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The effects of some soil herbicides on root colonization and spore number of mycorrhizal fungi Glomus
intraradices

Yasin Emre KITIS ™, Beytullah YAZIR 2, Hiilya OZGONEN OZKAYA3

! Akdeniz Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimi, Antalya, Turkey
2Gida Tarim ve Hayvancilik Bakanligi, Evciler llge Mudiirligii, Afyonkarahisar, Turkey
3 Siileyman Demirel Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, Isparta, Turkey

Abstract

Herbicides are the most widely used pesticide groups in the world. It is probable that such heavily used and
particularly soil-applied herbicides have highly negative effects on soil microflora. One of the important groups of soil
microflora is the mycorrhizal fungi which live symbiotically with plants’ roots and are known to have many benefits to
plants. The study was conducted to determine the effects of most widely used soil herbicides trifluralin, linuron,
acetochlor and imazethapyr on the root colonization and spore number in the soil of mycorrhizal fungi Glomus
intraradices. To this aim, tomato, sunflower, corn and chickpea were inoculated with G. intraradices and grown in
potting media under controlled conditions. Related herbicides were applied both in recommended and double doses for
each crop plant in the period of pre-plant and pre-emergence. After four weeks incubation periods, the root colonization
of mycorrhizal fungi on culture plants and spore number in soil were determined. Root colonization rates of untreated
control groups were above 50%, while significant reductions were occurred in application of the recommended and
double doses of herbicides. The recommended dose of acetochlor resulted largest reduction in the root colonization by
97% and it was followed by linuron by 87%. In two-fold dose imazethapyr application, mycorrhizal colonization did
not occur in chickpeas roots. Again, two-fold dose acetochlor reduced the mycorhizal colonization by 98% in maize
roots. It was found that, these herbicides also reduced the spore number of G. intraradices in soil significantly. Among
the herbicides used in the experiment, imazethapyr took the first place by reducing the number of spores in soil
respectively by 97.2% and 100% with recommended and two-fold doses. Acetochlor followed this herbicide and
decreased spore numbers by 81.8% and 89.6%, respectively and thus it took second place. The results indicate that
herbicides depending of herbicide group and doses, negatively affect the development and activities of the mycorrhizal
fungi living symbiotically with crops. Therefore, it should be noted the selection of herbicides and herbicides which
have side effects on non-target organisms must not been preferred.

Key words: microflora, interaction, pesticide, side-effect, symbiosis

k

Bazi toprak herbisitlerinin mikorizal fungus Glomus intraradices’in kok kolonizasyonu ve spor sayisi iizerine
olan etkileri

Ozet

Diinyada en ¢ok kullanilan pestisit grubunu herbisitler olusturmaktadir. Bu denli yogun kullanilan ve 6zellikle
topraga uygulanan herbisitlerin toprak mikroflorasina bir takim olumsuz etkilerinin olmasi da son derece muhtemeldir.
Toprak mikroflorasini olusturan 6nemli etmenlerden biri de bitki kokleriyle simbiyotik olarak yasayan ve pek c¢ok
faydas1 bilinen mikorizal funguslardir. Bu ¢alisma, diinyada en ¢ok kullanilan toprak herbisitlerinden olan trifluralin,
linuron, acetochlor ve imazethapyrin, mikorizal fungus Glomus intraradices’in kok kolonizasyonu ve topraktaki spor
sayisina etkisini belirlemek amacryla yiiriitiilmiistiir. Bu amacla, kontrollii kosullarda sirasiyla domates, aygigegi, misir
ve nohut bitkileri G. intraradices ile inokule edilmis saksi ortaminda yetistirilmistir. Her bitki tiirii igin ilgili herbisitin
onerilen ve iki kat dozlar1 dikim ve ¢ikis Oncesinde saksi topragma uygulanmistir. Dort haftalik inkiibasyon

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +902422274700; Fax.: +902422274564; E-mail: emrekitis@akdeniz.edu.tr
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periyodundan sonra mikorizal fungusun kiiltiir bitkisi kokleri {izerinde ki kolonizasyon orani ve topraktaki spor sayist
belirlenmigtir. Kok kolonizasyon orani herbisit uygulanmayan kontrol grubunda % 50’nin iizerinde gerceklesirken,
herbisitlerin 6nerilen ve iki kat dozlarinda ¢ok 6nemli diisiisler meydana gelmistir. Herbisitlerin 6nerilen dozunda kék
kolonizasyonu agisindan en biiyiik azalmaya % 97°lik oranla acetochlor sebep olmus, bunu % 87 ile linuron takip
etmistir. ki kat doz uygulamalarinda ise imazethapyr uygulanan nohutlarin koklerinde hi¢ mikorizal kolonizasyon
meydana gelmemistir. Yine acetochlorun iki kat dozunda musir koklerindeki kolonizasyon orant % 98 oraninda
azalmistir. S6z konusu herbisitlerin, G. intraradices’in topraktaki spor sayilarini da 6nemli 6l¢lide azalttigi saptanmustir.
Denemeye alinan herbisitler igerisinde imazethapyr, topraktaki spor sayisini onerilen ve iki kat dozda sirasiyla % 97,2
ve % 100 oraninda azaltarak ilk siray1 almig, bunu acetochlor takip ederek sirasiyla % 81,8 ve % 89,6 oraninda spor
sayisinda azalmaya neden olan ikinci herbisit olmustur. Elde edilen bu sonuglar gostermektedir ki grubu ve dozuna da
bagh olmakla birlikte herbisitler kiiltiir bitkileriyle simbiyotik olarak yasayan mikorizal funguslarin gelisimi ve
faaliyetini olumsuz sekilde etkilemektedir. Bu nedenle herbisitlerin se¢imine dikkat edilmeli ve hedef dis1
organizmalara yan etkileri fazla olan herbisitler tercih edilmemelidir.

Anahtar kelimeler: etkilesim, mikroflora, pestisit, simbiyozim, yan etki
1. Giris

