions and discussion

In this study, the morphological properties of three endemic Ononis species were investigated. Our
morphological findings were compared with the results from the Flora of Turkey and similarities and differences
between the species were detected. For instance, the corolla color of O. macrosperma in the Flora of Turkey is listed as
white. However, we observed that the corolla is yellow in this species (Figure 7). According to the Flora of Turkey
(Davis, 1970), Ononis species have a monodelphous stamen. Our study showed that Ononis species can have both
monodelphous or diadelphous stamens (Figures 2-7). In addition, some morphological features not detailed in the Flora
of Turkey for the Ononis species were revealed in our study (Table 1). Previous outcomes showed that the pollen and
seed ornamentations of the three species were different from each other (Baldemir et al. 2009).

In the literature, there are very few studies about the morphological features of Ononis genus (Taia, 2004;
Turini, 2010; Agullo et al, 2013). Taia (2004) reported that Ononis leaf characters were divided into two groups: the O.
pubescens type that has simple lanceolate leaves with a smooth margin and acute apices, covered by multicellular
glandular hairs; and the second group, taxa with trifoliate leaves, leaflets with different shapes, for example lanceolate,
ovate, trilete or obovate with smooth or dentate margins and emarginated, acute or apiculate apices, and leaflets
enriched with multicellular, smooth walled glandular hairs. According to our leaf findings, O. sessilifolia and O.
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macrosperma have trifoliate, while O. basiadnata has mainly unifoliate, but sometimes trifoliate. The other common
specifications in the groups are nearly consistent with our findings (Table 1). Turini et al. (2010) studied 69 Ononis
species which were analyzed using plastid trnL-F and nuclear ITS DNA sequences. In another study, O. tridentata
samples growing in Morocco generally showed the largest medium values against other taxa, and the most outstanding
features are the inflorescence peduncle length (13.09 = 1.67 mm vs. up to 6.47 mm), the calyx teeth length (5.46+0.64
mm vs. up to 4.31 mm) and the stipule width (1.55 +£0.38 mm vs. up to 1.13 mm). As a result, Agullo et al. (2013)
developed a key according to the features of the leaflets, sepals and inflorescence among O. tridentata subspecies.

This study is original, in that, similar and different morphological features of the three endemic Ononis species
growing in Turkey are revealed in detail. However, morphologic studies should be supported by molecular, chemical
and anatomical studies. It was found that the distribution areas of O. sessilifolia and O. macrosperma, in particular,
have narrowed. In addition, the habitats of all three species were identified as grazing areas. If the necessary measures
are not taken, these species could be seriously threatened in the future. Previously, culture studies with different plants
were performed and substantially successful results were obtained (Uzunhisacikli and Vural, 2009). Also, the seeds
should be stored in gene banks.

Figure 7. O. basiadnata- M1, M2- general view of plant in nature, M3- root, M4- leaves trifoliate, M5- hairy petiole,
M6- leaflike stipula, M7- flower, M8- calyx, M9- awn, corolla, M10- androecium, M11- stamens diadelphous (9+1),
M12- ovary papillate, M13- front view of stamen, M14- rear view of stamen, M15- view of legume in nature, M16-
legume and seed.
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Table 2. Comparison of morphological properties of three endemic Ononis taxa growing in Turkey.

Parts of O. sessilifolia O. basiadnata O. macrosperma

plants

Leaf Leaves minute, trifoliate, sessile; leaflets sessile, | Leaves mainly unifoliate, sometimes trifoliate; leaflets | Leaves trifoliate, leaflets broad obovate-
linear-oblong (2-) 3-6 (-7) mm, denticle; unijugate | oblanceolate-cuneate, often folded, denticulate, 2-5 x | cuneate to oblanceolate, shortly denticulate,
leaflike stipules at the base of leaf, leaflets often | (1.5) 2-3 (-4) mm, densely glandular hairs, petiole 3-7 (- | 4-6 (-7) x (2-) 3-5 mm, hairy, unijugate
folded and densely glandular pilose (Figs. 2, 3). 8) mm and unijugate leaflike stipules adnate to petiole | leaflike stipules at the parts connected to the

(Figs. 4, 5). branch of leaf (Figs. 6, 7).

Stem Dwarf undershrub with depressed short stems, 3-(5) | Many branched with ascending stems, (7-) 8-20 (-23) cm, | Stem is branched from base, (3.5-) 4-6.5 (-8)
6.5 cm and glandular hairy, previous year's stem | densely glandular-villous (Figs. 4, 5). cm, glandular-villous (Fig. 7).
residues clearly seen (Fig. 3).

Flower Peduncle long-exerted, (13-) 17- 27 mm, 1- | Peduncle 3-8 mm, 1-flowered, generally not or | Peduncle (4-) 5- 7 (-10) mm, 1- flowered,
flowered, with a 1-1.5 mm (Fig. 3). indistinctly awned (Fig. 5). shortly awned 0.5-1.5 (-2.5) mm (Fig. 7).
Calyx campanulate, (4.5-) 5-5.5 (-6) mm, parted to | Calyx campanulate, linear-lanceolate, calyx lobes (3-) | Calyx campanulate-subulate, lobes somewhat
2/3 : 3/4 into linear subulate,1- nerved; calyx tube | 3.5-4 (-4.5) mm, cleft to 3/4 linear-lanceolate, at least at | unequal (4-) 5- 7 (-8) mm, calyx tubes 1-1.5
(1.5) 2-2.5 mm, and has glandular and eglandular | base 5-nerved lobes, calyx tubes (1.25-) 1-1.5 mm, | mm, 1- nerved, hairy (Fig. 7).
hairs (Fig. 3). densely eglandular hairs and rarely glandular hairs (Fig.

5). Corolla yellow, vexillum 3-4 x 1.5-3 mm;

Corolla yellow, vexillum (standard) often striped | Corolla yellow, vexillum often striped with red 6-8 x (5-) | wings have different dimensions 3-4 x 0.75-
with red, 10-13 (-14) x (9-) 10-12 (-13) mm; wing | 6-7.5 mm; wing 5-6 x 2-3 mm; carina 5-7 x 2.5-3.5 mm | 1.25 mm; carina 3.5-4 (-4.5) x 1,5-2 mm
7-10 x 4.5-5 (-6) mm; carina (7-) 9-10 x 4-5.5 mm | (Figs. 4, 5). (Figs. 6, 7).
(Fig. 3). Androecium diadelphous (9+1), vexillar
Androecium monodelphous (10), anthers versatile, | Androecium diadelphous (9+1), vexillar stamen inserted | stamen inserted near base of staminal tube,
filaments connected from center to anther and easily | near base of staminal tube, 5-7 (-7.5) mm (Fig. 5). (2-) 3.5-4 (-5) mm (Fig. 7).
moving, stamens 7-10 mm. Ovary superior, 6-7.5 (-8.5), ovate, hairy, style | Ovary superior (1.5-) 2-45 (-5 mm,
Ovary superior 7-12 mm, densely glandular hairy, | characteristically rolled and extended in the same | longitudinal slightly elongated, quite hairy
style coiled up as a hook in one direction (Fig. 3). direction (Fig. 5). and stigma papillose (Fig. 7).

Fruit Linear-oblong (9-) 11-13 (-14) x (2-) 3-4 mm, | Oblong (8-) 7-6 x 2.5-3 mm, densely trichome (Figure 5). | Oblong (5-) 6-10 (-11) x 3-4.5 mm, densely

(legume) densely trichome (Figure 3). Seeds cordate-elipsoid, | Seeds cordate-ellipsoid, 1.2-2 mm long, 1-1.80 mm wide, | trichome (Figure 7). Seeds cordate—ellipsoid,

0.95- 1.1 mm long, 0.92-1.04 mm wide,
ornamentation reticulata (Baldemir et. al, 2009).

ornamentation gemmate-retipilate (Baldemir et. al, 2009).

190-3 mm long 1.8-3 mm  wide,
ornamentation baculate-rugulate (Baldemir
et. al, 2009).
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Abstract

Onosma discedens is endemic species having considerable narrow distribution in Erzincan (Turkey) Region. In
this study, we investigated the germination behavior of Onosma discedens with different concentrations of NaCl, HCI,
KNOs, GA3z (100 and 200 uM) or hot-cold stratification/mechanical scarification. Seeds under the light and dark
treatments were exposed to a photoperiod of 8 h light/16 h dark hours with a 23/18 °C thermoperiod. Germination rates
increased with KNO3-100 uM (% 12), GA3-100 uM (% 25), GA3-200 uM (% 35), HCI-100 uM (% 9) treatments when
compared to the control. The highest speed of germination index was obtained at concentrations of 100-200 uM KNO:s.
Overall, our results will provide valuable data for ex situ conservation of endemic Onosma discedens.

Key words: Onosma discedens, endemic, germination, ex situ

*

Endemik Onosma discedens tohumlarinda in vitro cimlendirme ¢ahismalar:

Ozet

Onosma discedens (Kemaliye Emzikotu), Erzincan yoresinde (Tiirkiye) olduke¢a dar yayilig alanina sahip nadir
endemik bitki tiirlerindendir. Bu ¢alismada Onosma discedens tiirtinde farkli NaCl, HCI, KNO3, GA3 konsantrasyonlari
ve sicak/soguk/mekanik stratifikasyon uygulamalarinin ¢imlenme basarisina etkilerinin incelenmesi amaglanmigtir.
Tohumlar 100 ve 200 puM konsantrasyonlarda NaCl, HCl, KNOs;, GA; solusyonlar1 kullanilarak ya da
sicak/soguk/mekanik stratifikasyon uygulamalarinin ardindan 23/18°C’de 8 saat aydinlik/16 saat karanlik ortamda
cimlendirilmistir. Kontrol grubundan (% 7), daha yiiksek ¢imlenme gerceklesen uygulamalar; KNO3z-100 uM (% 12),
GAz-100 uM (% 25), GA3z-200 uM (% 35), HCI-100 uM (% 9). Cimlendirme hiz1 katsayisinin ise en yiiksek potasyum
nitratin uygulamalarinda (9,5) oldugu bulunmustur. Bu ¢aligma sonucunda, elde edilen veriler tiiriin ex-situ korunmasi
amaciyla kullanilabilinir.

Anahtar kelimeler: Onosma discedens, endemik, ¢cimlenme, ex situ
1. Giris

Boraginaceae familyasi Angiosperm Filogeni Grubu (APG III, 2015)’na gore 120 cins 2000 tiir icermektedir.
Bu familyanin igerisinde bulunan Onosma L. cinsi Asya ve Avrupa’da bulunan 150 tiir igerir (El- Shazly vd., 2003).
Tiirkiye’de bu cinse ait 50 endemik tiir bulunmaktadir ve iilkemizde % 50 endemizm oraniyla temsil edilmektedir
(Kandemir ve Tiirkmen, 2010).

Onosma discedens Hausskn. ex Bornm. (Kemaliye Emzikotu) ilk olarak Alman Eczaci Sintenis tarafindan
1890 yilinda Erzincan/Kemaliye’den toplanmistir. Uzun yillar boyunca izine rastlanamayan ve son fertlerinin 6ldiigi
konusunda kesin kaniya varilan tiir, yok oldugu disiiniilerek Tirkiye Bitkileri Kirmiz1 Kitabi’nda (Ekim vd., 2000)
nesli tiikenmis (EX) olarak degerlendirilmistir. Ancak tiiriin ayn1 boélgeden yeniden toplandigi rapor edilmigtir
(Kandemir, 2009).
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Kemaliye Emzikotu’na ait morfolojik 6zelliklerin belirlenmesi ve tehlike kategorisinin giincellenmesi (kritik olarak tehlike altinda-
CR) (Kandemir, 2009) disinda bir ¢aligma bulunmamaktadir. Bitkilerin tiremedeki basarisin1 belirleyen en dnemli asama tohum
¢imlenme basarisidir (Bu vd., 2008). Son on yilda kiiresel bir endise haline gelen genetik gesitliligin devamlilig1 agisindan 6zellikle
dar yayilig alanina sahip ve tehdit altindaki bitki tiirlerinde ¢imlendirme ¢alismalar1 yapilmaktadir (Cousins vd., 2014). Dar yayilis
alanina sahip ve tehdit altindaki tiirlerde ¢imlenme ile ilgili detayl bilgilerin koruma kararlarinin uygulanmasina katkida bulunacagi
vurgulanmaktadir (Corral-Aguirre vd., 2006).

Bu ¢aligmanin amaci, farkli kimyasal uygulamalarin (NaCl, HCl, KNOs, GAs) ve 6n islemlerin (sicak/soguk ve mekanik)
Onosma discedens’de tohum ¢imlenmesine etkisini belirlemektir. Elde edilecek sonuglarin iilkemizde sadece Erzincan bdlgesinde
yayilig gbsteren bu tiiriin ex situ koruma ¢aligmalarina katkida bulunacag diisiiniilmektedir.
Type: [Turkey B7 Erzincan] Armenia turcica: Egin (Kemaliye) ad Eupratem fluv. in collibus ad Salachlii (Salihli), 29 vi 1890,
Sintenis 2770 (holo. J E). '

-

Sekil 1. Onosma discedens’in genel goriiniimii

1. Materyal ve yontem
2.1. Calisilan tiir

Onosma discedens Hausskn. ex Bornm. (Boraginaceae) / Firat emcegi

Cok yillik bitkiler. Govde tek veya ¢ok sayida, 15-35 cm, dik, gri tiiylii, tabanda dnceki yillara ait yaprak kalintilari
bulunur. Taban yapraklar 55-80 x 5-10 mm, seritsi-mizraksi veya ters mizraksi {ist ortada oluklu, alt ortada belirgin kaburga seklinde
damarli, kenarda arkaya kivrik, ucta sivri, her iki yiizde giimiisi, yatik, yogun tiiylii. Ust yapraklar seritsi-mizraksi, nadiren
dikdortgenimsi, ugta sivri veya kiit, taban yapraklarindan daha kisa. Cigek durumu ugta kiime seklinde yogun cigekli talkim,
meyvede uzar. Alt birakteler genigce mizraksi, isttekiler seritsi. Cigek saplar1 4-9 mm. Canak yapraklar 11-15 mm, meyvede 22
mm’ye kadar uzar, yogun dik veya hafif asagiya doniik batici tiiylii, korollaya esit veya kisa. Korolla beyaz, beyazimsi-krem,
kurudugunda sarimsi, dar tiipsi, dista tilgerli tiylii. Cigeklenme May1s-Haziran.

2.2. Tohum toplama ¢alismalar

2012 yillarinda baglayan arazi ¢aligmalar: 2014°e kadar siirmiistiir. Mayis-Temmuz aylar arasinda ¢imlendirme ¢aligmalari
icin kullanilacak tohumlar icin olgunlasan meyveler toplanmis, zarar gormeyecek sekilde paketlenerek laboratuvara getirilmistir.
Toplanan materyaller 7 giin boyunca oda sartlarinda nemden arindirtlmigtir. Tohumlar araziden alinan bitki materyallerinden
dikkatlice tohuma zarar vermeyecek sekilde ayiklanmistir. Her bir ¢igekteki toplam tohum sayisi sayilarak parlak renkli ve saglikli
tohumlar verimli tohum olarak kabul edilmistir. Tohumun 1000 tane agirh@ Bonner (1974)'e gbre bulunmustur.

2.3. Cimlendirme ¢alismalar

Tohum ¢imlendirme ¢aligmalarinda her bir petride 25 adet tohum olacak sekilde 100 uM ve 200 pM’lik konsantrasyonlarda
sodyum kloriir (NaCl), hidroklorik asit (HCI), potasyum nitrat (KNOg), gibberellik asit (GAs) soliisyonu igeren petrilerde (9mm
capinda) filtre kagid tizerinde ¢imlendirilmistir. Mekanik stratifikasyon i¢in tohumlar zimpara kagidi (No:150) ile 30sn-1dk arasinda
zimparalanmiglardir. Kaynar su stratifikasyonu i¢in O. disecedens’e ait tohumlar; 30sn, 1dk ve 2dk siire ile kaynar suda
bekletilmistir. Soguk on islem olarak da +4°C ve -20°C’de aliiminyum folyoya sarilarak karanlikta bekletilmislerdir. Bu tohumlar
petri kabi igerisinde 3 ml distile su ile 1slatilan iki kat filtre kagid1 {izerine yerlestirilmistir. Deneyler dort tekrarli yapilmis ve toplam
60 deney serisi olusturulmustur. Petri igerisindeki tohumlar iklim kabininde (SANYO-MLR-350H) 23°C’de 8 saat aydinlik ve
18°C’de 16 saat karanlik periyodda bekletilmistir. Tohumun ¢imlenmis olarak kabul edilebilmesi igin, radikulanin ¢imlenme
yatagina degmis olmas yeterli olarak kabul edilmistir. Tohum ¢imlenme hizinin belirlenmesinde Yiicel (2000) esas alinmistir.

Muhip HILOOGLU et al., In vitro seed germination study in endemic plant Onosma discedens



94 Biological Diversity and Conservation — 9/ 1 (2016)

Sonuglar SPSS 15.0 paket programi kullanilarak ANOVA testi ile degerlendirilmistir. Cimlenme yiizdeleri ve ¢imlenme
hizlar1 bakimindan uygulamalar arasindaki farkliliklarin ortaya konmasi amaciyla Duncan’s Multiple Range Test (DMRT) (P<0.05)
yapilmustir.

3. Bulgular

3.1. Tohum yapust

Onosma discedens meyve tipi findik¢ik olup bu tip meyvelerde meyve ve tohum sayisi aymdir. Onosma discedens
ciceklerinde 4 findik¢ik gézlenmistir. Bu findikgiklarin her birinin bir adet tohum icermesi beklenmektedir fakat yapilan sayimlarda
Onosma discedens de birey basima diisen tohum sayisinin diisiik oldugu goriilmiistiir. Bir bitkideki toplam c¢igek sayisinin yaklasik
1/3’niin gelismeyip dolayisiyla da hi¢ tohum olusturmadig: tespit edilmistir. Normal gelisen ¢i¢eklerde bulunan tohum sayisinin ise
genelde 1 nadiren de 3 oldugu ve 4-5 mm biiyiikliikte, neft yesili renkte normal tohum olarak gelistigi goézlenmistir (Sekil 2). Bazi
findik¢iklar ise biiyiikliik olarak normal goziikse de renkleri beyaz-kremden agik kahveye kadar degisiklik gostermektedir ve igleri
bostur. Bazi ¢igeklerde de siyah renkli gelismemis 4 adet kiigiik findikgik gozlenmistir.

Sekil 2. Onosma discedens findik¢iklarinin stereo mikroskop goriintiisi
Tohumlarin 1000 tane agirligi Bonner (1974)'e gore hesaplanmis ve 7430 mg olarak belirlenmistir. O. discedens bitkisinin
her bir ¢igeginde parlak renkli ve saglikli tohumlarla, acik renkli, i¢i bos tohumlar sayildiginda, verimli tohum yiizdesi % 26.25,
verimsiz tohum yiizdesi %73.25 olarak belirlenmistir.

3.2. Cimlendirme deneyleri
Kontrol grubu

Her bir deney serisinde dorder tekrarli olmak tizere kontrol grubu olusturulmus ve bu grupta tohumlar herhangi bir
kimyasal ile muamele edilmeksizin, distile su verilerek ¢imlenme oranlart belirlenmigtir. Cimlenme kontrol grubunda 4. giin
baslamis ve 8. giin sona ermistir. Deneyler sonunda ortalama ¢imlenme oran1 % 7 olarak bulunmustur. Cimlenme hizi1 katsayist 8,9
olarak hesaplanmistir (Tablo 1).

Onosma discedens’de ¢imlenme iizerine KNO3’1n etkisi
100 uM KNO3 uygulanan tiim orijinlerde % 12 oraninda bir ¢imlenme yiizdesi bulunmusgtur. Cimlenme 1. giin baslamus,

22. giin sona ermistir (Tablo 1). 200 pM KNO3 uygulanan serilerde % 7 oraninda ¢imlenme oldugu gériilmiistiir. Cimlenme 2. giinde
baslarken, 18. giinde sona ermistir. Her iki konsantrasyonda da ¢imlenme hiz1 9,5 olarak bulunmustur.

Onosma discedens’de ¢imlenme iizerine GAz3’ iin etkisi

100 uM GA3 uygulanan tiim orijinlerde % 25 oraninda bir ¢imlenme yiizdesi bulunmustur. Cimlenme 1. giin baslamus, 28.
gilin sona ermistir. Cimlenme hiz1 ise 7,5 olarak hesaplanmigtir. (Tablo 1). 200 uM GAs uygulanan serilerde % 35 oraninda
¢imlenme oldugu goriilmiistiir. Cimlenme 3. gilinlerde baglarken, 31. giinde sona ermistir. Cimlenme hiz1 ise 6,1 olarak bulunmustur.

Onosma discedens’de ¢cimlenme iizerine NaCD’iin etKkisi

100 uM NaCl uygulanan deney serilerinde hi¢ ¢imlenme olmamistir. 200 pM NaCl uygulanan serilerde % 2 oraninda
¢imlenme oldugu belirlenmistir. Cimlenme 21. giinde gergeklesmistir. Cimlenme hiz1 katsayisi kontrol grubuyla karsilastirildiginda
en diisiik oldugu (3,8) bulunmustur (Tablo 1).

Onosma discedens’de ¢cimlenme iizerine HCI’ in etkisi

100 uM HCI uygulanan serilerde % 9 oraninda bir ¢imlenme yiizdesi bulunmustur. Cimlenme 10. giin baslamis, 13. giin
sona ermistir. Cimlenme hizi katsayisi (9,0) Duncan testine gore kontrol ile ayni grupta bulunmaktadir (Tablo 1). 200 uM HCI
uygulanan deney serilerinde ¢imlenme olmamustir.

Onosma discedens’de ¢imlenme iizerine stratifikasyon uygulamalarinin etkisi

Mekanik stratifikasyon (zimparalama), kaynar su stratifikasyonu (30sn, 1dk ve 2dk), soguk 6n islem (+4°C ve-20 °C)
uygulamalarinin yapildig1 deney serilerinin hi¢birinde ¢cimlenme gerceklesmemistir.
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Tablo 1. Onosma discedens tohumlarinin ¢gimlenme 6zellikleri

Uygulama Konsantrasyon Cimlenme Cimlenme i1k cimlenme Son cimlenme
(uM) (%) iz (giin) (giin)
Kontrol - 7~ 8,9% 4 8
KNOs 100 12¢ 9,52 1 22
KNOs 200 7 9,52 2 18
GA-3 100 250 7,50 1 28
GA-3 200 352 6,1° 3 31
NaCl 100 - - _ N
NaCl 200 2 3,84 21 21
HCI 100 9cd 9,0® 10 13
HCI 200 - = - B
Zimpara - - - _ .
30sn kaynar su - - _ _ .
1dk kaynar su - - - N .
2dk kaynar su - - _ _ .
+4 OC - - - - -
-20 °C - - B B .

abed  Siitunlarda Duncan testine gore % 5 6nem seviyesinde farkli ortalamalar ayr1 harflerle gdsterilmistir.
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Sekil 4. Onosma discedens tiiriinde farkli uygulamalarin tohum ¢imlenme hizina etkileri
4. Sonuglar ve Tartisma

Tohum ¢imlenmesi tiiriin gelecegi agisindan tireme dogiisiinde yer alan, biiyiik 6neme sahip kritik bir agamadir (Navarro ve
Guitian, 2003). Endemik bitkilerin tohumlar1 dogal ekosisteminde tekdiize ¢imlenmeye sahip degillerdir. Bunun sebebi tohum
dormansisini mutlak surette atlatmak zorunda olmalaridir (Teimouri vd., 2013). Ozellikle nadir ve tehlike altindaki tiirlerle ilgili
¢imlenme gereksinimleri ¢ogunlukla bilinmemekte olup, bunu anlamay: saglayacak materyal elde etmek de oldukca zordur
(Cerabolini vd., 2004). Onosma discedens (Kemaliye Emzikotu) serpantine &zgii bir tiirdiir. Bu tiiriin 6zellikle Kemaliye Ilgesi,
Salihli Koyii ¢evresinde bilinen en genis yayilis alan1 yol ¢aligmalar1 nedeniyle yok edilme asamasina gelmistir. Ayn1 zamanda bu
alan1 cevreleyen kalker kayaglarm yapi malzemesi elde etmek tizere iglenmesi ve elde edilen malzemenin tiiriin yayilig alaninda
depolanmasi diger bir tehdidi olusturmaktadir. Batici tliylerinden dolay1 kiicikkbag hayvanlarin fazla tercih etmemesine karsin
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cevrede otlayan kegiler tarafindan yenmesi de yeterince tohum iiretememesinde énemli bir etmeni olusturmaktadir. Tiiriin yetistigi
yerde toprak derinliginin birkag¢ santimetreye diismesi nedeniyle tohumunun tutunamamasi ve buna bagl olarak dogal ortaminda
¢imlenme basarisinin diisiik olmasina etkiledigi anlagilmistir. Ayrica, Kemaliye Emzikotu’nda ise ¢iceklerin asagiya sarkil olmasi
tohumun erkenden diismesine neden oldugu tespit edilmistir. Ozellikle Kemaliye Emzikotu koyu renkli, parlak, i¢i dolu verimli
tohumlar iiretme konusunda (%26.25) zayif kalmas: iireme dongiisiinde farkli bir genetik mekanizmanin etkili olabilecegini akla
getirmektedir. Bu nedenle Kemaliye Emzikotu da deney setleri olusturulmadan 6nce verimli olarak kabul edilen tohumlar dikkatle
secilerek ¢imlendirme galigmalarinda kullanilmalidir.

Potasyum nitratin biiyiime diizenleyici ve ¢imlenmeyi tesvik edici maddelerden oldugu bilinmektedir (Jolliff vd., 1994;
Puppala vd., 2002). Bu ¢alismada O. discedens i¢in KNO3’iin 200 pM uygulamasinda % 12 oraninda ¢imlenme oldugu goriilmiistiir.
Diger taraftan 100 uM’lik uygulamada ¢imlenmeye herhangi bir etkisinin olmadigi anlasilmistir. Ancak KNO3 uygulanan tim

serilerde kontrol grubuna gore en yiiksek ¢imlenme hiz katsayisi bulundugundan, potasyum nitratin ¢imlenme hizini arttirdigi ve bu
farkin istatiksel bakimdan anlamli oldugu gériilmektedir (Tablo 1).

Gibberellik asitin (GAs) ¢imlenmeyi tesvik edici oldugu yapilan ¢ok sayidaki yayinda bildirilmektedir (Iglesias ve Babiano,
1997, Nadjafi vd., 2006). Literatiire uygun olarak bu ¢alismada da GA3z’{in her iki konsantrasyonunun O. discedens tohumlarini
kontrol grubundan ¢ok daha yiiksek oranlarda ¢imlenmeye tesvik ettigi (%25 ve % 35) goriilmiistiir. GAs konsantrasyonun artigina
bagli olarak ¢imlenme yiizdesinde de artis olmustur. Ancak her iki dozda da GAs’iin ¢imlenme hizin1 az oranda gerilettigi
anlagilmistir. Bunun yaninda, HCI’nin diisiik konsantrasyonlarinin tohum kabugunu gevseterek ¢imlenmeyi ¢ok az da olsa tesvik
ettii (% 9), yiiksek konsantrasyonlarda ise ¢cimlenmeyi engelledigi ve durdugu bulunmustur (Tablo 1). Hidroklorik asitin ¢imlenme
hizi agisindan ise Onemli bir etkisinin olmadigi gorilmiistir. NaCl’nin de aymi sekilde ¢imlenmeyi engelledigi ve durdugu
belirlenmistir. O. discedens tiirlinde mekanik stratifikasyon (zimparalama), kaynar su stratifikasyonu (30sn, 1dk ve 2dk), soguk on
islem (+4°C ve -20°C) uygulamalarinin yapildig1 deney serilerinin higbirinde ¢imlenme gergeklesmemistir.

Sonug olarak, endemik Kemaliye Emzikotu in vitro sartlarda yapilan farkli uygulamalardan tohum ¢imlenme basarisini en
fazla arttiran uygulamalarin GAs’tin 100 ve 200 pM’lik konsantrasyonlari oldugu goriilmektedir. Ayrica KNO3z ve HCI'nin 100
uM’lik konsantrasyonlarimin da anlamli olacak sekilde ¢imlenmeyi tegvik ettigi tespit edilmistir. Bununla birlikte, bu tiirde in vitro
tohum ¢imlenme c¢aligmalarna farkli kimyasal ve fiziksel uygulamalarla devam edilmesi 6nemlidir. Ciinkii, tohum ¢imlenme
basarisinin nasil arttirilacagini anlamak, nadir ve tehlike altindaki bitki tiirlerinin etkili ex situ koruma protokollerinin
gelistirilmesinde 6nemli bir agamadir. Bu ¢alismada elde edilen veriler Kemaliye Emzikotu tiiriiniin korunmas: igin daha hizli, etkili
ve ucuz koruma planlarinin olusturulmasinda 6nemlidir.
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Abstract

During the field studies occurred between 2012-2013, three macrofungi species identified as new records from
Sakarya region, Turkey. They are Hymenoscyphus serotinus (Pers.) W.Phillips, Hypoxylon macrosporum P.Karst.,
Inocybe grammopodia Malengon. Descriptions of the taxa along with their distinct features are given and discussed in
the text.

Key words: Sakarya, new records, Turkish Mycobiota

k

Tiirkiye mikobiyotasina Sakarya bolgesinden katkilar

Ozet

2012-2013 yillar1 arasinda Sakarya’da yapilan arazi ¢aligmalar1 sonucunda 3 makromantar tiirii, Tiirkiye igin
yeni kayit olarak tespit edilmistir. Bu tiirler Hymenoscyphus serotinus (Pers.) W.Phillips, Hypoxylon macrosporum
P.Karst. ve Inocybe grammopodia Malengon’dir. Bu tiirlerin belirgin 6zellikleri metin igerisindeki betimlerde verilmis
ve tartigilmistir.

Anahtar kelimeler: : Sakarya, yeni kayit, Tirkiye Mikobiyotasi
1. Introduction

The research localities are placed in Samanli Mountains located in the north part of Sakarya district. Samanli
Mountains has typically Mediterranean climate and the main tree populations at the region are Fagus orientalis Lipsky,
Abies bornmuelleriana Mattf., Quercus robur L. subsp. robur and Castanea sativa Mill. These vegetation type and
climate conditions make the area good location for macrofungal growth and diversity.

According to Sesli and Denchev (2014), 2158 macrofungi species were recorded for Turkish Mycota. With the
later studies such as; Sesli and Kobayashi, (2014), Giingér et al., (2014), Solak et. al (2014a-b), Tirkoglu and
Castellano, (2014), Sesli, (2014), Uzun et al., (2014) and Akata et al., (2014) the number of macrofungi records were
raised to 2191. With this study, it is aimed to make contributions to the Turkish Mycota by adding new species.

2. Materials and methods

The macrofungi specimens were collected at the localities in Goktepe and Keremali districts in Akyazi region
(Sakarya), during 2012-2013. Important macroscopical features and ecological statuses of the specimens were noted
and digital images were taken in their habitat. Materials were put into dehydrators after collection to dry and
subsequently were deposited in the fungarium.

The micro morphological analyzes of the specimens were performed using a Leica DM750 light microscope.
The specimens were examined with Melzer’s reagent, 5% KOH and distilled water and digital images were taken. At
least 20 spores were measured to calculate the dimensions. The specimens identified according to the literatures Kuber
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(1986), Hansen and Knudsen (2000) and Knudsen and Vesterholt (2008). The samples are kept in the Fungarium of
Selguk University, Konya.

3. Results

Ascomycota

Helotiales

Helotiaceae

Hymenoscyphus serotinus (Pers.) W.Phillips

Fruit body stipitate, deep yellow, drying brownish, apothecia 1-5 mm broad, cup to disc shaped, stipe 2-10 mm
long. Asci 110-140 x 8-12 um; spores clavate, curved 19-25x8-11 um, on Fagus.

Sakarya: Geyve, Acielma, on Fagus, 40°35'49K-030°10'60D, 961 m, 31.10.2013, leg. H.H. Dogan & O.
Orztiirk, Coll. No: HHD 11741,

Figure 1. a. Ascocarps of Hymenoscyphus serotinus, b. Asci of H. serotinus, ¢. Ascospores of H. serotinus.

Xylariales

Xylariaceae

Hypoxylon macrosporum P.Karst.

Stromata indefinitely effused or occasionally pulvinate when erumpent from bark, reddish purple when young
becoming grey purple at maturity, applanate with discrete abrupt margin on decorticated wood, becoming pulvinate,
ostioles slightly sunken and punctuate. Asci 130-180 x 11-15 pum, with stalk 45-80 pm; spores 22-37x9.5-14.5 um, on
Carpinus.

Sakarya: Akyazi, Goktepe district, Ahmediye village, on Carpinus, 40°35'37K-030°3226D, 961 m,
02.11.2012, leg. H.H. Dogan & O. Oztiirk, Coll. No: HHD 8534.

Figure 2. a. Ascocarp of Hypoxylon macrosporum, b. Ascospores of H. macrosporum.

Ersin YUCEL et al., XXOOKXKXKKRKXKXKXKKXKXKXKKRXHXKXKXKKXKXKXKKXKXKXKXKKXKXKXKKXKXKXKKXKXKXKKXKXKXKXKKXKXKXKXIXHXKXKKXKXKXKXKKXKXKXKXXKXKK
XXXXXXXRXXXKXXXXKXXKXRXXXKXXKKRXXXKXXKXXXXKXXKXKXXXXXXXKX
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Basidiomycota

Agaricales

Inocybaceae

Inocybe grammopodia Malengon

Pileus 30-60 mm, campanulate, then broadly umbonate, alutaceous red-brown to red-brown, smooth around
center, outwards radially fibrillose. Lamellae moderately crowded, narrowly adnate to almost free, whitish then grayish,
finally reddish-brownish with somewhat paler edge. Stipe 30-70x6-10 mm, at base somewhat submarginately bulbous,
solid, light brownish at apical part, downwards somewhat paler getting nearly white, pruinose over greater part, under
pruina conspicuously longitudinally striate. Cortina not observed. Context whitish in pileus, somewhat brownish in
stipe. Smell when cut more or less spermatic, later on more fruit like. Taste farinaceous. Spores 9-10.5 x 4.5-6 um,
smooth, subamygdaliform, dextrinoid. Pleurocystidia cylindirical to fusiform, 55-65x12-20 um, slightly thick walled,
crystals at apex, frequent. Cheliocystidia similar to pleurocystidia.

Sakarya: Akyazi, Dokumaci district, under Abies, 40°33'08K-030°34'13D, 1185 m, 02.11.2012, leg. H.H.
Dogan & O. Oztiirk, Coll. No: HHD 8554 leg. H.H. Dogan & O. Oztiirk, Coll. No: HHD 8562, leg. H.H. Dogan & O.
Oztiirk, Coll. No: HHD 8572.

20 pm
—

4 -

Figure 3. a. Basidiocarp of Inocybe grammopodia, b. Caulocystidia of |. grammopodia, c. Basidiospores of 1.
grammopodia, d. Cheliocystidia of |. grammopodia..

4, Conclusions and discussion

According to Sesli and Denchev, (2014) there were 7 species belonging to Hymenoscyphus, 79 taxa belonging
to Inocybe, 4 species belonging to both Hypoxylon genera recorded in Turkey before this research. In terms of macro-
microscopical features, there are no important differences between present species and literature. However some
differences were observed for the habitat and substrate of the species according to literature. 1. grammopodia grows in
both coniferous and broadleaved forests such as Cedrus or Quercus (Kuber, 1986), it is also collected from coniferous
forest but under Abies instead of Cedrus and it differs from I. roseipes with its longitudinally striate stipe. H. serotinus
differs from H. salicellus with its longer sitpe and curved spores, it lives on dead branches of Fagus (Hansen and
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Knudsen, 2000), in the present study, it was also observed on Fagus branch. Last substrate difference was observed for
H. macrosporum, it was collected on dead branches of Carpinus although its substrate was given as Salix or Alnus by
Hansen and Knudsen, (2000) and it differs from H. vogesiacum with its larger spores.
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Abstract

In this study, an attempt has been made to determine macrofungal specimens collected from Hatay province in
2005-2008. After field and laboratory studies, 67 taxa belonging to 26 families and 2 divisio were identified. 4 taxa
belong to Ascomycota and 63 to Basidiomycota. Also two of them, Panaeolus reticulatus Overh. and Tricholoma
chrysophyllum A. Riva, C.E. Hermos. & Jul. Sanchez were determined as new records for Turkey.

Key words: Biodiversity, macrofungi, new records, Hatay, Turkey

*

Hatay ili makrofungus cesitliligine katkilar

Ozet

Bu calismada 2005-2008 yillar1 arasinda Hatay ilinden toplanmis makrofungus ornekleri teshis edilmistir.
Arazi ve laboratuvar ¢alismalar1 sonrasinda 26 familya ve 2 boliime ait 67 takson teshis edilmistir. Bunlardan 4 tanesi
Ascomycota bolimiindeyken, 63 tanesi Basidiomycota béliimiindedir. Ayrica bunlardan iki tanesi; Panaeolus
reticulatus Overh. ve Tricholoma chrysophyllum A. Riva, C.E. Hermos. & Jul. Sanchez Tiirkiye i¢in yeni kayittir.

Anahtar kelimeler: Biogesitlilik, Makrofungus, Yeni kayitlar, Hatay, Tirkiye
1. Introduction

Hatay is situated in C6 square in southern part of Turkey and bordered by Syria to the south, Osmaniye to the
north, Gaziantep and Syria to the east and Mediterranean sea to the west (Figure 1). The research area falls in
Mediterranean floristic region and possesses a semi-arid Mediterranean climate. The annual average temperature is 18.2
°C and the annual rainfall is about 1120 kg/m?. The forest and shrub vegetation of the study area is especially Pinus
brutia Ten., P. pinea L., P. halepensis Mill., P. nigra J.F.Arnold, Abies cilicica (Ant. et Kotschy) Carr., Cedrus libani
A. Rich., Juniperus oxycedrus L., J. excelsa Bieb., Cupressus sermpervirens L., Quercus L. spp., Acacia Mill. spp.,
Sytrax officinalis L., Populus L. spp., Olea L. spp. and Acer L. spp. The importance of the region is largely for
macrofungal biodiversity because of its perfect climatic conditions, forest types and the fertile land.

There are only a small number of records in the literature on the mycota of Hatay (Baba et al., 2013, 2014). In
these studies, 113 macrofungi taxa have been identified from Hatay. And also one study has been done on
Myxomycetes of Hatay (Baba, 2012).

The aim of this study is to contribute to the mycobiota of Hatay and Turkey with newly recorded macrofungi.