Diinyada tarim alanlarin1 genisletme imkani oldukga sinirli olup, 2050 yilina kadar toplam ekilebilir alanlarin
en fazla %5 oraninda artirilabilecegi 6ngoriilmektedir. Buna karsilik, tarimsal tiretimdeki artig, diinya niifus artiginin
gerisinde kalmakta ve oniimiizdeki 40 yil igerisinde artan gida talebini karsilamak i¢in tarimsal tiretimin %60 oraninda
artmast gerekmektedir. Diger taraftan, mevcut tarim alanlarinin, sularin, deniz ekosistemlerinin, balik stoklarmin,
ormanlarin ve biyo-gesitliligin siirdiiriilebilir sekilde kullanimina olan ihtiya¢ artmaktadir. Bugiin diinyada tim tarim
alanlarinin %25 kadar1 biiyiik 6l¢tide tahrip olmus ve deger kaybetmis durumdadir (Anonim, 2013). Buna karsilik
siirekli artmakta olan Diinya niifusunun yeterli beslenebilmesi i¢in tarim iirlinlerinde verim kaybina neden olan
unsurlarin azaltilmasi1 kacinilmaz bir gerekliliktir. Bu amacla birgok zirai miicadele metodu gelistirilmis ve
kullanilmaktadir. Bunlar igerisinde ise uygulamasinin kolay olmasi ve kisa siirede etki gdstermesi gibi avantajlarindan
dolay1 en ¢ok kimyasal miicadele metotlari tercih edilmektedir. Tiim diinyada kullanilan tarim ilaglart igerisinde en ¢ok
tiiketileni ise herbisitlerdir. 2013 y1l1 verilerine gore diinyada kullanilan toplam tarim ilacinin yaklasik yarisini (% 47,5)
herbisitler olusturmaktadir (De vd., 2014). Ulkemizde de durum gok farkli olmayip, 2012 yilsonu itibariyle % 36’lik
payla Tirkiye’de en fazla kullanilan pestisit grubu herbisitlerdir (Tiirktemel, 2014). Herbisitler uygulama zamanina
gore ekim/dikim Oncesi, ¢ikis dncesi ve ¢ikis sonrasi olmak tizere ii¢ gruba ayrilmaktadir. Dolayisiyla ekim ve ¢ikis
oncesi olarak adlandirdigimiz ve dogrudan topraga uygulanan herbisitler olduk¢a biiyiik bir grubu olusturmaktadir.
Gerek toprak herbisitleri, gerekse topraga diisen ¢ikis sonrasi herbisitler, ¢esitli faktorlere bagli olarak belirli bir siire
toprakta tutunmaktadir. Ozellikle toprak herbisitlerinde bu siirenin ¢ok kisa olmasi istenmez ki kritik periyot boyunca
basarili bir yabanci ot kontrolii saglanabilsin. Tarim alanlarinda bu denli yogun ve kalicilig1 yiiksek kimyasal maddeler
kullanilmasinin toprak mikrofloras: iizerine de bazi olumsuz etkileri bulunmaktadir. Ornegin atrazine etkili maddeli
herbisitin ve degredasyon {iriinlerinin, yesil alg ve cyanobacterler gibi fototrofik mikroorganizmalari olumsuz sekilde
etkiledigi ve etken maddenin, degredasyon iiriinlerine oranla daha fazla toksik etkiye sahip oldugu belirlenmistir
(Stratton, 1984). Benzer sekilde, sulfonylure grubu herbisitlerden metasulfuron methyl, chlorsulfuron ve thifensulfuron
methyl’in tarim topraklarindan izole edilen farkli florasan Pseudomonas strainlerine karsi toksik etkiye sahip olduklari
tespit edilmigtir (Boldt ve Jacobsen, 1998). Glufosinate-ammonium’un dehydrogenaz aktivitesi iizerine olumsuz
etkisinin son derece siddetli oldugu ve topraktaki mikrobiyal yapiyr degistirerek, fonksiyonel mikroorganizma
cesitliligini azaltabilecegi 6ngoriilmiistir (Pampulha vd., 2007). Bir grup herbisitin toprak mikroorganizmalarinin sayisi
ve biyokiitlesi iizerine etkisinin aragtirildig1 ¢alismada ise herbisitlerin biiylik bir boliimiiniin, 6zellikle triazine grubu
herbisitlerin toprak mikroflorasini azalttigi, herbisit uygulanmayan topraklarda mikroorganizma populasyonunun % 20
ila 300 arasinda daha fazla oldugu tespit edilmistir (Michalcewicz, 2001). Tiim bu ¢aligmalar gostermektedir ki diinyada
en ¢ok kullanilan pestisit grubu olan herbisitlerin toprak mikroflorasina az veya ¢ok olumsuz etkileri s6z konusudur.
Toprak adin1 verdigimiz, bitkisel ve hayvansal {iretimin ana unsurunu teskil eden yapi, aslinda sahip oldugu ve adina
mikroorganizma dedigimiz canlilar sayesinde dinamik bir hayat kaynagi olarak 6niimiizde durmaktadir. Topraga can
veren toprak mikroflorasinin 6nemli unsurlarindan biri de mikorizal funguslardir. Toprak simbiyontu olarak bilinen
mikorizal funguslar bitki kokleri ile kurduklari ortak yasam ile karsilikli yarar saglamak suretiyle topragi da beslerler.
Mikorizal funguslar dogada pek ¢ok otsu ve orman agaglarint kapsayan bitki ortiisiiniin yaklasik %95°1 ile ortak yasam
icerisindedir. Mikorizal funguslar kendi aralarinda farkli gruplara ayrilmaktadir. Ektomikoriza olarak adlandirilan grup
orman agagclari ile ortak yasama girerek yarar saglarlar. Endomikoriza olarak adlandirilan diger grup ise pek ¢ok otsu ve
odunsu bitkinin kdklerini kolonize eder. Ozellikle arbiiskiiler mikorizal funguslarin (AMF) yer aldig1 bu grupta toprak
ve bitki igin yarayish ¢ok onemli tiirler bulunmaktadir ve 6nemli bir bolimii Glomus cinsi igerisinde yer almaktadir.
Mikorizal funguslar sporlar1 araciligtyla bitki koklerine kolonize olurlar ve kokleri adeta bir hif yumag: halinde sararlar.
Bu aktif simbiyotik iligki ile mikorizal fungus bitkiden beslenmesi icin gerekli karbon kaynagini alir ve koke genis bir
yilizey alani kazandirarak bitkiye topraktan basta fosfor olmak iizere mikro ve makro bitki besin elementleri ve su
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aliminda yardimer olur (Allen, 1993; Ozgonen, 2012). AMF’larmn bitkilerin kuraklik, asir1 tuzluluk ve topraktaki agir
metaller gibi abiyotik faktorlerden kaynaklanan olumsuzluklardan daha az etkilenmesini sagladiklart da belirlenmistir
(Hilderbrandt vd., 2007; Sannazzaro vd., 2007.) Mikorizal funguslarin bitkilere diger bir faydas: ise hastalik ve
zararlilara kars1 belirli diizeylerde koruma saglamasidir. Mikorizal fungus bitki koklerini yukarida sozii edildigi gibi bir
hif yumag halinde sararak toprak patojenlerine kars: fiziksel bir engel yani bariyer olusturur. Kisacasi bitki 6nceden
koke kolonize olan mikorizal fungus sayesinde kok hastaliklarina karst korunur (Sharma vd., 1992). Mikorizal
funguslar fiziksel bir koruma meydana getirmesinin yani sira, bitki i¢erisinde biyokimyasal yolla bazi kimyasallarin ve
antimikrobiyal maddelerin sentezini tesvik ederek patojenin bitki icerisinde gelisimini yavaslatir veya sonlandirirlar.
Yapilan aragtirmalar sonucunda ekonomik agidan 6nemli kiiltiir bitkilerinde Fusarium ve Verticillium tiirlerinin sebep
oldugu solgunluk hastaliklarinda, Phytophthora spp., Rhizoctonia solani ve Sclerotium rolfsii gibi etmenlerin sebep
oldugu kok ve govde ciiriikliklerinde belirli diizeylerde azalma sagladiklari bilinmektedir (Vigo vd., 2000;
Karagiannidis vd., 2002; Whipps, 2004). Bitki koklerine kolonize olan mikorizal fungusun, ozellikle toprak
zararlilarindan olan nematodlarin kdklerdeki zararli etkilerini de belirli diizeyde azalttig1 bildirilmistir (Elsen vd., 2003).
Tiim bu 6zellikleri ile mikorizal funguslar, toprak ananin en degerli evlatlarindan biri olup, yapilan yanlig miidahalelerle
zarar gérmesi engellenmelidir.

Bircok ¢alismada, farkli gruplara ait pestisitlerin mikorizal fungus sporlarinin ¢imlenmesi ve kok
kolonizasyonu iizerine olumsuz etkilerinin oldugu bildirilmistir. Fakat bu ¢aligmalarin biiyiikk bir boliimii bitki fungal
hastaliklarina kars1 kullanilan fungusitlerin AMF’lere olan etkisi iizerine yogunlasmustir. Herbisitlerin etkileriyle ilgili
yapilan galismalar nispeten sinirlidir. Ulkemizde ise bu konuda yapilan ilk ¢alismadir. Ele alinan bu ¢aligmada, diinyada
yogun bir gekilde kullanilan dort farkli toprak herbisitinin mikorizal fungus Glomus intraradices’in kok kolonizasyonu
ve topraktaki spor sayisina etkisi arastirilmigtir. Denemeye alinan her dort herbisit de ¢aligmanin yiiriitiildiigi tarihlerde
iilkemizde ruhsatl iken, trifluralinin {iretim ve ithalat1 31.08.2012, acetochlor ve imazethapyrin iiretim ve ithalati ise
01.01.2013 tarihinde iilkemizde yasaklanarak, 2009 yilindan itibaren Gida Tarim ve Hayvancilik Bakanlig1 tarafindan
kademeli olarak yasaklanan toplam 181 aktif madde icerisindeki yerini almigtir. Bununla birlikte, yasaklanan diger pek
cok aktif madde de oldugu gibi sahada halen bu ve benzeri birgok tarim ilacinin iireticiler tarafindan kullanildigi
bilinmektedir. Nitekim bakanliin raporlarinda, 2012 yilinda iilkemizde kullanilan herbisitler icerisinde aktif madde
bazinda trifluralin % 14’likk payla en ¢ok kullanilan ikinci, acetochlor ise % 9’luk payla en ¢ok kullanilan dérdiincii
herbisit olmustur (Tiirktemel, 2014). Diger taraftan {ilkemizde yasaklanan s6z konusu ii¢ herbisit diinyanin diger birgok
iilkesinde hala yogun bir sekilde kullanilmaya devam etmektedir. Denemeye konu olan dérdiincii herbisit olan linuron
ise iilkemizde halen ruhsatli olup, baklagiller, ay¢igegi, pamuk, misir ve daha birgok kiiltiir bitkisinde yaygin olarak
kullaniimaktadir.

2. Materyal ve yontem

Bu calisma, diinyada en ¢ok kullanilan toprak herbisitlerinden olan trifluralin, linuron, acetochlor ve
imazethapyrin, mikorizal fungus Glomus intraradices’in kok kolonizasyonu ve topraktaki spor sayisina etkisini
belirlemek amaciyla Eyliil 2011 — Haziran 2012 déneminde iki asamada gergeklestirilmistir. Mikorizal fungus Glomus
intraradices’i igeren Mycosym Tri-Ton (150 spor / g) Agrobest firmasindan temin edilmigtir. Birinci agama, kontrolli
kosullarda saks1 denemeleri seklinde yuritilmis, ikinci asamada ise G. intraradices’in kiiltiir bitkisi koklerindeki
kolonizasyon orani ve toprakta olusturdugu spor sayilar1 belirlenmistir.