2. Materials and methods

The specimens of this study were collected from different localities within Hatay province between 2005-2008
years (Figure 1). The field studies were conducted in autumn and spring, because of the climatic conditions which are

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +902522111531; Fax.: +902522111531; E-mail: hgngrl@gmail.com
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Figure 1. Map of the Hatay

more suitable for growth of fungi. During field studies, morphological and ecological characteristics of the macrofungi
samples were recorded and they were photographed. After field studies, specimens were taken to the laboratory. Then
spore prints were obtained and spores were photographed. Specimens were identified with the help of relevant literature
such as; Marchand, (1971-1986), Dennis (1981), Watling (1982), Moser (1983), Breitenbach and Krénzlin (1984-2000),
Cappelli (1984), Pacioni (1985), Watling and Gregory (1987, 1989), Bresinsky and Besl (1990), Ellis and Ellis (1990),
Hansen and Knudsen (2000), Krinzlin (2005), Knudsen and Vesterholt (2008) and Kibby (2012). Newly recorded taxa
were checked with the relevant literature: (Sesli and Denchev, 2014; Akata et al., 2014; Giingor et al., 2014; 2015; Kaya
and Uzun, 2015; Solak et al., 2007, 2015; Dogan and Kurt 2016). Nomenclature is given according to Index Fungorum
(Kirk, 2011). The identified specimens are kept at the fungarium of Mugla Sitki Kogman University.

3. Results

In this study 67 taxa belonging to 26 families were identified. These taxa are presented with their localities, habitats,
collection dates, and accession numbers.

ASCOMYCOTA Yayladagi, Center, in meadows, 13.4.2008, Solak
Helvellaceae 3705.

1. Helvella lacunosa Afzel. 7. Coprinus comatus (O.F. Miill.) Pers.

Samandag, Camliyayla village, in P. brutia forest, Yayladag, in P. brutia forest, 8.12.2006, Solak
8.12.2006, Solak 2956. 3016.

2. Helvella leucomelaena (Pers.) Nannf. 8. Lycoperdon excipuliforme (Scop.) Pers.
Iskenderun, Belen- Kirikhan way 5.km, in pine Samandag, Camliyayla village, in P. brutia forest,
forest, 9.4.2006, Solak 1996. 8.12.2006, Solak 2947.

Morchellaceae 9.  Lycoperdon perlatum Pers.

3. Morchella crassipes Schwein. & Cooke Yayladag, in picnic area, in P. brutia forest,
Iskenderun, Akgay, Akoluk village, in pine forest, 8.12.2006, Solak 3019; Dértyol, Cokek upland, in
8.4.2006. Solak 1960. P. brutia forest, 16.11.2007, Solak 3418.
Pezizaceae 10. Macrolepiota excoriata (Schaeff.) M.M. Moser

4. Sarcosphaera coronaria (Jacq.) J. Schrot. Kirikhan, Dedegmar village, in pine forest,
Déortyol, Cokek upland, in pine forest, 8.4.2006, 9.12.2006, Solak 3033.

Solak 1957; Iskenderun, Akgay, Akoluk village, 11. Macrolepiota procera (Scop.) Singer

Baglica upland, in pine forest, 8.4.2006, Solak Dortyol, Cokek upland, in P. brutia forest,
1975. 16.11.2007, Solak 3419.

BASIDIOMYCOTA Amanitaceae

Agaricaceae 12.  Amanita ovoidea (Bull.) Link

5. Bovista nigrescens Pers. Iskenderun, Giizel vyayla, in pine forest,
Kirikhan, Dedeginar village, in pine forest, 9.12.2006, Solak 3103.

9.12.2006, Solak 3035. Auriculariaceae
6. Bovista plumbea Pers. 13. Auricularia mesenterica (Dicks.) Pers.

Halil GUNGOR et al., Contributions to the macrofungal diversity of Hatay province, Turkey



14,

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

40.

Iskenderun, Akcay, Akoluk village, Baglica
upland, on Juglans sp., 8.4.2006, Solak 1966.
Bankeraceae

Phellodon melaleucus (Sw. ex Fr.) P. Karst.
Samandag, Camliyayla village, on P. brutia stump,
8.12.2006, Solak 2973.
Bolbitiaceae

Conocybe apala (Fr.) Arnolds
Kirikhan-Gaziantep way 5 km,
9.4.2006, Solak 2001.

Conocybe coprophila (Kiihner) Kiihner

Hassa, in meadow, 9.4.2006, Solak 2006.
Cortinariaceae

Cortinarius decipiens (Pers.) Fr.

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2953.

Gomphidiaceae
Chroogomphus rutilus (Schaeff.) O.K. Mill.
Yayladagi, Leylekli village, on sandy soil,
13.4.2008, Solak 3697; Belen, Sarimazi place,
Giizel yayla, in pine forest, 8.4.2006, Solak 1979;
Yayladag, in picnic area, in P. brutia forest,
8.12.2006, Solak 3017; iskenderun, Giizel yayla,
in pine forest, 9.12.2006, Solak 3100.
Hydnangiaceae

Hydnum repandum L.

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2977.
Laccaria altaica Singer
Yayladag, in picnic area,
8.12.2006, Solak 3018.
Hygrophoraceae
Hygrocybe conica (Schaeff.) P. Kumm.
Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2987.

Hygrophorus camarophyllus ( Alb. & Schwein.)
Duméé, Grandjean & Maire

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2943.
Inocybaceae

Inocybe geophylla var.
Kumm.

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2954.

Inocybe phaeodisca Kiihner

Yayladag, in picnic area, in meadows, 8.12.2006,
Solak 3022.

Inocybe praetervisa Quél.

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2995.

Inocybe rimosa var. rimosa (Bull.) P. Kumm

in  meadow,

in P. brutia forest,

geophylla (Bull.) P.

Panaeolus reticulatus Overh.
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28.

29.

30.
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32.

33.

34.

35.

36.

37.

38.

39.
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Hatay, Maras bogazi place,
9.12.2006. Solak 2995. P.
Inocybe sindonia (Fr.) P. Karst.
Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2993.
Inocybe splendens var.
Kuyper

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2950.

Inocybe whitei (Berk. & Broome) Sacc.
Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2949.
Mycenaceae

Mycena abramsii (Murrill) Murrill
Dortyol, Cokek upland, in
16.11.2007, Solak 3421.

Mycena aetites (Fr.) Quel.
Dortyol, Cokek wupland, P.
16.11.2007, Solak 3420.

Mycena pelianthina (Fr.) Quél.
Dortyol, Cokek wupland, P.
16.11.2007, Solak 3423.
Pluteaceae

Pluteus romellii (Britzelm.) Sacc.
Hassa, under willow, 9.4.2006, Solak 2003.
Polyporaceae

Fomes fomentarius (L.) Fr.

Iskenderun, Akcay, Akoluk village, Baglica
upland, in pine forest, 8.4.2006, Solak 1967
Samandag, Camliyayla village, on Quercus sp.,
8.12.2006, Solak 2981.

Hirschioporus pargamenus (Fr.) Bondartsev &
Singer

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2964.

Lentinus tigrinus (Bull.) Fr.

Hatay, Aktepe place, on cutten eucalyptus,
9.12.2006, Solak 3029.

Polyporus arcularius (Batsch) Fr.

Iskenderun, Akcay, Akoluk village, on apricot
tree, 8.4.2006, Solak 1962.
Trametes versicolor (L.) Lloyd

Dértyol, Cokek upland, on Quercus sp., 8.4.2006,
Solak 1947; iskenderun, Akgay, Akoluk village,
Baglica upland, on apple tree, 8.4.2006, Solak
1965; Dortyol, Cokek upland, in P. brutia forest,
21.4.2007, Solak 3207.

Psathyrellaceae
Panaeolus semiovatus (Sowerby) S. Lundell &
Nannf.

Dortyol, Cokek upland, on dung, 8.4.2006, Solak
1952.

in pine forest,

phaeoleuca (Kiihner)

pine forest,

brutia forest,

brutia forest,

Pileus 8-14 mm in diameter, firstly conical-hemispherical later conical to campanulate, slightly umbonate, surface
smooth, dull, radially fibrillose, hygrophanous, gray to red-brown when moist, with paler, ocher-brown concentric
zones toward the margin, beige-brown when dry, margin acute (Figure 2a). Flesh gray-brown, without odor, taste
mild. Lamellae dark brown when young, soon beige brown to black, broadly adnate, edges white-floccose. Stipe
40-70 x 1-3 mm, cylindrical, hollow or not, beige but lighter towards to apex. Spores 8-11 x 4.5-5.5 x 6-8 pum,
rhomboid in frontal view, elliptical in lateral view, smooth, red-brown, with a distinct germ pore (Figure 2b).

Halil GUNGOR et al., Contributions to the macrofungal diversity of Hatay province, Turkey
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48.

49.

50.
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Basidia clavate, 25-30 x 10-12 pm, without a basal clamp (Figure 3c). Cheilocystidia cylindrical, 25-40 x 6-7 um
(Figure 3d). Grow solitary to gregarious in meadows, among grasses, in spring.

Hassa, in meadow, 9.4.2006, Solak 2005.

Figure 2. Panaeolus reticulatus a- fruit bodies, b- basidiospores, c- basidium, d- cheilocsytidia

Rhizopogonaceae
Rhizopogon luteolus Fr.
Belen, Gedik place, in pine forest, 8.4.2006, Solak
1988; Yayladagi, Leylekli village, in P. brutia
forest,
8.12.2006, Solak 3003; on sandy soil, 13.4.2008,
Solak 3696.
Rhizopogon roseolus (Corda) Th. Fr.
Iskenderun, Belen- Kirikhan way 5 km., in pine
forest, 9.4.2006, Solak 1994; Yayladagi, in P.
brutia forest, 8.12.2006, Solak 3011; Dortyol,
Cokek upland, in P. brutia forest, 21.4.2007,
Solak 3208.
Russulaceae
Lactarius deliciosus (L.) Gray
Yayladagi, Leylekli village, in P. brutia forest,
8.12.2006, Solak 3008; 3012; Kirikhan,
Dedegmar village, in pine forest, 9.12.2006. Solak
3034.
Lactarius deterrimus Groger
Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2972; Iskenderun, Giizel yayla,
in pine forest, 9.12.2006, Solak 3098.
Lactarius lacunarum Romagn. ex Hora
Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2974.
Lactarius sanguifluus (Poulet) Fr.
Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2983.
Russula delica Fr.
Iskenderun, Giizel yayla, in pine forest, 9.12.2006,
Solak 3099.
Russula medullata Romagn.
Iskenderun, Giizel yayla, in pine
9.12.2006, Solak 3094.
Russula norvegica D.A. Reid
Hatay, Yayladagi, in P. brutia forest, 8.12.2006,
Solak 3014.
Russula torulosa Bres.

forest,

Sl

52.

53.

54.

55.

56.

57.

58.

Yayladagi, Leylekli village, in P. brutia forest,
8.12.2006, Solak 3010; iskenderun, Giizel yayla,
in pine forest, 9.12.2006, Solak 3096.

Russula vinosa Lindblad

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2989; Yayladagi, Leylekli
village, in P. brutia forest, 8.12.2006, Solak 3007;
Hatay, Yayladagi, in P. brutia forest, 8.12.2006,
Solak 3013.

Schizophyllaceae

Schizophyllum commune Fr.

Dortyol, Cokek upland, on pine tree, 8.4.2006,
Solak 1944; Iskenderun, Akcay, Akoluk village,
on Juglans sp., 8.4.2006, Solak 1964; Dortyol,
Cokek upland, on pine tree, 21.4.2007, Solak
3209.

Sclerodermataceae

Pisolithus arhizus (Scop.) Rauschert

Hatay, Aktepe place, in eucalyptus forest,
9.12.2006, Solak 3028.

Stereaceae

Stereum hirsutum (Willd.) Pers.

Iskenderun, Akcay, Akoluk village, Baglica
upland, on Quercus sp., 8.4.2006, Solak 1968;
Hatay, Aktepe place, on cutten eucalyptus,
9.12.2006, Solak 3030.

Strophariaceae

Agrocybe cylindracea (DC.) Maire
Kirikhan-Gaziantep way 5 km, on willow,
9.4.2006, Solak 2002; Iskenderun, Miiftiiler
village, on fig tree, 9.12.2006, Solak 3105.
Agrocybe dura (Bolton) Singer

Hassa, in meadows, 9.4.2006, Solak 2007.
Suillaceae

Suillus bellinii (Inzenga) Kuntze

Dortyol, Cokek upland, in pine forest, 8.4.2006,
Solak 1945; Belen, Sarimazi place, Giizel yayla,
in pine forest, 8.4.2006, Solak 1982.

Suillus bovinus (L.) Roussel

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2976; Yayladagi, Leylekli

Halil GUNGOR et al., Contributions to the macrofungal diversity of Hatay province, Turkey



59.

60.

61.

65.

village, in P. brutia forest, 8.12.2006, Solak 3008;
Iskenderun, Giizel yayla, in pine forest,
9.12.2006, Solak 3095.

Tremellaceae

Tremella mesenterica Retz.

Iskenderun, Akcay, Akoluk village, Baglica
upland, on Juglans sp., 8.4.2006. Solak 1963.
Tricholomataceae

Clitocybe geotropa (Bull.) Quél.

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2944; Yayladag, in picnic area,
in P. brutia forest, 8.12.2006, Solak 3020.
Clitocybe vermicularis (Fr.) Quél.

Déortyol, Cokek upland, in pine forest, 8.4.2006,
Solak 1943; Iskenderun, Akcay, Akoluk village,
Tricholoma chrysophyllum A. Riva

63.

64.
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in pine forest, 8.4.2006, Solak 1958; Iskenderun,
Akgay, Akoluk village, Baglica upland, in pine
forest, 8.4.2006, Solak 1971; Belen, Sarimazi
place, Giizel yayla, in pine forest, 8.4.2006, Solak
1978.

Melanoleuca exscissa (Fr.) Singer

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2963.

Melanoleuca humilis (Pers.) Pat.
Dortyol, Cokek upland, in P. brutia forest,
21.4.2007, Solak 3206.

Melanoleuca paedida (Fr.) Kiihner & Maire
Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2975.

Fruitingbody 5-8 cm, fleshy, firstly hemispherical later conical to campanulate. Surface dull, dry, beige, olive
green to brownish-green, with numerous, concolorous, appressed squamules. Margin inrolled when young later
rounded (Figure 3a). Context firm, whitish with light yellow tinges under the cuticle and stipe base, darker in age
or when touched, odour faintly farinaceous, taste sweetish. Lamellae chrome yellow to bright yellow, like edges.
Stipe 1-4 x 1-2 cm, cylindrical, generally slightly bent, brownish-yellow but lighter towards to apex with lots of
squamules. Spores 5-8 x 5-6 um, subspherical to ovoid, monoguttulate, smooth, hyaline (Figure 3b). Basidia
cylindrical to clavate, 40-50 x 7-8 um (Figure 3c). Grow solitary to gregarious in meadows, among grasses, in

winter.

Yayladagi, Leylekli village, in P. brutia forest, 8.12.2006, Solak 3009; iskenderun, Giizel yayla, in pine forest,

9.12.2006, Solak 3097.

Figure 3. Tricholoma chrysophyllum a- fruit bodies, b- basidiospores, c- basidium

66. Tricholoma fracticum (Britzelm.) Kreisel

Samandag, Camliyayla village, in P. brutia forest,
8.12.2006, Solak 2982; Yayladagi, Leylekli
village, in P. brutia forest, 8.12.2006, Solak 3006;

4. Conclusions and discussion

Iskenderun, Giizel
9.12.2006, Solak 3101.

yayla, in pine forest,

67. Tricholoma terreum (Schaeff.) P. Kumm.
Hatay, Yayladagi, in P. brutia forest, 8.12.2006, Solak
3015.

In the first study on macrofungi of Hatay, 87 taxa were given by Baba et al., (2013). Four of the determined
taxa belong to Ascomycota and rest of them to Basidiomycota. After them, only one study was carried out in this
research area. In that study, Baba et al. (2014) determined 58 taxa, 2 of them belonging to Ascomycota and the rest of
them in Basidiomycota. Also, Baba (2012) was recorded 44 myxomycete taxa from research area.

In this study, 67 taxa belonging to 26 families and 2 divisions were identified. 4 taxa belonged to Ascomycota
and 63 to Basidiomycota. In our study most of the determined species belong to the families Russulaceae (13.4%),
Tricholomataceae (11.9) Agaricaceae and Inocybaceae (10.4%), with the family Polyporaceae following.

As seen in the literature, there are little data on the macrofungi of Hatay, and the number of species reported in
earlier studies is 113. The number of reported macrofungal taxa is too low; this study has added a further 46 species to
the local Mycota. Thus, the number of total species recorded in Hatay so far is 159. Furthermore, Panaeolus reticulatus,

Halil GUNGOR et al., Contributions to the macrofungal diversity of Hatay province, Turkey
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Tricholoma chrysophyllum are new records for Turkey. This study significantly contributes to the knowledge of the
Turkish Mycota.
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Abstract

In this study the lichen flora of Demirci (Manisa) was investigated and 154 taxa belonging to 70 genera were
identified. The identification of the species has been done by macroscopical, microscopical features and comparing the
results obtain by means of the chemical tests, identification keys and with the literatiire. All of taxa are new record for
research area.

Key words: Lichen, flora, Demirci, Manisa

Demirci (Manisa) yoresi liken florasi

Ozet

Bu ¢alismada Demirci (Manisa) ilgesi liken florasi arastirilmis ve 70 cinse ait 154 takson tesbit edilmistir. Tiir
tayinleri makroskobik ve mikroskobik ozellikleri ile kimyasal testlere verdigi yanitlardan yararlanilarak, tayin
anahtarlar ve literatiirle karsilastirilarak gergeklestirilmistir. Belirlenen taksonlarin tamami ¢alisma bdlgesi i¢in yeni
kayattir.

Anahtar kelimeler: : Liken, flora, Demirci, Manisa
1. Giris

Likenler, mantarlar ile alglerin uygun sartlarda bir araya gelerek morfolojik ve fizyolojik bir biitiin halinde
meydana getirdikleri simbiotik birliklerdir. Fakat sekil ve yasayis bakimindan likenler kendilerini olusturan alg ve
mantarlardan tamamen ayr1 bir yap1 gosterirler (Gliner, 1986).

Ulkemiz liken florasi birgok Avrupa iilkesi kadar genis kapsamli calistlamamis ve halen dnemli dlgiide
bilinememektedir (Kinalioglu, 2010). Bununla birlikte liken arastirmalari son yillarda belirgin bir sekilde artis
gosterdigi goriilmektedir. Bu baglamda Manisa ilinden de liken ve likenikol mantar kayd: veren ¢alismalarda 89 takson
kaydedilmistir (Yilmaz vd., 2015) ancak, Demirci (Manisa) ilgesine ait herhangi bir kayda rastlanilmamaistir.

Demirci; Ege Bélgesi'nin i¢ Bat1 Anadolu béliimiinde yer alan, Manisa ilinin bir ilgesidir. ilce, 39° 03’ K, 28°
40" B enlem ve boylamlar iizerinde yer alir. Dogu ve kuzeydogusunda Kiitahya, kuzeyinde Balikesir, glineyinde
Manisa'nin ilgeleri olan Selendi-Kula, batisinda ise Gordes ilgeleri ile ¢evrili bir konuma sahiptir (Sekil 1). Arastirma
sahasinin kuzey-kuzey dogusunda Demirci-Simav daglar1 yer alirken, kuzeydeki Akgakertik (1475 m) sirtlarinin
batisinda kalan sahalar ise Demirci Daglarini olusturur. Demirci-Simav daglarinda (1790 m) yer alan Damrik-Ziyaret
Tepe Demirci smirlar igindeki en yiiksek zirvedir. Tiirkmen Dag1 (1487 m) ile Asi Tepe (1535 m), Demirci-Simav
daglik kiitlesinin Demirci daglart boliimiine gére bati yoniinde yer alan Hasanyaran tepe (1595 m) ve Hisircakaya
tepeler (1512 m), diger 6nemli zirveleri olustururlar. Ortalama yiikseklik ise 997 m civarindadir. Ilgede yiizey sekilleri
genel olarak dalgali diizliikler halinde olup, yiikseltileri 600 ile 800 metreler arasinda degigsmektedir (Tashi ve Giimrah,
2011).

Demirci iklim bakimindan Akdeniz Bolgesi’nin yar1 nemli Marmara ile i¢ Anadolu iklimi arasinda gegis
bolgesinde yer almaktadir ve yar1 nemli, ikinci dereceden mezotermal, yaz mevsiminde ¢ok kuvvetli su noksani olan ve
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denizel sartlara yakin iklim tipine girer. Buna gore Akdeniz bolgesinin kurak ve nemli devrelerini igermekte, ancak
kiglar nispeten daha sert gegmektedir. (Unlii, 1998). Demirci’nin yillik sicaklik ortalamasi 12 °C civarindadir. En diisiik
aylik ortalama Ocak ay1 olup 1.0 °C iken en yiiksek aylik ortalama sicaklik Temmuz ayinda 22.4 °C’ dir. Yillik yagis
tutar1 ise 700 mm civarinda olup, sicaklik buharlasma iliskisine bagli olarak Demirci, Temmuz, Agustos, Eyliil ve Ekim
aylarinda yaz kurakligi yasayan bir yore olmaktadir (Tash ve Glimrah, 2011).
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Sekil 1. Arastirma alanina ait harita

Demirci ve ¢evresi dogal bitki ortiisii bakimmdan iklim ve topografik durumuna bagh olarak cesitli bitki
topluluklarma sahiptir. Demirci ve gevresinde dogal bitki Ortiisii i¢inde orman olusturan yaygin unsurlar olarak;
Kizilgam (Pinus brutia), karagam (Pinus nigra), sagli mese (Quercus cerris), mazi mesesi (Quercus infectoria), palamut
mesesi (Quercus ithaburensis subsp. macrolepis), kermez mesesi (Quercus coccifera), tiiylii mese (Quercus pubescens)
ile katran ardic1 (Juniperus oxycedrus), maki elemanlar1 (Pistacia lentiscus, Pirus elaegrifolia, Crateagus orientalis,
Paliurus aculatus, Rosa canina, Spartium junceum, Erica arborea, Pistacia terebinthus, Cistus laurifolius, Olea
oleaster, Nerium oleander, Styrax officinalis) ve ot topluluklar1 bulunmaktadir. Ayrica 1400 metrede, Demirci’nin
dogusunda kuzeydoguya bakan smirli alanlarda dogu kayim (Fagus orientalis) karagam ormanlar1 i¢inde yer
almaktadir. Demirci ilge merkezinin giineybatisinda ve batisinda 600-1000 m arasindaki sahalarda kizilgam-karagam
gegis kusagi yer alirken; Demirci’nin kuzeyinde 1487 m yiikseklikteki Tiirkmen dagi ve doguya dogru yayilan karagam
ormanlari saf birlikler olusturmakta ve ilgenin tiim dogu kesimini kaplamaktadir (Tash ve Giimrah, 2011).

Aragtirma sahas1 aym zamanda zengin bir mikota, miksobiota ve floraya sahiptir. Baba ve Tamer (2008a)
Manisa ili genelinde yaptiklar1 ¢aligmada zengin bir miksobiotaya sahip oldugunu gostermistir. Altan vd., (1999) flora
calisgmasinda da 71 familya ve 247 cinse ait, tiir, alttiir ve varyete diizeyinde toplam 428 vaskiiler bitki taksonu
belirlemistir ve bu bitkilerin %7' si Tiirkiye i¢in endemiktir. Akdeniz fitocografya bolgesi elemanlarinin yayginlasarak
yerlestigi sahada Avrupa-Sibirya ve Iran-Turan bolgesi elemanlarina da rastlanilmasi bu sahanm bir gecis bolgesi
olusturdugunu gostermektedir.
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2. Materyal ve yontem

Liken ornekleri Ocak 2003 ile Aralik 2005 tarihleri arasinda dort mevsime yayilarak degisik zamanlarda 28
farkli lokalitede toplanmustir. Tiirlerin toplandigi lokalitelere iligskin ayrintili bilgiler asagida verilmistir;

Manisa, Demirci Bayramsah, Comakli Dagi, Comakli Dagi Tepesi mevkii, 1200 m, 18. 05. 2003

Manisa, Demirci Bayramsah, Comakli Dag1, Kocakas Tepesi, Onaharli Cesme mevkii, 1100 m, 25. 05. 2003

Manisa, Demirci Yenikdy, Kocakaya Tepe, Kirtik Pinar mevkii, 1187 m, 14. 06. 2003

Manisa, Demirci Yenikdy, Kiiglikkaya Tepe mevkii, 1100 m, 28. 06. 2003

Manisa, Demirci Domruk (Damrik) Ziyarettepe Orman Yangin Gozetleme Kulesi 100 m. yakini, 1790 m, 12. 07. 2003

Manisa, Demirci Domruk (Damrik) Ziyarettepe zirvesine yakin Naldéken Sirtlart mevkii, 1700 m, 12.07. 2003

Manisa, Demirci Giiveli Koyii, Hocalarkasi Sirti kayaliklari, 600 m, 16. 05. 2004

Manisa, Demirci Giiveli, Demirci-Salihli karayolu, Delikyar mevkii, 600 m, 23. 05. 2004

Manisa, Demirci Asi Tepe Orman Yangin Gozetleme Kulesi 100 m. kuzeyindeki biiyiik kayalik alan, 1530 m, 30. 05. 2004

10. Manisa, Demirci Demirci Dagi, Yemendede tepe, Tiirbe mevkii, 1368 m, 13. 06. 2004

11. Manisa, Demirci Demirci Dagi, Akgakertik Tepe Orman Yangin Gozetleme Kulesi Giineybatisi, 1400 m, 20.06. 2004

12. Manisa, Demirci Demirci Dagi, Hasanyaran Tepe Sirtlar1, orman igi mevkii, 1594 m, 27. 06. 2004

13. Manisa, Demirci Basalan, Ahmetler Cayiri, Kartoluk Sirtlari, orman ig¢i alandan, 1600m, 18. 07. 2004

14. Manisa, Demirci Bagalan Orman I¢i Kamp Alani, orman igi alandan, 1450 m, 25. 07. 2004

15. Manisa, Demirci Bardakei, Tiirkmen Dagi Orman Yangin Gozetleme Kulesi civari, orman i¢i alandan, 1400 m, 08. 08.
2004

16. Manisa, Demirci Bardake¢i-Sindirgt Karayolu, Sigirovasi mevkii, 1300 m, 14. 08.2004

17. Manisa, Demirci Bardakgi, Tiirkmen Dagi etegi, Sogukoluk Pinar1 mevkii, 1300 m, 15. 08. 2004

18. Manisa, Demirci Bardakgi, Stinni Orman Fidanlig1 Giineyi, Killikyurt mevkii, 1200 m, 22. 08. 2004

19. Manisa, Demirci Bardakgi, Kepez Orman Yangin Gozetleme Kulesi civari, C.Mezar Burnu mevkii, 1200 m, 05. 09. 2004

20. Manisa, Demirci Sogiitciik, Giildiirdek Orman I¢i, Aynali Cayir mevkii, Uzunoluk Sirtlari, 1400 m, 12. 09. 2004

21. Manisa, Demirci Sogiitciik, Giildiirdek Orman I¢i Kamp Alam civari, Isike1 Deresi mevkii, 1400 m, 19.09. 2004

22. Manisa, Demirci Bagalan Bolgesi, Kiikiirtlii Kaya Tepe Sirtlari, orman i¢i alandan, 1560 m, 15. 05. 2005

23. Manisa, Demirci Basalan bolgesi, Kirazli cegsme mevkii, orman i¢i alandan, 1300 m, 22. 05. 2005

24. Manisa, Demirci Bagalan Bolgesi, Ak¢ayokus-Hisarbey arasi, orman i¢i alandan, 900 m,12. 06. 2005

25. Manisa, Demirci Merkez, Akdere koyii, Somuncu Tepe Giirlek Maslagi mevkii, 1094 m, 19. 06. 2005

26. Manisa, Demirci Merkez, Akdere Koyt Kirtikgali Sirtlarinin Kuzeyi, 1155 m, 10. 07. 2005

27. Manisa, Demirci Merkez, Kabaaga¢ Tepe, Kabaagag Sirtlari, 1200 m, 07. 08. 2005

28. Manisa, Demirci Hisar Tepe, Hisar Kaplicalari mevkii, 900 m, 15. 08. 2005

OCoOoNOOR~WNE

Belirlenen lokalitelerden toplanan Liken oOrnekleri odun, aga¢ kabugu, karayosunu, toprak, kaya gibi
substratlardan bir par¢a halinde alinmis, 6zelliklerinin korunmasina dikkat edilerek kese kagitlar1 i¢inde ve gerekirse
kagit havlulara da sarilarak, istasyon ozellikleri, substratin dzellikleri not edilerek toplanmigtir. Daha sonra Celal Bayar
Universitesi, Egitim Fakiiltesi, Fen Laboratuvari’na getirilerek oda sartlarinda kurutulmustur. Teshis-tayin islemleri
tamamlanan tiirler, birer numara ile kaydedilmis ve zarflar1 i¢inde {izerine tiir adi, toplandigt istasyon ve substrat
ozellikleri de not edilerek korumaya alinmustir. Ornekler, Celal Bayar Universitesi, Demirci Egitim Fakiiltesi, Fen
Laboratuvarinda saklanmaktadir. Orneklerin tayin ve teshisinde kaynak kitaplardan (Clauzade ve Roux, 1985; Dobson
1992; Purvis vd., 1992; Wirth, 1995a ve 1995b; Malcolm ve Galloway, 1997) yararlanilmistir. Tiirlerin belirlenmesinde
liken asitlerinin kimyasal reaktiflerle vermis olduklari renk reaksiyonlari ayirt edici bir 6zellik olarak kabul
edilmektedir. Bu baglamda kimyasal reaktifler tallusun korteksine, medullasina, apotesyum diskine uygulanarak, stereo
mikroskop ya da 151tk mikroskobu altinda renk reaksiyonu olugup olugmadigina bakilmis ve varsa reaksiyon rengi
kaydedilmistir..

3. Bulgular

Yapilan degerlendirme sonucunda 28 farkli lokaliteye ayrilan aragtirma sahasindan 70 cinse ait 154 takson tespit
edilmistir. Tirlerin tamam1 Purvis vd., (1992)’ e goére Ascomycotina subdivisiosuna dahildir. Takson adlarinin yaninda
orneklerin toplandiklart lokalite numaralari, kayit numaralar1 (parantez igerisinde), gelistikleri substratlar da
belirtilmistir. Calismamizda elde edilen liken taksonlarinin listesi agagida sunulmustur;

Acarospora cervina (Pers.) A.Massal.:7 (0116), 8 (0136), 25 (0506), 26 (0527), 27 (0550); kalkerli kaya {izeri.

A. smaragdula (Wahlenb.) A. Massal.: 22 (0440), 23 (0460); silisli kaya {izeri.

A. veronensis A. Massal.: 20 (0408), 21 (0421); silisli kaya tizeri.

Anaptychia ciliaris (L.) Korb. ex A.Massal.: 18 (0371), 19 (0390); Pinus nigra tizeri.

Aspicilia caesiocinerea (Nyl. ex Malbr.) Arnold: 19 (0391), 22 (0441), 23 (0461); kalkerli kaya iizeri.

A. calcarera (L.) Mudd: 6 (0104), 8 (0137), 11(0204), 7 (0117), 26 (0528), 27 (0551), 28 (0568); kalkerli kaya tizeri.

A. cinerea (L.) Korb.: 13 (0258), 14 (0278), 9 (0155), 18 (0372), 19 (0392); silisli kaya tizeri.

A. contorta subsp. contorta (Hoffm.) Kremp.: 9 (0156), 14 (0279), 25 (0507), 26 (0529), 27 (0552); silisli ve kalkerli
kaya lizeri.

Omer Seyfettin SEVINC, The lichen flora of the Demirci (Manisa/Turkey) region



110 Biological Diversity and Conservation — 9/ 1 (2016)

A. farinosa (Florke) Flagey: 6 (0105), 26 (0530); kalkerli kaya tizeri.

A. intermutans (Nyl.) Arnold: 12 (0226); silisli kaya iizeri.

Bacidina inundata (Fr.) Vezda: 23 (0462), 24 (0483); silisli kaya tizeri.

Bagliettoa parmigera (J. Steiner) Vezda & Poelt: 6 (0106); kalkerli kaya iizeri.

Bryoria capillaris (Ach.) Brodo & D.Hawksw.: 3 (0051), 23 (0463), 24 (0484); Pinus nigra, Fagus orientalis tizeri.

B. fuscescens (Gyelnik) Brodo & D.Hawksw. var. fuscescens: 12 (0227), 13 (0259), 14 (0280), 15 (0297), 18 (0373),
19 (0393); Pinus nigra tizeri.

Buellia epipolia (Ach.) Mong.: 6 (0107), 25 (0508), 26 (0531), 27 (0553); kalkerli kaya tizeri.

Caloplaca aractina (Fr.) Hayrén: 4 (0075), 7 (0118); silisli, kalkerli kaya tizeri.

. aurantia (Pers.) J.Steiner: 7 (0119), 8 (0138), 25 (0509); kalkerli kaya lizeri.

. cerina var. chloroleuca (Sm.) Th. Fr. : 5 (0097); karayosunu {izeri.

. cerina var. muscorum (Hedw.) Th.Fr. var. muscorum (A.Massal.) Jatta: 22 ( 0442), 13 (0260); karayosunu iizeri.

. citrina (Hoffm.) Th. Fr.: 6 (0108), 7 (0120 ), 8 (0139); kalkerli kaya {izeri.

. crenularia (With.) J.R. Laundon: 9 (0157), 20 (0409), 21 (0422), 15 (0298), 22 (0443); silisli kaya tizeri.

. decipiens (Arnold) Blomb. & Forss.: 8 (0140), 25 (0510), 26 (0532); kalkerli kaya tizeri.

. dolomiticola (Hue) Zahlbr.: 6 (0109), 7 (0121), 10 (0183), 11 (0205), 8 (0141), 27 (0554); kalkerli kaya iizeri.

. erythrocarpa (Ach.) Zwackh: 7 (0122), 8 (0142); kalkerli kaya iizeri.

. holocarpa (Hofm.) A.E. Wade: 19 (0394), 25 (0511), 26 (0533); yaprak doken agag¢ kabugu, kalkerli kaya {izeri.

. inconnexa (Nyl.) Zahlbr.: 7 (0123); parazit liken, kalkerli kaya {izeri.

. lactea (A.Massal.) Zahlbr.: 6 (0110), 25 (0512), 26 (0534), 27 (0555); kalkerli kaya iizeri.

Candelaria concolor (Dickson) B.Stein: 7 (0124), 8 (0143); Quercus sp. kabugu iizeri.

Candelariella aurella (Hoffm.) Zahlbr.: 5 (0098), 9 (0158), 28 (0569); kalkerli kaya, silisli kaya, Quercus sp. tizeri.

C. vitellina (Ehrh.) Miill. Arg.: 1 (0001), 2 (0030), 3 (0052 ), 4 (0076), 16 (0326), 17 (0354), 12 (0228), 13 (0261);
silisli kaya tizeri.

Catapyrenium squamulosum (Ach.) Breuss: 25 (0513), 26 (0535), 27 (0556), 28 (0570); kiregli toprak, kalkerli kaya-
toprak tizeri.

Chaenotheca furfuracea (L.) Tibell: 3 (0053), 18 (0374), 23 (0464); ¢lirimekte olan odun, karayosunlar1 tizeri.

C. chrysocephala (Turner ex Ach.) Th. Fr.: 22 (0444); Pinus nigra kabugu tizeri.

Chrysothrix candelaris (L.) J.R. Laundon: 21 (0423); ¢liriimekte olan karayosunlu, yaprak doken aga¢ kabugu iizeri.
Cladonia coniocraea (Florke) Sprengel: 20 (0410), 21 (0424), 22 (0445), 23 (0465), 24 (0485); Pinus nigra taban
toprakli karayosunu tizeri. Fagus orientalis karayosunlu agag tabani tizeri.

C. convoluta (Lam.) Anders: 1(0002), 15 (0299), 25 (0514), 26 (0536), 27 (0557); kalkerli toprak iizeri.

C. fimbriata (L.) Fr.: 15 (0300), 16 (0327), 18 (0375), 20 (0411), 21 (0425); Pinus nigra taban kismu {izeri, karayosunlu
toprak tizeri.

C. pyxidata (L.) Hoffm.: 14 (0281), 15 (0301), 16 (0328), 17 (0355), 18 (0376), 19 (0395); orman topragi, karayosunlu
orman topragi lizeri.

Collema crispum (L.) Weber ex F.H. Wigg.: 8 (0144); kalkerli kaya tizeri.

C. cristatum (L.) Weber ex F.H. Wigg.: 25 (0515); kalkerli kaya tizeri.

C. flaccidum (Ach.) Ach.: 1 (0003), 2 (0031), 9 (0159); Quercus sp. iizeri.

Cornicularia normoerica (Gunn.) Du Rietz: 9 (0160); silisli kaya tizeri.

Dermatocarpon miniatum (L.) W.Mann: 1 (0004), 9 (0161); silisli kaya iizeri.

Dimelaena oreina (Ach.) Norm.: 3(0054); kalkerli kaya iizeri.

Diploschistes scruposus (Schreber) Norman: 15 (0302), 17 (0356); silisli kaya tizeri.

Eopyrenula leucoplaca (Wallr.) R.C. Harris: 23 (0466); Alnus sp. kabugu {izeri.

Evernia prunastri (L.) Ach.: 1 (0005), 2 (0032), 4 (0077), 10 (0184), 11 (0206), 12 (0229), 13 (0262), 16 (0329), 20
(0412), 24 (0486), 28 (0571); Quercus sp., Crataegus monogyna, Pinus nigra, Fagus orientalis’ in kabuklarinin tizeri.
Hypocenomyce scalaris (Ach. ex Lilj.) Choisy: 11 (0207), 12 (0230), 13 (0263), 14 (0282), 15 (0303), 16 (0330), 17
(0357), 18 (0377); Pinus nigra kabugu {izeri.

Hypogymnia farinacea Zopf: 12 (0231), 13 (0264), 15 (0304), 16 (0331); Pinus nigra kabugu tizeri.

H. physodes (L.) Nyl.: 16 (0332), 17 (0358), 18 (0378), 19 (0396), 21 (0426), 22 (0446), 24 (0487); Pinus nigra
kabugu, karayosunu, ¢iirlimekte olan karayosunlu odun iizeri.

H. tubulosa (Schaerer) Havaas: 2 (0033), 4 (0078), 6 (0111), 11 (0208), 12 (0232), 13 (0265), 14 (0283), 15 (0305), 16
(0333), 24 (0488); Crataegus monogyna, Pinus nigra kabuklarinin {izeri.

Lasallia pustulata (L.) Mérat: 1 (0006), 2 (0034 ), 3 (0055), 4 (0079), 9 (0162); silisli kaya tizeri.

Lecanora argentata (Ach.) Malme: 9 (0163); Quercus sp., kabugu iizeri.

L. carpinea (L.) Vainio: 9 (0164); Quercus sp., kabugu lizeri.

L. cenisia Ach.: 15 (0306), 16 (0334), 17 (0359), 9 (0165); silisli kaya {izeri.

L. chlarotera Nyl.: 10 (0185), 11 (0209), 18 (0379); Quercus sp., yaprak doken agac kabugu iizeri.

L. crenulata Nyl.: 26 (0537), 6 (0112); kalkerli kaya tizeri.

L. dispersa (Pers.) Rohl.: 7 (0125), 8 (0145), 26 (0538), 27 (0558); kalkerli kaya tizeri.
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L. hagenii (Ach.) Ach.: 27 (0559); Pinus brutia kabugu tizeri.

L. lojkaeana Szat.: 9 (0166); silisli kaya tizeri.

L. muralis (Schreber) Rabenh.: 1 (0007), 2 (0035), 4 (0080), 7 (0126), 8 (0146), 9 (0167), 12 (0233), 13 (0266), 14
(0284), 16 (0335), 17 (0360), 22 (0447), 27 ( 0560), 28 (0572); silisli, kalkerli kaya tizeri.

L. polytropa (Ehrh. ex Hoffm.) Rabenh.: 20 (0413), 21 (0427); silisli kaya tizeri.

L. rupicola (L.) Zahlbr.: 22 (0448), 23 (0467), 24 (0489); silisli kaya iizeri.

L. sulphurea (Hoffm.) Ach.: 1 (0009), 2 (0036), 3 (0056), 4 (0081), 9 (0168), 12 (0234), 13 (0267), 14 (0285), 15
(0307), 16 (0336), 17 (0361), 22 (0449); silisli kaya tizeri.

Lecidea fuscoatra (L.) Ach.: 3 (0057), 4 (0082), 12 (0235), 9 (0169), 15 (0308), 16 (0337), 17 (0362); silisli kaya tizeri.
L. lapidicida var. pantherina (DC.) Ach.: 9 (0170); silisli kaya tizeri.

L. lurida (Ach.) DC.: 25 (0516), 26 (0539); kalkerli kaya iizeri.

Lecidella carpathica Korber: 20 (0414), 21 (0428), 5 (0099), 12 (0236); silisli kaya iizeri.

L. elaeochroma (Ach.) Hazsl.: 16 (0338), 18 (0380), 19 (0397), 21 (0429), 23 (0468); 24 (0490); ¢lirimekte olan odun,
Fagus orientalis, Platanus orientalis kabugu tizeri.

L.stigmatea (Ach.) Hertel & Leuck.: 1 (0010), 2 (0037), 9 (0171), 12 (0237), 13 (0268); silisli kaya iizeri.

Lepraria incana (L.) Ach.: 14 (0286), 15 (0309), 18 (0381), 19 (0398), 22 (0450), 23 (0469), 24 (0491); karayosunu,
karayosunlu silisli kaya, karayosunlu Fagus orientalis kabugu tizeri.

L. lobificans Nyl.: 23 (0470); silisli kaya tizeri.

Leproloma membranaceum (Dickson) Vainio: 3 (0058); silisli kaya tizeri.

Lobaria pulmonaria (L.) Hoffm.: 22 (0451), 23 (0471), 24 (0492); karayosunlu silisli kaya, Fagus orientalis kabugu
uzerl.

L. scrobiculata (Scop.) P. Gaertn: 23 (0472), 24 (0493); karayosunlu silisli kaya, Alnus sp., kabugu iizeri.

Lobothallia radiosa (Hoffm.) Hafellner: 25 (0517), 26 (0540), 27 (0561); kalker kaya iizeri.

Melanelia glabratula (Lamy) Essl.: 23 (0473), 24 (0494); Fagus orientalis kabugu tizeri.

M. stygia (L.) Essl.: 3 (0059), 4 (0083), 13 (0269),14 (0287); silisli kaya tizeri.

Melanelixia glabra (Schaer.) O. Blanco et al.: 27 (0562); yaprak doken agag kabugu iizeri.

Melanohalea exasperata (De Not.) O. Blanco et al.: 12 (0238), 18 (0382), 19 (0399); ¢iiriimekte olan odun, Fagus
orientalis kabugu tizeri.

M. exasperatula (Nyl.) O. Blanco et al.: 7 (0127), 10 (0186); kalker kaya, Quercus sp., kabugu iizeri.

Micarea prasina Fr.: 22 (0452), 23 (0474); Pinus nigra’nin toprakli taban kismu iizeri.

Neofuscelia pulla (Ach.) Essl.: 1 (0012), 4 (0084), 12 (0239), 13 (0270), 14 (0288), 15 (0310), 16 (0339); silisli kaya
uzeri.

Nephroma laevigatum Ach.: 18 (0383), 19 (0400), 20 (0415), 21 (0430), 23 (0475), 24 (0495); karayosunlu giiriimekte
olan aga¢ kabugu, karayosunu, Platanus orientalis kabugu tizeri.

Ochrolechia pallescens (L.) A.Massal.: 10 (0188), 11 (0210), 12 (0240); Quercus sp., kabugu iizeri.

Opegrapha vulgata (Ach.) Ach.: 21 (0431); ¢iiriimekte olan odun kabugu tizeri.

Parmelia saxatilis (L.) Ach.: 1 (0013), 3 (0060), 4 (0085), 9 (0172), 12 (0241), 13 (0271), 14 (0289), 15 (0311), 16
(0340), 17 (0363), 22 (0453); silisli kaya tizeri.

P. sulcata Taylor: 10 (0189), 11 (0211), 12 (0242), 13 (0272), 14 (0290), 15 (0312), 16 (0341), 18 (0384), 19 (0401),
20 (0416), 21 (0432), 22 (0454), 24 (0496); silisli kaya, ¢liriimekte olan odun, Quercus sp., Crataegus monogyna, Pinus
nigra, Platanus orientalis, Fagus orientalis’ in kabuklarinin tizeri.

Parmelina pastillifera (Harm.) Hale: 10 (0190), 11 (0212), 15 (0313), 16 (0342), 17 (0364); Quercus sp., Crataegus
monogyna, Pinus nigra agag¢ kabuklarinn {izeri.

P. tiliacea (Hoffm.) Hale: 1 (0014), 2 (0039), 3 (0061), 7 (0128), 10 (0191), 13 (0273), 11 (0213), 12 (0243); Quercus
Sp., Crataegus monogyna, Pinus nigra, Pinus bratia, Fagus orientalis’ in kabuklarinin iizeri.

Parmeliopsis ambigua (Wulfen) Nyl.: 12 (0244), 8 (0147), 15 (0314); Quercus sp., Pinus nigra kabuklarinin iizeri.
Peltigera polydactylon (Necker) Hoffm.: 12 (0245), 18 (0385), 19 (0402), 21 (0433), 23 (0476), 24 (0497);
karayosunlarinin arasindan.

P. praetextata (Florke ex Sommerf.) Zopf: 18 (0386), 19 (0403), 20 (0417), 21 (0434), 23 (0477), 24 (0498);
karayosunlarinin arasindan, ¢ilirlimekte olan odun tizeri.

P. rufescens (Weiss) Humb.: 18 (0387), 19 (0404); nemli toprak iizeri, karayosunlari arasindan.

Pertusaria aspergilla (Ach.) J.R. Laundon: 24 (0499); Fagus orientalis kabugu tizeri.

P. corallina (L.) Arnold: 3 (0062), 4 (0086); silisli kaya tizeri.

P. flavicans Lamy: 3 (0063), 4 (0087); silisli kaya tizeri.

P. flavida (DC.) J.R. Laundon: 10 (0192), 11 (0214), 12 (0246); Quercus sp. kabugu iizeri.

P. hemisphaerica (Florke) Erichsen: 18 (0388), 19 (0405); karayosunlu-giiriimekte olan odun tizeri.

P. leioplaca DC. 21 (0435); ¢iirimekte olan odun kabugu iizeri.

P. pertusa (Weigel) Tuck.: 10 (0193), 23 (0478), 24 (0500); Quercus sp., Fagus orientalis kabugu tizeri.

Phaeophyscia orbicularis (Necker) Moberg: 5 (0100); silisli kaya tizerindeki karayosunlari arasindan.

Physcia adscendens (Fr.) H.Oliv.: 1 (0015), 2 (0040); Quercus sp. kabugu tizeri.
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P. aipolia (Ehrh. ex Humb.) Hampe ex Fiirnr.: 1 (0016), 2 (0041), 8 (0148), 24 (0501); Quercus sp.,Fagus orientalis
kabugu tizeri.

P. caesia (Hoffm.) Fiirnr.: 25 (0518); kalker kaya tizeri.

P. dubia (Hoffm.) Lettau: 5 (0101), 6 (0113); kalker kayadaki kurumus karayosunu iizeri.

P. semipinnata (J.F. Gmelin) Moberg: 4 (0088), 7 (0129), 8 (0149), 16 (0343), 17 (0365); Quercus sp., Crataegus
monogyna kabugu, ¢iiriimekte olan agac kabugu tizeri.

P. stellaris (L.) Nyl.: 1 (0017), 2 (0042), 3 (0064), 4 (0089), 7 (0130), 10 (0194), 11 (0215); Quercus sp. kabugu lizeri.
P. tenella (Scop.) DC.: 11 (0217); Pinus nigra kabugu iizerinden.

Physconia distorta (With.) J.R.Laundon: 1 (0018), 2 (0043), 3 (0065), 4 (0090), 7 (0131), 8 (0150), 15 (0315), 16
(0344), 27 (0563), 28 (0573); Quercus sp., Crataegus Monogyna, Prunus sp. kabugu, kalker kaya tizeri.

P. enteroxantha (Nyl.) Poelt: 7 (0132), 11 (0216); Quercus sp., karayosunlu ¢iiriimekte olan odun kabugu {iizeri.

P. perisidiosa (Erichsen) Moberg: 9 (0173), 10 ( 0195), 11 (0218); kurumakta olan karayosunu iizeri.

Placocarpus schaereri (Fr.) Breuss: 25 (0519), 26 (0541), 27 (0564); kalker kaya tizeri.

Placynthium nigrum (Hudson) S. Gray: 25 (0520), 26 (0542), 27 (0565); kalker kaya tizeri.

Platismatia glauca (L.) W.L.Culb. & C.F.Culb.: 11 (0219), 12 (0247), 13 (0274), 14 (0291), 15 (0316), 16 (0345), 22
(0455), 23 (0479), 24 (0502); Pinus nigra, Fagus orientalis kabuklar iizeri.

Pleurosticta acetabulum (Neck.) Elix et Lumbsch: 1 (0019), 2 (0044), 3 (0066), 4 (0091), 7 (0133), 8 (0151), 9 (0174),
10 (0196), 11 (0220), 12 (0248), 13 (0275), 14 (0292), 15 (0317), 22 (0456); Quercus sp., Pinus nigra kabuklar1 tizeri.
Porpidia crustulata (Ach.) Hertel & Knoph: 5 (0102), 12 (0249), 13 (0276), 14 (0293), 15 (0318), 16 (0346), 17
(0366); silisli kaya iizeri.

P. cinereoatra (Ach.) Hertel & Knoph: 21(0436); silisli kaya tizeri.

P. macrocarpa (DC.) Hertel & A.J.Schwab: 20 (0418), 21 (0437); silisli kaya iizeri.

Protoparmelia badia (Hofmm.) Hafellner: 9 (0175); silisli kaya iizeri.

P. montagnei (Fr.) Poelt & Nimis: 25 (0521), 26 (0543); kalker kaya lizeri.

Pseudevernia furfuracea (L.) Zopf var. furfuracea: 2 (0045), 3 (0067), 6 (0114), 10 (0197), 11 (0221), 12 (0250), 13
(0277), 14 (0294), 15 (0319), 16 (0347), 18 (0389), 19 (0406), 20 (0419), 21 (0438), 22 (0457), 23 (0480), 24 (0503);
Pinus brutia, Crataegus monogyna, Pinus nigra, Fagus orientalis kabuklari tizeri.

Psora globifera (Ach.) A. Massal.: 12 (0251), 11 (0222); kalkerli sert toprak {izeri, sert orman topragi tizeri.

Ramalina capitata (Ach.) Nyl.: 1 (0020), 9 (0176); silisli kaya iizeri.

R. farinacea (L.) Ach.: 3 (0068), 10 (0198), 12 (0252); Crataegus monogyna, Quercus sp, Pinus nigra kabuklari tizeri.
R. fastigiata (Pers.) Ach.: 1 (0021), 2 (0046), 3 (0069), 4 (0092), 10 (0199), 11 (0223), 16 (0348), 23 (0481), 24 (0504);
Quercus sp., Pinus nigra, Fagus orientalis kabuklari {izeri.

R. fraxinea (L.) Ach.: 1 (0022), 2 (0047), 10 (0578), 17 (0367); Quercus sp., Crataegus monogyna kabuklar1 tizeri.

R. pollinaria (Westr.) Ach.: 1 (0023), 4 (0093), 9 (0177); silisli kaya iizeri.

Rhizocarpon distinctum Th. Fr.: 12 (0253), 19 (0407); silisli kaya {izeri.

R. lecanorium Anders: 3 (0071), 9 (0179), 22 (0458); silisli kaya iizeri.

R. geographicum (L.) DC.: 1 (0024), 3 (0070), 9 (0178), 14 (0295), 15 (0320), 16 (0349), 17 (0368); silisli kaya tizeri.
R. subgeminatum Eitner: 12 (0254), 20 (0420), 21 (0439); silisli kaya tizeri.

Rinodina bischoffii (Hepp) A.Massal.: 6 (0115), 8 (0152), 10 (0200); kalkerli kaya tizeri.

R. calcarea (Arnold) Arnold: 7 (0134); kalkerli kaya tizeri.

R. immersa (Korb.) Arnold Zahlbr.: 5 (0103); kalkerli kaya tizeri.

Sarcogyne regularis Korber: 26 (0544); kalkerli kaya tizeri.

Sphinctrina leucopoda Nyl.: 10 (0201); Quercus sp. iizerinden, Pertusaria sp. iizerinden.

Squamarina cartilaginea (With.) P.James: 10 (0202), 11 ( 0224), 25 (0522), 26 (0545), 27 (0566), 28 (0574); kirecli
toprak, kalkerli kaya tizeri.

Synalissa symphorea (Ach.) Nyl.: 26 (0546); kalkerli kayanin ¢atlak kismi tizerinden.

Tephromela atra (Huds.) Hafellner: 1 (0025), 2 (0048), 3 (0072), 4 (0094), 9 (0180), 12 (0255), 14 (0296), 15 (0321),
16 (0350); silisli kaya tizeri.

Toninia sedifolia (Scop.) Timdal: 22 (0459), 25 (0523), 26 (0547), 27 (0567), 28 (0575); kalkerli kaya ¢atlagi, kalkerli
kaya, karayosunu, karayosunlu-kalkerli kaya tizeri.

Trapelia placodioides Coppins & P.James: 23 (0482), 24 (0505); silisli kaya tizeri.

Umbilicaria polyphylla (L.) Baumg.: 15 (0322); silisli kaya {izeri.

Usnea hirta (L.) Weber ex F.H. Wigg.: 1 (0026), 9 (0181), 15 (0323); Quercus sp., silisli kaya, Pinus nigra kabugu
iizerinden

U. fulvoreagens (Rdsdanen) Rasdanen: 12 (0256); Pinus nigra kabugu tizeri.

Verrucaria calciseda DC.: 8 (0153); kalkerli kaya tizeri.

V. lecideoides (A.Massal.) Trevis.: 25 (0524), 26 (0548); kalkerli kaya iizeri.

V. muralis Ach.: 25 (0525); kalkerli kaya tizeri.

V. subfuscella Nyl.: 26 (0549); kalkerli kaya iizeri.
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Xanthoparmelia conspersa (Ehrh. ex Ach.) Hale: 1(0027), 4 (0095), 12 (0257), 15 (0324), 16 (0351), 17 (0369); silisli
kaya lizeri.

X. somloensis (Gyelnik) Hale: 1 (0028), 2 (0049), 16 (0352), 17 (0370); silisli kaya tizeri.

X. tinctina (Maheu & A. Gillet) Hale: 7 (0135), 8 (0154); kalkerli kaya tizeri.

Xanthoria elegans (Link) Th. Fr.: 3 (0073); silisli kaya tizeri.

X. parietina (L.) Th. Fr.: 1 (0029), 2 (0050), 3 (0074), 4 (0096), 9 (0182), 10 (0203), 11 (0225), 15 (0325), 16 (0353),
25 (0526), 28 (0576); Quercus sp, Crataegus monogyna, Prunus sp., kabuklari tizerinden..

4. Sonuglar ve tartisma

Bu calismada tespit edilen 70 cins ve 154 tiiriin tamamui arastirma alani i¢in yeni kayittir.

Aragtirma sahasinin 6zellikle kuzeyi ve kuzey dogu kesimleri (Demirci-Simav daglari, 1475 m. yiikseklikteki
Akgcakertik sirtlariin batisinda kalan Demirci Daglar1 ve bu daglarin bat1 yoniinde yer alan Hasanyaran tepe (1595m.),
Hisircakaya tepe (1512m.) gibi 6nemli zirvelerin oldugu alanlar) ile kuzey batisinda yer alan Tiirkmen Dagimi (1487 m.)
olusturan kesimlerindeki ormanlik alanlar 6zellikle, yapraksi, graniillii liken florasi yoniinden zengin alanlardir. Yine
bdlgenin batisinda yer alan Bayramsah, Comakli Dagi, Comakli Dagi Tepesi ile Kocakas Tepe mevkilerinde, giineyinde
yer alan Asi Tepe, Hisar Tepe Hisar Kaplicalari mevkiinde ise yaprak doken aga¢ topluluklari {izerinde galimsi-dalsi,
kabuksu ve kayalik alanlar iizerinde de saglikli talluslara sahip kabuksu liken tiirleri yaygin olarak gelisme
gostermektedir.

Toplanan 154 taksonun %1,92” sinin graniillii, % 47,44’ iniin kabuksu, % 11,54’ niin dalsi-¢calimsi, %
33,97 nin yapraksi ve % 5,13’ si de pulsu biiyiime formuna sahip liken tiirleridir. Buna gore arastirma sahasinda dncelik
sirasina uygun olarak ilk sirada kabuksu, 2. sirada yapraksi, 3. sirada dalsi-calimsi, 4. sirada pulsu ve 5. sirada da
graniillii morfolojiye sahip likenlerin yayilis gosterdigi belirlenmistir.

Yine substrat tercihlerine gore degerlendirildiginde toplanan 576 6rnekten; 87 tanesinin (%15,15) igne yaprakl
agaclarda, 125’ inin (%21,7) genis yaprakli agaclar {izerinde, 101 inin (%17,53) kalkerli kayalarda, 190’ mnin (%32,98)
silisli kayalarda, 17’sinin (%2,95) toprak tizerinde, 41’inin (%7,11) karayosunu iizerinde, 2’sinin (%0,34) diger likenler
iizerinde ve 13 tanesinin de (%2,25) cilirlimekte olan odunlar {izerinde gelisme gosterdigi tespit edilmistir.

Arastirma sonuglarimiz diger bazi ¢alismalarla karsilastirilirsa; Sakarya’da 159 (Cicek ve Tiirk, 1998), Kula
(Usak-Manisa) volkanik arazisinde 182 (Yilmaz vd., 2015), Artvin, Erzurum ve Kars’ta 201 (Aslan, 2000) takson tespit
edilmis olup, bizim ¢alismamizda da 154 takson elde edilmistir.

Adana, Konya ve Nigde bolgesinde yapilan bir caligmada Caloplaca, Lecanora, Physcia ve Aspicilia
cinslerinin diger cinslere gore daha fazla tiir igerigine sahip cinsler oldugu ortaya konmaktadir (Giiveng, 2002). Benzer
bir durum bizim arastirma sahamiz i¢in de gecerlidir. Bu baglamda Aspicilia, Caloplaca, Cladonia, Lecanora,
Melanelia, Parmelia, Peltigera, Pertusaria, Physcia, Physconia, Ramalina, Xanthoparmelia, Verrucaria cinslerinin
birden fazla tiirle temsil edildikleri ve arastirma bolgesinde dnemli yayilisa sahip olduklart dikkat gekmektedir.

Takson listesinde yer alan lokalite alanlar1 incelendiginde, Evernia prunastri, Pseudevernia furfuracea,
Tephromela atra, Lecanora muralis, Rhizocarpon geographicum, Lecanora sulphurea, Hypogymnia tubulosa,
Xanthoria parietina tiirlerinin arastirma alanindaki bir¢ok lokalitelerde yayilis gosteren tiirler oldugu goriilecektir.

Bolgenin 6zellikle kalkerli kayag ve kalkerli toprak yoniinden zengin kesimleri olan Giiveli Kdyii Hocalarkasi
Sirt1 Kayaliklari, Giiveli Demirci-Salihli karayolu Delikyar mevkii, Demirci Merkez Akdere Kdyii, Somuncu Tepe
Giirlek Maslagi ve Kirtikgali mevkii kesimlerinde, kalkerli substratlari tercih eden Aspicilia calcarera, Buellia epipolia,
Calopca dolomiticola, Catapyrenium squamulosum, Lobothallia radiosa, Placocarpus schaereri, Psora globifera,
Rinodina bischoffii, R. Calcarea, Squamarina cartilaginea gibi tiirlerin zengin bir yayilisa sahip oldugu belirlenmistir.
Benzer durum Verrucaria cinsine ait tiirler i¢in de gegerlidir. Verrucaria calciseda, Verrucaria lecideoides, Verrucaria
muralis ve Verrucaria subfuscella tiirlerinin bolgenin Demirci Merkez, Akdere koyii, Somuncu Tepe Giirlek Maslagi
mevkii, Akdere koyii, Kirtikgali sirtlarinin kuzeyi ve Giiveli, Demirci-Salihli karayolu, Delikyar mevkii gibi kalkerli
kayalik alanlarin hakim oldugu alanlarda yayilis gdstermesi, bu tiirlerin ekolojik 6zellikleriyle de uyum gostermektedir.

Yine benzer sekilde Placynthium nigrum, Sarcogyne regularis, Placocarpus schaereri, Psora globifera,
Rinodina bischoffii, Rinodina calcarea, Rinodina immersa, Lecanora crenulata, Lecanora dispersa tiirleri kalkerli
kayalarin; Lasallia pustulata, Lecanora cenisia, Lecanora lojkaeana, Lecanora polytropa, Lecanora rupicola,
Lecanora sulphurea, Lecidea fuscoatra, Neofuscelia pulla, Porpidia crustulata, Rhizocarpon subgeminatum,
Tephromela atra, Umbilicaria polyphylla, Xanthoparmelia conspersa, Xanthoparmelia somloensis tiirleri ise silisli
kayalarin karakteristik tiirleri olarak karsimiza ¢ikmaktadir.

Aspicilia contorta, Caloplaca aractina, Candelariella aurella, Lecanora muralis tiirleri hem kalkerli hem de
silisli kayada gelisme gosterirken; Caloplaca inconnexa, Sphinctrina leucopoda tiirleri ise likenikol tiirler olarak
kargimiza ¢ikmaktadir.

Protoparmelia badia tiiriiniin Uludag’in Alpin bolgesine ait silisli kayalarinda yaygin yayilisa sahip oldugu
goriilmiistiir (Giiveng ve Oztiirk, 2004). Bizim arastirma sahamizda da aym sekilde P. badia tiiri 1530 m
yiiksekligindeki Asi Tepe Orman Yangin Gozetleme Kulesi’nin yaklasik 100 m kuzeyindeki biiyiik, silisli kayalik
alandan toplanmustir ki bu lokalite sahanin énemli yiikseltileri igcersinde yer alir.
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Catapyrenium squamulosum tiirii, Akdere koyii, Somuncu tepe Giirlek Maslagi mevkii, humuslu toprak
izerinde yayilis gosterirken; genellikle sarp kayaliklarin silisli-kuru kayalarinda gelisme gosteren Dermatocarpon
miniatum bolgedeki sarp ve dikkayaliklar1 iceren Bayramsah, Comakli Dagi, Comakli Dagi Tepesi ve Asi Tepe orman
yangin gozetleme kulesinin bulundugu yerdeki biiyiik kayalik alanlardan elde edilmistir.

Peltigera tiirleri cogunlukla toprakta, aga¢ kabuklarinda, epifitik olarak veya orman altlarinda kaya yariklar
gibi antropojenik etkinin diisiik oldugu dogal habitatlarinda biiyiir (Tiirk vd., 2015). Bizim aragtirma sahamizda da
benzer habitatlarda Peltigera cinsine ait tiirlerin 6zellikle golgelik ve nemli alanlari tercih ettikleri ve genellikle
karayosunlari ile birlikte gelistikleri belirlenmistir. Yine benzer sekilde Nephroma laevigatum da bélgenin en nemli ve
golgelik alanlarinda yayilis gosterdigi tespit edilmistir.

Sonug olarak, arastirma bolgesinden toplanan tiirlerin hemen hemen tamaminin substrat tercihi, yayilis
Ozelliklerinin literatiirdeki bulgularla uyumlu oldugu goriilmiistiir. 28 farkli lokaliteye ayrilan aragtirma sahasindan ilk
defa 70 cinse ait 154 takson tespit edilmistir.
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Abstract

In this study, the distribution and seasonal variation of the algal flora and some environmental parameters in
the travertines and thermal water springs in Pamukkale-Denizli have been investigated between September 2010 and
August 2011. For this purpose, a number of stations have been designated in the travertines, water channels, pools and
ponds, where the algae samples were collected for the four seasons. Some of the environmental parameters such as
temperature, pH, dissolved oxygen and electrical conductivity were measured in the study area in each season. The
collected algae samples were identified, and their cell concentrations were calculated. The obtained data set was
statistically analyzed by a series of tests in Statistical Package for Social Sciences (SPSS) software package. According
to the Kruskal Wallis H test (p < 0.05, chi square > 5) there is a significant relationship between the water samples
collected from each station and T, pH, DO. According to the Friedman test EC value has a significant relationship
according to different seasons (p < 0.05). The highest EC value is observed in the spring, followed by summer, fall and
winter, respectively. The relationship between the environmental parameters, species functional group, seasons and
stations were observed by using Canonical Correspondence Analysis (CCA) software package. Negative and positive
correlation and also the affinity of the species according to the environmental parameters were observed. In this study
35 genera, 57 taxa belonging to Cyanophyta (26 genera, 46 taxa), Charophyta (6 genera, 8 taxa), Chlorophyta (2 genera,
2 taxa) and Dinophyta (1 genus, 1 taxon) have been identified. Oscillatoria limnetica and Cyanobacterium minervae
were the most abundant species, followed by Chara.sp., Spirulina subsalsa, Chroococcua minutus, Anabaena sp.,
Schizothrix thermophila, Gloeocapsa sp. and Pseudanabaena papillaterminata.

Key words: Thermophilic algae, Hierapolis Travertines, Phytoplankton, Benthic algae, Thermophilic Cyanophyta,
Environmental parameters

Pamukkale travertenleri ve termal su kaynaklarindaki alg florasinin mevsimsel izlemesi (Denizli)

Ozet

Eyliil 2010 - Agustos 2011 tarihleri arasinda Pamukkale—Denizli’de yapilmis olan bu ¢alismada, Pamukkale
travertenleri ve gevresinde bulunan sicak su kaynaklarindaki alg florasi belirlenmis, alg tiirlerinin mevsimsel degisimi
ve yogunluklart aragtirilmistir. Travertenler, su kanallari, havuzlar ve goletler lizerinde dort mevsim siiresince ¢esitli
istasyonlar belirlenerek, alg ornekleri elde edilmis ve alg tiirlerinin teshisleri yapilarak, hiicre konsantrasyonlari
hesaplanmistir. Caligma alaninda her bir mevsimde sicaklik, pH, ¢6ziinmiis oksijen ve elektriksel iletkenlik gibi bazi
cevresel parametreler dl¢iilmistiir. Elde edilen verilerin istatistiksel analizleri Statistical Package for Social Sciences
(SPSS) paket programi ile gerceklestirilmistir. Kruskal Wallis H testine gore; T, pH, DO parametreleri ile herbir
istasyondan elde edilen su drnekleri arasinda, Friedman testiyle ise farkli istayonlarda 6lglillen EC degerleri arasinda
kayda deger bir iligki oldugu gozlenmistir (p < 0.05, ki kare > 5). En yiiksek EC degeri ilkbahar mevsiminde
gozlenmistir; bunu sirasiyla yaz, sonbahar ve kis izlemistir. Cevresel parametreler, tiirlerin fonksiyonel gruplari,
mevsimler ve istasyonlar arasindaki iliski Canonical Correspondence Analysis (CCA) paket programi kullanilarak
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belirlenmigtir. Tiirlerin gevresel parametrelere gore iliskilerinin negatif ve pozitif korelasyonlari, ayrica tiirlerin bu
parametrelere gore gosterdikleri egilimler belirlenmistir. Bu caligmada Cyanophyta (26 cins, 46 tiir), Charophyta (6
cins, 8 tiir), Chlorophyta (2 cins, 2 tiir) ve Dinophyta (1 cins, 1 tiir) divizyolarina ait 35 cins, 57 tiir teshis edilmistir.
Oscillatoria limnetica ve Cyanobacterium minervae en yaygin rastlanan tiirlerdir ve bunlar1 Chara. sp., Spirulina
subsalsa, Chroococcua minutus, Anabaena sp., Schizothrix thermophila, Gloeocapsa sp. ve Pseudanabaena
papillaterminata takip etmistir.

Anahtar kelimeler: Termofilik algler, Pamukkale Travertenleri, Fitoplankton, Bentik algler, Termofilik Siyanofitler

1. Introduction

Algae are the unicellular organisms that contain primer photosynthetic pigment chlorophyll a and have a wide
range of distribution in wetlands; for instance freshwater, salt water or brackish water. These organisms as an important
source of oxygen are used by the grazers such as zooplankton in the higher steps of food chain. The organisms which
are able to grow under extreme pH, salinity, temperature, nutrient concentration or radiation conditions are known as
extremophilic organisms (Brock, 1978), and both prokaryotic (Cyanobacteria) and eukaryotic organisms can be found
in this group (Seckbach, 2007). Hot springs represent one of the extreme habitats for these organisms since the water
temperatures range from 30 °C up to boiling as 90-100 °C according to the altitude. Fumaroles can reach more than 100
°C which causes the water to be in the form of stream vapor; however, these habitats lack living organisms within
(Brock, 1978). As a result of the geographical isolation and evolutionary divergence of the microorganisms in the
thermophilic environments, thermophiles include endemic species due to the distribution of obligate thermophiles from
rare and distant points of habitats. Biological diversity, endemism, species structure, phototrophic microvegetation of
thermal algae and other photosynthetic organisms have been studied in different kinds of thermal springs (Castenholz,
1996; Kastovsky and Komarek, 2001; Kurt et al., 2013).

Chlorophyta, Cyanophyta and Myxophyceaecan conveniently grow in thermal waters (Ulcay et. al, 2007).
Some members of the Cyanobacteria, Chlorophyta and Bacillariophyta divisions have been observed in the thermal
springs of the Pamukkale Travertines throughout the previous studies (Giiner, 1966; Pentecost et al., 1997). The algae
play an important role as bioindicators for monitoring the ecological conditions of the aquatic habitats. Bioindicator
algae species provide the information about the environmental conditions of the algae in question, which helps optimize
the algal cultivation of a certain species (Shelknanloymilan et al., 2012). Furthermore, the flora and fauna of the
freshwater have been observed for a long time in order to understand the bioindicator species according to their own
habitats. However, thermal springs in particular provide significant hints as to the roughness of the habitat and its
vicinity. Filamentous bacteria are the main microbial mat-forming organisms which include Cyanobacteria and other
phototrophic bacteria that are strongly related to the mineral accumulation in their habitats (Ferris et al., 1987).
Historical records of hot springs dating back to the period of the ancient Greeks and Mediterranean Romans also
indicate the importance of the hot springs as an antique region; however, flora and fauna studies provide a set of data
for the historical development of the relevant antique region (Florenzano et al., 2016).

Higher water temperature seems to increase algal growth to a certain degree; therefore, the number of habitats
which can accommodate thermophilic organisms are expected to significantly increase in the near future. The species
belonging to Cyanophyta draw specific attention on account of the increasing pollution of environment, especially by
the blooms in the nutrient-rich aquatic habitats. The first organisms to have originated on Earth can be traced back to
3.5 hillion years ago which are quite similar to the current members of Cyanobacteria (Whitton and Potts, 2002).

The present work deals with the search and identification of the algae flora, except diatoms, in the Pamukkale
Travertines and their surroundings by taking into account the environmental parameters and the trend of algal species
distribution according to the stations and seasons over one year, from 2010 to 2011.

1. Materials and methods
1.1 Study area

The “Hierapolis” (Pamukkale) is located in the southwest of Turkey, in the Aegean Region, Denizli
(37°,54',34.7652" North; 29°,7',12.594" East). Hierapolis Travertines are formed by the thick lime deposits of
underground water resources which are rich in calcium carbonate (Negri and Leucci, 2006). In general, the systems and
biological incidents occurring in the wetlands, such as lakes, ponds or streams, should be monitored periodically to
obtain the reliable data about the study area (Oztiirk and Akkoz, 2014). In the present study area, during the selection of
the stations from where algal samples were taken; the points from which the water flows to the travertines, thermal
water springs and ponds were taken into account. Station points were determined by GPS (Magellan eXplorist 610,
United States). The chosen stations in the preliminary field surveys were evaluated in the same way in every season
throughout the year. In this study, three stations were selected in the area (Figure 1).
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Travertine Station (1% Station): At least six points from a wide range of travertine surface along the lime
deposits (CaCO3) were chosen to obtain samples during the study. The water channels provided for the travertines have
shown differences during the year; therefore, it was not possible to obtain samples from the travertines which have not
been irrigated, and no algae growth has been observed.

Pool Station (2" Station): Human entry is prohibited in this area that consists of thermal water which hosts
dense plant, plant based materials and an intense diversity of fauna compared to the other stations. However, this station
is linked to the thermal springs of the Roman ruins Antique Pool (Cleopatra’s Pool) which is currently a modern spa
complex attracting the tourists also on account of the treatment provided by the doctor fish Garra rufa that is fed by
dead skin cells of the human body.

Pond Station (3" Station): It is the station, where the water flowing from the top of the travertine region
through various channels is collected. The total water flowing from the top of the travertine hill consisted of the water in
the pond which indicated the significance of the algae species distribution in the area.

Q Travertine Stations
4 Pool Stations
® Pond Stations

PAMUKKALE

200 m

—

[ Travertine area [——_1Pool Area [—__]Pond Area

Figure 1. The map of the Pamukkale Travertines and the location of the sampling station

1.2. Sampling methods, identification of algae species, cell counting and abundance analysis

The samples were collected by using different methods according to the sampling stations. In the travertines,
samples were scrapped by spatula. Plankton nets (55 micron, Hydrobios, Germany) were used to obtain samples from
pool and pond stations. Algae samples were seasonally obtained, during one year in the fall, winter, spring and summer.
The samples collected during the study were fixed using 4% formaldehyde and brought to the laboratory.

The algae samples were monitored by the light microscope (Leica DM-LS Type 020-518-500) after the
needed dilutions have been prepared for the morphological species identification and cell count. Neubauer
hemocytometer was used for the cell counting and calculating cell concentration (cells/ml) for each sample (Guillard,
1978).

The concentration (cells/ml) was calculated by using the following equations (Equation 1, 2):

Equation (1)

Equation (2)
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1.3. Data analysis

Canonical correspondence analysis (CCA) was performed to observe the relationship between the
environmental parameters, species functional group, seasons and stations (CANOCO v.4.5 software). The obtained data
set was analyzed in the package software SPSS 20.00 (Statistical Package for Social Sciences). Within the scope of the
analysis, descriptive statistics, cross tables, bar graphics, chi square analysis, Kruskall Wallis H test, Mann Whitney U
test and Friedman test were utilized. Whether the difference between the seasonal water parameters is statistically
meaningful shall be established through the Friedman test in the second part of the analysis.

1.4. Environmental parameters

During the sampling period, measurements were made as to some of the environmental parameters such as
temperature (T, °C), pH, dissolved oxygen (DO, mg O/L) and electrical conductivity (EC, uS/cm) of the water for one
year. The temperature and dissolved oxygen were measured by YSI 51 model multiparameter, pH was measured by
WTW340-A/SET pHmeter and EC was measured by WTW LF 92 conductivitymeter after the needed calibrations of
the instruments were done in each station.

2. Results

In this study; 57 taxa, 35 genera belonging to Cyanophyta (26 genera, 46 taxa), Charophyta (6 genera, 8 taxa),
Chlorophyta (2 genera, 2 taxa) and Dinophyta (1 genus, 1 taxon) were identified in the region of Pamukkale (Table 1).
Identified taxa were checked on the basis of the related literature (John et. al, 2002b; Komarek and Anagnostidis, 2005;
Komarek and Fott, 1983; Prescott, 1962; West, 1916; West and Fritsch, 1927) and the taxonomic information of the
species were checked from the online database (http://www.algaebase.org) (Guiry and Guiry, 2015).

Table 1. The algae taxa identified in the thermal water springs in the Pamukkale Travertines and their vicinity

CYANOPHYTA

Appendix | Taxa

Anabaena sp. Bory de Saint-Vincent ex Bornet and Flahault 1886

N

Borzia trilocularis Cohn ex Gomont 1892

Calothrix pilosa Harvey 1858

Chroococcus giganteus West 1892

Chroococcus minutus (Kiitzing) Néageli 1849

Chroococcus varius Braun 1876

Coelosphaeriopsis chlamydocystis (Skuja) Komarek and Anagnostidis 1995

3
4
5 Chroococcus minutus var. thermalis Copeland 1936, Emoto and Hirose 1942, Palik 1949
6
7
9

Cyanobacterium minervae Komarek, Kopeck and Cepak 1999

10 Cyanothece aeruginosa (Nigeli) Komarek 1976
11 Eucapsis alpina Clements and Schantz 1909
12 Glaucospira sp. Lagerheim 1892
13 Gloeocapsa rupestris Kiitzing 1843
14 Gloeothece dubia (Wartmann) Geitler 1932
- Gloeothece rupestris (Lyngbye) Bornet 1880
15 Heteroleibleinia kuetzingii (Schmidle) Compére 1985
16 Heteroleibleinia purpurascens (Hansgirg ex Hansgirg) Anagnostidis and Komarek 1988
- Jaaginema gracile (Bocher) Anagnostidis and Komarek 1988
17 Jaaginema thermale Anagnostidis 2001
18 Jaaginema unigranulatum (Biswas) Anagnostidis 2001
19 Komvophoron constrictum (Szafer) Anagnostidis and Komarek 1988
20 Komvophoron crassum (Vozzen) Anagnostidis and Komarek 1988
21 Limnothrix guttulata (Van Goor) Umezaki and Watanabe 1994
22 Oscillatoria limnetica Lemmermann 1900
23 Oscillatoria limosa Agardh ex Gomont 1892
- Oscillatoria princeps Vaucher 1803
24 Oscillatoria redeckei Goor 1918
25 Oscillatoria simplicissima Gomont 1892
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Table 1. The algae taxa identified in the thermal water springs in the Pamukkale Travertines and their vicinity
(continuation of the table)

CYANOPHYTA
Appendix | Taxa
- Oscillatoria tenuis Agardh 1813
26 Phormidium laminosum Gomont 1892
27 Pseudanabaena limnetica (Lemmermann) Komarek 1974
28 Pseudanabaena papillaterminata (Kiselev) Kukk 1959
29 Pseudanabaena sp. Lauterborn 1915
30 Rivularia sp. C.Agardh ex Boryanet and Flahault 1886
32 Schizothrix fragilis (Kiitzing) Gomont 1892
31 Schizothrix thermophila Copeland 1936
33 Schizothrix tinctoria (C.Agardh) ex Gomont 1892
34 Scytonema arcangelii Bornet and Flahault 1886
Appendix |1 Taxa
1 Spirulina major Kiitzing 1843
2 Spirulina robusta H.Welsh 1965
3 Spirulina subsalsa Oersted 1842
4 Spirulina tenerrima Kiitzing ex Gomont 1892
5 Stichosiphon willei (Gardner) Komarek and Anagnostidis 1995
- Symploca thermalis Kiitzing ex Gomont 1892
- Synechococcus aeruginosus Négeli 1849
6 Synechocystis. sp. Sauvageau 1892
CHAROPHYTA
Appendix Il Taxa
9 Chara sp. Linnaeus 1753
8 Cosmarium laeve Rabenhorst 1868
- Cosmarium sp. Corda ex Ralfs 1848
12 Gonatozygon monotaenium De Bary 1856
11 Gonatozygon sp. de Bary 1858
13 Mesotaenium sp. Nigeli 1849
15 Spirogyra sp. Link 1820
16 Spirotaenia sp. Brébisson 1848
DINOPHYTA
Appendix 11 Taxa
14 Peridiniopsis thompsonii (Thompson) Bourrelly 1968
CHLOROPHYTA
Appendix 11 Taxa
8 Protococcus viridis (Agardh) Silva 1980
7 Tetraedron regulare Kiitzing 1845

1.5. Species distribution according to the stations, seasons and environmental parameters

Due to the fact that there are three different kinds of stations in the present study, algae species, environmental
parameters and seasons were monitored according to the stations. Canonical correspondence analysis (CCA) data were
used to observe triplot of ordination diagram under the Monte Carlo test (Figure 2 - 4). Length of environmental vector
indicates its importance to the ordination. Direction of the vector indicates its correlation with each of the axes. Angles
between vectors indicate the correlation between the environmental variables themselves.