2.1. Saksi denemelerinin kurulmasi

Denemede 15 cm ¢apinda ve 1.7 litre hacminde plastik saksilar kullanilmistir. Esit miktarda toprak, kum ve
yanmis ahir giibresi (1:1:1) karisimindan olusan saksi topragi 120 °C’de iki saat siireyle otoklavda steril edilmistir.
Saksilarda kullanilan toprak tarim yapilmayan bos alanlardan temin edilmis olup, en az alt1 ay siireyle bekletildikten
sonra kullanmilmistir. Dolayisiyla denemede kullanilan topragin herhangi bir tarim ilac1 igermedigi kabul edilmistir.
Saksilarin tabanina mikorizal fungus inokulasyonu sonrasi spor kaybini engellemek amaciyla tek kathi filtre kagidi
konduktan sonra yarisina kadar steril toprakla doldurulmustur. Daha sonra her saksi1 topragina 10 g toprakta 1000 spor
bulunacak sekilde mikoriza sporlarimi iceren karigtm (Mycosym Tri-Ton) uygulanmis ve {izerine iki cm kalinliginda
toprak eklenmistir. Daha sonra her saksiya bes adet olacak sekilde musir (Zea mays L. cv. “Pioneer”), aygicegi
(Helianthus annuus L. cv. “Sirena”) ve nohut (Cicer arietinum L. cv. “Aydin 92”) tohumlar1 ayri ayri ekilmistir.
Domates (Lycopersicon esculentum Mill. cv. “Tayfun”) yetistirilen saksilara fide dikimi yapilmistir. Ekimi yapilan ve
dikime hazir hale getirilen saksilar {i¢ gruba ayrilmustir. Birinci grup saksilara herhangi bir uygulama yapilmazken
(kontrol grubu), diger iki gruba her kiiltiir bitkisi i¢in kullanilacak herbisitlerin &nerilen (n) ve 6nerilen dozun iki kati
(2n) doz herbisit uygulanmigtir. Bu amagla misir bitkisi igin acetochlor (2-chloro-N-ethoxymethyl-6-ethylaceto-0-
toluidide), aygicegi i¢in linuron (3-(3,4-dichlorophenyl)-N-methoxy-N-methylurea), nohut i¢in imazethapyr ((RS)-5-
ethyl-2-(4-isopropyl-4-methyl-5-0x0-2-imidazolin-2-yl) nicotinic acid) ve domates i¢in trifluralin (2,6-dinitro-N,N-
dipropyl-p-toluidine) aktif maddeli herbisitler kullanilmigtir. Kullanilan herbisitlerin ruhsata esas dozlar1 ve saksi basina
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diisen miktarlart tablo 1 de verilmistir. Herbisit uygulamalarinda sakst basina diisen miktar, saksilarin yiizey alani
dikkate alinarak hesaplanmustir.

Tablo 1. Denemede kullanilan herbisitler ve dozlar1

Saksi1 Basina

Aktif Madde Formiilasyon Kullanma Dozu Diisen Miktar Kiiltiir Bitkisi
Acetochlor (840 g/l) Emiilsiyon Konsantre (EC) 200 ml/da 3.53ul (n) Misir
7.06 pl (2n)

. .. . 4.42 pl (n) L
Linuron (450 g/l) Siispansiyon Konsantre (SC) 250 ml/da 8.84 ul (2n) Aygicegi
Imazethapyr (100 g/1) Suda Coziinen Konsantre (SL) 20 ml/da 0.35ul (n) Nohut

0.71 pl (2n)
Trifluralin (480 g/l) Emiilsiyon Konsantre (EC) 200 mlida 333uk () b ates
7.06 ul (2n)

Belirlenen miktarda herbisitler mikropipet yardimiyla 6lgiilerek 100 ml saf su igerisinde karistirilmig ve el
pllverizatorii yardimiyla saksi topragina uygulanmistir. Kontrol grubuna sadece ayni miktarda saf su uygulanmistir.
Trifluralin uygulanan saksilarda domatesin dikim islemi, uygulamadan 10 giin sonra gergeklesmistir. Bu amagla her
saksiya bir fide sagirtilmigtir. Biitiin saksilar uygulamalara gore gruplara ayrilarak, her biri ayri ayri olacak sekilde dip
kisminda iki-li¢ cm’lik su bulunan plastik kiivetler igerisine yerlestirilmistir. Mikorizal fungusun saksi tabanina dogru
yikanmamasi: i¢in mecbur kalimmadik¢a tistten sulama yapilmamistir. Misir, aycicegi ve nohut ekili saksilarda
cimlenmeden 3-4 giin sonra en sagliklilar1 kalacak sekilde seyreltme yapilmis ve her saksida iki bitki birakilmgtir.
Tohumdan ekilen bitkiler ¢imlendikten, domates fideleri dikildikten sonra dort hafta siireyle gelismeye birakilmigtir. Bu
siire zarfinda bitkilere herhangi bir giibre uygulamasi yapilmamistir. Deneme tesadiif parselleri deneme desenine gore
bes tekerriirlii olarak kurulmustur. Domates ve misir bitkileri 25 (£5) °C ve % 45 (£10) nem, aycigegi ve nohut bitkileri
ise 20 (£5) °C ve % 20 (£10) nem kosullarinda 12 saat karanlik, 12 saat aydinlik olacak sekilde bitki biiyiitme
kabinlerinde yetistirilmistir. Dort hafta sonunda mikorizal fungusun koklerdeki kolonizasyon oraninin ve topraktaki
spor sayisinin belirlenmesi igin bitkiler hasat edilmistir.

2.2. Glomus intraradices’in kolonizasyon orani ve spor sayisinin belirlenmesi

Mikorizal fungusun asilandig: toprakta dort hafta siireyle gelisen bitkilerin kokleri iizerindeki kolonizasyon
orani ve topraktaki spor sayilarini belirlemek amaciyla bitkiler zarar gormeyecek sekilde saksilardan ¢ikarilmisgtir. Hasat
edilen bitkilerin kokleri ¢esme suyu altinda yikanarak temizlenmis ve kurutma kagidi {izerine serilerek fazla nemi
almmustir. Bitkilerin kok kismindan her biri 0.04 g olacak sekilde 6rnekler alinmis ve cam deney tiipleri igerisine
yerlestirilmistir. Her doz grubu igin toplam 12 6rnek alinmigtir. Kok temizleme ve boyama islemi Koske ve Gemma
(1989)’a gore yapilmistir. Koklerin {izerini kapatacak miktarda %10‘luk potasyum hidroksit (KOH) ¢ozeltisi eklenmis
ve kokler beyazlayana kadar 65 °C de etiivde bekletilmistir. Daha sonra tiiplerdeki KOH bosaltilarak, bunun yerine
trypan mavisi soliisyonu eklenmis ve kdklerin boyanmasi saglanmistir. Bu islemden sonra trypan mavisi bosaltilmis ve
yerine laktik asit eklenmistir. Bu tiipler daha sonra altlar1 bir cm?lik kareler seklinde boliimlere ayrilmis petrilere
dokiilmiis ve gridline intersection metoduna gore mikorizali ve mikorizasiz kokler sayilarak kok kolonizasyon orani
belirlenmistir (Giovannetti ve Mosse 1980).

Mikorizal fungusun topraktaki spor sayisini belirlemek amaciyla 1slak eleme yontemi kullanilmigstir
(Gerdemann ve Nicholson, 1963). Her bir toprak drneginden 10 gr tartilarak ayr1 ayr1 beher glass icerisine konulmus ve
iizerine 100 ml su ilave edilmistir. Karisim yarim saat siireyle manyetik karigtirici yardimiyla calkalanarak elde edilen
toprak silispansiyonu sirastyla 750, 250, 100 ve 53 um’lik elekten siiziilmiistiir. Boylece topraktaki kaba materyallerin
geemesi engellenmistir. En alt kisimdaki elek iizerinde tutulan sporlar bir pipet yardimiyla 100 ml’lik santrifiij tiiplerine
aktarilarak 2000 devir/dk’da birka¢ dakika santrifiij edilmistir. Tiipiin lizerindeki siipernat uzaklastirildiktan sonra
%50°1ik seker ¢ozeltisi ile yeniden santrifiij edilmis ve siipernat 53 pm’lik elekten gegirilerek yikanmistir. Daha sonra
petri kaplarina aktarilan sporlar stereoskobik mikroskopta sayilarak 10 gr topraktaki spor yogunluklar: her bir uygulama
i¢in belirlenmistir.

2.3. Istatistik Analiz
Uygulamalarin etkisini aragtirdigimiz bagimli degiskenlerin varyans analizleri SPSS paket programi

yardimiyla yapilmis, ortalamalara ait degerlerin ¢oklu karsilagtirmasi % 95°lik giliven diizeyinde Duncan testiyle
belirlenmistir.
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3. Bulgular

Uygulanan toprak herbisitlerinin, mikorizal fungus G. intraradices’in gerek test bitkilerinin kokleri {izerindeki
kolonizasyon oranini, gerekse topraktaki spor sayilarini dnemli 6lgiide azalttigi belirlenmistir. Kok kolonizasyon orani
herbisit uygulanmayan tiim test bitkilerinde % 50’nin {izerinde gergeklesirken, herbisitlerin Onerilen ve iki kat
dozlarinda ¢ok onemli diisiisler meydana gelmistir (Tablo 2). Herbisitlerin onerilen dozunda kok kolonizasyonu
acisindan en biiyiik azalmaya % 97°lik oranla acetochlor sebep olmus, bunu % 87 ile linuron takip etmistir. iki kat doz
uygulamalarinda ise imazethapyr uygulanan nohutlarin koklerinde hi¢ mikorizal kolonizasyon meydana gelmemistir.
Yine acetochlorun iki kat dozunda misir koklerindeki kolonizasyon orani % 98 oraninda azalmistir. Herbisit
uygulamalar igerisinde en yiiksek mikorizal kolonizasyon % 23 ile onerilen (n) dozda trifluralin uygulanan domates
koklerinde saptanmustir.