1.5.1. Travertine station

According to the CCA analysis in travertine station, B .trilocularis, P. laminosum, C. aeruginosa, C. pilosa,
C. giganteus, S. fragilis, C. varius, S .arcangelii, C. laeve, S. major, S. aeruginosus species were only observed in the
fall season; K. constrictum, Spirotaenia sp., H. purpurascens, S. thermophila in the winter; Glaucospira sp., G. dubia,
L. guttulata, Pseudanabaena sp. in the spring and S. robusta only in the summer (Figure 2).

The length of the environmental vector indicates the importance to the variation. Accordingly, temperature is
not significantly meaningful for this station; however, EC, DO and pH variables appear to be important, respectively.
Glaucospira sp., G. dubia, L. guttulata, Pseudanabaena sp. species have the highest affinity to EC. In the travertine
station EC and DO variables have meaningful effects on species composition. The species close to origin of the axes are
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the common species in the station in question, such as Chara.sp., S. subsalsa, C. minutus, O. limnetica, C. minervae and

Anabaena sp.

Gloeocapsa sp., J. thernalis, P. limnetica, K. constrictum, H. pupurascens, Spirotaenium sp. and S.
thermophila similarly have the highest value of affinity to temperature variable. During the fall, diversity of the species
was observed to be highest compared to the other seasons. Moreover, dissolved oxygen has the highest value in
travertine station, meanwhile Glaucospira sp., Pseudanabaena sp., G. dubia, L. guttulata have the highest affinity to the

EC in the fall season (Figure 2).

1.5.2. Pool station

S. major, S. willei, S. arcangelii, S. aeruginosus and O. tenuis species were observed only in the winter and the
species in this season have positive correlation with EC parameter and negative correlation with water temperature.
Chara sp., C. pilosa, J. gracile and C. minutus were only observed in the fall; accordingly, the species here have the
highest affinity to DO, and negative correlation with EC. The species close to origin of the axes are the species that are
common in the station in question, such as Anabaena sp., O. limnetica, C. minervae, S. thermophila, S. subsalsa and

P. papillaterminata (Figure 3).

Clancosnglt dnii_
Prewding OL.g.’:m’h‘Ec
SPRING

1.0

T kneizi
& g

riscf

Glacocan
A
Libermer

F iy

€3 Yimeies

A (_'.;.l.lim'.r'-‘

N.iherma Anuhuer

H.pw:tl:\-"i;;m"".“. {.3.;‘-;-5.»:0:; Srabiist T
s'.r.fat’wiﬁsé;“‘"“‘- SUMMER

-1.0

DO

-0.8

Figure 2. Diagram representing

factors in the travertine station

0.8

the CCA triplot
frequency of every season, species and environmental

T: Temperature, EC: Electrical Conductivity, DO: Dissolved Oxygen

[}
; WINTER 3 metion
L FHE
A Sowitlei B 5 roang.
Soeripl Otonwis
J e
A
EC
Koorenyn .
A I e
&
s dricehueiu
7l y ;
l.'.‘..u.-i;mm@ L
SUMMER <70
popill
Plimer,
DO
FALL
PH” reedoho t_"F?gm oy
'S'm”m'r@U..\'mrpi.’ G !
SPRING nnenuita
¥
T
(o}
P
1

Figure 3. Diagram representing the CCA triplot frequency
of every season, species and environmental factors in the

pool station

T: Temperature, EC: Electrical Conductivity, DO: Dissolved Oxygen

Meltem ALTUNOZ et al., Seasonal monitoring of algal flora in the Pamukkale travertines and thermal springs (Denizli/Turkey)



122

Biological Diversity and Conservation — 9/ 1 (2016)

Il bzl gt Lo
Q Sorlrerng @F-' dimnarer
— SPRING
EC
\\ I":'_?n":':IFIJJ(.'J'
Hoariine WINTER
Anetho H,‘.g - Clagmearti \ I'".f_'I'II{.'I‘I'fJJ“'"” i £ it
LR \\\ rlowionaf A f'J"x”mr'l'l'I‘ Sanbsaf
Vs o, Ciluseoeag
Jf \, - m
// % ey EALL
/ e £ feriinis
f.f 1Y
3 | \ G
s A B!
Fy | 0
// | \K’..’umrﬁzu e 0
. T
DO
i
{ i |
J.:.JJ.I.I'_L{.I'[.'@ o
£ simpli SUMMER o v '
Torensde Lotz
[
—
1 pH
t

Figure 4. Diagram representing the CCA triplot frequency of every season, species and environmental factors in the

pond station
T: Temperature, EC: Electrical Conductivity, DO: Dissolved Oxygen

1.5.3. Pond station

H. kuetzingii, S. thermalis, C. laeve and P. limnetica are the species which are only observed in the spring;
accordingly, these species have the highest affinity to EC and negative correlation with the other environmental
variables. Glaucospira sp. is observed only in the fall, which means this species has positive correlation with DO and
pH, negative correlation with temperature and electrical conductivity. P. thompsonii, C. aeruginosa, E. alpina, K.
constrictum, G. dubia, T. regulare, O. simplicissima, J. unigranulatum species were observed only in the summer;
accordingly, they have a significant positive correlation with water temperature. Most abundant species observed in the
pond station were C. minervae, Chara sp. and Gloeocapsa sp. (Figure 4).

1.6. Data Analysis of Environmental Parameters

Statistical significance between the water samples obtained from different stations in different seasons in
relation to environmental parameters such as T, pH, EC and DO were analyzed by package software SPSS 20.00 in the
following tests.

There is a significant relationship between the water samples collected from each station and T, pH, DO
according to the Kruskal Wallis H test (p < 0.05, chi square > 5). EC values of the water samples collected from
different stations do not have any significant relationship (p > 0.05, chi square < 5). The Mann Whitney U test was
performed to determine the paired comparison with respect to the differences between the water parameter of the
stations mentioned in Table 2.

According to the Mann Whitney U test, it is observed that T value of pool station is higher than that of the
pond station. Moreover, pH value of the travertine station is higher than that of the pool station, and pH value of the
pond station is higher than those of the travertine and the pool stations. Meanwhile DO value obtained from pond
station is higher than the travertine and pool station (Table 3).

Meltem ALTUNOZ et al., Seasonal monitoring of algal flora in the Pamukkale travertines and thermal springs (Denizli/Turkey)



Biological Diversity and Conservation — 9 /1 (2016) 123

Table 2. The Comparisons with respect to stations using chi square test and statistical significance (p)

Parameter Station N Mean Rank Chi Square p

Travertine 4 6.75

T(°C) Pool 4 9.50 6.060 0.048
Pond 4 395
Travertine 4 6.50

pH Pool 4 250 9.881 0.007
Pond 4 10.50
Travertine 4 550

EC Pool 4 850 1.846 0.397
Pond 4 550
Travertine 4 6.25

DO Pool 4 275 9.302 0.010
Pond 4 10.50

Table 3. The comparisons between the stations using Mann Whitney U test and statistical significance (p)

Parameter Station N Mean Rank MWU p
o 15t Comparison Pool 4 6.50
T (°C) Pond 7 250 0.000 0.020
15t Comparison Travertine 4 6.50
Pool 4 2.50 0.000 0.020
pH 2" Comparison Travertine 4 250
Pond 4 6.50 0.000 0.020
34 Comparison Pool 4 2.50
Pond 4 6.50 0.000 0.020
- - -
15t Comparison Travertine 4 2.50 0.000 0.020
DO Pond 4 6.50
2n Comparison Pool 4 2.50 0,000 0,020
Pond 4 6.50 ' '

Significant difference is not observed between the seasons and T, pH, DO values according to the Friedman
test (p > 0.05), except for EC value, it has a significant relationship according to different seasons (p < 0.05). The
highest EC value is observed in the spring, followed by summer, fall and winter, respectively (Table 4).

3. Conclusions and discussion

The study area is a geothermal region that has extreme conditions in comparison to the other freshwater
habitats depending on water temperature. In the travertine and pool stations, minimum and maximum temperatures of
the water were measured as 30.5 °C and 35.6 °C, respectively. In the summer, the water temperature is observed to be
higher than the other seasons; which is estimated to stem from the higher atmospheric temperature in the summer. In the
spring maximum and minimum atmospheric temperatures are 12°C and 25 °C, followed by the maximum and
minimum atmospheric temperatures of 20°C and 34 °C in the summer (World Weather Online), which explains the
effect of atmospheric temperature on the water temperature during one year.

In a biogeographical habitat, the relation between the environmental parameters such as pH, temperature and
the electrical conductivity indicates the distribution of the thermophilic Cyanobacteria (John et. al, 2002a). The most
important groups of algal colonization in the non-acidic thermal waters are also known as Cyanobacteria. Filamentous
Cyanobacteria members without heterocyst are typically found in the active travertines. Oscillatoria, Phormidium and
Schizothrix genera are important members of Cyanobacteria among the algal flora of travertines (Pentecost, 2005). In
the present study, 6 species belonging to Oscillatoria genus were observed quite abundantly in all stations while less
species and lesser abundance were observed in terms of the other 2 genera. Rivularia sp. and Calothrix sp. that were
observed rarely in the study area are referred to as the species with heterocyst that is found in the hot water springs
(Pentecost, 2005).
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Table 4. The comparisons with respect to seasons using chi square test and statistical significance (p)

Season Mean Rank Chi Square p
Fall 2.83

T(CY) Winter 167 3.000 0.392
Spring 2.17
Summer 3.33
Fall 2.50

pH Winter 2.50 0.103 0.991
Spring 2.33
Summer 2.67
Fall 2.00

EC Winter 1.00 9.000 0.029
Spring 4.00
Summer 3.00
Fall 4.00

DO Winter 2.83 7.552 0.056
Spring 1.50
Summer 1.67

Single celled Cyanobacteria species are known to be more termophilic as Synechococcus sp. (Seckbach, 2007).
This genus has been mentioned as an important species which can be found in the different thermal regions all over the
world. Cyanobacterium minervae (basionym; Synechococcus minervae Copeland 1936) is the most abundant species in
the study area with 34.2 % percentage in the pool, travertine and pond stations (Figure 2-4).

The species O. princeps was only observed in the travertine station which is already known as a facultative
thermophile cyanobacterium found in both freshwater resources and the hot springs (Debnath et. al, 2009). O. limnetica,
which has a wide range of temperature affinity, was also observed in all stations in this study. This species is known to
be able to use sulfide as an electron donor source in photosynthesis. Sulfide content is an environmental parameter
which allows the distribution of the species among the stations (Ward and Castenholz, 2002).

There are a few thermophile species of Chlorophyta which mostly belong to Charales, Chaetophorales and
Zygnematales (Pentecost, 2005). In the study area, the pond station is a quite shallow lake covered by Chara sp. in the
bottom which causes it to be regarded as “the Chara Lake”. This macro algae has rhizoidal structures that enable them
to hold and spread on the sediment surface in the bottom of the lake. Chara lakes usually lack nutrients; these sediments
are mostly blackened and rich in hydrogen sulphur. These lakes have alkali character, and the presence of Charophyta
members are due to their ability to use bicarbonate ions in alkaline lakes of this character (Round, 1984). During the
preliminary field survey in the Pamukkale Region, in October 2009, it was seen that the lake had been discharged to
purify the area while Chara sp. assemblages and black mud were coming out from the bottom of the lake.

Dissolved oxygen that is measured in the pool station has the minimum value among all the stations. It is
estimated that the way of thermal water source flowing to this station emerges from the underground water source
which reduces dissolved oxygen in this station with the telluric effect. It is presumed that the reason why the dissolved
oxygen ratio is higher in the pond station is the circulation of the lake and its purification in the previous year. The
water flowing from the travertines is being gathered in this lake and afterwards, it leaves through the water channels
which appears to provide the circulation in the lake. During the fall season dissolved oxygen is maximum compared to
other seasons and in the spring electrical conductivity has the highest value; therefore, DO value is minimum. The EC
of the water mainly means the concentration of dissolved solid materials in the water, meanwhile dissolved oxygen
refers to amount of dissolved oxygen in the water. When the amount of solid matter increases in the water, the amount
of dissolved oxygen decreases. As a consequence of this inverse proportion, DO is minimum while EC is maximum in
the spring season.

Spirulina sp. is a common species found in hot water springs. In our study this genus is represented together
with Symploca thermalis, as an epiphytic algae species, which shows the importance of epiphytic algae presence in the
study area and in the thermal water springs in general. Almost all of the diversity and evenness indices depend on the
relative abundance of the species. Abundance of different species in a sample, or species estimated in a community
provide us with rare species or abundant species in this area. By virtue of the CCA analysis and SPSS analysis, it has
been possible in this study to monitor the species distribution according to the environmental variations and to identify
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the significance of the comparison between the samples. Environmental factors and species frequency are quite important to
understand the ecology of the aquatic habitats.

In this study, algae species have been identified and interpreted by using various techniques, which are important for the
algal flora of thermal springs all over the world. The results showed us the presence of both common and rare thermal algal species
and their correlation according to the environmental conditions. Algal flora plays a significant role in many fields ranging from
potable water supply to the diversity of all living organisms.

Another aim of this research was to prospect into whether the tarnishing of the Pamukkale Travertines is based on algae
growth which occurred in the recent years. As a result, the fact that the tarnishing of the travertines increases particularly during the
periods in which travertines are not irrigated leads to the thought that the tarnishing does not stem from algae. During the field
surveys, tarnishing was observed at the travertines’ contact with air since dried travertine regions became white again when they
were irrigated. However, in order to shed light on this issue, more detailed and long-term studies are required.
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APPENDIX I - Cyanophyta

25

1. Anabaena sp., 2. Borzia trilocularis, 3. Chroococcus giganteus, 4. Chroococcus minutus, 5. Chroococcus
minutus var. thermalis, 6. Chroococcus varius, 7. Coelosphaeriopsis chlamydocystis, 8. Cosmarium laeve,
9. Cyanobacterium minervae, 10. Cyanothece sp., 11. Eucapsis alpina, 12. Glaucospira sp., 13. Gloeocapsa
rupestris, 14. Gloeothece dubia, 15. Heteroleibleinia kuetzingii, 16. Heteroleibleinia purpurascens, 17. Jaaginema
thermale, 18. Jaaginema unigranulatum, 19. Komvophoron constrictum, 20. Komvophoron crassum, 21.
Limnothrix guttulata, 22. Oscillatoria limnetica, 23. Oscillatoria limosa, 24. Oscillatoria redeckei, 25. Oscillatoria
simplicissima, 26. Phormidium laminosum, 27. Pseudoanabaena limnetica, 28. Pseudanabaena papillaterminata,
29. Pseudanabaena sp., 30. Rivularia sp., 31. Schizothrix thermophila, 32. Schizothrix fragilis, 33. Schizothrix
tinctoria, 34. Scytonema arcangelii (Scale 10pm)
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APPENDIX Il - Cyanophyta, Charophyta and Chlorophyta

N

[
.
- 8
24 :
l-(‘
7 - z
. .§\ =-
t7 (=]
]
16

1. Spirulina major, 2. Spirulina robusta, 3. Spirulina subsalsa, 4. Spirulina tenerrima, 5. Stichosiphon willei,
6. Synechocystis sp., 7. Tetraedron regulare, 8. Protococcus viridis, 9. Chara sp., 10. Cosmarium laeve, 11.
Gonatozygon sp., 12. Gonatozygon monotaenium., 13. Mesotaenium sp., 14. Peridiniopsis thompsonii, 15. Spirogyra

sp., 16. Spirotaenia sp. (Scale 10um — except Chara sp.)

(Received for publication 15 April 2015; The date of publication 15 April 2016)

Meltem ALTUNOZ et al., Seasonal monitoring of algal flora in the Pamukkale travertines and thermal springs (Denizli/Turkey)



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online; ISSN 1308-5301 Print 9/1 (2016) 128-135

Research article/Arastirma makalesi

Turkish Filbert (Corylus colurna L.) a new distribution area in Northwestern Anatolia Forests: (Provinces of
Miisellimler, Tunuslar in Agh, Kastamonu/Turkey)
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Abstract

Turkish filbert (Corylus colurna L.), a gene centered species for Turkey, has distributed naturally as separately
and small groups, between 1120-1340 meters in the south of Kastamonu-Agl district, Tunuslar (1290-1340 m) and
Miisellimler (1120-1160 m) provenances, in the southwest Delimehmet Mountain. A new distribution area in Northwest
Anatolia Forests of Turkish filbert, as element of Euro-Siberian flora and which according to the IJUCN Red List
"Lower Risk" category, have been described for the first time with this research.

Key words: Turkish filbert, Red list, Kure Mountains, Kastamonu, Natural distribution, Gene conservation forest

*

Tiirk Findig1 (Corylus colurna L.)’min Kuzeybati1 Anadolu ormanlarindaki yeni bir yayilis alani:
(Kastamonu-Agh Miisellimler, Tunuslar Mevkii)

Ozet

Tiirkiye gen merkezli bir tiir olan Tiirk findigi (Corylus colurna L.), Kastamonu ilinin Agli il¢esinin giineyinde
yer alan Delimehmet Dagi’nin giineybatisinda 1120-1340 metre yiikseltileri arasindaki Tunuslar (1290-1340 m) ve
Miisellimler (1120-1160 m) mevkilerinde miinferit ve kiiciik gruplar halinde dogal yayilis gostermektedir. Avrupa-
Sibirya flora elemani olan ve IUCN Kirmiz1 Listesine gore “Diisiik Risk” kategorisinde yer alan Tiirk findigmin,
Kuzeybati Anadolu Ormanlari igindeki yeni bir yayilist alan1 ilk defa bu arastirma ile tanitilmaya ¢alistlmistir.

Anahtar kelimeler: Tiirk findig1, Kirmiz1 liste, Kiire Daglari, Kastamonu, Dogal yayilig, Gen koruma ormani
1. Giris

Corylus cinsinin, Kuzey yarimkiirenin iliman ve serin bolgelerinde dogal olarak yetisen 17 kadar tiirii
bulunmaktadir (Akkemik, 2014). Tiirkiye'de Adi Findik (C. avellana L.) ve Tiirk Findig1 (C. colurna L.) tiirleri veya
bunlarm melezleri yetismektedir (Islam, 1998; URL-1, 2015). Corylus colurna L. literatiirde; "aga¢ findigi", "kaya
findig1", "balkan findigi", "ayi findigi" ve "Tiirk findigi" adlariyla ifade edilmektedir (Yaltirik, 1993). Urdu dilinde
"Fundug" olarak bilinen C. colurna, Hindistan'in bat1 iliman Himalaya'larinda 1700-3300 m rakimlarda genis bir yayilis
gosterir. Tiirlin meyveleri, yorede degerli bir geleneksel tibbi bitki olarak degerlendirilmektedir (Akhtar vd., 2010).

Tiirk findigi, Tiirkiye'nin Kuzeybati ormanlarinda Mese-Kayin-Akgaagag gibi yaprakli ormanlar ile ve Kayin-
Goknar karisik ormanlarinda tek tek veya kiigiik gruplar halinde bulunur (Yaltirik, 1993). Tiirk findigina eslik eden
agag tiirleri; Uludag goknar1 (Abies nordmanniana (Stev.) Spach subsp. bornmuelleriana (Mattf.) Coode Et Cullen),
dogu kayin1 (Fagus orientalis Lipsky), karagam (Pinus nigra J. F. Arnold), mese (Quercus pubescens Willd., Q. petrae
ssp. iberica (Mattuschka Liebl.), akgaagac (Acer campestre, A. trautvetteri, A. hyrcanum ssp. hyrcanum Fisch Et Mey.),
ivez (Sorbus torminalis (L.) Crantz, S. umbellata (Desf.) Fritsch), giirgen (Carpinus betulus L.), ardi¢ (Juniperus
oxycedrus L.), thlamur (Tilia rubra DC.), yaban kirazi (Cerasus avium (L.) Moench), disbudak (Fraxinus excelsior L.),
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titrek kavak (Populus tremula L.)’dir. Bununla birlikte en fazla goriilen akgaagag (Acer spp.) tiirleridir (Arslan, 2005).
Arslan (2005) Tirk findig1 tizerine Bati Karadeniz'de yiiriittigii arastirmasinda &rnek alanlari c¢evresinde en ¢ok
rastlanilan, saf veya karigik mescere olugturan tiirlerin karagam (Pinus nigra J. F. Arnold), mese (Quercus spp.), adi
girgen (Carpinus betulus L.) ve dogu kayin (Fagus orientalis Lipsky) oldugunu belirtmektedir.

Tirk Findig1 25 m'ye kadar boylanabilen diizgiin gévdeli bir agactir. Koyu gri renkli kabuk yasl agaglarda
kalin, mantarli ve boyuna derin ¢atlaklidir. Geng siirgiinler soluk pas renginde ve sik tliyliidiir (tiiyler basit veya
yapigkan bezelidir). Yapraklar yumurta, genis yumurta ender olarak ters yumurta bi¢imindedir. Birkag meyve bir arada
bulunur. Meyve oOrtiisiiniin kenarlari ince seritler halinde diizensiz olarak yirtilmis, sivri uglar1 geriye kivrilmigtir; iizeri
yapiskan tiiylerle kaplidir; nus meyve 15-20 x 10-18 mm boyutundadir, iistten hafif basik, genis yumurta seklindedir,
perikarp diger findik meyvelerine kiyasla, ¢ok kalin kabukludur. Meyvenin ortiiye baglandig: dip taraftaki “mat kisim”
findigin hemen hemen yar1 boyuna ulasir ki bu 6zellik Tiirk Findig1 igin karakteristiktir. Saglam dayanikli, ince
tekstiirli, iyi cila kabul eden odunlarinda, 6z odunu kirmizi renklidir. Odunu mobilyacilikta degerlidir (Yaltirik, 1993).
Monoik bir bitki olan findikta, erkek ve disi cicekler ayn1 bitki iizerinde fakat farkl1 yerlerde bulunmaktadir (Islam vd.,
2004; Aydinoglu, 2010). islam vd. (2004) findigin generatif 6zellikleri ile generatif organlarmn fenolojik degisimlerini
ve dollenme biyolojisini, "Findigin dollenme biyolojisi ve meyve ozellikleri" isimli calismalarinda detayli bir sekilde
sunmuslardir.

Palashev ve Nikolov (1979), Tiirk Findigi’nin yayilisi, ekolojisi ve biyolojik 6zelliklerini arastirdigi caligmada;
Tiirlin, 100-1400 m rakimlar arasinda yayilis gosterdigini, yillik en az 500 mm yagis ve yillik ortalama 5-13 °C arasinda
degisen sicakliga ihtiya¢ duydugunu belirtmiglerdir. Yilmaz (1998) findigin, toprak istegi bakimindan fazla segici
olmadigini belirtirken, Palashev ve Nikolov (1979) Tiirk findiginin, toprak isteginin az (1limli) (Polat, 2014), 151k
isteginin yliksek oldugunu, iyi yetisme ortamlarinda boy ve ¢ap gelismesinin kayima yakin oldugu, karstik ve erozyona
ugramig arazilerin agaglandirilmasinda dikkate deger oldugu vurgulamiglardir.

Arslan (2005); Maurer (1975)’e atfen; Tiirk findiginin kurakliga dayanikli (Tosun, 2012), toprak isteginin az
ve bazi agaglandirmalara uygun oldugunu, Tokar (1978)’e atfen ise; Tirk findigmin kokar aga¢ (Ailanthus altissima
(Miller) Swingle) ve ak¢aagac (Acer negundo L.) gibi, egimli yerlerin stabilite edilmesi i¢in uygun ve hava kirliligine
dayanikli oldugu ifade etmistir. Ghimessy (1980)’ye atfen; Macaristan’da Tiirk findig1 kiymetli rezerv agac tiirli olarak
goriilmekte ve hizli gelisen tiir olarak degerlendirilmektedir. Verim giicii diigiik tarim arazilerinin agaclandirilmasi ve
ozellikle kurak yerlerin rehabilite edilmesi igin uygun oldugu belirtilmistir. Asil degerini kaliteli kerestesi, meyveleri ve
siis bitkisi olusu teskil etmekte ayrica, 250 olgun agagtan yilda maksimum 10 ton findik elde edilebilecegine vurgu
yapilmigtir. Baska bir ¢alismada Jy (1984)’¢ atfen; Tiirk findiginin uzun sireli sicaklik ve kurakliga, zararli gaz
emisyonlarina toleransli oldugu ve -20 °C gibi diisiik sicakliklara dayanabildigi ifade edilmektedir. Bobrikov (1979)’a
atfen; Gliney dogu Rusya’nin Krasnodar bolgesinde tiiriin saf ve ayrica, Juglans regia L. ve Castanea sativa Miller ile
karisik plantasyonlar kurulmus; tohum, fidanlik teknigi, ekim ve plantasyon performansi konusunda detayli arastirmalar
yapilmistir. Calisma sonucunda, Tiirk Findigi’nin yiiksek kalitede odun iiriinii (mobilyaciliga uygun) verdigi, bunun
yaninda plus agaclarla olusturulan plantasyonlarda yilda 1200 kg/ha meyve elde edildigi tespit edilmistir.

Hasat sonrast hemen ekilmesi durumunda generatif yolla kolaylikla iiretilebilen, siirgiin verme yeteneginde ve
ast ile iiretimi miimkiin olan Tiirk findiginin bu ¢alisma ile olduk¢a daginik, miinferit, kiime ve grup seklindeki parcali
dogal yayilis alanlarindan Kastamonu-Agli-Miisellimler ve Tunuslar mevkilerindeki yeni iki yayilis alani bilim
diinyasina tanitilmaya ve ayrica, Tiirkiye Bitkileri Veri Tabaninda (TUBIVES) yaymlanmakta olan Tiirk findig1 yayils
haritas1 giincellenmeye ¢aligilmistir

2. Materyal ve yontem

Tiirk findig1, Kastamonu 1li Agli Tlgesi miilki hudutlarindaki Tunuslar ve Miisellimler mevkilerinde ilk kez
2012 yilinin yazinda arazi ¢aligmasi sirasinda tespit edilmistir. Bitkinin diinya ve Tiirkiye’deki yayilisi ile ilgili genis
literatiir taramas1 yapilmistir. Ancak, tespit edilen populasyonlarin daha dnce varligi konusunda herhangi bir bulguya
rastlanmamistir. Daha sonraki yillarda ¢aligmalara devam edilerek tiiriin, yayilis gdsterdigi alanlar hakkinda daha detay
bilgilere (jeolojik, jeomorfolojik oOzellikleri, toprak yapisi, mescere karakteristikleri vb) dair gozlemlerde
bulunulmustur. Ayrica, halen yiiriitilmekte olan Kastamonu Universitesi-BAP-01/2013-59 projesi kapsaminda
Kastamonu yoresindeki findik popiilasyonlarina ait 6l¢iim ve orneklemeler gergeklestirilmekte, 6rneklenen her agagta;
koordinatlar, gégiis ¢api, dip kiitiik ¢ap1, aga¢ boyu, tepe baslangic yiiksekligi ile tepe boyu, popiilasyon igindeki her
agacm bulundugu yiikselti, egim, baki gibi topografik 6zellikler kayit altina (Bu galisma kapsaminda bu bilgiler
verilmemistir) alinmustir.

Proje kapsaminda; Kastamonu yoresinde araziden bizzat tespiti yapilan Tiirk findig1 birey ve populasyonlarina
ait koordinatlar ile literatiirden derlenen yayilis alanlarma ait bilgi ve veriler derlenerek TUBIVES'te sunulan Tiirk
findig1 yayilig haritas1 gelistirilmistir.

3. Bulgular

3.1 Tiirk findiginin Diinya ve Tiirkiye 'deki yayilis alanlar
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Tiirkiye disindaki yayilis1 Balkanlar (Sirbistan, Bulgaristan ve Romanya), kuzeybat1 ve bat1 Kafkasya, iran’in
kuzey ve kuzeybatisi, Hazar Denizi’nin dogu kiyisi, Afganistan, Pakistan ve Himalaya Daglari’ndan Cin’e kadar genis
bir sahada yayilig gosterir (Davis, 1982; Irmak ve Giilgur, 1974; Yalturik vd., 2000; Akhtar vd., 2010; URL-1, 2015).
Palazoglu Ozpay vd. (2013) findik cinsinin anavatanini; Dogu Karadeniz kiyilari, Trakya, Van, Balkan Yarimadasi,
Teselya Daglar1, Makedonya, Ingiltere, Norveg, Isvec, Lagoda Gélii (Rusya), Kirim, Kazakistan, iran, Suriye, Liibnan,
Kaliforniya (ABD) olarak bildirmektedirler.

Tiirk findiginin Tiirkiye'deki en yaygin sekilde bulundugu bolge, Kuzeybati Anadolu ormanlaridir. Davis
(1982) tiiriin yayilisin1 “Bolu: Diizce, Yigilca, Ankara: Nallihan, Kdstebek ormanlar, Sarilar kéyii yakinlari, 1600 m;
Kastamonu: Azdavay-Cide arasi, Azdavay’dan 35 km sonrasi, 1000 m; Kastamonu: Tosya, Gavurdagi; Amasya: Sana
Dagir 1600 m; Sinop: Ayancik, Zindan bélgesi, Cingen Konagi yakinlar:, 1160 m; Eskigehir: Mihalligcik, Catacik
bolgesi, 800 m” olarak belirlemistir. Ayrica, yapilan ¢aligmalarda Tiirk findigmin tek tek veya kiiglik gruplar halinde
dogal olarak yetistigi baz1 bolgeler su sekilde tespit edilmistir: Afyon Hocalar ilgesi Yager koyii, Findikli tepesinin
kuzeyi (1250 m) (Kargioglu, 2003), Afyon Sultandagi ilcesi Derecine Kasabasi Kapikaya mevki (1500-1800 m) (Geng
vd., 1998), Tavsanli-Emet arasinda yer alan Budagan Dagi’nin 1450-1600 metre yiikseltileri (Polat, 2014), Corum-
Oguzlar ilgesi Kavak Dag1 (900-1250 m) (Demirtas, 2003), Bat1 Karadeniz bolgesi (780-1700 m) Kiire Daglar1 dogu
kesimi (Aydindzii, 2004), Kastamonu Armutlugayir mevki (Ozen vd., 2013), Kale-Bolu Findig1 Tabiati Koruma Alam
(Arslan vd., 2013), Bartin-Arit (967 m), Kastamonu-Azdavay (1100/1145 m) (Oren vd., 2012), Kastamonu Ara¢ Géller
bolgesinde 1360 m’de; Azdavay-Cide arasinda goknar kayin ormaninda 1100 m; Kastamonu-Ara¢ Dere yayla
bolgesinde Cennetdere’de, dere kenarlarinda 1700 m (Irmak ve Giilgur, 1974; Yaltirik, 1982), Zonguldak (Saribas,
2008), Karabiik-Yenice ormanlarinda 380 m yiikseltide (Palazoglu Ozpay vd., 2013), Rize ve Trabzon (Ansin ve
Ozkan, 1993; Akkemik, 2014), Balikesir, Edremit Kazdaglar1 (Polat, 2014), Trakya ve Van (Ansin ve Ozkan, 1993;
Palazoglu Ozpay vd., 2013), Marmara Bélgesinin Y1ldiz (Istranca) Daglari ve Ergene Ovasi béliimleri (Kantarci, 1976);
Istiranca Daglar1 Demirkdy-Derekdy c¢evresi (Aydmozii, 2008), Gorele-Bilyiiktepe (1942 m) - Harsit Cay1 -
Cakmakkaya Tepesi (2473 m) arasinin Kokbiikii mahallesi ile Harsit ¢cay1 arasinda giineye bakan yamaglarin 750-1000
m rakimlarinda, Giimiishane-Kiirtiin Oriimcek Bolgesi Yiiziincii Y1l Deposu mevkiinde 800 m'lerde, Harsit Cay1 vadisi
ile Kdycegiz arasindaki kuzeye bakan yamaglarda 750 m'den itibaren, Yukar1 Kiirtiin deresi boyunca 1200 m'lerde mese
ormanlarmin hakim oldugu alanlarda alt tabaka elemani olarak, Koycegiz mahallesi - Elcigez yaylasi arasinda yaklasik
1100 m'nin iizerinde, Tirebolu'nun giineyi Ayit yaylast mevkii 1500-1750 m'lerde (Giresun), Mursan mah-Torul
arasindaki 1000 m'lik seviyelerde (Glimiishane) (Aydmnézii, 2015) varligi tespit edilmistir.

Tiirkiye Bitkileri Veri Servisi (TUBIVES)'ne gore Tiirk findig, grid sistemine dayali olarak A2, A3, A4, A5 ve
B3'te (Sekil 1); il olarak ise Istanbul, Diizce, Kastamonu, Amasya, Ankara, Eskisehir ve Sinop illerinde dogal yay1lis
gostermektedir (URL-1, 2015). Oysa, gerek Kastamonu yoresindeki arazi tespitleri gerekse tiir ile ilgili literatiir
calismalarina dayali olarak yapilan degerlendirmelerde, Tiirk findiginin daha genis bir dogal yayilisa sahip oldugu tespit
edilmistir (Sekil 2).

T )

Sekil 1. TUBIVES'e gére Tiirk findig1 (Corylus colurna L.)’nin dogal yayilis sahasi

Tiiriin, il bazinda dogal yayilis1 dikkate alinarak gelistirilen yeni harita ile Tiirk findiginin Grid Sistemine gore;
Al, A2, A3, A4, A5, A7, A8, B1, B2, B3, B4 ve B9'da mevcut oldugu Sekil 2°de goriilmektedir.
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Sekil 2. Tiirk findig1 (Corylus colurna L.)’nin il bazinda Tirkiye’deki yayilist
3.2. Tiirk findigumin Agh - Miisellimler ve Tunuslar mevkilerindeki yayilis alani ve ézellikleri

Kiire daglarinda yapilan bir survey ¢aligmasinda tespit ettigimiz Tiirk findiginin bu yeni yayilis alani; Kiire
daglar kiitlesi tizerindeki Delimehmet Dagi’nin giineybatisinda bulunan Tunuslar ve Miisellimler mevkiindeki findiklik
mahallesinin kuzeye bakan sirtlarinda ve Caygozii aymin yukari ¢igirindaki vadi kenarlaridir (Sekil 3). Kastamonu li
Agli Tlgesi miilki hudutlarindaki, Daday Orman Isletme Miidiirliigii Ballidag Orman Isletme Sefligi smirlari; 12, 13, 21
ve 22 nolu bdlmeleri igerisindeki birbirine ¢ok yakin (iki popiilasyon arast kus ugumu 1 km mesafe) iki mevkii:
Takriben 45 bireyin var oldugu Tunuslar (1290-1340 m) ve 65 bireyin var oldugu Miisellimler (1120-1160 m)
mevkileridir (Foto 1). Yaklasik 1100 metrenin iizerindeki seviyelerde ortaya ¢ikan Tiirk findiginin yayilis gdsterdigi
sahanin hakim elemanlar1 Uludag goknari ve dogu kayini olan nemli ormanlarin yayilig sahasidir. Toprak tabakasinin
cok daha kalin oldugu bu kesimde pargali topluluklar meydana getiren Tiirk findig: ile birlikte maz1 mesesi, Uludag
goknar, adi giirgen, alig, yabani erik, akgaaga¢, ardig ile birlikte karigik olarak yayilis gosterir. Boylar1 7,8-17,7 m.
arasinda, gogiis caplar1 31,2-100,3 cm arasinda olan Tiirk findig1, Tunuslar mevkiinde miinferit, kiime ve sirtlara dogru
kiigiik gruplar olusturmaktadir. Sirttan uzaklastikca seyreklesir ve diger tiirler i¢ine karisir. Populasyon, 1s1kli kapali
mescere yapisindadir. Miisellimler mevkiinde ise kdy icerisinde, koyliilerin korumasi altinda ve meyvesinden
faydalandiklari, tarla kenarlarinda miinferit bireyler halinde uzun yillardir varliklarini siirdiirmektedirler.
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Sekil 3. inceleme sahasinin Topografya haritasi
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Tiirk findiginin yayilis gosterdigi sahada hakim toprak tipi kahverengi orman topraklaridir. Genel olarak orman
oOrtlisiiniin bulundugu alanlarda gelisme gosteren, nemli-iliman iklim bdlgelerinin topraklarimdandir. Cografi yayilis
bakimindan zonal bir karakter gostermeleri nedeniyle zonal topraklar grubunda yer alir. Bu topraklar, daha ¢ok kisin
yapraklarim1 doken mese (Quercus spp.), kestane (Castanea spp.), giirgen (Carpinus spp.), ak¢aagag (Acer spp.) ve
kayin (Fagus spp.) gibi yayvan yaprakli orman ortiisii altinda 600 mm'den 1200 mm'ye varan yagis kosullarinda gelisir.
Iyi drenaj sartlarina sahip, kahverengi orman topraklari, yiiksek kireg iceren ana madde iizerinde olusmustur. Su tutma
kapasiteleri yiiksek olan bu topraklar kirecli sistler, gnays, kil, marn ve kalkerler iizerinde olusmuslardir (Anonim,
1972).

Inceleme sahasinda kahverengi orman topraklari; kuzeyde kiyidan itibaren 1000-1500 m. yiikseklikler
arasindaki platolar tizerinde yayilis gosterir. Kahverengi orman topraklari, inceleme sahasint dogu-bati istikametinde
kat eden Kiire daglari iizerinde yayilmistir. Yagislarmn kiitlenin kuzey kesimlerinde fazla, giineyinde az olmasi buralarda
gelisen orman formasyonunu da etkilemis kuzeye ac¢ik kesimlerde nemli, giineye acik kesimlerde de kuru ormanlarin
gelismesine imkan vermistir. Nemli ormanlar sahanin biiyiik bir kismini1 kaplar ve hakim elemanlar1 Uludag goknari,
dogu kayini, Istranca mesesi ve Sapsiz mese'dir (Anonim, 1972).

Kapladiklar1 alan bakimindan inceleme bdélgesinin ikinci toprak tipini kiregsiz kahverengi orman topraklari
olusturur. Sahada kahverengi orman topraklarinin giineyinde 6zellikle 1000-1500 m’ler arasindaki tepelik ve daglik
sahalarda, egimlerin dik oldugu yerlerde goriilen bu topraklar birbirinden kesin smurlarla ayrilan A, B, C profillerine
sahip zonal topraklardir. Bu topraklarin yayildigi baslica alanlar; Devrekani ¢aymin giineyinden baslayarak, Ballidag
tepe, Hacinin goleci, tepenin kuzeyindeki saha ile Delimehmet Dagmin batisinda kalan kesim tiimiiyle bu toprak tipi
hakimdir. Sahada kiregsiz kahverengi orman topraklari lizerinde, hakim eleman1 Abies bornmuelleriana, Pinus silvestris
ve Fagus orientalis olan nemli ormanlar yayilis gosterir. Inceleme sahasinda iiiincii derecede yaygm olan toprak
tirtinli, kirmizi-sar1 podzolik topraklar olusturur. Yiiksek yagis ve dolayisiyla yogun yikanma kosullar altinda kiy1
kesiminde olugsmuslardir. Bu topraklarin podzolik topraklar grubu altinda toplanmalarmin temel sebebi ise pH
derecelerinin ¢ok diisiik olmasidir (Anonim, 1972).

Tiirk findig1 populasyonun yer aldigi sahanin igerisinde yer aldigi Kiire daglariin jeolojik yapisi oldukg¢a
sadedir. Bu daglarin yapisinda en genis yeri tutan formasyon, Ust Kretase flisi’dir. Ust Kretase flis ve kalkerlerinden
olugsmus bu ana kiitleyi, kuzeyde ve giineyde daglarin uzanigina paralel Eosen yasli seriler ¢evreler. Eosen serisi Kretase
kadar devamlilik gostermez (Akkan, 1975).

Kiire Daglart kiitlesi, Devrekani ¢aymin kollar1 tarafindan derince parcalanmistir. Ballidag'in kuzeyinde,
Devrekani deresinin kat etmekte oldugu, Devrekani platosu olarak adlandirilan yiikseltisi 1000 m'yi asan ve bunlarin
arasindaki tepelik sahalardan ibaret, plato alanlarinin daha az yer kapladiklarin1 gostermektedir. Miisellimler
mevkiindeki gen kaynagini olusturan poligon (Nokta 1: 54 12 18. 301 - 46 09 368. 022; Nokta 2: 54 15 91. 879-46 09
706.795; Nokta 3: 54 21 45. 803 - 46 09 742. 281; Nokta 4: 54 28 23. 238 - 46 10 017. 330; Nokta 5: 54 27 26. 461 - 46
09 645. 505; Nokta 6: 54 20 50. 285 - 46 09 302. 853; Nokta 7: 54 15 31.701 - 46 09 263.166) ile Tunuslar mevkiindeki
poligon (Nokta 1: 54 31 48. 309 - 46 09 001. 228; Nokta 2: 54 32 46. 205 - 46 08 929-790; Nokta 3: 54 32 83. 246 - 46
08 768. 394; Nokta 4: 54 31 58.892 - 46 08 548. 789; Nokta 5: 54 30 34. 537 - 46 08 495. 873; Nokta 6: 54 29 12.829 -
46 08 620.227; Nokta 7: 54 28 94.308 - 46 08 792.207; Nokta 8:54 29 68. 391 - 46 08 969. 478) Sckil 4’de
goriilmektedir.

Sekil 4. Tiirk findig1 populasyonlarinin Mescere Tipi Haritasi lizerindeki lokasyonlari

Sezgin AYAN et al., Turkish Filbert (Corylus colurna L.) a new distribution area in Northwestern Anatolia Forests: (Provinces of Miisellimler,
Tunuslar in Agh, Kastamonu/Turkey)



Biological Diversity and Conservation — 9/ 1 (2016) 133

Fotograf 1. Farkli mevsimlerde Tunuslar ve Miisellimler mVileindeTﬁrk ﬁndgl bireylerine ait drnekler (Foto: C.
KELES)
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4. Sonuglar ve tartisma

Aragtirmaya konu olan Tiirk findig1 (Corylus colurna L.) populasyonlari, Kastamonu Ili Agh Ilgesi miilki
hudutlarinda, Daday Orman Isletme Miidiirliigii Ballidag Orman Isletme Sefligi smirlar1 icerisindeki, birbirine gok
yakin iki mevkii olan Tunuslar (1290-1340 m) ve Miisellimler arasindaki tepelik alanda; boylar1 7,8-17,7 m. arasinda ve
g0giis gaplar1 31,2-100,3 cm arasinda; miinferit, kiime ve kii¢iik gruplar halinde, pargali bir yayilis gostermektedir.

Tirk findigi, Tirkiye gen merkezli ve Tirkiye'den tim diinyaya yayilmig, en yogun yayilisini yaptigi Bati
Karadeniz Bolgesi dahil Tiirkiye'de dogal olarak mevcut oldugu biitiin yetisme ortamlarinda ¢ok kiigiik populasyonlar
hatta miinferit olarak varligini temsil etmesi nedeniyle genetik rezerv olarak iizerinde 6nemle durulmas: gereken bir
taksondur. Bu arastirma kapsaminda bilim camiasina tanitilmaya calisilan; Agh - Tunuslar populasyonu "Gen Koruma
Ormani" aday mesceresi olarak tarafimizdan Orman Agaglar1 ve Tohumlart Islah Arastirma Enstitlisiine tescili
yapilmak tizere onerilmistir. Halen Tiirkiye'de toplam ii¢ adet Gen Koruma Ormaninin segilmis olmasi (URL-2, 2015)
ve segilen bu populasyonlarin Tiirk findiginin en yogun yayilisint yaptig1 Bat1 Karadeniz Bolgesi disindaki yorelerde
olmasi sebebiyle Agli-Tunuslar populasyonunun genetik rezerv olarak énemini daha da artirmaktadir.

Tirk findig1, kanaatkdr bir tiir olmast nedeniyle kayalik-taslik yerlerde, kaya catlaklarinin yogun oldugu
karstik alanlarda ya da sig topraklarda varligini siirdiirebilmesi, kurakliga, hava kirligine ve 6zellikle eksoz gazlarina
dayanikli olmasi, odun kalite yiliksekliginin yan1 sira meyvelerinin odun dis1 iiriin olarak degerlendirilebilmesi ve kirsal
fakirlige karsi yerel halk icin ekonomik deger ifade etmesi, egimli yerlerin stabilizasyonu i¢in uygun ve estetik
ozellikleri nedeniyle; estetik amagli ve erozyon alanlarinin agaglandirilmasinda ayrica, iklim degisimine karsi uyum
saglama kabiliyeti yiiksek olmasi sayesinde agaglandirmalarda daha yogun tercih edilmesi gereken bir tiirdiir..

Tesekkiir
Bu ¢alisma, Kastamonu Universitesi BAP-01/2013-59 nolu proje kapsaminda desteklenmistir.
Kaynaklar

Akkan, E. 1975. Sinop Yarimadasinin Jeomorfolojisi, A. U. Dil ve Tarih Cografya Fak. Yay. No: 261, Ankara.

Akkemik, U. (Editér) 2014. Tiirkiye’nin Dogal-Egzotik Agag¢ ve Calilari. 1. Orman Genel Miidiirliigii Yaynlari,
Ankara.736 s.

Akhtar, P., Ali, M., Sharma, M.P., Waris, Md., Hasan, H., Ali, B., Chaudhary, N., Khan, M., Ali, A., Najib, S.,
Farooqi, H., Khan, H. N. 2010. Development of Quality Standards of Corylus colurna (Linn.) Fruit, Journal of
Ecobiotechnology 2/9: 14-20.

Anonim, 1972. Bati Karadeniz Havzasi Topraklar1 Koy Isleri Bakanhigi yayinlari Toprak Su Genel Miidiirliigii
Yaymlari: 189-273, s. 66, Ankara.

Ansin, R., Ozkan, Z. C. 1993. Tohumlu Bitkiler Odunsu Taksonlar, KTU Genel Yayin No:167, Orman Fak., Yayin
No.19, KTU Basimevi, Trabzon.

Arslan, M., Kiling, 1., Vural M. 2013. Flora of Kale-Bolu Findig1 (Turkey) Nature Protection Area, Biological Diversity
and Conservation, s 6/3:107-119.

Arslan, M. 2005. Bati Karadeniz Boélgesindeki Tirk Findigi (Corylus colurna L.) populasyonlarinin Ekolojik ve
Silvikiiltiirel Yonden Incelenmesi, Abant izzet Baysal Universitesi, Yiiksek Lisans Tezi, Diizce.

Aydmoglu, A. C. 2010. Examining environmental condition on the growthareas of Turkish hazelnut (Corylus colurna
L.), African Journal of Biotechnology Vol. 9 (39), pp. 6492-6502.

Aydmézii, D. 2004. Kasnak Mesesi (Quercus vulcanica (Boiss. and Heldr. Ex. Kotschy) nin Tiirkiye’deki ikinci Bir
yayilis Alan1, Marmara Cografya Dergisi, S.9:89-96, Istanbul.

Aydmézii, D. 2008. Avrupa Kaym (Fagus sylvatica)’nin Yildiz Istranca Daglarindaki Yayilis Alanlari, istanbul
Universitesi Cografya Dergisi, S.17:46-56, istanbul.

Aydinézii, D. 2015. Ségiitliidere Harsitcayr Arasmin Bitki Ortiisii (Dogu Karadeniz Boliimii) Toére Basim-Kitap
Kirtasiye, s. 200, ISBN, 978-605-65-695-0-0, Kastamonu

Davis, P. H. 1982. Flora of Turkey and East Argean Island. Vol VI1.P.685, Edinburg.

Demirtas, A. 2003. Oguzlar Ilgesi’ndeki Kavak Dagi’nda Dogal Tiirk Findig1 Toplulugu, Kirsal Cevre ve Ormancilik
Sorunlar1 Arastirma Dernegi, Kirsal Cevre Yilligi 2003, 25-31, Ankara.

Geng, M., Giiner, S.T., Giilci, S. ve Fakir, H. 1998. Afyon Deregine Tiirk Findig1 Biikii, Orman ve Av Dergisi, C.74,
S.6, 13-19, Ankara.

Irmak, A., Giilgur F. 1974. Dogu Karadeniz Boélgesindeki Findigin yapraklarindaki besin elementi konsantrasyonlart ile
yetismekte oldugu topraklarin bazi fiziksel ve kimyasal 6zellikleri lizerine arastirmalar. Orm. Fak. Dergisi: A-11.
Islam A, Ozgiiven A.L, Eti S. 2004. Findigin ddllenme biyolojisi ve meyve dzellikleri. 3. Milli Findik Surasi, 10-14

Ekim, 2004, 5.495-498, Giresun

Islam, A. 1998. Dogu Karadeniz Bélgesi’nde Findik Tarimi Dogu Karadeniz Bélgesi Tarimsal Sosyo-Ekonomik

Sorunlari ve Céziim Yollari Sem. TZYMB Yay. Bildiriler Kitab1 82-92.

Sezgin AYAN et al., Turkish Filbert (Corylus colurna L.) a new distribution area in Northwestern Anatolia Forests: (Provinces of Miisellimler,
Tunuslar in Agh, Kastamonu/Turkey)



Biological Diversity and Conservation — 9 /1 (2016) 135

Kantarci, M.D. 1976. Trakya Ormanlarmin Bélgesel Orman Yetistirme Muhiti Ozelliklerine Gére Dogal Agac ve Cali
Tiirleri ile Simiflandiriimast. istanbul Universitesi Orman Fakiiltesi Dergisi, S.XXVI-A/II, istanbul.

Kargioglu, M. 2003. The Flora of Ahirdagi (Afyonkarahisar) and Its Environs, Turk J. Bot. 27 357-381, Ankara.

Oren, M., Uyar, G., Keceli, T. 2012. The bryophyte flora of the western part of the Kiire Mountains (Bartin,
Kastamonu), Turkey. Turk J Bot 36:538-557.

Ozen, M. D., Ozbek, M.U., Vural, M. 2013. Flora of Armutlugayir (Kastamonu/Turkey) Biological Diversity and
Conservation, s 6/1:22-31.

Palashev, I, Nikolov, V. 1979. The distribution, ecology and biological features of Corylus colurna in Bulgaria.
Gorskostopanska-Nauka, 16: 5, 26-42; 21 ref.

Palazoglu Ozpay, Z, Arslan, M., Tosun, S. 2013. Bat1 Karadeniz Bolgesi’nde Tiirk Findigi (Corylus colurna L.)’nin Ex-
situ Yontemiyle Korunmaya Alinmasi ve Populasyonlarda Genetik Cesitliligin Arastirilmasi. Bati Karadeniz
Ormancilik Arastirma Enstitiisii Midiirliigii, Teknik Biilten No:18, Bolu.

Polat, S. 2014. Tiirk Findig1 (Corylus colurna L.)’nin Tiirkiye’deki yeni bir yayilig alani, Marmara Cografya Dergisi, S.
29,136-149, Istanbul.

Saribag, M., Kaplan, A. 2008. Contribution on the flora of Zonguldak/Turkey, Biological Diversity and Conservation,
1(1) 40-65.

Tosun, S. 2012. Cadde (Yol) Agaci Olarak Amerika’da ve Avrupa’da Popiilerlesen Tiirk Findig1 (Corylus colurna L.),
Orman ve Av Dergisi, S.3, 22-25, Ankara.

URL-1, 2015. “TUBIVES” adli Tiirk Flora veritabani (http://www.tubitak.gov.tr/tubives/), Erisim Tarihi: 13 Aralik
2015.

URL-2, 2015. http://ortohum.ogm.gov.tr/Sayfalar/Islah-Tesisleri.aspx, Erisim Tarihi: 15 Aralik 2015.

Yaltirik, F. 1982. The Genus Corylus L. in Flora Turkey. Vol 7, p: 685-688, Edinburg.

Yaltirik, F., Efe, A. 2000. Dendroloji Ders Kitabi Gymnospermae-Angiospermae. (Orman Endiistrisi Mithendisligi
Béliimii Ogrencileri Igin) I1. Baski, Istanbul.

Yaltirik, F. 1993. Dendroloji Ders Kitab1 II. Angiospermae (Kapali Tohumlular), istanbul.

Yilmaz, A. 1998. Tiirkiye'de findik ziraatinin plansiz gelisimi ve sonuglari. Ondokuz Mayis Universitesi Egitim
Fakiiltesi Dergisi, 11:101-114.

(Received for publication 24 December 2015; The date of publication 15 April 2016)

Sezgin AYAN et al., Turkish Filbert (Corylus colurna L.) a new distribution area in Northwestern Anatolia Forests: (Provinces of Miisellimler,
Tunuslar in Agh, Kastamonu/Turkey)



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online; ISSN 1308-5301 Print 9/1 (2016) 136-142

Research article/Arastirma makalesi

Research of affiliation between virulence and cell size of different Tilletia foetida Isolates By SEM analysis
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Abstract

Common bunt is a fungus causing serious yield loss in wheat farming at the world and Turkey. Especially,
Tilletia foetida ve Tilletia caries species cause to this disease in Turkey. The disease infect and separate via exploding
of wheat seed carrying common bunt spores in harvest time. There isn’t any a detailed scanning electron microscope
(SEM)’s working about comparison of different populations of T. foetida until today. In this study, SEM analysis of 13
different T. foetida isolates that have different pathogenicity against same wheat variety (Heinles V1) was performed.
An isolate of T. caries was also analyzed for showing of morphological diversity between two species. In addition,
SEM data with pathogenicity rates of these 13 isolates from different locations and hosts were compared and a possible
correlation was analyzed.

Key words: common bunt, Tilletia foetida, SEM analysis, pathogenicity

%

Farkh Tilletia foetida izolatlarimin SEM analizi ile viriilans ve hiicre boyutlar: arasindaki iliskinin arastiriimasi

Ozet

Siirme, Tiirkiye ve diinyada bugday tariminda ciddi verim kaybina neden olan bir mantardir. Tiirkiye’de bu
hastaliga baglica Tilletia foetida ve Tilletia caries tiirleri neden olmaktadir. Hastalik, hasat zamaninda siirme sporlarini
tastyan bugday tanelerinin patlamasi yoluyla bulagsmakta ve yayilmaktadir. Giiniimiize kadar T. foetida’nin farkl
popiilasyonlarinin  karsilastirilmasina  yonelik detayli bir taramali elektron mikroskobu (SEM) c¢alismasi
bulunmamaktadir. Bu ¢alismada, ayni bugday cesidine (Heinles VI) kars1 farkli oranlarda patojeniteye sahip olduklari
goriilen 13 farkli T. foetida izolatinin SEM analizi yapilmustir. iki tiir arasindaki morfolojik farkliligi gdstermek
amaciyla T caries’e ait bir izolatin da analizi ger¢eklestirilmistir. Calismada ayrica, farkl lokalite ve konakgilardan
izole edilen bu 13 izolatin patojenite oranlar1 ile SEM verileri karsilagtirilmig ve aralarinda olas1 bir korelasyon olup
olmadig analiz edilmistir.

Anahtar kelimeler: siirme, Tilletia foetida, SEM analizi, patojenite
1. Giris

Sitirme, Anadolu’da halk arasinda Koér, Karamuk ve Karadogu gibi isimlerle bilinen (Tuncel, 2006; Erarslan,
2007) ve tiim diinyada 6nemli verim kayiplarina neden olan bir hububat hastaligidir. Ulkemizde bu hastaliga baslica iki
mantar tiirii Tilletia caries (Bjerk.) Wint. (syn. T. tiritici (DC) Tul) ve T. foetida Kuhn (syn. T. levis, T. laevis (Wallr.)
Liro, T. foetens (Berk. & Curt.) Schoert.) sebebiyet vermektedir (Eibel vd,. 2005; Gang ve Weber, 1996). Cesitli Tilletia
tiirlerinin sebep oldugu hastalik Ingiltere, Kanada, Amerika Birlesik Devletleri, Kuzey Afrika ve Kuzey Asya gibi
bolgeler basta olmak iizere tiim diinyada goriilmektedir (Matanguihan ve Jones, 2011). Diinya genelinde en yaygin olan
stirme etmeni T. caries olmasima ragmen, (Ingold, 1997). Tirkiye’de yapilan arastirmalara gore T. foetida 'min % 95
oraninda en baskin tiir oldugu tespit edilmistir (Akan, 2008; Ozkan ve Damgaci, 1985). T. foetida iilkemizin tiim
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bolgelerinde yayilis gosterirken, Tiirkiye’de % 5 oraninda yayilis gosteren T. caries sadece Giineydogu Anadolu
bolgesinde goriillmektedir (Akan, 2008). Hastalik, bulagik tohumlarin ekilmesiyle yayilmaktadir. Hastaligimin
bulagsmasindaki en 6nemli faktdr, kor adi verilen hastalikli tanelerdeki sporlarin hasat zaman patlayarak saglikli
tohumlara ulagmasidir (Nagy ve Moldovan, 2007). Siirme etmenine ait sporlardan gelisen hifler, yetismekte olan
bugday fideciklerine koleoptil'den girerler ve intraselliiler olarak yayilarak etki ederler (Agrios, 1997; Umay, 2015).
Hastalikli bir bugday basaginda yaklasik 150 milyon siirme sporu bulmaktadir ve bunlar ortalama 3 milyon saglikli
tohumu kontamine etmektedir (Koprivica vd., 2004). Hastalikla miicadelede kimyasal tarim ilaci kullaniminin yaninda,
son yillarda dayanikli ¢esitlerin 1slah1 ve gelistirilmesi de dnem kazanmaktadir. Bt (Btl - Btl5) adi verilen direng
genleri iceren bugday cesitlerinin molekiiler yontemlerle desteklenen islah c¢aligmalart ile g¢ogaltilmasi, bugday
iiretiminde ekonomik olmayan ve olumsuz cevresel etkileri olan tarim ilaglarinin kullaniminin azaltilmasina katki
saglamaktadir.

Iki tiiriin yasam dongiileri, cogalma gereksinimleri ve hastalik yapma etkileri birbirine benzemesine ragmen,
mikroskopla bakildiginda teliospor sekillerinin morfolojik olarak birbirinden farkli oldugu goriilmektedir. Bu iki tiiriin
smiflandirilmasindaki en belirgin morfolojik fark; T. foetida’nin diiz hiicre duvarina sahipken, T. caries’in ags1 hiicre
duvarina sahip olmasidir (Matanguihan ve Jones, 2011; Shi vd., 1996).

Bugiine kadar siirme hastalig1 ile ilgili bircok ¢alismada teshis igin tiiriin teliospor morfolojisi, sorus rengi ve
sekli, teliosporun ¢imlenme kosullari, ve patojenite degerleri gibi fenotipik 6zellikler belirteg olarak kullanilmistir (Shi
vd., 1996). Giiniimiize kadar farkli T. foetida izolat veya popiilasyonlar ile ilgili detayli bir elektron mikroskobu
calismasi bulunmamaktadir. Bu ¢alismada, iilkemizde siirme hastaligina sebep olan T. foetidamin Taramali Elektron
Mikroskobu (Scanning Electron Microscope) ile morfolojik olarak incelemesi yapilmis farkli izolatlara ait spor
boyutlariin hastalik yapma dereceleri ile baglantili olup olmadigi, korelasyon analizi yapilarak arastirilmistir.

2. Materyal ve yontem
2.1 Mantar ornekleri
Calismada, Gegit Kugag1 Tarimsal Aragtirma Enstitiisiinden temin edilmis, farkli lokalite ve konakgilardan elde

edilen 13 T. foetida izolati ile 1 T. caries izolat1 kullanilmigtir (Tablo 1).

Tablo 1. Calismada kullanilan Tilletia izolatlar1, cografi orijinleri ve izole edildikleri konakgilar.

izolat No Tiir Cografik Orijin Konaég;i]zlilgday
izolat 1 T. foetida Tozman Yaylas: Diiden Mevkii Kirkambar Awnless
izolat 2 T. caries Tozman Yaylasi Diiden Mevkii Kirkambar Awnless
izolat 3 T. foetida Tozman Yaylasi Diiden Mevkii Kirkambar Awnless
Izolat 4 T. foetida Tozman Yaylast Diidden Mevkii Kirgiz
izolat 5 T. foetida Tozman Yaylast Diiden Mevkii Kirgiz
izolat 6 T. foetida Tozman Yaylast Diidden Mevkii Kirgiz
izolat 7 T. foetida Kavacik Koyii Gerek-kirgiz-A
Izolat 8 T. foetida Kavacik Koyt Gerek-kirgiz-A
izolat 9 T. foetida Kavacik Koyii Gerek-kirgiz-A
izolat 10 T. foetida Kavacik Koyt Gerek-kirgiz-B
Izolat 11 T. foetida Kavacik Koyt Gerek-kirgiz-B
izolat 12 T. foetida Kavacik Koyt Gerek-kirgiz-B
izolat 13 T. foetida Tozman Yaylasi Diiden Mevkii Katea
Izolat 14 T. foetida Gegit Kusagi Tarimsal Arastirma Gerek
Enstitiisii
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Ornekler, hastalikli konakgilar1 olan ekmeklik bugday taneleri ile birlikte temin edilmis ve ¢aligmalarda
kullanilmak {izere bu taneler kullanilmigtir. Hastalikli tanelerden siirme sporlari, her bir basagin igindeki sporlu tane
ayri ayr kirilarak ve sadece siirme sporlart kalana kadar bugdayin kavuz kismi uzaklastirilarak elde edilmistir (Sekil 1).
Hastalik yapma dereceleri, siirme hastaligina direng geni icermedigi bilinen Heinles VI bugday cesidinde, tarla
¢alismalart sonucu elde edilen veriler ile saglanmustir.

Sekil 1. Tilletia sp. izolatlarinin spor gériintiileri.
2.2 SEM analizi

T. foetida ve T. caries’e ait tiim orneklerin SEM goriintiileri, Bilecik Seyh Edebali Universitesi Merkezi
Aragtirma Laboratuvarlarinda (MARAL) fotograflanmistir. Siirme sporlarina ait her bir izolatin ayri ayr1 100X, 1000X,
2500X, 5000X ve 10.000X biiylitmede goriintiileri elde edilmis ve bu goriintiiler kullanilarak sporlarin morfolojik
analizleri gerceklestirilmistir. Sporlara ait hiicresel boyut 6l¢timleri, her bilyiitme oram igin biiylitme oranina bagl
cihaza ait 6l¢eklendirme sistemi kullanilarak gergeklestirilmis.

2.3 Etmenin patojenisitesini (Hastaltk Oranlarini) belirlemek i¢in Heines VIl bugday ¢esidinin ekilmesi

Heines VII bugday ¢esidinin siirme hastalik oranlarinin belirlenmesi igin yapilan denemeler 2011-2012
yillarinda Eskisehir Gegit Kusag1 Tarimsal Arastirma Enstitiisii tarlalarinda yapilmistir. Heines VII bugday ¢esidi 1m X
1m boyutlarindaki parsellere, sira aras1 30 cm ve bloklar arasinda 50 cm mesafe kalacak sekilde ekilmistir.

2.4 Verilerin istatistik analizi

Her bir izolattan 50 spor hiicresinin 6l¢limii yapilmistir. Hiicre ebatlarina ait 6l¢iim degerlerin aritmetik
ortalamalar1 almmustir. Orneklerin ebatlarm birebir karsilastirmak amaciyla 10000X biiyiitmede cihazin &lgiim
programi kullanilmigtir. Elde edilen veriler, her bir izolata ait hastalik yapma oranlari ile karsilastirilmistir. Bu
karsilagtirmalardaki korelasyon analiz hesaplamalar1 SAS (1987) paket programi kullanilarak yapilmistir.

3. Bulgular
3.1 SEM analizi

Stirme sporlarina ait her bir izolatin 100X, 1000X, 2500X, 5000X ve 10.000X biiyiitmede goriintiileri elde
edilmistir (Sekil 2). Spor drneklerinin dlglimlerinde, 10000X biiylitmede cihaza ait software yardimi ile 6l¢iim degerleri
fotograflanmigtir (Sekil 3). T. foetida ve T. caries’e ait 6rnekler incelenip karsilastirildiginda; T. foetida izolatlarinin
tamaminin diiz hiicre duvarina sahip olduklari, kiire ve oval seklinde olmasima karsin T. caries’e ait 6rnegin daha ¢ok
kiiremsi ve golf topu seklinde karakteristik bir goriiniime sahip oldugu goriilmiistiir. 100X’1ik bilyiitmede ayrimin
miimkiin olmadigi, ancak 1000X’lik bilyiitmede belirgin olarak farkliligin gézlemlenebildigi tespit edilmistir.
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3.2 Verilerin istatistik analizi

T. foetida ve T. caries’e ait spor 6rneklerinin hiicre boyutlarinin aritmatik ortalamalar1 ve ¢alismada Heines VII
bugday cesidi iizerinde tarla verilerinden elde edilen hastalik yapma oranlart Tablo 2’de karsilastirmali olarak
gOsterilmistir.

Calismada elde edilen ve tabloda da karsilastirmali olarak gdsterilen veriler géz 6niine alinarak yapilan pearson
korelasyon analiz sonucunda, Ortalama Hiicre Boyutlar1 (um) degiskeni ile Hastalik Yapma Orani (%) degiskeni
arasinda pozitif dogrusal bir iliski s6z konusudur (P<0.05). Yani yukarda s6zii gecen iki degisken arasindaki P degeri
0.0114 olarak bulunmustur. Iki degisken arasindaki korelasyon katsayisi (r) ise 0.67452 olarak elde edilmistir. Bu
istatistiksel sonuglar dogrultusunda T. foetida'nin tiim izolatlar1 i¢in verilerin anlamli oldugu gézlenmistir.

Tablo 2. T. foetida ve T. caries e ait izolatlarina ait hiicre boyutlar1 ve hastalik yapma oranlari.

. .. Ortalama Hiicre Hastalik Yapma Oram

Izolat No Tir Boyutlar (ul) (0/5
Izolat 1 T. foetida 13,470 33
Izolat 2 T. caries 15,955 66
izolat 3 T. foetida 14,205 88
Izolat 4 T. foetida 13,514 54
izolat 5 T. foetida 13,235 64
Izolat 6 T. foetida 14,411 73
Izolat 7 T. foetida 14,882 86
Izolat 8 T. foetida 14,514 85
Izolat 9 T. foetida 14,088 86
Izolat 10 T. foetida 14,338 81
Izolat 11 T. foetida 13,264 78
Izolat 12 T. foetida 14,764 93
Izolat 13 T. foetida 14,441 78
izolat 14 T. foetida 14,117 76

4. Sonuglar ve tartisma

Hastalikla miicadelede genisleyen ¢evre bilinci, hastaliklara karsit dayanikli ¢esit gelistirme ve organik tarima
kars1 artan ilgi, kimyasal tarim ilaglarinin kullaniminin azalmasina ve alternatif miicadele yontemlerinin gelistirilmesine
yol agmustir (Josefsen ve Christiansen, 2002). Giiniimiizde patojenlerin teshis edilmesinde ve tanimlanmasinda
mikroorganizmalarin SEM analizlerinin yapilmas: énemli bir yer tutmaktadir.

Tilletia sp. ile ilgili ilk SEM analizleri 1968 yilinda mantar sporlarinin yiizeyleri ile ilgili bilgi edinmek
amaciyla bir grup mantar ornedi arasinda yer alan T. caries ile baslamigtir (Mosse ve Jones, 1968). 1998 yilinda
Aggarwal ve ark. tarafindan siirme patojenlerinin tespiti amaciyla yapilan SEM ve 151k mikroskobu analizleri i¢inde T.
foetida’ya ait bir SEM goériintiisiine yer verilmistir (Aggarwal vd., 1998). Giinlimiize kadar diinyanin bir¢ok yerinde
farkl Tilletia tiiriinin 151k mikroskobu ve SEM kullanilarak; hem karakterizasyon hem de spor ¢imlenme 6zelliklerinin
belirlenmesine yonelik ¢aligmalar yapilmustir. 1977 yilinda T. controversa (Trione ve Krygier, 1977), 1995 yilinda T.
hyalospora (Ingold, 1995), 1997 yilinda T. opaca, T. sumati (Ingold, 1997a), ve T. caries (Ingold, 1997), 1998 yilinda
Tilletia goloskokovii, T separata, T menieri ve T sphaerococc (Boyd, 1998), 1999 yiulinda T. walkei T. indica T.
eragrostidis T. horrida ve T. lolii (Castlebury ve Carris, 1999), 2006 yilinda T. indica ve T. borrida (Carris vd., 2006),
2007 yilinda T. vankyi (Carris vd., 2007), 2009 yilinda T. mauritiana (Piatek, 2009), T. pseudoraphidis, T. majuscule ve
T. sehimicola (Shivas ve McTaggart, 2009), 2014 yilinda T. mactaggartii, T. geeringii ve T. marjaniae ( Li, 2014)
tiirlerinin morfolojik analizleri ve ¢cimlenme sekilleri izerine ¢calismalarin oldugu goériilmektedir.

Ulkemizde, Tuncel 2006 da yaptig1 tez ¢alismasinda Tilletia sp. sporlarmin ayr1 ayr1 preparatlarini hazirlayarak
151k mikroskobunda 1000x biiylitmede teliospor ¢eperlerinin yiizey striiktiiriinii incelemis ve 7. foetida nin sporlariin
kahverengi, kiiremsi, elipsoidal ve ¢eperinin diizensiz oldugunu; T. caries' in ise sporlarinin sar1 kahverenginden koyu
yesile kadar degisen renkte oldugunu ve hiicre ¢eperlerinin 5-6 koseli bal renginde oldugunu belirlemistir (Matanguihan
ve Jones, 2011). 2015 yilinda Albughobeish ve Jorf tarafindan iran’da yapilan bir arastirmada T. foetida (leavis) ve T.
caries’den sadece birer izolata ait sporlarin SEM goriintiisii yayinlanmis, ancak hiicresel boyutlar1 hakkinda bilgi
verilmemistir (Albughobeish, 2015). T. foetida’ya ait ilk SEM bilgisi 1998 yilinda 22.5 pm olgiilerinde olduguna dair
tek bir izolata ait verilerdir (Aggarwal vd., 1998).
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Sekil 2. T. foetida ve T. caries’e ait sporlarm 100X, 1000X, 2500X, 5000X ve 10.000X biiyitmede gorintiileri. a:T.
foetida izolat 1’e ait 6rnek, b: T. caries’e ait izolat 2 drnegi.
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Sekﬁ T. foetida ve T. caries’e ait sporle;ri; 10.000X biiyiitmede tek bireye ait goriinti ve 6lgiileri. a: T. caries izolat-2,
b-i: T. foetida izolat 3-14. izolatlar

Bu calismada ilk kez T. foetida’ya ait 13 farkli izolat ve sporlarin SEM goriintiileri ve hiicresel boyutlariin
Olgtimii gerceklestirilmistir. Ayrica karsilagtirma amaciyla T. caries’e ait bir izolatin da SEM analizi yapilmustir. T.
caries’e ait 6rnegin morfolojik olarak ¢ok net bir sekilde T. foetida’dan ayrildigi, ancak bu ayrimin sadece 1000x ve
tizeri biylitmelerde goézlemlenebildigi goriilmiistiir. Her bir izolata ait 50 sporun hiicresel boyutlarinin ortalama
degerleri Tablo 2’de verilmis ve bu izolatlarin hastalik yapma (patojenite) dereceleri ile kargilagtirilmistir. Yapilan
korelasyon analizi sonucunda T. foetida sporlarin hiicresel boyutlarinin bityiikliigii ile patojenite oranlari arasinda
paralellik oldugu tespit edilmistir (Tablo 2). T. foetida nin hiicre biiyiikliigii arttik¢a buna paralel olarak hastalik yapma
yani patojenitede derecelerinin de yiikseldigi goriilmiistiir. Bu durum, 14 izolattan 13’tinde net olarak goriilmekte ve
elde edilen sonucu desteklemektedir.

T. foetida izolatlarinin fenotipik karakterizasyonundan elde edilen bu veriler ve izolatlarin patojenisite oranlari
ile birlikte degerlendirilerek kullanilmasi, siirmeye dayanikli bugday gesitlerinin 1slah ¢aligmalarinda, hem zaman hem
de is giicii ve ekonomik anlamda 6nemli bir katk: saglayacaktir.
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Abstract

Landscape has been referred to ecologically as a patch-corridor-matrix. Road corridors are not only significant
in contributing to the urban landscape, but are also of great importance from an ecological point of view. Under
pressure from increasing urban population, the density of urban open green areas is diminishing. In urban spaces,
plantings along roadside corridors provide a very important positive effect on this density. The main objectives of this
study were to identify the morphological changes in some deciduous roadside trees, and to use images of urban roadside
plantings of different species, ages and seasonal change potential to identify the visual effects they had on urban
motorists. In order to realize these aims, firstly, a number of deciduous trees were observed over a six-year period to
determine their morphological changes. Secondly, seasonal changes of Platanus orientalis L. (oriental plane), Aesculus
hippocastanum L. (horse chestnut), Liriodendron tulipifera L. (tulip poplar) and Acer negundo L. (boxelder maple)
along urban roadsides were photographed over each of the six years. These images were then subjected to a preliminary
survey in order to evaluate the questionnaire. The survey itself was conducted in two stages. In the first stage, the
images of the trees were evaluated according to the years in order to determine visual preference levels. In the second
stage, they were assessed according to seasonal changes in order to define visual quality levels. Consequently, the
preference and visual quality levels of the images of the roadside trees as they affected urban motorists were identified
and the phenological changes of the trees were determined.

Key words: plant phenology, visual determinations, roadside plantings, deciduous trees
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Kentsel alanlardaki yaprak doken bazi yol agaclarimin fenolojik ve gorsel acidan degerlendirilmesi

Ozet

Peyzaj ekolojik olarak leke-matris-koridor kavramalarinin referansi ile ifade edilir. Yol koridorlar1 kentsel
ortamlarin sadece ekoljik degil ayn1 zamanda gorsel durumun da katki saglayan 6nemli kentsel yapilardir. Kentler artan
niifiis bakimindan agik ve yesil alanlarin siklig1 yoniinden baski altindadir. Yol kenari bitkilendirmeleri bu siklik
iizerinde olumlu yonde 6nemli katilar saglamaktadir. Bu ¢alismanin temel amaci; yol kenarindaki baz1 yaprak doken
bitkilerin morfolojik degisimlerinin neler olduklarini belirlemek ve bu agaglarin yolu kullananlar iizerindeki gorsel
etkilerini mevsimsel degisim ve yaglara gore degisim yoniinden ele almaktir. Bu amaclarin gergeklestirilmesi i¢in; ilk
asamada morfolojik degisimlerini belirlemek icin bu agaglar alt1 y1l boyunca gozlemlenmistir. Ikici agsamada alt1 yil
boyunca ve mevsimsel degisimleri fotograflanan bu agaglar (Platanus orientalis L., Aesculus hippocastanum L.,
Liriodendron tulipifera L. and Acer negundo L.) yol kenari boyunca fotograflanmigtir. Daha sonra, fotograflar ankette
degerlendirmek igin 6n elemeye tabi tutulmustur. Anket ¢alismasi iki asamada gergeklestirilmistir. Ik asamasinda
fotograflarin yillara gore begeni diizeylerini belirlemek i¢in yapilirken, ikinci asamasinda ise mevsimsel degisimlerin
gorsel tercih ve kalite diizeylerini belirlemek iizere degerlendirmeler yapilmistir. Sonug¢ olarak bu galisma ile, yol
kenarinda bulunan bazi yaprak doken agaglarin gorsel kalite ve begeni durumlari ve agagalrin fenolojik degisimleri
belirlenmistir.

Anahtar kelimeler: bitki fenolojisi, gorsel tanimlamalar, yol kenar1 bitkilendirmeleri, yaprak doken agag
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1. Introduction

Most trees in cities or along roadsides are planted to provide beauty or shade. People derive various benefits
from plants in urban areas (Ulrich, 1984; Kaplan, 1992; Ulrich and Parsons, 1992). In addition to these excellent
benefits, woody plants serve many other purposes, including contributions to health (Ulrich, 1984) and psychological
well-being (Hull, 1992; Radley, 1997; Stoneham, 1997).

Much of the time, the physical benefits of roadside trees (Givoni, 1991; Scott et al., 1999) encourage social
interaction between nature and people (Coley et al., 1997). Human response to trees goes well beyond simply observing
their beauty. There is a feeling of serenity, peacefulness, restfulness, and tranquillity in a grove of trees. This study has
shown that areas with greener surroundings draw residents to interact with nature. A view of trees from the car gives
drivers a greater sense of well-being and satisfaction with their surroundings. People even tend to drive more slowly on
tree-lined streets; thus, driver behaviour is positively influenced. The soothing effect of nearby trees and urban green
can significantly reduce workplace stress levels and fatigue, and calm down traffic. Recent research has shown that the
visual beauty and sensual enhancement of trees elevate moods and improve mental and physical health.

Several authors have reported that vegetation receives priority in the list of qualities and positive effects of
naturalistic roadways, with greater appreciation expressed for freeway roadsides which have trees (Antupit et al., 1996;
Kent, 1993; Parsons et al., 1998; Wolf, 2003). In addition, plant species, and especially trees, have contributed to the
goal of urban biodiversity, which is to realize the variety and sustainability of the ecological framework for urban
environments (Giircan and Diisen, 2015).