Tablo 2. Glomus intraradices’in test bitkisi koklerindeki kolonizasyon orani

Kolonizasyon Orani (%) Kolonizasyon Oranindaki Azalma (%)
Kiiltiir Bitkisi Herbisitler Kontrol Onerilen Doz Iki Kat Doz Kontrol Onerilen Doz Iki Kat Doz
Misir Acetochlor 61,8 (x5, 7)a 1,8(x2,1)b 1,4 (x1,4)b 0 97,0 97,8
Aygicegi Linuron 57,3 (*8,6)a 7,5(x3,00b 49 (x1,4)b 0 86,9 91,4
Nohut Imazethapyr 582 (#8,4)a 8,1 (£3,8)b 0(0)c 0 86,1 100
Domates Trifluralin 59,1 (£6,3)a 23,1 (£8,5) b 9,2 (£3.6) ¢ 0 60,9 84,4

! Satirlarda ayni harfle gosterilen degerler Duncan coklu karsilastirma testine gore 0.05 6nem seviyesinde
istatistik olarak farksizdir.
2 Parantez igerisindeki rakamlar standart sapma degerleridir.

S6z konusu herbisitlerin, G. intraradices’in topraktaki spor sayilarin1 da 6nemli 6lgiide azalttigi saptanmustir.
Denemeye alinan herbisitler igerisinde imazethapyr, topraktaki spor sayisini onerilen ve iki kat dozda sirasiyla % 97,2
ve % 100 oraninda azaltarak ilk siray1 almis, bunu acetochlor takip ederek sirasiyla % 81,8 ve % 89,6 oraninda spor
sayisinda azalmaya neden olan ikinci herbisit olmustur. Uygulanan herbisitler arasinda, mikorizal fungusun spor
sayisinda ki azalma en az trifluralinin Onerilen dozunda (% 59,7) meydana gelmistir (Tablo 3). Diger bir ifadeyle
herbisitin tiirii ve uygulama dozuna bagli olarak mikorizal fungusun kontrole oranla kolonizasyon orani 2,5 ila 44 kat
arasinda, spor sayisi ise 2,5 ila 36 kat arasinda azalma gostermistir.

Tablo 3. Glomus intraradices’in topraktaki spor sayilari

10 g Topraktaki Spor Sayisi+? Spor Sayisindaki Azalma (%)
Kiiltiir Herbisitler  Kontrol Onerilen Doz Iki Kat Doz Kontrol Onerilen  1ki Kat
Masir Acetochlor 1001,0 (+41,3)a 182,2 (£20,1)b 103,8 (£16,9) ¢ 0 81,8 89,6
Aycicesi  Linuron 829,6 (+34.9)a 3044 (£38,0)b 1494 (£30,)c 0 63,3 82,0
Nohut Imazethapyr 1006,8 (£60,9)a 28,0 (£8,3) b 0(x0)c 0 97,2 100
Domates Trifluralin 12178 (£107,9)a  491,2 (£60,3) b 3438 (+41,2) ¢ 0 59,7 71,8

! Satirlarda aym harfle gosterilen degerler Duncan ¢oklu karsilastirma testine gore 0.05 6nem seviyesinde istatistik
olarak farksizdir.
2 Parantez igerisindeki rakamlar standart sapma degerleridir.

Onceki caligmalarda, herbisitlerin AMF simbiyosisi {izerine etkileri konusunda farkl1 bulgular elde edilmistir.
Bunlarin bir boliimiinde herbisitlerin AMF’ler {izerine direkt olumsuz etkileri bulunmadig: belirtilirken (Ocampo ve
Barea, 1985), hafif ya da siddetli toksik etkilerinin oldugunu belirten ¢aligmalarin sayis1 cok daha fazladir. Ornegin
Changjin ve Bin (2004a) yiiriittiikleri saks1 denemelerinde, acetochlor, butachlor, glyphosate, dicamba ve fluroxypyr
herbisitlerinin, G. intraradices ve G. etunicatum’un, test bitkisi olarak secilen misirda ki enfeksiyon orani, enzim
aktivitesi (alkalin fosfataz ve suksinate dehidrogenaz) ve topraktaki hif miktarin1 6nemli dlglide azalttigini tespit
etmiglerdir. Yine ayni arastiricilar soya fasulyesine inokule edilen G. intraradices ve G. mosseae’nin kolonizasyonunu
ve hif olusumunu yukarida sayilan herbisitlerin ve bunlara ek olarak quizalofob-P-ethyl’in olumsuz sekilde etkiledigini
bulmuslardir (Changjin ve Bin (2004b). Benzer sekilde, bugday ekim alanlarinda dar ve genis yaprakli yabanci otlara
kars1 yaygin olarak kullanilan fenoxaprop-P-ethyl ve 2,4-D ethyl esterin de AMF’lerin topraktaki spor sayist ve kok
kolonizasyonu iizerine 6nemli derecede olumsuz etkilerinin oldugu belirtilmistir (Anil et al 2011). Yine glyphosate
uygulamasinin AMF’leri dogrudan ve dolayli olarak etkiledigi, denen en diisiik dozda bile fungusun spor canlilig1 ve
kok kolonizasyon oranini azalttigi belirlenmistir (Druille vd., 2013).

Diger taraftan, kullanilan herbisitin grubu, uygulama dozu ve mikorizal fungus tiiriiniin, simbiyotik iliskiyi
etkileyen 6nemli faktorler oldugu anlasilmaktadir. Ornegin, Trifluralinin farkli dozlarmin (1000, 1500 ve 2000 g a.i. ha"
1) G. mosseae ve G. intraradices’in yonca (Trifolium repens) koklerindeki kolonizasyon oranina etkisinin arastirildigi
bir ¢aligmada, AMF’lerin kolonizasyon oraninin artan doza bagl olarak 6nemli 6l¢iide azaldig1 ve G. mosseae’nin G.
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intraradices’e gore herbisite daha duyarli oldugu belirlenmistir (Shirmohammadi vd., 2014). Benzer sekilde alachlor ve
glyphosate herbisitlerinin AMF Glomus mosseae’nin yerfistigi bitkisi ile olan simbiyotik iligkisine etkisinin aragtirildigi
calismada, mikoriza uygulanms bitkilerde gerek gelismenin gerekse fosfor aliminin arttigi ancak alachlorun uygulama
dozu arttik¢a bitki gelisimi ve topraktan fosfor aliminin azaldigi gériilmistiir (Pasaribu vd., 2013).

Herbisitlerin AMF’ler iizerine dogrudan ve dolayli etkilerinin bulunmasinin yani sira ortamdaki yabanci otlari
ortadan kaldirmalarinin da AMF kolonizasyonu acisindan 6nem arz ettigi bazi ¢alismalarla ortaya konmustur. Ornegin;
Sieverding ve Leihner (1984)’in yiiriittiikkleri saksi, sera ve tarla denemelerinde, ¢ikis 6ncesi uyguladiklar1 diuron +
alachlor, oxyfluorfen, oxidiazon ve trifluralinin, kassava (manyok) bitkisine inokule edilen AMF Glomus manihotis’in
kok kolonizasyonu ve spor olusumunu dogrudan etkileyerek azalttigini, sz konusu herbisitlerin AMF’nin konukgusu
olan yabanci otlar1 ortadan kaldirdigr i¢in dolayli olarak AMF’nin spor populasyonunun artigint da geciktirdigini
saptamiglardir. Buradan ortamda ki yabanci otlarin topraktaki AMF populasyonunun devami i¢in dnemli oldugu
anlagilmaktadir. Nitekim, Brito vd. (2013) ortamda bulunan yabanc1 otlarin, kiiltiir bitkileri ekilmeden &nce topraktaki
mikorizal fungus populasyonunun azalmasini 6nledigini ve ekimden sonra mikorizal funguslarin kiiltiir bitkilerinin
koklerinde ki kolonizasyon hizini artirdigini ifade etmektedir.

Diger taraftan herbisitlerin AMF’ler iizerine etkisinin her zaman dogrudan olmayabilecegi goriilmiistiir.
Herbisitlerin dolayli olarak kiiltiir bitkisini strese sokmak veya kismen zarar vermek suretiyle AMF-konukcu
etkilesimini olumsuz yonde etkiledigine yonelik calismalar da bulunmaktadir. Ornegin; Garcia-Romera vd. (1988)
fotosentez inhibitorii olan cyanazine herbisitinin AM fungus Glomus mosseae’ye etkilerini ve bezelye bitkisi tizerinde
ki gelisimini incelemislerdir. Bu calisma sonucunda, s6z konusu herbisitin mikorizal fungus iizerine dogrudan bir
etkisinin olmadigi, herbisitten etkilenen bitkinin metabolizmasindaki degisim nedeniyle fungus kolanizasyounun
azalmig olabilecegi yorumu yapilmistir. Bu ¢alismanin sonucuna benzer bulgular, Ocambo ve Barea (1985) tarafindan
da elde edilmis ve denemeye alinan carbamate grubu herbisitlerin AMF iizerine dogrudan toksik bir etkisi
saptanmamustir. Sadece phenmedipham’in yiiksek dozlarinda kiiltiir bitkisi olumsuz etkilendigi i¢in fungus gelisiminin
de geriledigi belirtilmistir.