With the ever increasing use of roads for transportation in modern life, roadside vegetation has become one of
the major elements of the roadside environment. Trees can be used to provide several aesthetic functions for motorists,
including providing visual accents, complementing the architectural style of the buildings, and providing visual delight
by means of attractive forms, texture, and colours.

This study presents the results of a questionnaire survey of motorists on their opinions of roadside vegetation
over the four seasons of a six-year period and on their perceptions of the scenic value of roadside vegetation.

For the integration of scenic beauty into roadside vegetation management programs, it is necessary to record
the opinions and preferences of the motorists who are the actual targets in all roadside beautification plans. This
information would be helpful in analysing the status in the public eye of roadside vegetation over the different seasons
in order to achieve its effective application and management. The basic objective setup for this study was to assess the
scenic value of roadside plantings in Diizce, Turkey, by collecting and analysing the views of motorists, and to learn
what kind of vegetation they would like to see on the roadsides.

This study had the following objectives.
e To observe morphological changes on diameter at breast height (DBH), height and canopies of deciduous trees.
e To identify the visual effects of roadside trees according to their ages, species and seasonal changes.
e To determine the effects of participant demographic characteristics on their visual preferences and perception
of the roadside plantings of Diizce.
To understand the relation between phenological and visual assessment of trees.

2. Materials and methods

1.1. Study area
The study was carried out on the main roadsides around the city of Diizce. The province of Diizce, is located

between the 400 40" — 400 47’ north altitude and 310 21’ — 310 26’ east longitudes, and is situated in north-western
Turkey in the Black Sea Region (Eroglu et al., 2012) (Figure 1).
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Figure 1. Study area
1.2. Materials

The trees along the main road of Diizce comprised the chief material of the study. The main road runs for about
5 km between the old area and the new residential area constructed after the 1999 earthquake. The repetition method of
solitary plantings was used along the road corridor. The trees observed on the roadside were all the same age at the start
of the study. The photographs of trees used as the questionnaire material included Acer negundo L. (photo nos. 1-6 in
Figure 2 and nos. 1, 5, 9, and 13 in Figure 3), Aesculus hippocastanum L. (photo nos. 7-12 in Figure 2 and nos. 2, 6,
10, and 14 in Figure 3), Platanus orientalis L. (photo nos. 13-18 in Figure 2 and nos. 3, 7, 11, and 15 in Figure 3), and
Liriodendron tulipifera L. (photo nos. 18-24 in Figure 2 and photo nos. 4, 8, 12, and 16 in Figure 3).

1.3. Phenological observations of the morphological changes of the species:

Plant phenology is a main indicator of climate change, as well as a driver of global climate via changes in the
carbon, energy and water cycles (D' Odorico, et al., 2015). In this study, plant phenology dealt with the contributions of
the visual assessment of trees. In order to achieve this, deciduous trees were observed over a 6-year period between
2009 and 2014 with regard to their morphological changes (Rutishauser et al., 2008; Orsenigo et al., 2014) including
those of height, canopy and diameter.

1.4. Visual assessment of the species:

This study consisted of a two-stage method. The survey was carried out at each stage by using tree photos
(Eroglu et al., 2012; Acar et al., 2007; Miiderrisoglu et al., 2006; Miiderrisoglu and Eroglu, 2006). In the first stage
(Survey 1), the photos showing trees of different ages and representing all species including Platanus orientalis L.
(oriental plane), Acer negundo L. (boxelder maple), Liriodendron tulipifera L. (tulip poplar), and Aesculus
hippocastanum L. (horse chestnut) were used to determine the most effective visual quality for the age of each tree
(Figure 2). In the second stage, those trees identified as the most visually effective were evaluated (Survey 2) with
regard to their seasonal changes (Figure 3).

Engin EROGLU et al., Phenological and visual evaluations of some roadside deciduous trees in urban area
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Figure 2. Tree photos used in survey 1.
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Figure 3. Tree photos used in survey 2.

In each questionnaire, determining adjective pairs were given to the subjects for the evaluation (Acar et al.,
2003). These adjective pairs were selected in a way to indicate the differences between the ages and the seasonal
changes in the trees. They included “depressing-refreshing”, “ordinary-interesting”, “nondescript-eye-catching”,
“inadequate-adequate”, “unpretentious-ostentatious”, ‘“simple-complex”, “boring-soothing”, “disturbing-reassuring”
and “unaesthetic-aesthetic”. In the questionnaire, each determined adjective pair was evaluated on a 5-point scale as -2,-
1,0, 1, 2. In order to simplify the process, the data were entered into the computer as values of 1, 2, 3, 4, and 5 (Eroglu
et al., 2012). For instance, if a photo received a score of (-2) for “simple-complex”, it meant that this photo was
perceived more as “simple”.

In the statistical analysis, correlation analysis was used in the seasonal evaluation of the adjectives and in the
determination of the socio-economic differentiation. In addition, descriptive statistics were produced to determine the
demographic and utilisation values of the road according to the tree photos.

3. Results
1.1. Phenological results of the morphological changes of the species

According to Table 1, the DBH of Aesculus hippocastanum increased by about 2.3 times over the six years and
its canopy grew about 2.6 times larger, while its height rose from 324.15 ¢cm to 347.06 cm during this time. The DBH of
Acer negundo increased by about 2.4 times during the six years and its canopy grew about 3.9 times larger, while its
height rose from 350.22 cm to 410.36 cm. The DBH of Liriodendron tulipifera increased by about 3.01 times during the
six years and its canopy grew about 4.03 times larger, while its height rose from 302.75 cm to 329.12 cm. The DBH of
Platanus orientalis increased by about 3.66 times over the six years and its canopy grew about 4.15 times larger, while
its height increased from 549.51 cm to 649.86 cm.
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Table 1. The morphological changes of the species

Aesculus hippocastanum

Acer negundo

2009- DBH
2010- DBH
2011- DBH
2012- DBH
2013- DBH
2014- DBH

2009- DBH
2010- DBH
2011- DBH
2012- DBH
2013- DBH
2014- DBH

Liriodendron tulipifera

2009- DBH
2010- DBH
2011- DBH
2012- DBH
2013- DBH
2014- DBH

Platanus orientalis

1.2. Survey 1

The demographic statistics of the survey participants are shown in Table 2. According to this, 53.9% of the participants
were male and 46.1% female, and they were aged 18-27 (24.1%), 25-34 (27.9%), 35-44 (20%), 45-54 (14%) and 55+ (14%). In
addition, 40% of the participants were single and 60% married. Their education levels were reported as graduates of elementary
school (20%), high school (40%) and university or faculty (40%). Their employment data included those who were unemployed
(16%), officers (31.9%), labourers (14.0%), students (10.1%), self-employed (6.0%), homemakers (8.0%) and retired (14.0%).

Scores for photos used for Survey 1 are shown in Table 3. According to the high and low scores, photos were selected from
these for Survey 2. Thanks to the arithmetic means of the visual values of the roadside tree photos, the second step of the survey was

2009- DBH
2010- DBH
2011- DBH
2012- DBH
2013- DBH
2014- DBH

Mean (cm)
3,75
4,13
4,66
5,33
6,09
8,78

3,92
4,56
5,43
6,53
8,06
9,56

2,57
3,21
4,05
5,04
6,53
7,76

3,65
4,65
5,96
7,71
10,44
13,39

realised by using the high scores of the visual values.

2009-Canopy
2010-Canopy
2011-Canopy
2012-Canopy
2013-Canopy
2014-Canopy

2009-Canopy
2010-Canopy
2011-Canopy
2012-Canopy
2013-Canopy
2014-Canopy

2009-Canopy
2010-Canopy
2011-Canopy
2012-Canopy
2013-Canopy
2014-Canopy

2009-Canopy
2010-Canopy
2011-Canopy
2012-Canopy
2013-Canopy
2014-Canopy

Table 2. Descriptive statistics of participants in survey 1

Mean (cm)
79,21
92,46
111,92
135,50
161,83
205,64

73,36
94,15
124,82
160,43
212,62
283,95

60,17
81,01
105,28
137,43
182,50
242,69

85,61
116,16
153,84
205,47
266,78
353,68

2009-Size
2010-Size
2011-Size
2012-Size
2013-Size
2014-Size

2009-Size
2010-Size
2011-Size
2012-Size
2013-Size
2014-Size

2009-Size
2010-Size
2011-Size
2012-Size
2013-Size
2014-Size

2009-Size
2010-Size
2011-Size
2012-Size
2013-Size
2014-Size

Mean (cm)
324,15
326,42
328,75
330,21
332,79
347,06

350,22
355,11
363,07
371,38
383,96
410,36

302,75
303,43
305,63
313,51
317,36
329,12

549,51
559,12
571,38
577,76
600,93
649,86

(%) (%) (%)
Gender Occupation Education
Male 53,9 | Unemployed 16,0 | Illiterate -
Female 46,1 | Officer 31,9 | Literate-no education -
Age Laborer 14,0 | Elementary school 20,0
18-27 24,1 | Student 10,1 | High school 40,0
25-34 27,9 | Self-employed 6,0 | College or faculty graduate 40,0
35-44 20,0 | Homemaker 8,0 | Marital status
45-54 14,0 | Retired 14,0 | Single 40,0
55+ 14,0 | Farmer - | Married 60,0

Other -
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1 3,76 3,68 3,90 2,92 2,92 2,22 2,64 2,78 2,96
2 3,08 2,30 2,98 2,92 3,04 2,66 2,80 2,94 3,04
3 3,88 3,04 3,02 2,90 3,04 2,68 2,82 3,76 3,06
4 3,82 3,76 3,80 3,68 3,84 3,46 3,74 3,66 3,82
5 3,24 3,12 3,16 3,78 3,84 3,38 3,78 3,82 3,82
6 3,84 3,82 4,68 3,72 4,62 3,40 4,06 3,94 3,98
7 2,82 2,12 2,16 2,16 2,20 1,84 2,24 2,14 2,22
8 2,88 2,18 3,04 2,16 2,22 2,16 2,18 3,00 2,28
9 2,18 2,98 2,96 2,84 2,20 1,94 2,22 2,98 2,20
10 2,26 2,96 3,76 2,18 2,94 2,68 2,94 3,08 3,02
11 2,34 3,84 3,78 2,94 3,00 2,56 3,10 3,82 3,04
12 3,06 3,78 2,54 3,00 3,72 2,80 3,08 4,02 3,96
13 4,42 3,06 3,02 2,90 3,00 2,40 3,48 3,30 3,02
14 4,48 3,12 3,04 3,02 3,02 2,80 3,04 3,50 3,22
15 3,88 3,12 3,12 2,28 3,10 2,78 3,26 3,48 3,90
16 3,94 3,90 3,94 4,62 3,90 3,36 3,80 4,02 4,00
17 3,28 3,88 3,94 3,76 3,90 3,40 4,42 4,10 4,62
18 3,98 4,64 4,68 4,64 3,94 3,48 4,42 4,62 4,54
19 2,94 2,26 3,00 2,18 2,20 1,88 2,24 2,38 2,50
20 3,84 3,08 2,22 2,16 2,16 2,14 3,00 2,42 3,18
21 3,88 3,04 2,98 2,98 2,18 2,08 2,96 2,42 3,20
22 3,88 3,08 2,20 2,92 2,96 2,68 3,12 3,10 3,96
23 3,92 3,88 3,10 3,74 3,06 2,84 3,44 3,08 4,06
24 3,84 3,86 3,16 3,82 3,22 2,98 4,28 3,44 4,64
1.3. Survey 2

In Table 4, the demographic statistics of the survey participants are shown. According to this, 56% of the
participants were male and 44% female, and they were aged 18-27 (22%), 25-34 (26%), 35-44 (18%), 45-54 (18%) and
55+ (16%). In addition, 42% were single and 58% married. Their education levels included elementary school (16%),
high school (42%) and college or faculty (42%) graduates. Employment data included those who were unemployed
(18%), officers (28%), labourers (14%), students (16.1%), self-employed (4%), homemakers (6%), and retired (13.9%).
In addition, the frequency of the road use of the participants was reported as everyday (36.1%), 2-3 times a week
(41.9%), 2-3 times a month (21.6%) and 2-3 times a year (0.4%).

Table 4. Descriptive statistics of participants in survey 2.

(%) (%)
Gender Occupation Education
Male 56,0 | Unemployed 18,0 | Illiterate -
Female 44,0 | Officer 28,0 | Literate-no education -
Age Laborer 14,0 | Elementary school 16,0
18-27 22,0 | Student 16,1 | High school 42,0
25-34 26,0 | Self-employed 4,0 | College or faculty graduate 42,0
35-44 18,0 | Homemaker 6,0 | Frequency of the road using
45-54 18,0 | Retired 13,9 | Everyday 36,1
55+ 16,0 | Farmer - | 2-3 times a week 41,9
Marital status 2-3 times a month 21,6
Single 42,0 2-3 times a year
Married 58,0 0,4
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As shown the Table 5, all of the photos of the roadside trees in the study area had positive effects on motorists.
While the highest “refreshing” score was for tree photo no. 3, the highest “interesting” one was for no. 12. Number 12
also had the highest “eye-catching” and “soothing” scores. Furthermore, no. 15 had the highest “aesthetic” score, while

CEINT3

no. 9 had the least. Number 9 also had the least “reassuring”,

EEINT3

Table 5. Means of the adjective pairs according to photo numbers in survey 2

ostentatious”, “eye-catching” and “refreshing” scores.

£ |SE|cS|cE|88|E€S8 |E |8 |£E|E%
E 29 E8| 85| 33| | s |£2|8%
2 |5&|Belgs|8s|es |2 S | 28|88
g |8%|cE|sg|lg°|g8 |g |£€ |s¢t|S5

2 3 K 3

o

1 3,88 3,74 3,72 3,44 3,34 2,56 3,72 3,40 3,36
2 4,02 3,20 4,60 3,48 3,44 1,58 4,48 3,44 3,34
3 4,36 3,62 4,56 3,60 3,60 2,34 4,50 3,98 3,68
4 3,84 3,80 3,80 3,88 3,78 1,80 4,30 3,72 3,76
5 3,48 3,26 3,36 3,72 3,72 1,94 4,16 3,64 3,58
6 3,68 3,60 3,82 3,84 4,18 1,90 3,70 3,74 3,76
7 3,78 2,94 4,50 2,90 2,92 2,54 4,44 3,00 2,82
8 3,50 2,78 412 2,76 2,76 1,66 4,58 3,24 2,84
9 2,64 3,02 3,06 2,86 2,50 2,16 3,68 2,94 2,36
10 2,84 2,84 3,06 2,44 2,96 1,98 3,58 3,04 2,90
11 3,18 3,86 4,20 3,12 3,16 2,78 4,42 3,48 2,92
12 3,94 4,10 4,70 3,38 3,78 1,44 4,86 3,90 3,68
13 4,20 3,34 3,24 3,48 3,50 2,32 4,36 3,86 3,58
14 3,86 3,12 3,12 3,38 3,30 1,98 3,68 3,78 3,66
15 4,12 3,52 3,90 3,00 3,58 1,28 4,44 3,92 3,96
16 3,62 3,68 3,52 4,34 3,78 1,46 4,10 3,90 3,90

According to correlation analysis (p<0.01 and p<0.05) between demographic makeup and adjective pairs in
Table 5, education level and occupation were related to the frequency of road use. Gender, age and marital status were
related to adjective pairs. As shown in Table 6, males found tree photos more “aesthetic” and “interesting” than females
(p<0.01). As education levels of the participant increased, the values of “aesthetic”, “reassuring”, “ostentatious” and
“interesting” of the tree photos decreased. The frequency of road use decreased as well. Older participants found tree

photos more “aesthetic” and “complex”.

Table 6. Correlations between demographic structure and adjective pairs in survey 2
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gender -052 | -,032| ,095** -,043 ,045 ,034 -,018 | -,029 ,046 ,091%*
age -,055 ,043 ,052 -,006 | -,013 -031 | ,101**| -,039 -,022 ,079*
marital ,069 ,013 ,059 | -,080* | -,051 ,066 ,006 ,033 -,011 ,052
status
education -,195** ,058 | -,152** ,026 ,000 | -,153** -,026 ,025 | -,124** -,164**
work ,220%* | -,009 ,061 ,027 | -,028 ,075* ,016 | -,031 -,007 ,048

** Correlation is significant at the 0.01 level (2-tailed).* Correlation is significant at the 0.05 level (2-tailed).
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In the correlations (p < 0.01 and p < 0.05) between seasonal changes and adjective pairs in Table 7, the
relationships between adjectives pairs and seasonal changes can be seen. One of the most important was the seasons
change from spring to winter, when tree photos were perceived more often as “simple”. On the other hand, seasonal
changes of the trees were perceived more often as “refreshing”, “interesting”, “eye-catching”, “ostentatious”,

CLINT3

“soothing”, “reassuring” and “aesthetic”.

Table 7. Correlations between seasonal changes and adjective pairs in survey 2
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** Correlation is significant at the 0.01 level (2-tailed).* Correlation is significant at the 0.05 level (2-tailed).
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Table 8 shows that the most effective season was spring according to “refreshing”, “interesting”, “eye-
catching”, “ostentatious” and “soothing”. Winter was found most often to be a “reassuring” season, and autumn was
seen most often as a “complex” season according to visual preferences.

Table 8. Means of the adjective pairs according to seasonal changes in survey 2
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spring 4,03 3,59 4,17 3,60 3,54 2,07 4,25 3,64 3,54
summer 3,61 3,15 3,95 3,31 3,40 2,01 4,22 3,41 3,25
autumn 3,15 3,46 3,76 2,95 3,10 2,09 414 3,34 2,97
winter 3,95 3,42 3,45 3,55 3,53 1,76 4,15 3,87 3,78

4, Conclusions and discussion

This study showed that one of the important elements in landscape evaluation is the assessment of visual
material representing the landscape such as photographs, simulations, etc. (Corner, 1990; Brown, 1993; Dee, 2002;
Miiderrisoglu et al, 2006; Miiderrsioglu and Eroglu, 2006; Deming and Swaffield, 2011). In this study as well, roadside
trees were evaluated through the use of photos in order to determine visual preferences.

Serpa and Muhar (1999) stated that demographic variations and social origins affect the way in which plants
are perceived. In addition, the gender, age, habitat and experiences of an individual also affect his visual preferences
(Strumse, 1996). As shown in the results of the present study, the visual preferences for deciduous trees were also
related to demographic differences. There were negative relations between education level and visual aesthetics. The
main reason may be that as the quality and level of their education increase, people become more selective, especially in
their visual preferences. Moreover, Acar et al. (2003) claimed that changes in visual preferences are inversely
proportional to the rise in educational level.

A number of studies (Akbar et al., 2003; Wolf, 2003; Mader and Neubert-Mader, 2004; Bulut and Yilmaz,
2008; Eroglu et al. 2012, Fathi and Masnavi, 2014) have shown that in roadside and corridor plantings, visually
identifiable elements of plants such as variations in species, age size, and proximity to the road as well as seasonal
changes are quite effective predictors in the evaluation of visual preferences and visual quality. In this study, plant size
and seasonal changes, in particular, were the most effective components of the visual preferences.

According to Eroglu et al. (2012) seasonal changes of plants and their composition are very important for
visual preferences, and they stated that autumn was found to be the most desirable season. In this study, autumn was
also observed to be a very effective season in terms of “complex”,” reassuring”, “aesthetic” and “soothing” qualities.

When sizes of plants and their visual preferences were considered together, the most preferred pictures usually
had a larger canopy and greater height and DBH. Thus, according to results of this study, the differences in height and
DBH of the trees were related to the visual preferences. Fathi and Masnavi (2014) claimed that plants which are greater
in size have the highest visual preference scores, regardless of whether they are trees, shrubs or groundcover. Moreover,
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the phonological results of the study supported the fact that the preferred trees are both aesthetically and ecologically
suitable for Diizce.

This study aimed to identify the visual effects of roadside trees based on the work carried out in this context.
The results of the study are especially important for structured roadside plantings. For example, the results of this study
can be utilised to achieve more visually aesthetic roads. Findings obtained by this study include the following:

e Demographic composition is an important determining element in the visual perception of roadside deciduous
trees.

o Features of seasonal change, age and plant species are effective in identifying visual preferences for roadside
deciduous trees.

e There are positive effects between plant phonological changes and visual preferences, especially with respect
to height and canopy changes.

e To determine the visual preferences and visual quality of roadside deciduous plants, adjective pairs can be used
as effective components of the visual landscape.

e For roadside planting, and especially for more effective visual perception of motorists, Platanus orientalis L.,
Aesculus hippocastanum L., Liriodendron tulipifera L. and Acer negundo L. are suitable because they have
received high visual preference scores from the motorists. Moreover, these trees have more ecological
adaptation potential for Diizce due to their advantageous environmental demands.

e While Platanus orientalis L. trees were perceived as more “aesthetic” and ‘“reassuring”, Liriodendron
tulipifera L. trees had the highest visually “interesting”, “soothing” and “eye-catching” scores.
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Isolation, identification and current taxonomy of acetic acid bacteria
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Abstract

The acetic acid bacteria (AAB) are a group of microorganisms that are enormously important in both food
industry and biotechnological applications. Taxonomy of AAB has been changed over the years. Though, only two
genera were previously known as Acetobacter and Gluconobacter in AAB, 19 genera are descriped in this group with
developing identification methods at the present time. They are represented by the following genera: Acetobacter,
Acidomonas, Ameyamaea, Asaia, Bombella, Commensalibacter, Endobacter, Gluconacetobacter, Gluconobacter,
Granulibacter, Komagataeibacter, Kozakia, Neoasaia, Neokomagataea, Nguyenibacter, Saccharibacter,
Swaminathania, Swingsia and Tanticharoenia. There are a number of media used for the isolation of AAB that are
widely found in nature, and isolated bacteria by means of these media can be defined based on modern taxonomic
principles. The unculturable species included in this group has been caused to identification difficulties over many
years. However, in recent years, these restrictions could be removed to some extent with the use of culture-indipendent
methods. In this review study, information on the current taxonomy of AAB is presented together with the interpretation
of new isolation and identification methods of the group.

Key words: acetic acid bacteria, Acetobacter, Gluconobacter, taxonomy, molecular identification

*

Asetik asit bakterilerinin izolasyonu, tammmlamasi ve giincel taksonomisi

Ozet

Asetik asit bakterileri, hem gida endiistirisinde hem de biyoteknolojik bazi uygulamalarda Snemli bir
mikroorganizma grubudur. Asetik asit bakterilerinin taksonomisi yillar icerisinde biiyiikk bir degisim gostermistir.
Onceleri Acetobacter ve Gluconobacter olarak sadece iki cins bilinmesine karsin, gelisen tammlama ydntemleri ile
birlikte su an tanimlanmig toplam 19 AAB’si cinsi bulunmaktadir. Bu grup igerisinde yer alan cinsler Acetobacter,
Acidomonas, Ameyamaea, Asaia, Bombella, Commensalibacter, Endobacter, Gluconacetobacter, Gluconobacter,
Granulibacter, Komagataeibacter, Kozakia, Neoasaia, Neokomagataea, Nguyenibacter, Saccharibacter,
Swaminathania, Swingsia ve Tanticharoenia olarak adlandirilmigtir. Dogada yaygin sekilde bulunan AAB’lerinin
izolasyonunda kullanilan birgok besi ortami bulunmakta, bu ortamlar sayesinde izole edilen bakteriler modern
taksonomik prensiplere dayali olarak tanimlanabilmektedir. Bu grup igerisinde yer alan birgok tiiriin kiiltiire edilemeyen
ozellikte olmasi, uzun yillar boyunca AAB’lerinin ¢ogu tiiriiniin tanimlanamamasina neden olmus, ancak son yillarda
gelistirilen kiiltire dayali olmayan yontemlerin kullanimi ile birlikte bu kisitlamalar belli &lglide ortadan
kaldirilabilmigtir. Bu derleme ¢aligmasinda AAB’lerinin giincel siniflandirmasima iligkin bilgiler, yeni izolasyon ve
tanimlama yontemleri ile birlikte degerlendirilerek sunulmustur.

Anahtar kelimeler: asetik asit bakterileri, Acetobacter, Gluconobacter, taksonomi, molekiiler tanimlama
1. Giris

Asetik asit bakterileri (AAB) dogada, seker ve alkol orami yiiksek ortamlarda yaygin olarak bulunan
mikroorganizmalardir. Ozellikle sicak ve nemli iklimlerde, farkl tiir meyve ve gigeklerde bulunan bu grup, boceklerle
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simbiyotik iligki kurmakta ve bitkilerle temas halinde bulunan bocekler tarafindan ¢evreye yayilmaktadir. AAB’lerinin
taksonomisi son yillarda kullanilan tekniklerin gelisimine bagli olarak Onemli derecede degisim gostermistir.
Giinlimiizde Acetobacter ve Gluconobacter cinsleri basta olmak tizere toplam 19 cins tanimlanmis durumdadir (Sengun,
2015).

AAB’leri gida, tekstil, medikal ve ingaat endiistrisinde bazi 6zel iiriinlerin iiretiminde yer almaktadir
(Mamlouk ve Gullo, 2013; Valera vd., 2015). Bu bakteri grubu oksijen varliginda etanol, seker ve seker alkollerini,
asetik asit, glukonik asit ve indol-3-asetik asit gibi organik asitlere oksitler ve bu nedenle de sirke tiretiminden sorumlu
grup olarak bilinirler (Wang vd., 2015). Sirke, etanolden AAB’leri tarafindan iiretilen ve ortamdaki asetik asitin
biyolojik formunun ilk kez arastirildig1 sulu asetik asit ¢cozeltidir. Onceki arastirmacilar sirke iiretimi sirasinda yiizeyde
toplanan ve canli mikroorganizmalardan olusan tabakay: ‘sirke anasi’ olarak tanimlamislardir. AAB’leri sirke disinda
hurma sarabi, kakao tozu ve kombucha gibi gidalarin iiretiminde de yer almaktadirlar. AAB’lerini endiistriyel agidan
degerli kilan diger 6zellikleri ise dihidroksi aseton, glukonik asit, sorboz ve seliilloz tiretebilme yetenekleridir. AAB’leri
farkli irtinlerin iiretiminden sorumlu grup olarak bilinmelerine karsin ayni zamanda sarap, bira, meyve suyu gibi bazi
gidalarda bozulmalara neden olabilmektedirler (Bartowsky ve Henschke, 2008). Son yillarda bakteriyel tanimlama
amaclh gelistirilen yontemlerin kullanimi ile birlikte AAB’lerinin taksonomisinde biiylik bir degisiklik meydana
gelmigtir. Bu derleme ¢alismasinin amaci, yeni tanimlanan tiirlerle icerigi tamamen degisen AAB’leri ile ilgili genel
ozellikler, izolasyon ortamlari, klasik/molekiiler tanimlama yontemleri ve giincel siniflandirmaya yonelik bilgileri
degerlendirmektir.

2. Asetik asit bakterileri
2.1. Asetik asit bakterilerinin genel dzellikleri ve siniflandirmasi

AAB’leri Gram negatif, katalaz pozitif, oksidaz negatif, aerobik, spor olusturmayan, elipsoidal ve gubuk
seklinde, hareketli (Acetobacter tiirlerinde peritrik flagella, Gluconobacter tiirlerinde polar flagella bulunur) veya
hareketsiz, hiicreleri tekli, ¢ift ya da zincir seklinde olan mikroorganizmalardir. AAB’lerinde hiicreler 0,4-1,0 mm
genigliginde ve 0,8-4,5 mm uzunlugundadir. Bu grubun gelisme sicakliklari 5-45 °C arasinda, optimum gelisme
sicakligi ise 25-30 °C arasinda degisim gosterirken, bazi tiirleri termotolerant 6zellik de gosterebilmektedir. AAB’leri
pH 5,0-6,5 degerlerinde optimum gelisim gosterirler, ancak diisiik pH (3-4) degerinde de geligebilmektedirler (Sengun
ve Karabiyikli, 2011). Bu gruba ait genel 6zellikler Tablo 1’de 6zetlenmistir.

AAB?’ lerinin bazi tiirleri nitrojen tutucu 6zellik gosterebilmekte olup bu tiirler seker kamisi, kahve, piring, cay,
ananas ve mango meyvesi bitkilerinde, muz bitkisinin kokiinde ve tahillarda simbiyotik olarak bulunmaktadirlar.
AAB’leri farkli ortamlara hizlica adapte olabilen ve diger mikroorganizmalarla basarili bir sekilde rekabet edebilen
mikroorganizmalardir. AAB’lerinin yiiksek rekabet giicii su 6zelliklere dayandirilmaktadir;

a) Sekerden asit tiretimi,

b) Diisiik pH degerine karsi direng,
€) Hiicre dis1 polisakkarit {iretimi,

d) Kiiltiire edilemeyen formda olmasi
e)

Diisiik pH degerine direng ve asit {iretimi, mikroorganizmalarda bulunan nadir 6zelliklerdendir. AAB’lerinin
en iyi bilinen {iriinii olan asetik asitin % 0,5’lik konsantrasyonu, rekabet¢i mikroorganizmalar iizerine antimikrobiyal
etki gosterirken, AAB’leri bu konsantrasyondaki asitlik degerlerinde canliliklarin1 devam ettirirler (Conner ve Kotrola,
1995; Trcek ve Barja, 2015).

Baz1 AAB tiirleri ananasta renkli bozulmaya (pink disease), elma ve armutlarda ¢ilirlimeye neden olmaktadir.
Bunun disinda AAB’leri i¢ecek sektoriinde, ozellikle hijyenik uygulamalar dogru yapilmadiginda iiriinlerde sirkemsi
kot tat, bulamiklilik ve yapigkanlik olusumuna neden olmaktadirlar. Uygun sicaklik ve oksijen varliinda
mikrokonsantrasyonlarda etanoliin oksitlenmesiyle bozulma prosesi baglayabilir. AAB’ lerinin Acetobacter ve
Gluconobacter cinsleri sarap ve bira gibi iiriinlerde de bozulma etmeni olarak rol almaktadir (Raspor ve Goranovic,
2008). Bunun disinda bazi AAB’lerinin insanlarda firsat¢i patojen olarak bulunabilecegi bildirilmektedir (Alauzet vd.,
2010).

2.2 Asetik asit bakterilerinin siniflandirmasi

AAB’leri Acetobacteriaceae familyasina ait olup, bu grupta tanimlanmis toplam 19 cins bulunmaktadir: Acetobacter,
Acidomonas, Ameyamaea, Asaia, Bombella, Commensalibacter, Endobacter, Gluconacetobacter, Gluconobacter,
Granulibacter, Komagataeibacter, Kozakia, Neoasaia, Neokomagataea, Nguyenibacter, Saccharibacter,
Swaminathania, Swingsia ve Tanticharoenia (Sengun, 2015; Tréek ve Barja, 2015). Son yillarda AAB’nin
taksonomisinde onemli degisiklikler olmus, Acetobacter ve Gluconobacter cinsinde yer alan baz tiirler farkli cinslerde
yer alacak sekilde yeniden siniflandirilmistir (Tablo 2).
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Tablo 1. Asetik asit bakterilerinin ayirt edici 6zellikleri

Karakteristik ~ A. Ac. Am. As. B. C. E G. Ga. Gr. K Ko. N Ne Ng. S Sa. Sw. T.
Asit tiretimi:

L.arabinoz d + te + te te te + d te te + + te te te + + te
D-arabinoz - d te + - - te + - te te d z te te z2- - te d
D-ksiloz d + te + - + + + d - te + + + te z + d d
L-rhamnoz - - te d te - te - - te te - z te te te - - te
D-glukoz d + te + + + te + + z te + + te te + + + te
D-galaktoz d + te + + - te + + te + + te te d + + te
D-mannoz d + te + z - te + d te te + + te te z+ o+ + te
D-fruktoz - - te + + te te + + te te - + + te z d d te
L-sorboz - te te + - te te + d te te - - - te - - te te
Melibioz - d te + - - te + - te te + + d te + + te te
Sakkaroz - - - + + + - + - - te d + + te zZ+ o+ te d
Rafinoz - - te - - te te - - + te - + - z z - te z
D-mannitol d - - d + te te + I+ - - - z - - + + - -
D-sorbitol - - - d - te te + - - - - + - - z2l- - + -
Dulsitol - - - d te - - - - - te - z - - z2l- - z -
Gliserol d d z + - + + + + zZl-  te + + - - - - + +
Etanol + + + - - te te + + + + + + - - - - + +
Asetat’in CO,  + + + 7+ - te - - + z + z - - + - - z -
ve H,O’ya ok.

Laktat’1 CO, + 72- 2z I+ - te - - d + + z - - - - z z -
ve H,O‘ya ok.

Gelisme:

%0,35 asetik + + + - te te te te + + + + + - z - + - +
asitte

%1 KNO3’da - + - - te te te - - te + - - - - + te + -
Metanolde z + z - te te - - - + te - - te te te - - -
Mannitol d z + + te + + + d z + + + + + + - + d
agarda

%30’luk D- d d - + + te te d d te te - + + z + + te +
glukozda

Urettigi maddeler:

EtOH’den + + + - - te  + + + z + + + - - i+ z + d
asetik asit

Seliiloz - - te - te te te - d te d - te te te te - te te
Levan benzeri d - - - te te te - - te - + - - + - - te -
mukoza

Kahverengi - - - - - - te d d te - - - - + + - + +
pigment (s.¢)

Gliserolden d 72- 2z z/-  te te te + d zl-  + + z - - + - + +
ketogenez

Hareketlilik- Hs/ Hs/  po/ Hs/ Hs Hs po Hs/ Hs/ Hs Hs Hs Hs Hs per Hs Hs per Hs
flagella per per per  per po  per

Major Q- Q- Q- Q te e Q- Q@ Q Q& Qo Q Q Qo Q Qo QO Q Q-
ubikinon 9 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
GC igerigi 52- 62- 66.0 59- 594 37 603 54- 56- 59 625 56- 631 568 694 46- 52- 57- 656
(%) 64 63 61 64 67 57 47 53 60

A.: Acetobacter, Ac.: Acidomonas, Am.: Ameyamaea, As.: Asaia, B.: Bombella, C.: Commensalibacter, E.: Endobacter, Ga.: Gluconacetobacter, Gr.:
Granulibacter, G.: Gluconobacter, Ko.: Kozakia, K.: Komagataeibacter, N.: Neoasaia, Ne.: Neokomagataea, Ng.: Nguyenibacter, Sa.:
Saccharibacter , S. Swingsia, Sw. Swaminathania, T. Tanticharoenia, d: degisken, te: tespit edilmemistir, z: zayif, Hs: hareketsiz, per: peritrik, po:
polar, Hs/per: Harekesiz veya perikrik flagella, +: pozitif, -: negatif, ok.: oksidasyon, s.¢.: suda ¢oziinen. Tablonun hazirlanmasinda Sengun ve
Karabiyikli (2011) ve Mamlouk ve Gullo (2013) temel olarak alinmis ve Roh vd., 2008 (Commersalibacter), Yamada vd., 2012b (Komagateibacter),
Malimast vd., 2013 (Swingsia), Ramirez-Bahena vd., 2013 (Endobacter), Vu vd., 2013 (Nguyenibacter), Li vd., 2015 (Bombella),’den yararlanilarak
gelistirlmistir.

Bununla birlikte AAB’lerinin mevcut taksonomik durumunun degismeye devam edecegi diisiiniilmektedir. Bu
grup igerisinde en fazla tiire sahip cins, 26 tiir ile Acetobacter cinsinde bulunmaktadir. EMBL/GenBank/DDBJ gibi veri
tabanlarina bakildiginda, ¢ok sayida AAB tiirliniin kiiltiire edilemeyen 6zellikte oldugu goériilmektedir. Bununla birlikte
izolasyon ve tamimlama tekniklerinin her gegen giin hizla gelismesi, yeni AAB tiirlerinin tanimlanmasina imkan
saglamaktadir (Tréek ve Barja, 2015). Modern taksonomik prensiplerle tanimlanmis ilk AAB’si, 16S rRNA gen dizisine
gore tamimlanmistir. 1992 yilindan giiniimiize kadar gegen siirecte 70’den fazla AAB tiirii tanimlanmis, bunlardan 25
adedi Gluconoacetobacter cinsine ait tiirler olarak belirlenmis, ancak daha sonra bu cinse ait 14 adet tiiriin, flagella, 2,5-
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diketo-D-glukoz ve suda ¢6ziilebilir kahverengi pigment icermedigi, ayrica y-pyrone bilesigi iirettigi belirlenmis ve bu
fenotipik ozelliklere sahip tlirler Komagataibacter grubu iginde yeniden simiflandirilmigtir (Yamada vd., 2012a, b).
1998 yilindan itibaren her yil (2003 harig¢) en az bir yeni AAB tiirii tanimlanmistir. Bu veriler Jean P. Euzeby tarafindan
http://www.bacterio.net adresinde “List of Prokaryotic Names” adi altinda toplanmustir. AAB’ lerinin giincel
taksonomisini i¢eren bu siteler 6nemli kaynaklardir (Tréek ve Barja, 2015 ).

Tablo 2. Asetik asit bakterilerine ait giincel siniflandirma (*Tablonun hazirlanmasinda Sengun ve Karabiyikli (2011) ve Tréek ve Barja
(2015) ile birlikte linovd., 2012a (A. okinawensis, A. papayae, A. persici, Ga. kakiaceti), linovd., 2012b (Ga. kakiaceti), Tazato vd., 2012
(Ga. asukensis, Ga. tumulicola), Nishijimavd., 2013 (Ga. aggeris, Ga. takamatsuzukensis, Ga. tumulisoli), Spitaels vd., 2014 (A. lambici),
Pitiwittayakul vd., 2015 (A. thailandicus), Vu vd., 2015 (T. aidae)’den yararlanilmistir.)

Cins Adlar1 Tiir Adlar

Acetobacter A. aceti, A. cerevisiae, A. cibinongensis, A. estunensis, A.fabarum, A.
farinalis, A. ghanensis, A. indonesiensis, A. lambici, A. lovaniensis, A.
malorum, A. nitrogenifigens, A. oeni, A. okinawensis, A. orientalis, A.
orleanensis, A. papayae, A. pasteurianus, A. peroxydans, A. persici, A.
pomorum, A.senegalensis, A.sicerae, A. syzygii, A. tropicalis, A.
thailandicus

Acidomonas Ac. methanolica

Ameyamaea Am. chiangmaiensis

Asaia As. astilbis, As. bogorensis, As. krungthepensis, As. lannaensis, As.
siamensis, As. spathodeae, As. platycodi, As. prunellae

Bombella B. intestini

Commensalibacter C. intestini

Endobacter

Gluconacetobacter

Gluconobacter

Granulibacter

Komagataeibacter

Kozakia
Neoasaia
Neokomagataea
Nguyenibacter
Saccharibacter
Swaminathania
Swingsia

Tanticharoenia

E. medicaginis

Ga. aggeris, Ga. asukensis, Ga. azotocaptans, Ga. diazotrophicus, Ga.
entanii, Ga. johannae, Ga. liquefaciens, Ga.  sacchari,
Ga. takamatsuzukensis, Ga. tumulicola, Ga. tumulisoli

G. albidus, G. cerevisiae, G. cerinus, G. frateurii, G. japonicus,
G. kanchanaburiensis, G. kondonii, G. nephelii, G. oxydans, G. roseus, G.
sphaericus, G. thailandicus, G. uchimurae , G. wancherniae

Gr. bethesdensis

K. europaeus, K. hansenii, K. intermedius, K. kakiaceti, K. kombuchae, K.
maltaceti, K. medellinensis, K. nataicola, K. oboediens, K. rhaeticus,
K. saccharivorans, K. sucrofermentans , K. swingsii, K. xylinus

Ko. baliensis

N. chiangmaiensis

Ne. tanensis, Ne. thailandica
Ng. vanlangensis

Sa. floricola

Sw. salitolerans

S. samuiensis

T. sakaeratensis, T. aidae
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2.3. Asetik asit bakterilerinin izolasyonu ve tanimlanmast

AAB’leri baz1 biyoteknolojik proseslerde ve endiistriyel iiriinlerin iiretiminde yaygin sekilde kullanilmaktadir.

Yararlt uygulamalarin yan1 sira AAB’leri sarap, bira, meyve suyu gibi iiriinlerde bozulmalara neden olabilmektedir
(Moore vd., 2002; Timke vd., 2004; Bartowsky ve Henschke, 2008; Kregiel, 2013). Dolayisiyla endiistriyel proseslerin
mikrobiyolojik takibi ve bu islemlerin hizli metotlar kullanilarak yiiriitiilmesi biiyiik 6nem tagimakta ve bu nedenle de
AAB tiirleri i¢in dogru ve ayni zamanda da hizli tanimlama yapabilmek adina yeni yontemler gelistirilmektedir
(Alauzet vd., 2010; Tréek ve Barja, 2015). Baena-Ruano ve arkadaslar1 (2006) tarafindan toplam canli ve cansiz
AAB’lerini belirlemek iizere hem Neubauer lamina hem de epiflorasans boyama teknigi ile uygulanan direk sayim
yontemine alternatif olabilecek hizli bir metod gelistirilmistir. Bu metotlarin avantajlart su sekilde rapor edilmistir;

i)  Gilivenilir ve hizlidir,

if) Ornek hazirh@1 kolaydir,

iii) Canli bakteriler yesil renkte 6lii bakteriler kirmizi renkte goriindiiklerinden kolayca ayirt edilebilirler,

iv) BackLight boyama zeminde florasan olusumuna neden olmaz (Sengun ve Karabiyikli, 2011).
AAB’lerinin izolasyonu amaciyla gelistirilen bir ¢ok besiyeri bulunmasina ragmen, bu ortamlar tiim tiirlerin gelisimine
imkan saglayamamaktadir (Gullo vd., 2006). Icerik acisindan karsilastirildiklarinda bu besiyerlerinin benzer ancak
farkli oranlarda etken madde icerdikleri goriilmektedir (Tablo 3).

Tablo 3. AAB’lerinin izolasyonunda kullanilan besiyerleri ve icerikleri

Besiyeri Igerik Kaynak

Bromcresol Purple Agar % 1 glukoz, % 1 maya ekstrakti, % 5 (% 0,04’1lik) bromkresol ~ Fu vd., 2013
moru, % 4 etanol, %2 agar

Calcium Carbonate Agar % 1 glukoz, %1 maya ekstrakti, % 2 CaCOs, Fuvd., 2013
% 3 etanol, % 1,8 agar

Fermentation Broth % 1 glukoz, %1 maya ekstrakti, % 0,05 KH2POs, Fuvd., 2013

Glucose Yeast Agar (GY)

Glucose Yeast Extract
CaCO3 Medium (GYC)

Glucose Yeast Extract
CaCO3 Medium (GYC)

Glucose Yeast Extract
CaCO3 Medium (GYC)

Glucose Yeast Extract
CaCO3 Medium (GYC)

Glucose Yeast Extract
CaCO3 Medium (GYC)

Glucose Yeast Medium(GY)
Mannitol Yeast Extract Agar
(MYP)

Malt Extract Agar (MYA)

Proliferation Broth

Reinforced AE-Medium
(RAE)

Simpler AE-Medium

Yeast Extract Calcium
Carbonate Mannitol Agar
(YCM)

Yeast Extract Peptone
Mannitol Medium (YPM)

% 0,05 MgSOs, % 6 etanol
% 1 maya ekstrakti, % 5 glukoz, % 2 agar

% 5 D-glukoz, % 1 maya ekstrakti, % 1 etanol,
% 0,05 bromkresol moru, % 1 CaCOs, % 2 agar

% 3 glukoz, % 0,5 maya ekstrakti,
% 1 CaCOs, % 3 etanol, % 1,5 agar

% 5 glukoz, % 1 maya ekstrakti, % 3 CaCOg3 % 2 agar

% 10 glukoz, % 1 maya ekstrakti, % 2 CaCOs3

% 10 D-glukoz, % 0,5 maya ekstrakti,
% 0,3 pepton, % 0,12 CaCO3, % 0,12 agar

% 10 glukoz, % 1 maya ekstrakti
% 1 mannitol, % 1 maya ekstrakti, % 0,3 pepton, % 2 agar

% 1,5 arpa ekstrakti, % 0,5 maya ekstrakti, % 1,5 agar,

60 ml etanol

% 1 glukoz, % 1 maya ekstrakti, % 0,5 (% 0,02’ 1ik) kristal
viyole ¢dzeltisi , Smg/ml Nysfungin (5x10° u), % 3 etanol

% 4 D-glukoz, % 1 maya ekstrakti, % 1 pepton, % 0,15 sitrik
asit, %2 etanol, % 0,38 NazHPQO,, % 1 ml glasiyal AcOH,

% 1,5 agar

% 0,5 glukoz, % 0,3 maya, % 0,4 pepton, % 0,9 agar,
3 ml etanol, 3ml glasiyal AcOH

% 2,5 mannitol, % 0,5 maya ekstrakti,
% 1 CaCOs, % 3 etanol, % 1,5 agar

% 2,5 mannitol, % 0,5, maya ekstrakti, %0,3 pepton,
% 1,2 agar

Mateo vd., 2014

Yetiman ve Kesmen,
2015
Lee vd., 2015

Mateo vd., 2014

Hidalgo vd., 2013

Carr ve Passmore,
1979

Hidalgo vd.,2013

Yetiman ve Kesmen,
2015
Gullo vd., 2006

Fu vd., 2013

Zahoor vd., 2006

Sokollek vd., 1998

Lee vd., 2015

Gullo ve Giudici,
2008
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Ekim yapilan petrilerde AAB’leri 30 °C’de 3-10 giin igerisinde gelisim gdstererek tipik koloni olustururlar ve
genel olarak AAB’ lerinin metabolik aktiviteleri kati besiyerinde koloni ¢evresinde halkasal temiz zon olusumu
seklinde gozlemlenmektedir (Cleenwerck ve de Vos, 2008).

Uygun besi ortami segiminde, izolasyon yapilacak ortam biiyiik énem tasimaktadir. Ornegin, elma ve sarap
sirkesinden izole edilecek AAB’leri i¢in Reinforced AE-Medium (RAE Medium) uygun bir gelisme ortami saglarken
daha yiiksek oranda asetik asit igeren sirke ¢esitlerinden (spirit vinegar) elde edilen izolatlar i¢in AE Medium’ un daha
uygun oldugu bildirilmektedir (Sokollek vd., 1998). Ayrica, balsamik sirke 6rneklerinden AAB’lerinin izolasyonu i¢in
Glucose Yeast Extract CaCO3; Medium (GYC), AE, YPM Medium ve MYP Medium’un kullanimi onerilmektedir
(Gullo vd., 2006; Mamlouk and Gullo, 2013).

izolasyon amaci ile kullamlan besiyerleri canli ancak kiiltiire edilemeyen (VNBC) tiirlerin belirlenmesinde
yetersiz kalmaktadir. Bununla birlikte ID32C, API 20 NE (bioMerieux) ve RapID NH (Remel) gibi minyatiirize edilmis
fenotipik sistemler de AAB tamimlamasinda kullanilmig ancak ¢ok basarili olmamistir (Cleenwerck ve de Vos, 2008).
Dolayistyla AAB’lerinin kiiltiire edilebilme ve tanimlanmalarindaki bu zorluklarin {istesinden gelebilmek tizere son

yillarda agirlikli olarak molekiiler yaklasimlardan yararlanilmaya baslanmistir (Tablo 4).

Tablo 4. Farkli kaynaklardan izole edilen AAB’lerinin tanimlamasinda kullanilan molekiiler ydontemler

Tanimlama Yo6ntemi Tanimlanan AAB’leri Izole Edildigi Kaynak Kaynak
PCR (16S rDNA) T. aidae Seker kamisi Vuvd., 2015
(Vietnam)
PCR (16S rDNA) A. aceti, A. pasteurianus Geleneksel Kore sirkesi Lee vd., 2015
(Kore)
PCR (16S rDNA) Ga. europaeus*, Ga. saccharivorans* Kefir Ozdemir vd.,
(Tiirkiye) 2015
PCR (16S rDNA) A. pasteurianus Hurma sarab1 Konate vd.,
(Fildisi sahili) 2014
PCR (16S rDNA) A. estunensis, A. orleonensis, Kuru kayist sirkesi Fuvd., 2013
A. pasteurianus, A. pomorum, A. syzygii  (Cin)
PCR (16S RNA gene,  A. malorum, Am. chiangmaiensis Uziim Mateo vd.,
16S-23S RNA) As. lannaensis, As. siamensis, G. albidus, (Gliney Avustralya) 2014
G. cerinus, G. frateurii, G. oxydans
PCR ((GTG)5-PCR A. aceti, A. cibinongensis, Geleneksel siit tirtinleri Haghshenas
fingerprint), 16S A. indonesiensis, A. syzygii (iran) vd., 2015
rDNA
PCR/DGGE A. aceti, A. polyoxogenes, G.oxydans, Fermente i¢ecekler Mamlouk and
Ga. europaeus* (Hindistan) Gullo, 2013
PCR-DGGE (28S Ga. intermedius* Geleneksel kombucha Nguyen vd.,
rRNA ve 16S rRNA) (Vietnam) 2015
PCR-DGGE (16S A. cerivisiae, A. nitrogenifigens, Kakao ¢ekirdegi Hamdouche
rRNA ve 26S rRNA) A. lovaniensis, G. xylinum* fermantasyonu vd., 2015
(Fransa)
PCR-DGGE A. indonesiensis, A. ghanensis, Geleneksel Tiirk sirkesi Yetiman ve

(GTG)5-rep-PCR
(16S rRNA, 16S-23S
rRNA)
(GTG)5-rep-PCR
fingerprinting
ERIC-PCR ve
(GTG)5-PCR

A. okinawensis, A. persici, A. tropicals,
A. syzygii, As. krungthepensis

K. europaeus, K. intermedius,

K. hansenii, K. nataicola, K. oboediens,
K. saccharivorans, K. xylinus

A. cerevisiae, A. malorum,

A. pasterianus, A. pomorum

(Tirkiye)

Yaban mersini garabi
(Ispanya)

Kesmen, 2015

Hidalgo vd.,
2013
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Tablo 4. (devam ediyor)

LP-PCR (16SrRNA),  A. aceti, A. cerevisiae, A. malorum, Cilek sirkesi biyofilmi Valera vd.,
PCR-DGGE A. pasteurianus, Am. chiangmaiensis, As.  (Ispanya) 2015
(TagMan-MGB ile) bogorensis, As. krungthepensis,

RT-PCR Ga. asukensis, Ga. azotocaptans,

Ga. diazotrophicus, Ga. johannae,

Ga. liquefaciens, G. oxydans,

Ga. sacchari, K. europaeus, K. hansenii,
K. nataicola, K. xylinus, T. sakaeratensis

Rep-PCR (16S ve 26S  A. pasteurianus, A. lovaniensis, Kakao ¢ekirdegi Visintin vd.,
rRNA) A. syzygii, Ga. saccharvorans* fermantasyonu 2015
(Afrika)

*Yeni siniflandirmada Komagataeibacter cinsine dahil edilmistir.

Genel olarak AAB’lerinin molekiiler diizeyde tanimlanmasi amaci ile en yaygin sekilde kullanilan yontemler

DNA-rRNA hibridizasyonu, DNA-DNA hibridizasyonu ve ribosomal RNA gen dizisidir (5S rRNA, 16S rRNA ve 23S
rRNA). Bununla birlikte DGGE-PCR (Denaturing Gradient Gel Electrophoresis), TTGE-PCR (Temporal Temperature
Gradient Gel Electrophoresis), RFLP-PCR 16S rRNA ve 16S-23S ITS (Restriction Fragment Length Polymorphism of
the 16S rRNA ve 16S-23S ITS regions), ERIC-PCR (Enterobacterial Repetitive Intergenic Consensus-PCR), SS-PCR
(Species-Specific-PCR), REP-PCR (Repetitive Extragenic Palindromic-PCR) ve (GTG) 5-PCR gibi kiiltiire dayali ve
kiiltire dayali olmayan tekniklerin de AAB’lerinin genetik cesitliligini yiiksek seviyede c¢oziimleyebildigi
kanitlanmistir. Son yillarda alternatif molekiiler tiplendirme metodlarindan biri olan Matrix-Assisted Laser Desorption
lonization-Time of Flight Mass Spectrometry (MALDI-TOF MS), AAB’lerinin tanimlamasinda yaygin sekilde
kullanilmaya baslanmistir. Bunun disinda AAB’lerinin farkli 6rneklerdeki seviyesini belirlemek amaciyla FISH
(Fluorescence In Situ Hybridization), RT-PCR (Epi-fluorescence, Real-Time PCR), EMA-gPCR (Ethidium Monoazide
in combination with quantitative PCR) gibi yontemlerden de yararlanilmaktadir (Sengun, 2015).
Sonug olarak her ne kadar kiiltiire dayali olmayan yontemler tiir bazinda en dogru bilgiyi sagliyor olsa da, klasik
yontemlerle kiiltiirlerin izolasyon ve siirekliliginin saglanmasi biiyilk onem tagimakta ve bu nedenle AAB’lerinin
tanimlamasinda fenotipik, kemotaksonomik ve genetik yontemlerin bir arada kullaniminin en dogru yaklasim oldugu
diisiiniilmektedir. Bu tip polifazik yaklagimlar sayesinde, dnceki yillarda sinirli sayida tiire sahip oldugu bilinen AAB’si
grubunun, ¢ok daha genis bir ¢esitlilige sahip oldugu ortaya konulabilmistir
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Abstract

Levels of methylcytosine in the genome can be detected with multiple approaches from several standpoints, as
there are many techniques, such as coupled restriction enzyme digestion-random amplification (CRED-RA), available
for determining methylation rates in the genome. CRED-RA, which is a powerful technique for studying the genome
methylation status, uses methylation-sensitive enzymes, such as Hpall and Mspl. In the present study, we used the
CRED-RA technique to determine DNA methylation changes in Lycopersicum esculentum L. subjected to 100 mM
NaCl and Polyethylene glycol (PEG) for different time intervals (0 h, 6 h, 9 h, 12 h, and 24 h). DNA band variations
due to both stressors were revealed by Random Amplified Polymorphic DNA (RAPD) analysis. The DNA band
changes obtained by the RAPD analysis at 12 h response to both stressors (PEG and NaCl) indicated that this was the
critical point for demethylation/hypomethylation activity. According to the results of the CRED-RA analysis, the PEG
treatment led to greater variation in DNA methylation than NaCl in the tomato genome. For both stressors, the
maximum decrease in total methylation levels occurred at 9 h compared to the control plants, indicating that this is the
critical point for demethylation/hypomethylation activity. In conclusion, the present study showed that DNA
methylation changes can be easily observed with a straightforward technique, CRED-RA, in plants subjected to abiotic
stress conditions, such as drought and salinity.

Key words: Methylation, CRED-RA, salinity, tomato, drought

*

Tuz ve kurakh@a maruz kalmis domates genomunda (Lycopersicum esculentum L. ) DNA metilasyon seviyesinin
CRED-RA teknigi ile arastirilmasi

Ozet

Genomdaki metilsitozin seviyesi veya metilasyon orani enzimle kesim-rastgele amplifikasyon (CRED-RA)
teknigininde igerisinde yer aldig1 bir ¢ok yontem ile belirlenebilir. CRED-RA Hpall ve Mspl gibi metilasyon duyarli
enzimlerin kullanildig1 6nemli bir tekniktir. Bu ¢aligma kapsaminda CRED-RA teknigi farkli zaman araliklarinda (0, 6,
9, 12 ve 24 saat) 100 mM NaCl ve Plietilen glikol (PEG) uygulanmig domates (Lycopersicum esculentum L) bitkisinde
DNA metilasyon degisikliklerinin belirlenmesi amaci ile kullanilmistir. DNA band degisiklikleri Rastgele Cogaltilmis
Polimorfik DNA (RAPD) analizi aracili ile ortaya konmustur. 12 saat siire ile NaCl ve PEG uygulanmis 6rneklerden
RAPD analizi ile elde edilen DNA bant degisikliklerinin de-metilasyon/hipometilasyon agisindan kritik oldugu
goriilmistiir. CRED-RA analizi verilerine gore, PEG uygulamasinin NaCl uygulamasina oranla domates genomundaki
DNA metilasyon seviyesinde daha fazla degisiklige sebep oldugu goriilmiistiir. Her iki stres kosulu iginde toplam
metilasyon seviyesindeki maksimum diigiisiin 9h uygulamasinda oldugu belirlenmistir. Sonug olarak; bu g¢aligma ile
CRED-RA tekniginin kuraklik ve tuz gibi abiotik stres kosullarina maruz kalmig bitkilerde DNA metilasyon
seviyesindeki degisikliklerin belirlenmesinde kullanilabilecegi goriilmiistiir.

Anahtar kelimeler: metilasyon, CRED-RA, tuzluluk, domates, kuraklik
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1. Introduction

Plant epigenetics has attracted unprecedented interest and become a major focus of research activity for both
basic and applied research in the last years (Mirouze and Paszkowski, 2011). Epigenetic regulation of plant
development could be used to improve crop productivity and to enable plants to adapt to stress because the expression
of the genome, including the chromatin structure and DNA methylation, is influenced by epigenetic regulation
(Chinnusamy and Zhu, 2009). DNA methylation is a molecular epigenetic heritable enzymatic modification, which
results from the addition of a methyl group in the cyclic carbon-5 of cytosine. DNA methylation patterns show
differences between animals and plants. In animals, methylation occurs on a cytosine nucleotide in a CpG site, whereas
in plants it can take place at CpGCpHpGp and CpHpHp sites in which H can be any nucleotide other than G. It is
known that cytosine methylation plays an important role in mediating gene expression, genomic imprinting, and
chromatin structure. However, the exact role of methylation, especially in gene expression, remains to be discovered in
plants (Suzuki and Bird, 2008).

Abiotic stress, such as drought and soil salinity, is a global issue that adversely affects the yield potential of
many crop plants. Such stress has the potential to severely restrict plant growth and development in many parts of the
world (Tattersall et al., 2007). Importantly, these two seemingly different types of stress share many commonalities as
far as their physiological effects on essential plant cellular processes are concerned. For instance, both water and salt
stress negatively influence the ability of plants to take up water from the soil and can therefore induce similar or
overlapping metabolic and oxidative stress effects (Kalefetoglu and Ekmekei, 2010). In plants exposed to such stress,
essential cellular constituents, such as proteins/enzymes and nucleic acids, can be severely damaged/inactivated through
the accumulation of ions caused by cellular water loss (Campbell et al., 1991; Bray, 1997). At the same time, stress
conditions cause changes in DNA methylation and play a key role in the regulation of gene expression (Rassoulzadegan
et al., 2006). DNA methylation plays an important role in the development of adaptations, such as genetic and
phenotypic variations, tolerance, resistance, and protection (Arnholdt-Schmitt, 2004; Madlung and Comai, 2004).

In one study, DNA methylation led to the repression of gene expression, whereas increased gene expression
occurred in response to demethylation (Zilberman and Henikoff, 2007). Cold stress in maize (Steward et al., 2002) and
aluminum, salt, and cold stress in tobacco (Choi and Sano, 2007) led to increased DNA demethylation, followed by
upregulation of genes related to stress response pathway. In another study, induced DNA hypermethylation occurred in
response to osmotic- and salt-stressed tobacco cell-suspension cultures (Kovar et al., 1997). Induced specific cytosine
hypermethylation was also seen in the genome of water-deficit stressed pea (Labra et al., 2002). Although the role of
methylation in gene expression under abiotic stress conditions is well known, the role of different concentrations of
NaCl and Polyethylene glycol (PEG) stress in tomato plants is not fully understood.

Levels of methylcytosine in the genome can be detected with many techniques available for determining
methylation rates in the genome (Jost and Saluz, 1993; Grigg and Clark, 1994; Rein et al., 1998). Coupled restriction
enzyme digestion and random amplification (CRED-RA) is a powerful technique for studying the genome methylation
status (Cai et al., 1996). It is a modification of the Random Amplified Polymorphic DNA (RAPD) technique and uses
methylation-sensitive enzymes, Hpall and Mspl, which are employed as frequent cutters of DNA (Prakash and Kumar,
1997). The CRED-RA technique has been used successfully in a variety of studies with different plant species to reveal
their methylation patterns (Cai et al., 1996; Leljak-Levani¢ et al., 2004; Tani et al., 2005).

In the present study, the methylation status of the tomato plant (Lycopersicum esculentum L. ‘Falcon variety”)
subjected to 100 mM NaCl and 100 mM PEG stress for different time periods (control, 6 h, 9 h, 12 h and 24 h) was
analyzed by the CRED-RA technique to shed light on the relation between stress conditions and methylation levels.
Possible methylation differences between the various time periods under both stress conditions in comparison to control
plants were evaluated.

2. Materials and methods

2.1 Plant material, growth conditions, and stress treatment
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Tomato (Lycopersicum esculentum L. ‘Falcon’) seeds were germinated and grown hydroponically in pots
containing 0.2 L of modified 1/10 Hoagland’s solution. Hoagland solution includes macronutrients (KSOs, KH2POy4,
MgS0.4.7H,0, Ca (NO3)2.4H,0, KCI), micronutrients (HsBOs, MnSO4, CuS04.5H,0, NHsMo, ZnS04.7H,0) and ions
in the following concentrations: 2 mM Ca, 10 M Mn, 4 mM NO3, 2.107 M Cu, 1 mM Mg, 10® M NH4, 2 mM K, 106
M Zn, 0.2 mM P, 10“ M Fe, and 0 M B. Five plants were grown in each pot in a controlled environmental growth
chamber with light of 250 mmol m2 s, photosynthetic photon flux at 25°C, and 70% relative humidity. Twenty-five-
day-old plants grown in controlled media were used for the stress treatments. For the salt treatment, NaCl was added to
the nutrient solution to a final concentration of 100 mM. The osmotic pressures of the NaCl solutions were determined
with a Vapor Pressure Osmometer 5520 (ElitechGroup Wescor Biomedical Systems, UK). The average osmotic
pressure of the 100 mM NaCl solution was estimated as 190 mmol/kg. For the drought treatment, PEG was added to the
nutrient solution until the osmolality of the solution, as measured using the vapor pressure osmometer, was the same as
that of the NaCl solutions (Verslues et al., 2006; Munns, 2011). In this way, an iso-osmotic level of stress was applied
to both the NaCl- and PEG-treated plants, with the goal of matching the stem water potentials of the plants exposed to
these treatments. Five plants in a single pot were harvested at 0, 6, 9, 12, and 24 h. The harvested plants were frozen in
liquid nitrogen and stored at -20°C until DNA isolation.

2.2. Genomic DNA extraction

Genomic DNA was extracted from the tomato samples using the extraction protocol of Lefort et al. (1998). DNA
concentrations were measured with the Nanodrop Spectrophotometer (NanoDrop ND-1000 Spectrophotometer, Thermo
Scientific, Wilmington, USA). DNA purity ranged between 1.87 and 1.94, and the DNA yield was in the range of
745.8-1372.1 ng/pl (Table 1) In addition, agarose gel electrophoresis (1%) was used to analyze the quality of DNA

samples.
Table 1. The amount and purity of DNA samples obtained from NaCl and PEG treated tomato plants
Samples ng/uL 260/280 260/230
Control 806,8 1,91 1,20
100mM NacCl 6h 982,8 1,93 1,22
100mM NacCl 9h 913,8 1,89 1,06
100mM NaCl 12h 745,8 1,88 1,05
100mM NaCl 24h 1346,8 1,92 1,30
100mM PEG 6h 1372,1 1,94 1,43
100mM PEG 9h 1104 ,4 1,92 1,15
100mM PEG 12h 927,4 1,92 1,21
100mM PEG 24h 830 1,87 1,09

2.3. RAPD-PCR assay

RAPD-PCR analysis was performed using six different primers (OPC04, OPC05, OPA16, OPO07, OPCO09 and
OPA09) according to conditions previously reported (Soydam Aydin et al., 2012). The RAPD-PCR mix consisted of 1X
of enzyme buffer, 4 mM of MgCl;, 0.2 mM each of ANTP, 10 uM of primer, 60 ng of genomic DNA, and 0.5 U of Taq
polymerase (Fermentas) in a total volume of 25 ul. Amplification was achieved using a thermocycler program as
follows: 1 cycle of 2 min at 94°C; 45 cycles of 40 sec at 94°C, 1 min at 34°C, 2 min at 72°C, and 1 cycle at 72°C for 10
min. The amplification products were electrophoresed in 1.8% agarose gel, stained with 0.5 pg/ml EtBr, and visualized
under UV light. Sterile equipment and a negative control were used to prevent any kind of contamination.

2.4. CRED-RA assay

One microgram of genomic DNA from each plant was separately digested with 5U Mspl and Hpall enzymes
(Fermentas) according to the manufacturer’s recommendations. The primers that showed monomorphic band profiles
were used in the CRED-RA analysis to ensure that the differences in the band profile resulted from changes in
methylation. The amplification and visualization conditions for CRED-RA were the same as those described for RAPD.

2.5. Data analysis

Polymorphisms observed in the RAPD profiles included the disappearance of the control band and the
appearance of a new band (Atienzer et al., 1999; Liu et al., 2005). Genomic template stability (GTS) values were
calculated according to the results of the RAPD analysis. The GTS% was calculated as GTS%-= (1 - a/n)* 100, where
“a” indicates the RAPD polymorphic profiles in each sample, and “n” is the number of total bands in the control.
Changes in the RAPD patterns were expressed as a decrease in GTS, a qualitative measure showing showing the
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number of changes in the RAPD profiles generated by the tomato samples exposed to NaCl and PEG stress in relation
to the profiles obtained from the control samples (Table 2).

Table 2. GTS ratios for all primers in tomato samples

GTS Ratio (%)
Samples 100mM NaCl 100mM PEG
6h 92,95 92,95
9h 95,77 92,95
12h 90,14 90,14
24h 94,36 90,14

Hpall and Mspl restriction enzymes have different restriction abilities, depending on the methylation status of
cytosines. All the amplified bands obtained from the CRED-RA analysis were divided into four methylation types based
on the presence or absence of groups as indicated by Li et al. (2005) and Wang et al. (2011) (Table 3).

Table 3. Methylcytosine sensitivity and restriction patterns of the enzymes (Hpall, Mspl).

Band
Type Methylationpattern Hpall Mspl Profile
CIH[M
| No methylatedcytosine on double strands
CCGG of DNA or inner methylated cytosine on a
or GGCC CCGG Active | Active single strand.
GGCC . .
It is excepted as non-methylated cytosine
mmsm |—— ——| according the previous to studies [31,38]
I CCGG Active | Inactive Outer methylated cytosine on a single
GGCC DNA strand, (Semi-methylation).
m CCGG Inactive | Active Inner methylated cytosine on double DNA
GGCC strands, (Full-methylation).
CCGG . . Outer methylated cytosine on DNA
v GGCC or CCGG GECL Inactive | Inactive doublestrands, (Full-metylation).
FEEETE Absence of
of
a band
a band

-

C: PCR product of the DNA which is not digested by the enzy_me
H: PCR product of the DNA which is digested by the Hpall enzyme
M: PCR product of the DNA which is digested by the Mspl enzyme
I LI

According to this classification, the bands indicating each methylation type (I, I, Ill, and V) were counted and
placed in their location in the table (Table 4 and Table 5). The sum of the band numbers from the four methylation types
givesWnumber of the total amplified bands. The percent ratio of each of the methylation type was calculated by
dividing the number of bands of each of the methylation type by the total number of bands, multiplied by 100.

Table 4. Data obtained from CRED-RA analysis for the tomato plants subjected to NaCl stress

CRED-RA Bant Type Control | 6™h | 9%h | 12"h | 24"h
| 7 8 10 8 7
1 0 0 0 1 1
1l 1 1 1 1 0
[\ 22 21 19 20 22
Total amplified bands 30 30 30 30 30
1 (%) 23,3 26,6 | 333 | 266 | 233
11 (%) 0 0 0 33 33
111 (%) 33 33 | 33 33 0
1V (%) 73,3 70 | 633 | 666 | 733
Total methylated bands 23 22 20 22 23
Total methylated bands ratio (%) 76,6 73,3 | 66,6 | 733 | 76,6
Fully methylated bands 23 22 20 21 22
Fully methylated bands ratio (%)" 76,6 73,3 | 66,6 70 73,3
Hemi methylated bands 0 0 0 1 1
Hemi methylated bands ratio (%)° 0 0 0 3.3 3,3

aTotal methylated bands ratio (%) = [(HI+1H+IV)/(1+11+111+1V)]x100
°Fully methylated bands ratio (%) = [(11I+1V)/(1+11+111+1V)]x100
°Hemi methylated bands ratio (%) = [(I1)/(I+11+111+1V)]x100
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The value showing the methylation level of the samples was obtained by dividing the total number of bands of
methylation types Il, 111, and 1V by the total number of bands obtained from all the methylation types multiplied by 100
( TIHIIHIV/IHIIHIIIHTIV < 100). To detect full methylation and hemi-methylation, the following two formulas were used:
HIHIV/IHIHITHIVX100 and I/I+HIHII+HIVX100, respectively (Karan et al., 2012).

Table 5. Data obtained from CRED-RA analysis for the tomato plants subjected to PEG stress

CRED-RA Bant Type Control | 6™h | 9®h | 12"h | 24"h
1 1 1 2 1 1
1 2 5 3 2 1
1] 1 1 1 3 6
1\ 18 15 16 16 14
Total amplified bands 22 22 22 22 22
1 (%) 45 45 9 45 45
11 (%) 9 22,7 | 13,6 9 45
11 (%) 4,5 45 | 45 | 136 | 27,2
1V (%) 81,8 68,1 | 72,7 | 72,7 | 63,6
Total methylated bands 21 21 20 21 21
Total methylated bands ratio (%6)? 95,4 95,4 [ 909 | 954 | 954
Fully methylated bands 19 16 17 19 20
Fully methylated bands ratio (%)° 86,3 72,7 | 77,2 | 86,3 | 90,9
Hemi methylated bands 2 5 3 2 1
Hemi methylated bands ratio (%)° 9 22,7 | 13,6 9 4,5

aTotal methylated bands ratio (%) = [(1I+1H+I\V)/(1+11+111+1V)]x100
bFully methylated bands ratio (%) = [(1H+IV)/(1+11+111+1V)]x100
°Hemi methylated bands ratio (%) = [(11)/(1+11+111+1V)]x100

3. Results

Comparison of the band alterations in the NaCl- and PEG-stressed plants with respect to those of the control
samples (Table 6) showed that total number of band alterations (a+b) were 19 and 24 for the NaCl- and PEG-stressed
tomato plants, respectively. Seven to 15 bands were produced in the control sample, and 71 bands with an average of 11
per primer were obtained in the RAPD analysis.

Table 6. Changes of total bands compared to the control in tomato plants subjected to NaCl and PEG

Lycopersicum esculantum 100mM Nacl 100mM PEG
6" h 9" h 12'"h  24%h 6" h 9" h 12'"h  24%h
Primer Control
Total Band
a b a b a b a bfa b a b a b a b
oPCo4 12 o 2 o0 2 0 2 O 21 0o O 2 1 2 2 3
OPC05 13 o 0 0o o o 0O 0 ogo o O o O O 1 O
OPA16 14 o o o0 o0 2 2 O Of1 2 2 1 2 2 0 1
OPO07 7 o 0 0 o 0 0O 0 ogo o 0o o O O o0 O
OPC09 10 o 0 0o o 0 0 0 ogo 1 0 O O O O O
OPA09 15 0 2 o0 1 0 1 1 140 O O O O O 0 O
71 1 4 0 3 2 5 1 32 3 2 3 3 4 3 4
atb 5 3 7 4 5 5 7 7
Total 19 24

a: Appearance of new bands, b: Disapperance of control bands, a+b: Indicates polymorphic bands.

The highest rate of polymorphisms was obtained with the OPA16 (28.6%) and OPCO04 (58.3%) primers in the
NaCl- and PEG-stressed tomato plants, respectively (Table 7, Figure 1).

Table 7. The polymorphism ratios of the primers

100 mM NacCl
Primer TB PB Ratio (%) Avarage Ratio (%)
OPC04 12 2 16,6
OPCO5 13 0 0
OPA1l6 14 4 28,6
OPO07 7 0 0 11,98
OPC09 10 0 0
OPA09 15 4 26,7
100 mM PEG
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Primer TB PB Ratio (%) Avarage Ratio (%)
0PC04 12 7 58,3

OPCO05 13 1 7,6

OPA16 14 6 42,8

OPO07 7 0 0 19,78
0OPC09 10 1 10

OPA09 15 0 0

The highest rate of DNA variations were observed in the tomato plants exposed to NaCl stress for 12 h and PEG
stress for 12 and 24 h (Table 6). According to the average rates of polymorphisms, a higher rate was observed in the
plants exposed to PEG stress than to NaCl stress (Table 6).

M N C 6h S 12h 24h N C 6h 9% 12h 24h

Figure 1. RAPD profile of genomic DNA from tomato plants exposed to NaCl generated by the primer OPA16 and
OPC04

The GTS%, a qualitative measure reflecting changes in RAPD profiles, were calculated for each of the six
primers tested and presented in Table 2. The highest GTS levels were observed for the NaCl-stressed tomato plants at 9
h and for the PEG-stressed tomato plants at 6 and 9 h. The lowest levels of GTS were detected at 12 h in the NaCl-
stressed tomatoes (90%, n=14) and at 12 and 24 h in the PEG-stressed tomato plants (90%, n=14) (Table 2).

The analysis of the RAPD band profiles showed that the OPC05, OPO07, OPC09, and OPOQ7, OPAQ09 primers
produced monomorphic band patterns in both the NaCl- and PEG-stressed tomato plants (Table 7).

When the results of the CRED-RA analysis were evaluated based on the methylation types in the NaCl-stressed
samples, the maximum level of methylation (33.3%) was observed in type I, and the lowest level of methylation
(63.3%) was seen in type IV (Table 4). Type Il methylation was not observed for the first 9 h and then occurred at a rate
of 3.3% at 12 and 24 h. The rate of type |1l methylation (3.3%) remained the same until the end of 12 h and completely
disappeared at 24 h (Table 4 and Figure 1).

In the tomato plants exposed to 100 mM NaCl stress, the highest rate of total methylation was observed in the
not stressed control (76.6%) and the stressed plants at 24 h (76.6%). The lowest rate (66.6%) of total methylation was
observed at 9 h (Table 4). As indicated in Figure 3, the methylation rate decreased until 9 h and started to increase again
after this hour. Full methylation was observed in the control and in the 6 and 9 h stressed tomato plants, and hemi-
methylation was observed in the 12 and 24 h plants at a rate of 3.3%. According to the CRED-RA data obtained from
the PEG-stressed tomato plants, type | methylation reached a maximum level (9%) at 9 h. The minimum rate (63.6%) of
type 1V methylation was observed at 24 h, whereas the maximum level (27.2%) of type 111 methylation was observed at
this time (Table 5 and Figure 2).
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Figure 2. Ratios of the conversion among the cyctosine methylation types in NaCl stressed tomato plants

In the tomato plants subjected to 100 mM PEG, the methylation rate remained as high as 95.4%, and this rate
decreased only at 9 h to 90.9%. At 9 h, full and hemi-methylation accounted for 7.2% and 13.6% of methylation,
respectively (Table 5). As shown in Figure 4, hemi-methylation reached a maximum level at 6 h, and the minimum
level was observed at 24 h..

4. Conclusions and discussion

The tomato plant is sensitive to environmental stress, such as extreme temperature, drought, salinity, and
insufficient moisture (Kalloo, 1993). A total of 26% of the world’s arable lands suffer from natural drought stress,
which is the most severe stress among all abiotic stress factors. Drought stress is followed by mineral stress of 20% part
(Blum, 1988). A significant increase in drought and salinity is expected in more than 50% of arable lands due to
climatic changes in the next 40 years (Bray et al., 2000). Therefore, salt and drought will be the main stress factors
threatening agricultural productivity in the coming years.

In this study, the effects of NaCl and PEG stress for different periods on tomato plants were evaluated in terms
of genetic and epigenetic parameters. Genetic and epigenetic changes were determined by RAPD-PCR and CRED-RA
analysis, respectively.

The RAPD-PCR results (Table 2) showed that the GTS values were close to each other in the NaCl- and PEG-
stressed tomato plants at 9 and 24 h and that they had the same values at 6 and 12 h. The results confirm the idea that
osmotic agents, such as PEG, produce similar effects as NaCl when they have the same osmotic pressure (Yeo and
Flowers, 1986). Kulkarni and Deshpande (Kulkarni and Deshpande, 2006) reported anatomical changes and RAPD-
based DNA polymorphisms in mutant and natural tomato varieties subjected to drought stress using PEG-6000. In
another study, Nasiruddin et al. (2004) observed variations in DNA band profiles in 10 Solanum tuberosum varieties of
different geographic origin exposed to NaCl and PEG stress (Nasuriddin et al., 2004). The current study also shows that
both types of stress produce variations/polymorphisms in DNA band patterns as indicated in previous research (Soydam
etal., 2012) (Table 6, Table 7).

When the CRED-RA results of the NaCl-stressed tomato plants were evaluated based on their methylation types,
the maximum level of type | methylation (33.3%) compared to the control sample occurred at 9 h, whereas the
minimum level of type IV methylation (63.3%) occurred at the same time point. In addition, type Il methylation
completely disappeared at 24 h (Table 4 and Figure 2).

The data derived from the PEG-stressed tomato showed that type | methylation reached a maximum level at 9 h,
similar to the salt-stressed tomato plants (Figure 2 and Figure 3). At the same time point, the rate of type Il methylation
decreased compared to the methylation rate at 6 h.
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Figure 5. Ratios of the conversion among the cyctosine methylation types in PEG stressed tomato plants

Type | methylation is assumed to represent honmethylation as indicated in previous studies (Pan et al., 2011;
Karan et al., 2012). According to this assumption, demethylation seemed to be present in both the salt- and PEG-
stressed tomato plants at 9 h.

Consistent with the results of the present study, Choi and Sano (2007) indicated that some functional active genes
of tobacco plants could be demethylated due to exposure to abiotic stress (Choi and Sano, 2007). Although the
underlying process of demethylation has yet to be clarified in detail, reactive oxygen species (ROS) have been proposed
as possible triggers of demethylation of genomic DNA (Galaud, 1993; Cerda and Weitzman, 1997; Lizal and Relichova,
2001; Steward et al., 2002; Labra et al., 2002). The highest demethylation rate (lowest methylation rate) observed at 9 h
for both stressors could be caused by ROS accumulation due to NaCl and PEG stress as suggested by Cerda and
Weitzman (Cerda and Weitzman, 1997).