AMF’leri etkileyen pestisit gruplari igerisinde herbisitlerin yeri nedir sorusuna Mohammad vd.’nin (2013)
yaptigt calisma 11k tutar niteliktedir. Bu calismada farkli gruptan pestisitlerin ¢ay bitkisinde mikorizal simbiyosise
etkisi arastirilmis, tek basina ve karigim halinde uygulanan ilaglarin AMF aktivitesine etkisi farkli bulunmustur.
Bunlardan bazilar1 fungal aktiviteyi olumsuz sekilde etkilemezken, ozellikle tridemorph (fungisit) ve glyphosate
(herbisit) AMF’nin kolonizasyon orani ve spor sayisini en fazla azaltan iki etken madde olarak belirlenmistir.
Denemeye alinan pestisit gruplari igerisinde mikorizal simbiyosisi olumsuz etkileme durumu ¢oktan aza dogru sirasiyla
fungisitler, herbisitler ve insektisitler seklinde bulunmustur. Yine sistemik ilaglarin olumsuz etkisinin kontak ilaglara
gore daha yiiksek oldugu belirtilmistir.

Tiim bu sonuglar bize gostermektedir ki 6zellikle topraga uygulanan herbisitler, topragin yapisi, konukgu bitki
tiirti, AMF tiirii, herbisitin tiirii ve dozuna da bagl olarak dogrudan ya da dolayli, az ya da ¢ok mikorizal funguslari
etkilemektedir. Denemeye alinan herbisitlerin gerek kok kolonizasyon orani, gerekse toprakta ki spor sayisini azaltmasi
ve doz arttikca AMF {izerinde olugsan baskinin da artmasi ve mikorizal fungusun farkli etken maddelere farkli
reaksiyonlar vermesi bakimindan elde edilen bulgular onceki literatiirle kiyaslandiginda sonuglarin biiyiik benzerlik
gosterdigi goriilmektedir. S6z konusu ¢aligmanin saha denemelerinin de yapilarak, daha once elde edilen bulgularin
tarla kosullarinda teyit edilmesi 6nemlidir.

4. Sonuglar ve tartisma

Toprak mikroflorasinin 6nemli unsurlarindan biri olan ve bitki kokleri ile simbiyotik olarak yasayarak, basta
fosfor olmak tizere bir¢ok besin elementinin bitkiye alinmasini kolaylastiran arbiiskiiler mikorizal funguslardan Glomus
intraradices’in diinyada en ¢ok kullanilan pestisit grubu olan herbistlerden olumsuz sekilde etkilendigi belirlenmistir.
Ozellikle toprak herbisitlerinin mikorizal fungusun kiiltiir bitkisi kokleri {izerindeki kolonizasyonunu ve olusturdugu
spor sayisini Oonemli Olciide azalttigi goriilmiistiir. Bu nedenle yabanci ot miicadelesi igin miimkiinse kimyasal
miicadeleye alternatif yontemlerin tercih edilmesi, eger herbisit kullanma zorunlulugu var ise miimkiin oldugunca hedef
dis1 organizmalara toksik etkisi diisiik ilaglarin tercih edilmesi biiyiik 6nem arz etmektedir.

Tesekkiir

Bu calismanimn yiiritilmesinde, 2209 kodlu &grenci projeleri kapsaminda vermis oldugu maddi destek
nedeniyle TUBITAKa tesekkiir ederiz.
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Abstract

The objective of this study was to investigate the biosorption of Cu(ll) ions from liquid solutions by using
extracts of Handle Oak (Quercus robur ssp. robur) bark. The results of the study showed that the initial biosorbent
amount was effective on the amount of biosorption of Cu(ll) ions and the adsorption rate was increased, depending on
the increase in bisorbet amount. Adsorbate dose and duration was found effective on the amount of biosorption. The
amount of adsorbed Cu(ll) ions was significantly increased with the increased adsorbate amount and duration (p< 5).
The maximum biosorption efficiency was found as 67.14%.

Key words: copper, oak, Quercus, biosorption, adsorption

*

Bakarin (Cu*?) sivi ¢ozeltilerden Quercus robur (Saph Mese) ektraktlari ile biyosorbsiyonu

Ozet

Bu c¢aligmada, sivi ¢ozeltilerden Sapli Mese (Quercus robur ssp. robur) kabuklarindan elde edilen ekstrakt
kullanilarak bakir iyonlarmin biyosorbsiyonu amaglanmigtir. Yapilan calismalar sonunda baglangi¢ biyosorbent
miktariin, Cu(Il) iyonu biyosorpsiyon miktar1 iizerine etkili oldugu ve biyosorbent miktarinin artisina bagl olarak
adsorpsiyon oraninin arttigi belirlenmistir. Biyosorpsiyon miktar1 iizerinde, adsorbat dozu ve siirenin etkili oldugu
belirlenmistir. Adsorbat miktar1 ve siire artik¢a adsorplanan Cu(Il) iyonu miktariin da anlaml sekilde artis gosterdigi
tespit edilmistir (p< 5). En yiiksek biyosorpsiyon verimi %67,14 olarak bulunmustur.

Anahtar kelimeler: bakir, mese, Quercus, biyosorbsiyon, adsorpsiyon
1. Giris

Bakir (Cu*?) giimiisten sonra en iyi iletken metal olup, basta elektrik enerjisi iletim ve dagitim hatlarinda
olmak tizere, ingaat, ulagim ve boya sanayii ile kuyumculuk gibi alanlarda da kullanilmaktadir (Petrucci et al., 2008).
Bakir basta mantarlar olmak tizere bir¢ok mikroorganizma igin 6ldiiriicii etkiye sahip olmasi nedeniyle, CuSQO4
formunda fungusit olarak kullanilmaktadir. Bakir, cesitli piro, hidro ve elektrometalurjik metotlarin kullanilmasiyla
cevherlerinden saf olarak tretilmektedir (Napier-Munn, and Wills, 2011). Hayvanlarda Cu zehirlenmesi sonucu
kansizlik, adale gelismemesi, gelisme geriligi, dogurganlikta azalma ve dliimler goriildiigi bildirilmektedir (Bosgelmez
vd., 2001). Agiz yoluyla alindiginda akut zehirlenme insanlarda, LDLo, 100 mg/kg’ olmakla birlikte 600 mg/kg’ a
kadar emilim oldugunda dahi tedavisi miimkiindiir (Kartal vd., 2004). WHO’nun izin verilen bakir sinir degeri 1 mg/L
diizeyidir (Anonim, 1986).

Quercus robur ssp. robur (Saplt Mese); Tiirkiye, Avrupa, Kafkaslar ve Kuzey Afrika’da dogal olarak yetigen,
kisin yapragini doken 40 metreye kadar boylanabilen; derin catlakli ve gri kabuklu; genis ve dagimik tepeli bir agag
olup, odunu mobilyacilikta, gemi yapiminda, kabugu sepi maddesi elde edilmesinde kullanilir (Yiicel, 2012).

Hidrometalurjik yontemler, sivi kimyasallar kullanilmak suretiyle uygulanan ekstraktif metalurji
yontemlerinden biri olup, lic ve ¢oktiirme prosesleri ile degerli metaller dogrudan cevherden veya ikincil iirlinlerden
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ayrilarak, zenginlestirilmesi veya geri kazanilmasi esasina dayanir. Boylece, ham materyalde bulunan istenmeyen
bilesenler li¢ edilerek ortamdan uzaklastirilir, geri kalan kati daha ileri yontemler kullanilarak degerli metallerin
kazanimi saglanmig olur ve tiim bu siireglerde yiiksek miktarlarda su kullanmak gerekir (Momodo and Anyakora,
2010). Kullanilan bu sular, kullanilan kimyasal ¢oziiciileri, askida kati maddeleri ve diisiik diizeyde ¢oziilmiis metal
iyonlarii igeren kirletilmis sulardir. Bu kirli sularin alici ortamlara desarj edilmeden once mutlak surette ¢ok iyi
aritilmalar1 gerekir. Yapilan bazi g¢alismalarda bitkisel ekstraktlar kullanilarak bakirin sivi ¢ozeltilerden geri
kazaniminin miimkiin oldugu bildirilmistir (Periasamy and Namasivayam, 1996; Degirmen vd. 2012).

Bu ¢alismada cevher isleyen hidrometalurjik isletmelerden ¢ikan diisiik konsantrasyonlu li¢ ¢ozeltileri ve metal
iyonlar1 igeren sivi ¢ozeltilerden Sapli Mese (Quercus robur ssp. robur) kabuklarindan elde edilen ekstraktlar
kullanilarak, bakirin zenginlestirilmesi ve geri kazanilmasi amaglanmaktadir. Ayrica bu ¢alismada bakir bakimindan
kirlenmis sivilarin tamamen dogal ve ¢evre dostu biyolojik prosesler yardimiyla temizlenmesi hedeflenmistir.

2. Materyal ve yontem

Bu calismada mese kabuklarindan elde edilen ekstraklar arastirma materyali olarak segilmistir. Kullanilacak
yontemler ise; biyosorbentin hazirlanmasi, adsorbat hazirlanmasi, biyosorpsiyon deneylerinin yapilmasi ve bulgularin
yorumlanmasi olmak {izere dort ana baslik altinda toplanmustir.

2.1. Biyosorbentin hazirlanmasi

Quercus robur ssp. robur kabuklari steril kagit torbalara konarak laboratuvara getirilmis, distile su ile
yikandiktan sonra kurutma kagitlar1 iizerinde hava kurusu haline getirilmistir (Sekil 1). Daha sonra inkibatérde 40°C de
48 saat tutularak tamamen kurutulmustur. Kurutulan mese kabuklar1 degirmende 6giitiildiikten sonra gézenek agikligi 2
mm olan elekten gecirilerek standart biiyiikliikte pargaciklar haline getirilmistir.

Ekstrasyon i¢in 10 gram o6giitiilmiis materyal 100 mililitre distile su igine konarak + 25°C de 12 saat
bekletildikten sonra Whatman filtreden (Cat. No. 1001-110) gegirilerek kati partikiillerden tamamen ayrilmig bitki
ekstrakti elde edilmistir (Sekil 2).

Sekil 2. Mese (Quercus robur ) kabuklarindan elde edilen sulu bitki ekstrakti
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Elde edilen ekstrakt oda sicakliginda 1032 g’de santrifiij edildikten sonra, Rotary evaporator’de filtrat
konsantre edilerek liyofilize hale getirilmistir (Sekil 3). Deneyler i¢in kullanilmak tizere 151k gecirmeyen koyu renkli
cam siselerde, +4°C de buzdolab1 ortaminda saklanmistir.

T
Y

Sekil 3. Mese (Quercus robur) sulu kabuk ekstraktinin liyofilize edilmis hali
2.2. Adsorbat hazirlanmasi

Adsorpsiyon testleri igin ticari olarak temin edilebilen CuCl, . 2H,0 metal iyon tuzlar1 alinmistir. Iyonize su
(4H20) ile her bir metal iyonunun 50 mg/L, 75mg/L ve 100 mg/L stok ¢ozeltiler hazirlanmigtir. Hazirlanan stok ¢ozelti
deneylerde kullanilmak iizere +4°C de steril ortamda muhafaza edilmistir.

2.3. Biyosorpsiyon deneylerinin yapilmasi

Biyosorpsiyon deneyleri i¢in 100 mL'lik erlenmeyerler alinmig, iglerine 50 mg/L, 75mg/L ve 100 mg/L CuCl,
numunesi i¢eren 50 mL soliisyon konmus, sonra bunlara 1 mg, 2 mg ve 3 mg liyofilize mese ekstrakti ilave edildikten
sonra (pH=7), 120 dakika boyunca, 25°C de, 75 rpm'de mekanik bir karistiriciyla ¢alkalanmis ve daha sonra Whatman
filtre ile siiziilmiis, baslangigtaki ve siiziintiideki kalint1 metal iyonu Atomik Adsorpsiyon Spektroskopisi (Perkin Elmer
Anlaysa 100) kullanilarak analiz edilmistir. Deneyler {iger tekrarli yapilmistir. Adsorplanan bakir orani ge= (Co-
Ce)V/m formiilii ile (Periasamy and Namasivayam, 1996); adsopsiyon izotermlerinin uygunlugu i¢in Langmuir
adsorpsiyon izotermi (1/ge=K/qm(1/Ce)+1/q™*) esas alinmistir (Aman et al., 2008). Ayrica verilerin yorumlanmasinda
SPSS 20 (Statistical Package for the Social Sciences) ve Microsoft Excel paket programlar1 kullanilmustir.

3. Bulgular

Metal iyonlar1 igeren sivi ¢ozeltilerden Mese (Quercus robur) kabuklarindan elde edilen ekstrakt kullanilarak,
bakirin zenginlestirilmesi ve geri kazanilmasi amaglanan bu caligmada, belirlenen amaglar dogrultusunda elde edilen
bulgular asagida verilmistir.

3.1. Baslangi¢ biyosorbent miktarmin Cu(ll) iyonlarmmin adsorpsiyonu iizerine etkisi

Sivi ¢ozeltilerde bulunan Cu(Il) iyonlarinin uzaklastirilmasi amaciyla yapilan deneyler sonunda optimum
biyosorbent miktar1 belirlenmeye ¢alisgilmistir. Biyosorbent miktarinin adsorpsiyon iizerindeki etkisinin belirlenmesinde
mese kabugundan elde edilen ve 1, 2, 3 mg L™ oranlarinda mese ekstraktlar1 kullanilmustir.

Yapilan c¢alismalar sonunda baslangi¢ biyosorbent miktarinin (m=1, 2, 3 g) Cu(Il) iyonu biyosorpsiyonu
iizerine etkili oldugu; biyosorbent miktarinin artisina bagli olarak adsorpsiyon oraninin arttig1 belirlenmistir (Sekil 4).
Belirlenen maksimum adsorpsiyon yiizdesi 3g biyosorbent kullanilan deney serisinde %67,14 olarak bulunmustur.

Mine YUCEL, Removal of coper (Cu*?) from aqueous solutions by using Quercus robur (Common Oak) extract with biosorption
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Sekil 4. Baslangig biyosorbent miktarinin Cu(Il) iyonu biyosorpsiyonu iizerine etkisi (Co=50,75,100 mg L; T=25°C;
t=60, 120, 180 dk; m=1, 2, 3 )

3.2. Baslangig siiresinin Cu(Il) iyonlarinin biyosorpsiyonu iizerine etkisi

Cu(Il) iyonlarmin mese kabugu tarafindan adsorbsiyonu iizerinde etkisini belirlemek amaciyla 60, 120, 180
dakikalik zaman periyotlar1 uygulanmstir. Adsorsiyon; 60 dakikada %50, 120 dakikada %58.95 i gegmis 180 dakikada
ise %67,14 diizeyinde olmustur. Yapilan ¢alismalar sonunda biyosorpsiyon orani; biyosorbent miktar1 ve zamana bagl
olarak artig gosterdigi ve bu artisin istatiksel olarak p< 5 diizeyinde anlamli oldugu belirlenmistir (Sekil 5). Bu
sonuglara gore siireye bagli olarak adsorplanan bakir miktarinda artis oldugu siire arttik¢a adsorpsiyon miktarinin da
arttig1 goriilmektedir.

Sekil 5. Baglangig siiresinin (t=60, 120, 180 dakika) Cu(ll) iyonlarinin biyosorpsiyonu iizerine etkisi (Co=50, 75, 100
mg L ; T=25°C; m=1,2,3 g;)

3.3. Baslangi¢ adsorbat dozlarinin Cu(Il) iyonlarinin biyosorpsiyonu iizerine etkisi
Absorbat dozlarmin biyosorpsiyon iizerindeki etkisini belirlemek amaciyla 50, 75, 100 mg L* dozlarda Cu(ll)

cozeltisi hazirlanmistir. Yapilan ¢aligsmalar sonunda adsorbat dozu ile adsorplanan Cu(II) iyonu arasinda yakin bir iligki
bulunmustur. Buna gore ¢ozeltide bulunan Cu (II) arttik¢a biyosorbsiyon orani da artmaktadir (Sekil 6).
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Sekil 6. Baslangig adsorbat dozuna (Co=50, 75, 100 mg L'?) bagl olarak adsorplanan Cu(ll) yiizdesi
3.4. Langmuir adsorpsiyon izotermi

Farkli baslangic adsorbat dozlar1 (Co=50, 75, 100 mg L), biyosorbent miktar1 (m=1, 2, 3 g) ve zamana (t=60,
120, 180 dakika) bagli olarak elde edilen ortalama degerlere gore elde edilen Langmuir izotermi gore Sekil 8’da
verilmistir. Langmuir izotermine gore R? 0,255 olarak belirlenmistir.