The rate of full methylation in the NaCl-stressed tomato plants was reduced at 6 and 9 h but increased after 12 h.
Similarly, the rate of full methylation in the PEG-stressed tomato plants was reduced until 6 h and started to increase at
9, 12, and 24 h. This increment in the full methylation rate may be the result of the addition of a methyl group to the N5
carbon of the primidine ring in cyctosine by the enzyme DNA methyltransferase. Three DNA methyltransferases have
been identified in plants: MET1, CMT3, and DRM2 (Ronemus, 1996; Cao and Jacobsen, 2002). In mammals, DNA
methylation occurs in the cyctosine of CpG sites, but it also occurs in CoNpG and CpNpN sites (N: A, C or T) in plants
(Oakeley and Jost, 1996). As the restriction site of the Hpall and Mspl enzymes used in the CRED-RA technique is
CCGG, we could not obtain any information about the methylation levels at CpNpN sequences. DRM?2 is the only
enzyme known to be a de novo class of DNA methyltransferase in plants. CMT3, together with MET1, is known to
maintain methylation patterns during DNA replication (Cao and Jacobsen, 2002). In this regard, the increments in the
rate of full methylation that started at 12 and 9 h in the NaCl- and PEG-stressed plants, respectively, might possibly be
due to the activity of the MET1, CMT3, and DRM2 enzymes. Particularly, the higher rate of full methylation at 24 h in
the PEG-stressed tomato plants compared to the control plants might be the indication of a de novo effect, in other
words, the action of DRM2 DNA methyltransferase activity.

In the 100 mM NaCl-stressed tomato plants, the rate of full methylation was lower than in the control sample at
24 h, but the rate of hemi-methylation was higher (Table 4). In a previous study, Karan et al. (2012) used the
methylation-sensitive amplification polymorphism technique to evaluate methylation patterns in four rice varieties
subjected to 150 mM NaCl for 24 h using DNA extracted from the roots (Karan et al., 2012). They indicated that the
rate of full methylation was reduced at the end of 24 h compared to control plants. On the contrary, in the current study,
the rate of hemi-methylation increased at 24 h.

In the current study, the increase in the hemi-methylation rate in the plants subjected to 100 mM NaCl for 24 h in
association with the decrease in the rate of full methylation might indicate the conversion of double-stranded DNA
methylation to single-stranded DNA methylation. Thus, it can be concluded that a demethylation process took place.

Although several studies have been performed in several plant varieties, more efforts are required to understand
the complex process of methylation. According to the results of the present study, we can conclude that PEG (drought
stress) produces greater variations in methylation in the genome compared to NaCl. In addition, the higher
polymorphism ratio obtained at 12 h by both stressors (PEG and NaCl) may indicate that this period is a critical point
for demethylation/hypomethylation activity in tomato plants. The maximum decrease in total methylation levels at 9 h
compared to the control plants for both stressors suggests that exposure for 9 h is important for
demethylation/hypomethylation activity.
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In conclusion, DNA methylation polymorphisms in response to very important abiotic stress conditions, drought
and salinity, were studied at different time intervals using a straightforward technique, CRED-RA, in an agronomically
invaluable plant species, Lycopersicum esculentum. Further studies should be conducted to clarify the epigenetic
mechanism underlying these polymorphisms and to improve future plant breeding programs.
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Abstract

All over the world, organic farming has begun to attract attention in recent years. There is an increasing
demand for crop cultivars specifically adapted for this system of cultivation. The main objective of this study was to
determine the performance, stability of different safflower (Carthamus tinctorius L.) cultivars to reveal heritability of
yield components under conventional and organic farming conditions. Yield components including seed and oil yield
were significantly responded to variability in varieties and environmental conditions. Shifa, TAEK and Remzibey in
seed yield; TAEK and Shifa in oil content; and Remzibey and Shifa in oil yield seemed to be high yielding and stabile
varieties. Yenice was determined as low yielding and instable variety. High heritability in number of branch, 1000 seed
weight, oil content, oleic acid content and linoleic acid content assigned that these characters are mostly formed by
genotypic performance, whereas having low heritability, plant height, seed yield and oil yield were determined as under
genotype X environment interaction.

Key words: safflower, Carthamus tinctorius, yield and yield components, stability and heritability

*

Geleneksel ve organik iiretim sistemlerinde incelenen unsurlar bakimindan farkh Aspir (Carthamus tinctorius)
cesitlerindeki farkhiliklarinin belirlenmesi

Ozet

Organik tarim tiim diinyada dikkatleri iizerine ¢ekmeye baglamis olup bu sisteme adapte olan g¢esitlere olan
talep gittikge artmaktadir. Bu ¢alismada organik ve geleneksel tiretim sisteminde farkli aspir (Carthamus tinctorius L.)
cesitlerinin incelenen karakterler yoniinden farkliliklari, stabiliteleri ve karakterlerin genis anlamda kalitim derecesinin
belirlenmesi amaglanmstir. Arastirma sonuglarina gore Sifa, TAEK ve Remzibey ¢esitleri verim yoniinden, TAEK ve
Sifa cesitleri yag orani1 bakimindan, Remzibey ve Sifa cesitleri ise yag verimi yoniinden iistiin performansl ve stabil
belirlenmistir. Yenice ¢esidi ise diisiik verimli ve stabil olmayan bir ¢esit olarak belirlenmistir. Yan dal sayisi, 1000
tohum agirligl, yag orani, oleik asit oranmi ve linoleik asit orani yoniinden goriilen yiiksek kalitim derecesi bu
karakterlerin ortaya ¢ikmasinda genotipik performansin etken oldugunu gosterirken; bitki boyu, tohum verimi ve yag
verimi yoniinden goriilen diisiikk kalitim derecesi ise bu unsurlarin daha ¢ok genotip x ¢evre interaksiyonundan
etkilendigini ortaya ¢ikarmustir.

Anahtar kelimeler: aspir, Carthamus tinctorius, verim ve verim unsurlari, stabilite ve kalitim derecesi
1. Introduction
Having main purpose to increase food production and to meet the need of oil consumption; conventional

agriculture has been to be based on not only to increase in production but to use intensive chemical fertilizer and
pesticide usage. On the other hand, excessive chemical fertilizer application and chemical pesticide usage have posed a
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risk for human and animal health and at the same time caused a serious environmental pollution especially in soil,
underground water and air (Er and Basalma, 2008; ilbas, 2009; Kacar and Katkat, 2009; Kara et al., 2014). It has been
understood that the conventional agriculture is unsustainable system along with increased awareness of healthy nutrition
and environment. Organic farming has recently begun to attract attention quickly all over the world owing to producing
risk-free food for human and animal health and being environment-friendly production system (Elfadl et al., 2010).
Organic production has become widespread rapidly in many crops including especially fruits, vegetables and cereals. In
addition, organic farming system has been used in cultivation of oilseeds crops (Morteza, 2013).

A large proportion of vegetable oils have been produced from sunflower in Turkey (Arioglu et al., 2010).
Sunflower initially seems not to be suitable crop for organic farming. Since, specific climate requirements, insufficient
resistance to diseases and pests and extensive usage of chemical fertilizers in its cultivation makes sunflower an
inappropriate crop in terms of organic production (Gruber et al., 2004, Elfadl et al., 2012). Therefore, it is necessary to
conduct a research to identify alternative oilseeds crops suitable for organic farming system (Morteza, 2013). Safflower
(Carthamus tinctorius L.) seems more advantageous than sunflower for production of organic vegetable oil in Turkey as
well as all over the world (Elfadl et al., 2010). Safflower has been cultivated since ancient times for its flowers and
oilseeds. It is used to obtain natural dyes and to produce edible oil for human consumption and industrial oils, spices
and birdfeed (Tongug et al., 2012). Safflower is a winter-spring growing annual and deep-rooted oilseed crop (Christos
and Sioulas, 2008, Gegit et al., 2009). The crop that can tolerate water stress at a certain level is generally regarded as a
suitable crop for arid and semi-arid regions (Christos and Sioulas, 2008, Morteza, 2013, Elfadl et al., 2010). Therefore,
it should be suitable for cultivation in regions with a warm climate (Elfadl et al., 2010). Due to the fact that, safflower
has edible oil with high polyunsaturated fatty acids, its oil has got the increasing market demand in developed countries.
(Elfadl et al., 2010). The safflower seed contains approximately 90% unsaturated and 10% saturated fatty acids. Oleic
and linoleic-type cultivars have been developed for commercial cultivation, and seeds of commercial cultivars contain
30-50% oil, 15-20% protein, 35-45% husk, 3-4% carbohydrate, and 11-36% crude fiber. Crude fiber is mostly found in
the husk, and meal contains around 10% fiber (Tongug et al., 2012). On the other hand, safflower cultivation under
excessive soil moisture and high air humidity conditions is seriously susceptible to diseases (Miindel et al., 2004).
Safflower as an oilseed crop is suitable for organic farming systems and it should be introduced to farmers. The main
objective of this study was to determine the performance, stability of cultivars to reveal heritability of yield components
under conventional and organic farming conditions.

2. Materials and methods

This study was carried out at the experimental fields of Field Crops Central Research Institute in Haymana
District of Ankara/Tiirkiye (32° 51 E; 39°57 N; 860 m above sea level) during crop growing period of 2011 and 2012.
The study area selected has been kept out of the agricultural activities since 1985. The properties of the experimental
soil were given in Table 1. Soil characteristics in 2011 and 2012 were: clay-loamy, pH 8.06 and 7.19, lime 2.65% and
2.37%, total salt 0.041% and 0.038%, organic matter 1.57% and 1.91%, phosphorus 110,41 kg/ha and 100,23 kg/ha and
potassium 2150,23 kg/ha and 2030,14 kg/ha.

Table 1. Physical and chemical characteristics of soil in research area.

Structure Lime Total Salt Plant-Available Plant-Available pH Organic
(%) (%) Phosphorus Potassium Matter
(P20s,kg/ha) (P20s,kg/ha) (%)
Clay-Loam (2011) 2.65 0.041 110.41 2150.23 8.06 1.57
Clay-Loam (2012) 2.37 0.038 100.23 2030.14 7.19 1.91

Source: Soil Fertilizer and Water Resources Research Institute.

Temperature, rainfall, relative humidity and total and mean values of these meteorological data were presented
in Table 2. Total yearly rainfall in long-term period was 402,1 mm, whereas this value was lower in 2011 (396,6 mm)
and higher in 2012 (431,3 mm). Annual temperature and humidity drew similar trend. Mean temperature and humidity
in 2011 and 2012 were (11.8°C and 13.2 °C; 63.7% and 63.2%, respectively). Moreover, temperature and humidity in
long-term period were 12.0°C and 60.1%, respectively. The plant materials used in this research were five safflower
genotypes (Yenice (spiny), Dinger 15-18-1 (spineless), Remzibey-05(spiny), and Shifa (spineless) and TAEK (spiny).
Yenice, Dinger 15-18-1 and Remzibey-05 were provided by Anatolia Agricultural Research Institute. Shifa cultivar was
obtained from Tajikistan. TAEK line was developed at Turkish Atomic Energy Authority. The experimental scheme
was a three replication, randomized complete block split-plot, with different cultivation systems (organic and
conventional farming systems) in the main plots and different safflower genotypes (Yenice, Dinger 15-18-1, Remzibey-
05, Shifa and TAEK) in the sub-plots. Seeds were sown by hand, with 30 cm row spacing on plots of 6 m? harvest area
(1.20 m width X 5 m length) on 19 April of 2011 and 20 April of 2012. After intra-row spacing was stabilized at 10 cm
by thinning (Kizil et al., 1999).
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Table 2. Rainfall, temperature and humidity in 2010, 2011 and long term years (1975-2010) in Ankara climatic
conditions.

Years January  February March April May June July
Total Rainfall (mm)
2011 41.8 243 57.5 50.1 73.1 44.4 10.7
2012 93,3 47,7 42.7 24.8 65.1 1.2 4.6
1975-2010 39.2 33.6 36.1 50.0 49.7 35.1 16.0
Mean Temperature (°C)
2011 2.3 31 9.8 15.0 19.3 25.0
5.8

2012 -0.8 -1.9 3.7 14.7 17.2 23.7 26.6
1975-2010 0.3 2.1 6.2 11.3 16.0 20.2 23.5
Mean Humidity (%)
2011 79.5 70.2 68.1 66.9 64.6 58.6 475
2012 87.3 83.1 69.3 51.9 60.1 41.8 374
1975-2010 58.2 59.4 61.2 60.8 60.3 59.1 60.0
Years August September October November December Tot/Mean
Total Rainfall (mm)
2011 21.1 0.6 62.4 10.9 39.7 396.6
2012 7.4 3.6 18.6 35.9 86.4 431.3
1975-2010 12.4 18.9 32.5 36.0 42.6 402.1
Mean Temperature (°C)
2011 23.4 19.9 11.0 3.4 3.7 11.8
2012 23.7 22.1 16.8 9.1 4.3 13.2
1975-2010 23.2 18.7 13.0 6.8 2.2 12.0

Mean Humidity (%)
2011 48.4 454 67.7 71.1 76.4 63.7
2012 40.3 36.4 56.8 78.4 85.0 60.6
1975-2010 61.3 63.1 60.7 57.9 59.2 60.1

YData were taken from Ankara Regional Meteorological Service.

Weed control was made by hand when needed. No irrigation was applied. Commercial fertilizers as 100 kg N
and 60 kg P,Os per ha were given in conventional farming system. Moreover, in organic farming system organic liquid
fertilizer (DICO brand) as 3.3 L/1350 L water/ha were applied and no extra commercial fertilizer was dressed. One row
and 0.5 m in both sides were removed as side effects in plots. The plants were harvested by hand.

The seed samples were properly ground and the oil extracted with n-hexane in a Soxhlet extractor for 4 h.
Recovered crude oils were taken to dry out on a rotator evaporator at 35 °C. Fatty acids were esterified as methyl esters
and analysed by Agilent 6890N Network with equipment with DB-23 capillary column (JW Scientific 122-2362 DB-
23; 60.0 m x 250 um x 0.25 um) GC and FID detector. Helium was used as carrier gas at a flow rate of 1 mL/min.
Injector and detector temperature were 260 °C and 240 °C, respectively. Column temperature was kept at 220 °C for 69
min. Samples of 0.5 uL was injected by hand and in the split mode (20:1). FAMEs were identified by comparison of
their retention times with those of reference standards. The content of fatty acids was calculated from corresponding
integration data. With split plots in randomized complete block design, analytical data collected with three replications
of each treatment were subjected to analysis of variants using SAS statistical software program, and differences
between means were compared via the LSD (Least Significant Difference) test (Diizgiines et al., 1987). Plant height
(cm), capitulum yield (g/cap seed yield (t/ha), thousand seed weight (g), oil content (%), oil yield (t/ha), oleic acid
content (%) and linoleic acid content (%) were evaluated (Bergman et al., 2001; Singh, 2005; Camas and Esendal,
2006; Camas et al., 2007; Golkar et al., 2011; Majidi et al., 2011; Omidi et al., 2012); stability of varieties, variances of
genotype, year, cultivation type and their interactions; and heritability of yield components (Comstock and Moll, 1963)
were determined in the study. Bi-plot analyses (Sahin et al., 2011) were made by Minitab 15.

3. Results

Yield, yield components are formed wherefore genetic performance, applications and environmental
environment (Pireivatlou et al., 2011). The anova analysis showing performance of genotypes for yield components in
2010 and 2011 were presented in Table 3. Well-adapted to dry land conditions of world, safflower is promising plant to
meet the need of edible oil in the world. Oil quality is tremendously higher due to fatty acid composition. To increase
safflower production, it is necessary to develop novel safflower varieties, having high yield and quality. Yield and yield
components are under genotype x environment interaction and seed and oil yield are also under the effect of some yield
components. It is therefore important to determine importance of yield component, their heritability and the effect of
them on seed and oil yield (Bergman et al., 2001; Singh et al., 2004). As seen in Table 3, differences between years in
plant height, seed yield and oil yield were found as significant at 1%. Besides, differences between cultivation types
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was only significant (p<0.01) in plant types. Differences in varieties in plant height, seed yield, 1000 seed weight, oil
content, oil yield, oleic acid content and linoleic acid content were determined as significant at 1%. Year x variety
interaction in plant height and seed yield; cultivation type x variety interaction in oil content and oil yield were
significant (Table 3). Results of yield and yield components on safflower varieties were given in Table 4. Plant height in
first year (83,400 cm) was so higher than the second year (68,090 cm). Conventional farming gave higher plant height
(72,607 cm) than organic farming (68,090 cm). In varieties, the highest plant heights were taken from Yenice (80,108
cm) and Shifa (78,883 c¢cm). More differences on years in Yenice and Dinger varieties made Year X Variety interaction
significant (p<0.05).

Plant height is milestone criterion in evaluation of yield and yield component, and it is in a large scale affected
from environmental conditions and agronomic applications. Water availability significantly causes plant height in
safflower (Singh et al., 2004; Majidi et al., 2011). It could be answer enough to explain significant differences in years,
cultivation types and varieties in our study. Water deficit is pointed out to lead variations in plant height and seed yield.
Water supply plays important role to determine yield and yield component (Ozturk et al., 2008).

Kafka et al. (2000) reported that varietal differences are mostly seen in studies, since plant height is strongly
formed by environmental and agronomical differences. Manju and Sreelathakumary (2002) reported that heritability of
plant height was 0.39. Phenotypic variance was higher than genotypic variance and low heritability was recorded
(0.412) in plant height. This assigns significant differences between factors and greater association between
environmental conditions and genetic factors in this study.

No differences occurred in years, cultivation types, varieties; nor did interactions. It is more likely to be the
least affected trait over environmental conditions. Nie et al. (1987) found that the number of branches had high
heritability. Similarly, heritability was found as 0.820 in our study. Number of branches in safflower is formed both
genetically and environmentally and the number of branches and 1000 seed weight contributes the effect to seed yield
either directly or indirectly (Singh et al., 2004; Singh, 2005).

Table 3. Results of yield and yield components on cultivation types and safflower varieties in 2011-2012, 2012-2013

F values

Source of Variation D.F. Plant Height Number of . 1000 Seed Weight
Seed Yield

(cm) Branches (9)
Year 1 883.792** 0.001ns 985.579** 5.021ns
Error: 2
Cul.Type 1 88.423** 4.305ns 3.923ns 0.018ns
Ye.x Cul. Type 1 166.436** 3.334ns 0.459ns 0.418ns
Error: 4
Variety 4 30.324** 1.609ns 45.737** 17.379**
Ye.x Var. 4 3.920* 1.884ns 24.897** 0.525ns
Cul. Typex Var. 4 1.219ns 1.180ns 0.823ns 0.294ns
Ye.xCul.TypexVar. 4 1.401ns 0.147ns 2.934* 0.174ns
Errors 32
Mean 59
C.V.(%) 23.6703 13.8208 38.5168 11.1602

F values
Source of Variation D.F. . s Oleic Acid Content Linoleic Acid

Qil Content (%0) Qil Yield (%) Content (%)
Year 1 0.387ns 1480.835** 3.103ns 2.961ns
Error: 2
Cul.Type 1 0.534ns 6.686ns 5.668ns 0.433ns
Ye.xCul. Type 1 19.193* 7.068ns 2.487ns 3.507ns
Error: 4
Variety 4 5.476%* 77.970%* 1976.219** 1524.783**
Ye.x Var. 4 0.469ns 36.902** 1.202ns 0.902ns
Cul. Typex Var. 4 3.516* 3.667* 4.264** 6.350**
Ye.xCul.TypexVar. 4 0.329ns 5.029** 0.230ns 0.605ns
Errors 32
Mean 59
C.V.(%) 6.6757 39.2102 57.6390 10.7636

D.F.: Degree of Freedom - M.S.: Means of Square - Cul. Type: Cultivation Type - Ye.x Cultivation Type: Year x Cultivation Type,
Ye. x Var.: Year x Variety - Cultivation Type x Var.: Cultivation Type x Variety, Ye. x Cultivation Type X Var.: Year x Cultivation
Type x Variety - C.V.: Coefficient of Variation, *: Significant at %5, **: Significant at %1

It is well known that safflower is a drought-tolerant crop and the depletion is seen in biomass production and this leads
low amounts in plant height, seed and oil yield and thousand seed yield under drought conditions (Majidi et al., 2011; Wachsmann et
al., 2003). Water availability plays key role in determining seed and oil yield under drought conditions (Ozturk et al., 2008).
Environment has a main factor for some characters which environmental effects are more effective than genotypic variations or
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genotype X environment interaction (Schuler et al., 1995). Differences in years and varieties and year x variety interaction were
determined as significant (p<0.01). Insignificant difference in cultivation type was recorded. Moreover, year x cultivation type x
variety interaction was also significant (p<0.05). Seed yield in the first year (1.130 t/ha) was higher than the second year (0.664 t/ha).
Shifa (1.134 t/ha) and Remzibey (1.026 t/ha) had the highest seed yield, and the lowest one belonged to Yenice (0.649 t/ha).
Insignificant differences between cultivation types in Remzibey, Dinger varieties in the first year; in Dinger and TAEK varieties in
the second year made year x cultivation type X variety interaction significant. Significant variations in years and varieties, and year X
genotype interactions in our study prove that the seed yield is mainly formed genotype x environment interaction. Besides, greater
variation in years, low broad sense heritability (0.542) support results of our study. The broad sense heritability in seed yield, plant
height, first branch height, number of branch, head diameter, number of seed per head, 1000-seed weight and oil content were found
as 0.35,0.93, 0.99, 0.45, 0.21, 0.69, 0.81 and 0.59, respectively (Camas and Esendal, 2006).

1000 seed weight is important yield component. In the study differences between years, cultivation types were found to be
insignificant (p<0.05). Besides, interaction between yield x cultivation type, year x variety, cultivation type X variety, year X
cultivation type x variety were insignificant. Only differences between varieties were significant (p<0.01) (Table 3). Though Shifa
(44.598 gr.) had the highest 1000 seed weight, TAEK (35.817 gr) gave the lowest 1000 seed weight. Similar to our findings,
significant variations in varieties and no significant effects of years in seed yield were found by Omudi et al. (2012). Besides, great
variations for 1000 seed weight in safflower cultivars versus water deficit were reported by Nabipour et al. (2007), Camas et al.
(2007) and Ghamarnia and Sepehri (2010). Broad sense heritability in the study was 0.765. Sandhu et al. (1988) found high
heritability (0.810) in 1000 seed weight. This assign that 1000 seed weight is formed mostly by genetic factors. Chauhan ve Singh
(1998) stated that environment plays less important role in performance of characters with higher heritability.

Table 4. Results of yield and yield components on safflower varieties in 2010 and 2011

Plant height (cm)

Years Cultivation Cultivars Mean
Type Yenice Remzibey Dinger Shifa TAEK

First Year Conv.Farm 94.267 72.267 76.600 95.100 74.567 82.560
Org.Farm. 94.300 74.167 78.333 97.900 76.500 84.240
Mean 94.283 73.217 77.467 96.500 75.533 83.400 A

Second Conv.Farm 69.200 62.367 59.733 66.367 55.600 62.653

Year Org.Farm. 62.667 42.233 45.567 55.867 53.367 51.940
Mean 65.933 52.300 52.650 61.117 54.483 57.297 B

As means Conv.Farm 81.733 67.317 68.167 80.733 65.083 72.607 A

of Years Org.Farm. 78.483 58.200 61.950 76.883 64.933 68.090 B

Grand Mean 80.108 A 62.758 B 65.058 B 78.808 A 65.008 B 70.348

L.S.D.(%): Year: 8.972, Cultivation Type: 2.211, Year x Cultivation Type: 3.127, Variety: 5.894,

Year x Variety: 6.205

Number of branches

Years Cultivation Cultivars Mean
Type Yenice Remzibey Dinger Shifa TAEK

First Year Conv.Farm 5.533 5.367 5.267 5.000 4.967 5.227
Org.Farm. 4.500 5.033 4.300 4.633 4.533 4.600
Mean 5.017 5.200 4.783 4.817 4.750 4.913

Second Conv.Farm 4.933 4.933 4.667 4.933 5.233 4.940

Year Org.Farm. 4.500 5.100 4.333 4.833 5.733 4.900
Mean 4.717 5.017 4.500 4.883 5.483 4.920

As means Conv.Farm 5.233 5.150 4.967 4,967 5.100 5.083

of Years Org.Farm. 4.500 5.067 4.317 4.733 5.133 4.750

Grand Mean 4.867 5.108 4.642 4.850 5.117 4,917

Seed yield

Years Cultivation Cultivars Mean
Type Yenice Remzibey Dinger Shifa TAEK

First Year Conv.Farm 0.840 1.300 0.853 1.527 1.300 1.164
Org.Farm. 0.697 1.423 0.730 1.487 1.143 1.096
Mean 0.768 1.362 0.792 1.507 1.222 1.130 A

Second Conv.Farm 0.590 0.783 0.787 0.897 0.610 0.733

Year Org.Farm. 0.470 0.597 0.640 0.627 0.640 0.595
Mean 0.530 0.690 0.713 0.762 0.625 0.664 B

As means Conv.Farm 0.715 1.042 0.820 1.212 0.955 0.949

of Years Org.Farm. 0.583 1.010 0.685 1.057 0.892 0.845

Grand Mean 0.649C 1.026 AB 0.753 C 1134 A 0.923B 0.897

L.S.D.(%): Year: 0.147, Variety: 0.113, Year x Variety: 0.160, Year x Cultivation Type x Variety: 0.168

1000 seed weight (g)

Years Cultivation Cultivars Mean
Type Yenice Remzibey Dinger Shifa TAEK

First Year Conv.Farm 38.043 37.330 41.553 45.377 37.213 39.903
Org.Farm. 37.557 38.017 42.467 46.800 37.857 40.539
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Table 4 continued

Mean 37.800 37.673 42.010 46.088 37.535 40.221
Second Conv.Farm 36.637 36.987 41.380 42.593 34.260 38.371
Year Org.Farm. 35.483 37.930 38.790 43.623 33.940 37.953

Mean 36.060 37.458 40.085 43.108 34.100 38.162
As means Conv.Farm 37.340 37.158 41.467 43.985 35.737 39.137
of Years Org.Farm. 36.520 37.973 40.628 45.212 35.898 39.246
Grand Mean 36.930 C 37.566 C 41.047 B 44.598 A 35.817C 39.192

L.S.D.(%): Variety: 3.344

Qil content (%)

Years Cultivation Cultivars

Type Yenice Remzibey Dincer Shifa TAEK Mean
First Year Conv.Farm 24.700 25.633 26.300 28.233 27.833 26.540
Org.Farm. 26.467 30.433 28.767 27.933 29.00 28.520
Mean 25.583 28.033 27.533 28.083 28.417 27.530
Second Conv.Farm 27.330 28.187 28.493 29.193 28.953 28.431
Year Org.Farm. 25.393 28.887 27.167 27.137 26.503 27.017
Mean 26.362 28.537 27.830 28.165 27.728 27.724
As means Conv.Farm 26.015 26.910 27.397 28.713 28.393 27.486
of Years Org.Farm. 25.930 29.660 27.967 27.535 27.752 27.769
Grand Mean 25.973 B 28.285 A 27.682 A 28.124 A 28.073 A 27.627
L.S.D.(%): Year x Cultivation Type: 1.521, Variety: 1.574, Cultivation Type x Variety: 1.657
Oil yield
Years Cultivation Cultivars Mean
Type Yenice Remzibey Dinger Shifa TAEK
First Year Conv.Farm 0.210 0.343 0.227 0.433 0.363 0.315
Org.Farm. 0.187 0.433 0.210 0.420 0.330 0.316
Mean 0.198 0.388 0.218 0.427 0.347 0.316 A
Conv.Farm 0.167 0.227 0.227 0.267 0.180 0.213
31‘3”0' Org.Farm. 0.123 0.177 0.177 0.177 0.173 0.165
Mean 0.145 0.202 0.202 0.222 0.177 0.189 B
As means Conv.Farm 0.188 0.285 0.227 0.350 0.272 0.264
of Years Org.Farm. 0.155 0.305 0.193 0.298 0.252 0.241
Grand Mean 0172 E 0.295 B 0.210D 0.324 A 0.262 C 0.253

L.S.D.(%): Year: 0.033, Variety: 0.027, Year x Variety: 0.038, Cultivation Type x Variety: 0.029, Year x Cultivation Type
x Variety: 0.054

Oleic acid content (%)

Years Cultivation Cultivars

Type Yenice Remzibey Dincer Shifa TAEK Mean
First Year Conv.Farm 8.970 31.113 10.953 10.813 10.377 14.445
Org.Farm. 9.830 30.367 10.273 11.557 10.983 14.602
Mean 9.400 30.740 10.613 11.185 10.680 14.524
Second Conv.Farm 7.900 30.130 10.950 9.500 9.807 13.657
Year Org.Farm. 9.853 30.347 10.477 10.580 10.887 14.429
Mean 8.877 30.238 10.713 10.040 10.347 14.043
As means Conv.Farm 8.435 30.622 10.952 10.157 10.092 14.051
of Years Org.Farm. 9.842 30.357 10.375 11.068 10.935 14.515
Grand Mean 9.138C 30.489 A 10.663 B 10.613 B 10.513 B 14.283
L.S.D.(%): Variety: 0.791, Cultivation x Variety: 1.119
Linoleic acid content (%0)
Years Cultivation Cultivars Mean
Type Yenice Remzibey Dinger Shifa TAEK
First Year Conv.Farm 82.247 59.057 79.510 79.223 79.193 75.846
Org.Farm. 81.300 60.620 80.817 79.643 78.667 76.209
Mean 81.773 59.838 80.163 79.433 78.930 76.028
Second Conv.Farm 82.367 60.327 79.323 80.190 80.880 76.617
Year Org.Farm. 80.967 60.353 80.387 79.073 78.523 75.861
Mean 81.667 60.340 79.855 79.632 79.702 76.239
As means Conv.Farm 82.307 59.692 79.417 79.707 80.037 76.232
of Years Org.Farm. 81.133 60.487 80.602 79.358 78.595 76.035
Grand Mean 81.720 A 60.089 C 80.009 B 79.532 B 79.316 B 76.133

L.S.D.(%): Variety: 0.894, Cultivation Type x Variety: 1.265
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Seed oil content seems to range in little limit over the years and applications; is strongly related to the genotype
(Hang and Evans, 1985; Beyyavas et al., 2011). In oil content, years and cultivation type didn’t create significant
differences, nor did interaction between year x variety and year x cultivation type x variety. Differences between
varieties (p<0.01) and interactions between year X cultivation type and cultivation type x variety (p<0.05) were found to
be significant (Table 3). With similar results TAEK (28.073%) and Shifa (28.124%) had the highest oil content, the
lowest belonged to Yenice (25.973%). Safflower (Carthamus tinctorius L.) has been cultivated almost for the seed oil
and oil content ranges between 30 and 50%. Oil yield therefore comes into mind when oil production is taken into
account (Camas et al., 2007). Genotypic and genotype related variations and broad sense heritability (0.785) are almost
high; this explains why variations in years and farming applications are insignificant and oil content is shaped by
genotypic features of varieties. Seed genetic components, including additive and dominance effects, play an important
role in the inheritance of oil content traits (Pai and Kumar, 1991) and broad-sense heritability is reported to be high
0.875 (Hu 1987; Camas and Esendal, 2006).

The success of safflower introduction and development in a given country or region largely depends on seed
oil yield (Malleshappa et al. 2003; Abdolrahmani, 2005). Qil yield is generally taken into consideration when process is
made in evaluation of safflower varieties. Besides, it was reported that the seed oil yield of safflower decreased sharply
when drought stress was severe (Lovelli et al. 2007). The effect of years and differences between varieties (p<0.01),
interactions between year X variety (p<0.01), cultivation type x variety (p<0.05) and year x cultivation type x variety
(p<0.01) were determined as significant. Oil yield in the first year (0,316 ton/ha) was higher than that of the second year
(0.189 ton/ha).In this character, the highest and the lowest oil yields belonged to Shifa (0.324 ton/ha) and Yenice (0.172
ton/ha), respectively. Year x cultivation type x variety interaction was found to be significant at 1%. Significant
differences between cultivation types on Yenice, Remzibey and Dinger varieties in the first year; such significant
differences on Remzibey, Dinger and Shifa varieties in the second year made this interaction significant. Similar to our
findings, Omidi et al. (2012) reported that highly significant effects of the environmental conditions, environment x
variety interactions, significant differences between varieties were found on seed yield and seed oil yield (Camas et al.,
2007; Beyyavas et al., 2011; Omidi et al., 2012). Significant variations between years and varieties were proved in
(Table 3); as a proof of these effects, heritability was 0.666. low heritability of oil yield (0.59) was reported by Camas
and Esendal (2006). The highest variations on fatty acids belong to safflower and this phenomenon causes breeders to
search and develop novel varieties having high fatty acid composition (Dajue and Mundel, 1996; Bergman et al., 2001).
Level of the fatty acids is essential vegetable oils including safflower for their commercial usages. Oleic and linoleic
acid content increase importance and nutritional value of oil use. Effect of years and cultivation types, interactions
between year x cultivation type, year x variety and year x cultivation type X variety were insignificant. Moreover,
differences between varieties and interaction between cultivation type x variety were significant at 1% in both
characters. The highest yield was taken from Remzibey (30.489%) in oleic acid content and from Yenice (81.720%) in
linoleic acid content. The lowest ones belonged to Yenice (9.138%) in oleic acid content and Remzibey (60.089%) in
linoleic acid content (Table 4). Oleic and linoleic acid levels are reported to be almost 18-20% and 70-70 %,
respectively (Dajue, 1993; Velasco and Fernandez-Martinez, 2001). Our results are in accordance with Hamdan et al.
(2009) and Velasco and Fernandez-Martinez (2001) who reported that the content of fatty acids in safflower varieties
showed significant difference; oleic and linoleic acids were environmentally stable and affected by genotypic potential.
Genotypic variances were so higher and broad sense heritability of oleic and linoleic acids in our study were 0.909 and
0.786 (Table 5). It was pointed out that broad sense heritability on oleic and linoleic acids were high indicated that
additive genetic variances for these fatty acids were proportionally great (Golkar et al., 2011).

Correlation between yield and yield components were given in Table 4. Significant and positive interactions
(p<0.01) between seed yield and plant height, 1000 seed weight and plant height, 1000 seed weight and seed yield, oil
yield and plant height, oil yield and seed yield, oil yield and 1000 seed weight, oil yield and oil content, oleic acid
content and oil yield (p<0.05) were found.

Table 4. Correlations between yield and yield components in safflower

Pl.He. Num. of Br.  Seed.Y. 1000 S.W. Qil Co. Qil Y. Oleic A.
Num. of Br. 0,028ns
Seed Y. 0,580** 0,120ns
1000 S.W. 0,350** -0,098ns 0,369**
Qil Co. -0,147ns -0,062ns 0,238ns 0,139ns
Qily. 0,534** 0,085ns 0,980** 0,371** 0,337**
Oleic A. -0,224ns 0,146ns 0,226ns -0,151ns 0,190ns 0,256*
Linoleic A. 0,239ns -0,163ns -0,238ns 0,152ns -0,196ns -0,267* -0,995**

*:P<0.05,**:p<0.01.

However negative and significant interactions between linoleic acid content and oil yield (p<0.05), linoleic
acid content and oleic acid content (p<0.01) occurred. Moreover, rational effects of source of variances by years,
cultivation types and varieties in characters and broad sense heritability of characters were given in Table 5. The highest
variance was determined from year x cultivation type, year x variety and year x cultivation type x variety in plant
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height. Similar variances of all effects were determined in the number of branch. In seed yield and 1000 seed weight the
higher effects of variances were in year x cultivation type, year x variety, and year X cultivation type x variety.

Table 5. Rational effects of source of variances by years, cultivation types and varieties in characters and broad sense
heritability of characters

Characteristic Var. of Var. of Genotypic Var. of Var.of Var. of Phenotypic Broad Sense
Cul.Type Ye.x Var. Ye.x Cul. Ye.xCul. Var. Heritability
Cul. Var. Typex  TypexVar.
Type Var.
Plant Height 5,102 185,051 56,196 233,793 63,544 253,351 136,381 0,412
Number of
Branch. 0,028 0,049 0,032 0,069 0,083 0,145 0,039 0,820
Seed Yield 0,003 0.057 0,032 0,103 0,034 0,078 0.059 0,542
1000 Seed Weight 0,003 1,132 10,363 11,736 10,543 12,089 13,545 0,765
Oil Content 0,020 0,749 0,724 0,795 1,208 0,845 0,922 0,785
Oil Yield 0,002 0,004 0,003 0,009 0,003 0,009 0,0045 0,666
Oleic Acid Content  0.054 0,135 65,978 66,075 66,176 66,304 72,57 0,909
Linoleic Acid Con.  0.010 0,099 65,067 65,117 65346 66,304 82,782 0,786

Genotypic variance, variances of year x cultivation type, year x variety and year x cultivation type x variety
were dominant in oil content and oil yield. Moreover, in oleic and linoleic acid contents, genotypic variance, variances
of year x variety, c.t x variety and year x cultivation type x variety were dominant. Heritability of plant height (0.412),
seed yield (0.542) were lower than that of number of branch (0.820), 1000 seed weight (0,765), oil content (0.785), oil
yield (0.666), oleic acid content (0.909) and linoleic acid (0.786)content (Table 5). Bi-plot analyses denoting stability
performances of varieties for seed yield, oil content and oil yield; showing variety-character behaviors were given in
Figure 1. If PC;>0 with higher values, varieties are so valuable. Varieties are considered as invaluable if PC,<0.
Moreover, PC; assign stability performances of varieties are considered as stabile. In case of their PC, values are zero
or close to zero. Shifa, TAEK and Remzibey in seed yield; TAEK and Shifa in oil content; and Remzibey and Shifa in
oil yield seemed to be high yielding and stabile varieties. Yenice was determined as low yielding and instable variety.
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Figure 1. Bi-plot analyses denoting stability performances of varieties for seed yield, oil content and oil yield
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Figure 2 well explains relationship between yield components, and varietal performances. Besides, this figure
also explains combine effects of variety, farming applications, and environmental effects. TAEK variety, oil content and
oil yield contributed mostly to PC; (accounted for 98.0% of total variability). The total variability of first component is
influenced by Shifa and TAEK and Remzibey varieties. All characters were almost homogenous at Remzibey and
Dinger varieties. Besides Yenice variety was mostly homogenous in all characters.
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Figure 2. Bi-plot analyses explains relationship between yield components, and varietal performances
4. Conclusions and discussion

In our study, it was concluded that seed and oil yield, yield components were significantly responded to
variability in varieties environmental conditions in growth stages. Shifa, TAEK and Remzibey in seed yield; TAEK and
Shifa in oil content; and Remzibey and Shifa in oil yield seemed to be high yielding and stabile varieties. Yenice was
determined as low yielding and instable variety. High heritability in number of branch, 1000 seed weight, oil content,
oleic acid content and linoleic acid content assigned that these characters are mostly formed by genotypic performance,
whereas having low heritability, plant height, seed yield and oil yield were determined as under genotype x environment
interaction. Determining and developing novel varieties having higher seed and oil yield and its quality should be main
target of safflower breeding. Further studies are required to determine the effective techniques and high yielding
varieties to increase oil yield and quality in safflower.
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