Sekil 8. Langmuir izotermi (Co=50,75,100 mg L'*; t=60, 120, 180 dk; m=1, 2, 3 g; T=25°C)
4. Sonuglar ve tartisma

Endiistriyel atik sularla kirlenmis akarsu ve gollerin tarimsal amagla kullanilmasi sonucu, topraklarda énemli
diizeyde metal birikimi oldugu, bunun sonucu olarak basta tohum c¢imlenmesi olmak iizere bitkilerde biiylime ve
gelismesine olumsuz etkilerinin oldugu goriilmektedir (Yiicel ve Yiicel, 2013). Son yillarda diisiik konsantrasyonlu
metal iyonu igeren li¢ ¢ozeltileri veya atik metal iyonlar1 igeren sivi ¢ozeltilerden metallerin konsantre edilmesi ve geri
kazanilmasinda kabuk, yaprak veya tohum gibi ¢esitli bitki organlarinin kullanimina iliskin bazi caligmalar
bulunmaktadir (Dogan vd., 2008). Ornegin Topal ve arkadaslar1 (2011) yaptiklar1 bir ¢aliymada limon kabugunun
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Cu(Il) iyonlarmin ¢oktiiriilmesinde etkin oldugunu bildirmislerdir. Ayrica agir metal iyonlarinin uzaklastirilmasinda,
bitki, hayvan ve mikroorganizmalardan elde edilen gesitli organik bilesikler kullanilarak fitofiltrasyon teknolojilerinin
kullanilmasina yénelik arastirmalar yapilmaktadir (Yazic1 ve Deveci, 2009; Farooq et al., 2010). Ornegin bio-sorban
olarak mikro organizmalar, bitkiler ve hayvanlardan elde edilmis hammaddeler kullanarak, Cu(Il), Cd(II), Pb(Il),
Cr(III), ve Ni(II) Gizerine yapilan biosorpsiyon deneyleri sonucu bazi elementler ¢ozeltiden basariyla uzaklastirabilmistir
(Gupta and Rastogia, 2008; Chairgulprasert, et al., 2013). Mimoza taneni ve palamut mesesi taneni kullanilarak bakirin
tutulmasina ydnelik calismalar bulunmaktadir (Sengil ve Ozacar, 2008; Sengil ve Ozacar, 2009).

Farkli biyosorbent kullanilarak yapilan g¢alismalarda drnegin; maya: 0,4-0,8 mg bakir/g ve bakteri: 9-270 mg
bakir/g (Veglio et al., 1997); mantar: 4-112 mg bakir/g (Veglio et al., 1997, Bayramoglu vd. 2003) ve alg: 42-87 mg
bakir/g (Veglio et al., 1997, Antunes vd. 2003) olarak bildirilmistir. Bu ¢alismada ise mese kabugu: 1,37-27,46 mg
bakir/g olarak bulunmustur.

Yapilan ¢aligmalar sonunda biyosorpsiyon kapasitesi; kullanilan biyosorbent miktari, adsorbat orani ve zamana
bagli olarak artis gosterdigi belirlenmistir. Kullanilan biyosorbent miktar1 arttikca ve uygulama siiresi uzadikea,
adsorpsiyon oranida artmaktadir. Buna gore kullanilan mese ekstrakti, uygulama siiresi ve ortamda bulunan Cu(Il)
iyonu miktar1 geri kazanilan bakir miktar1 tizerinde etkili olmaktadir.

Cu(Il) giderimi igin en yiiksek mese kabugu biyosorpsiyon orani %67,14 olarak belirlenmistir. Mese kabuklari
kullanilarak sulu ¢o6zeltilerde bulunan Cu(Il) giderimi i¢in; en uygun biyosorbent dozu 2g; baslangi¢ bakir derigimi
75mg L bekleme siiresi 180 dakika olarak bulunmustur. Bu ¢alisma ile mese kabuklarinda elde edilecek ekstraktlarin
Cu(Il) iyonlarinin sivi ¢dzeltilerden geri kazanimimin miimkiin oldugunu gdstermistir. Ancak yapilacak daha ayrintili
calismalarla en ideal kosullarin belirlenmesine ihtiya¢ bulunmaktadir.

Sonu¢ olarak Mese (Quercus robur) kabuklar kullanilarak sivi ¢ozeltilerdeki bakirin geri kazanilmasinda
mevcut yontemler yerine bitkisel materyal kullanilabilecegi belirlenmistir. Boylece bir taraftan konvansiyonel
yontemlerle geri kazanim sirasinda meydana gelen kirlilik unsurlar tasiyan atiklarin olusumu 6nlenirken, diger taraftan
fonksiyonu olmayan mege kabuklarinin degerlendirilerek ekonomiye kazandirilabilecegi dngoriilmektedir.
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Abstract

Teucrium montbretii Bentham subsp. pamphylicum P.H. Davis and Teucrium odontites Boissier & Ball are
endemic species for Turkey. T. odontites is endangered (EN) taxa and could be damaged in the future. The aerial organs
of T. montbretii subsp. pamphylicum and T. odontites bearnumerous eglandular and glandular trichomes. Eglandular
trichomes are simple, long-multicellular with cuticular micropapillae and glandular hairs are of peltate and capitate
types. Hydrodistilled essential oils of T. montbretii subsp. pamphylicum and T. odontites were analysed by GC/MS.
Caryophyllene oxide (37.4%), B-caryophyllene (29.1%) and caryophyllenol-Il (7.9%) were the main constituent in the
oil of T. montbretii subsp. pamphylicum, cadalene (10.3%), caryophyllene oxide (7.2%) and alloaromadendrene (6.0%)
were the main component in the oil of T. odontites.

Key words: Teucrium, Lamiaceae, morphology, trichomes

Teucrium montbretii and Teucrium odontites (Lamiaceae)’nin karsilastirmah sistematik, morfolojik, tiiy ve
fitokimyasal ozellikleri

Ozet

Teucrium montbretii Bentham subsp. pamphylicum P.H. Davis and Teucrium odontites Boissier & Ball
Tiirkiye i¢in endemik tiirlerdir. T. odontites endangered (EN) tehlike kategorisindedir ve gelecekte dogadan yok olabilir.
T. montbretii ve T. odontites’in toprak {istii organlar1 ¢ok sayida salg1 ve ortii tilyleri tasir. Ortii tiiyleri basit, papilli
kiitikulali ¢ok hiicreli, salgi tityleri peltat ve kapitat tipindedir. T. montbretii ve T. odontites’in hidrodistilasyonla elde
edilen ugucu yaglar1 GC/MS cihazinda analiz edilmistir. Caryophyllene oxide (37.4%), p-caryophyllene (29.1%) ve
caryophyllenol-1l (7.9%) T. montbretii’nin ana bilesenleri, cadalene (10.3%), caryophyllene oxide (7.2%) ve
alloaromadendrene (6.0%) ise T. odontites’in ana bilesenleri olarak bulunmustur.

Anahtar kelimeler: Teucrium, Lamiaceae, morfoloji, tity
1. Introduction

Lamiaceae has a cosmopolitan distribution and consists of 236 genera and about 7000 species (Steven, 2001).
The species belonging to the Lamiaceae family are characterized by the presence of glandular trichome. This epidermal
appendice is not only in species having a characteristic scent, but also in species which lack fragrance. The literature
concerning these trichomes is very rich as regards to morphology, differentiation, ultrastructure and mode of secretion
(Werker, 2000; Fahn, 2000).

Turkey is an important gene center for the family Lamiaceae (Baser, 1993). With their pleasant fragrance,
many species of Lamiaceae have been used as herbal teas in Turkey. Many of species are used as raw material in
cosmetic industry.

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +902223350580; Fax.: +902223350750; E-mail: salan@anadolu.edu.tr
© 2008 All rights reserved / Tiim haklari saklidir BioDiCon. 515-0116
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Teucrium L., with about 100 species, is a large and polymorphic genus distributed in Europe, North Africa, and
temperate parts of Asia, but mainly in the Mediterranean region (Bentham, 1835). The genus Teucrium is represented in
Turkey by 36 species and 48 taxa (Vural et al., 2015). Teucrium species have been widely used for their tonic,
diaphoretic, antidiabetic, antiseptic, carminative, diuretic, stomachic, stimulant, antipyretic and antihelmintic properties
in folk medicine (Kaya et al., 2009; Ozkan et al, 2007). The taxonomic value of the indumentum and its importance in
systematic and phylogenetic relationships is well known in Lamiaceae (Cantino, 1990). In Flora of Turkey (Duman,
2000; Ekim, 1982). T. montbretii subsp. pamphylicum (Bentham, 1836) was recorded closely related with T. odontites
(Boissier, 1859). Both species are endemic to Turkey. These taxa are respectively known as “Siirmeli fatmacikotu” and
“Hamesi” in Turkish. The paper compares morphological, trichomes and chemical features of the two species with a
view to confirm their taxonomical status.

2. Materials and methods
2. 1. Plant materials

T. montbretii subsp. pamphylicum was collected in July 2002 from three different localities in Antalya,
whereas T. odontites was collected in June 1995 from two localities (Table 1). Voucher specimens are kept at the

Herbarium of the Faculty of Pharmacy of Anadolu University in Eskisehir, Turkey.

Table 1. Localities of specimen

Speimens Locality Date Collector Altitude Herbarium
T montbretii Antalya: Manavgat, Oymapmar | 08/07/2002 | S. Kiiciik 1008 200 m ESSE: 14412
su'bsp. Antalya: Kemer, Gedelma- | 21/06/1995 | K.H.C. Baser 35m ESSE: 11301
pamphylicum Kesme bogazi

Antalya: Konyaalti 21/06/1995 | K.H.C. Bager 14m ESSE: 11304

Antalya: Kas-Kalkan road, | 20/06/1995 | K.H.C. Baser 1045 73m ESSE: 11382
T. odontites Kakutag

Antalya: Kemer-Camdag 21/06/1995 | K.H.C. Baser 30m ESSE: 11303

2. 2. Morphological studies

Morphological features were determined on herbarium materials and living specimens. Olympus SZX12
Stereomicroscope with drawing tube was used in morphological studies. Detailed species descriptions and diagnostic
features are given.

2. 3. Scanning electron microscopy (SEM)

Stems, leaves and calyces were fixed with 3% glutaraldehyde in 0.1M sodium phosphate buffer, pH 7.2, for 4 h
at 4 °C. After washing, the material was dehydrated by acetone critical point, and dried. The specimens were mounted
onto SEM stubs using double-sided adhesive tape and coated with gold. Photographs were taken with an electron
microscope (Zeiss EVO 50).

2. 4. Light microscopy

Transverse sections and surface preparations of leaves stems and calyces were manually obtained for
anatomical observations of glandular and non-glandular trichomes and examined with a Leitz SM-LUX binoculer
microscope with drawing tube.

2. 5. Isolation of essential oils

The essential oils from air-dried plant materials were isolated by hydrodistillation for 3 h, using a Clevenger-
type apparatus to produce a small amount of essential oil which was trapped in n-hexane. The obtained oils were dried
over anhydrous sodium sulphate and stored at +4°C in the dark until analysed and tested.

2. 6. GC-MS analysis

The GC-MS analysis was carried out with an Agilent 5975 GC-MSD system. Innowax FSC column (60 m x
0.25 mm, 0.25 pum film thickness) was used with helium as carrier gas (0.8 ml/min). GC oven temperature was kept at
60°C for 10 min and programmed to 220°C at a rate of 4°C/min, and kept constant at 220°C for 10 min and then
programmed to 240°C at a rate of 1°C/min. Split ratio was adjusted at 40:1. The injector temperature was set at 250°C.
Mass spectra were recorded at 70 eV. Mass range was from m/z 35 to 450.
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2. 7. GC analysis

The GC analysis was carried out using an Agilent 6890N GC system. FID detector temperature was 300°C. To
obtain the same elution order with GC-MS, simultaneous auto-injection was done on a duplicate of the same column
applying the same operational conditions. Relative percentage amounts of the separated compounds were calculated
from FID chromatograms.

2. 8. Identification of components

Identification of the essential oil components were carried out by comparison of their relative retention times
by comparison of their relative retention index (RRI) to series of n-alkanes. Computer matching against commercial
(Wiley GC/MS Library, Adams Library, MassFinder 3 Library) (Koenig et al., 2004; McLafferty, 1989) and in-house
“Bagser Library of Essential Oil Constituents” built up by genuine compounds and components of known oils, as well as
MS literature data (ESO, 1999; Jennings and Shibamoto, 1980; Joulain and Koenig, 1998) was used for the
identification.

3. Results

This study was aimed at comparing morphological, indumentum and chemical features of the two species with
a view to establish further proof to their taxonomical identity. Morphological features are shown in Figs. 1-2. The
differences between T. montbretii subsp. pamphylicum and T. odontites are summarized in Table 2.

According to our morphological findings, stem length, branching, margin shape, leaf veneation and shape,
inflorescence architecture, flower number, bract and bracteol shape, pedicel length, calyx tube and teeth shape.
Morphological investigation of the species showed the presence of different hair types on stems, leaves and calyces.

Table 2. Morphological and morphometrical differences of T. montbretii subsp. pamphylicum and T. odontites

Characters T. montbretii subsp. pamphylicum T. odontites
Flora of Turkey | This study Flora of Turkey | This study
Plant length 5-40 cm 7-30 cm 10-15cm 15-25cm
sample or
branching branched sparsely same
branched
arcuate-
Stem shape long and flexuous | same ascending or | same
procumbent
spreading-
hair type tomentose-villous, same pubescent, hairs | spreading-
viscidulous shorter than | pubescent
diam. of stem
Petiole length (2-)4-6 mm same 2-5(-6)mm
measurements of | _ 5-20mm 4-13mm
lamina shape g\éf;ié ovate- | o\ ate-deltoid ovate-orbicular ovate-rotundate
lamina base :guunnc; etg © | cordate to truncate [r(')uunnc(;ig °"| rounded
crenate-dentate
. . broadl crenate | broadl deeply | with only c. 3
Leaves laminamargin | oo g crenate PV | feeth on each | crenate-dentate
side
apex of lamina obtuse rotundate subacute same
sparsely
pubescent to
hair type on | shortly villosuolus subglabrous
upper faz:,s to tonzlentose same abo?/e, same
hispidulous
below
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Table 2. continued
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. craspedodromou
venation camptodromous -—- s
flower number 20-25 few flowered 10-20
occasionally
Inflorescence shape racemes  dense. or same subpaniculate a shorter rasemes
lax base,  racemes
lax
lenght 5-20 cm. 1-15cm --- 1-10 cm
measurements of subequal to
lami 4-14 mm pedicels or | 5-12mm
amina
shorter
. linear-elliptic  to L
Bracts lamina shape elliptic broadly ovate narrowly elliptic | ovate
lamina base truncate -—-- rotundate
) . - crenate or
lamina margin distincly crenate | ----- .
integer
lamina apex acute rotundate =~ | ----- obtus
lamina length 2-10 mm 2-8mm
Bracteols lamina shape elliptic - linear-elliptic
lamina apex acute -—- subulate
. subequal to calyx as long as
Pedicel length shorter to calyx
g or shorter Y calyces or longer longer to calyx
length 3-5mm 3.5-6 mm 4 mm 4-6 mm
teeth shape bilabiate 1/4 bilabiate to 1/3 same
Calyx villous shortly
hair type glandular same pubescent same
colour lilac to purplish same purple same
twice as long as
Corolla length 1.5x calyx 5-10 mm calyx 5-10 mm
hair type on inner .
face villous glabrous

Three different hair types were observed on vegetative and reproductive organs (Table 3):
A) Peltate Trichomes: peltate glandular hairs with a very short stalk cell and a large secretory head forming the
central and peripheral cells. They had 1-8 central and 6-8 peripheral cells. They were present stem, leaves and calyx. (Figs.

3A, 4A and 5-10).

B) Capitate Trichomes: Capitate hairs with a stalk 1-3 celled usually with a short neck cell or no stalk and 1-3 cell
head. We observed two types of capitate trichomes: Type I) Capitate trichomes had a round like head cell (Figs., 3B, 4B and
5-10). Type I1) Consisting of a cup-like head cell (Figs., 3B, 4B and 5-10).

C) Acicular Trichomes: Acicular hairs, non-secretory multicellular clothing trichomes, unbranced with 1-5 cells,
arranged in a single row and have a cuticle with micropapillae (Figs., 3C, 4C and 5-10).

Also, According to our findings essential oils of main constituent are different.

Table 3. Trichomes Distribution on Stems, Leaves and Calyces in species of Teucrium

C type
. A type B type :
Species Peltate trichomes Capitate trichomes Ac_:lculare
Plant trichomes
material | 1
Centre Periphery | Stalk Stalk 11213 5
T. montbretii Head Head
subsp. Stem 1 6 0-3 |12 |23 1 + + + + +
pamphylicum Leaf i s |13 (13 (23 |1 [+ |+ |+ [+ |+
Calyx 1 6 1-4 113 |3 1 + + + + +
1 6
Stem 1 8 1,3 13 |23 1 + + + +
6 8
T. odontites 1 -
Leaf 1,3 13 |12 1 + + + +
6 8
1 6
Calyx 8 8 1 1 3 1 + + + +
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In Flora of Turkey (Ekim, 1982), mentioned about T. montbretii subsp. pamphylicum and T. odontites are
closely related species. Better determine the status of these two taxa for the morphological and morphometric
observations on species additions to the Flora of Turkey and some characters have been added to certain differences
between the two species have been revealed (Table 2). In the flora, morphological differences between the two species
of the shorter indumentum and sharper, fewer indentations are reported (Figure 11). In addition to this difference,
according to our results indicated T. montbretii subsp. pamphylicum stem height 40-50 cm as given in the flora, but as a
result of our study it was measured as 14-20 cm and was found to be shorter than T. odontites. Leaf length of T.
montbretii longer than T. odontites (5-20 mm), leaf shape ovate-deltoid, leaf base cordate to truncate, margin broadly
deeply crenate, apex of lamina rotundate, type of venation camptodromous, number of flowers more than T. odontites,
bract shape broadly ovate, bract base truncate, margin distincly crenate, apex rotundate, bracteol shape elliptic, apex
acute, calyces bilabiate to 4, while corolla inner surface villous in T. montbretii subsp. pamphylicum, glabrous in T.
odontites. The nutlet surface is generally reticulate, but inconspicuous in T. odontites. However, T. montbretii subsp.
pamphylicum has flattened nutlets. Teucrium sect. Isotriodon is characterised by the elongated thick-walled trichomes
on the vegetative parts and subsessile glandular trichomes on the nutlets (Navarro and El Oualidi, 2000).

The presence or absence of trichomes and oil glands is also among the most useful taxonomic characters in
Teucrium L. and can be used as a taxonomic marker in the infrageneric classification of the genus (Ding et al., 2008;
Ding¢ and Dogu, 2012).

Peltate (A Type) hairs were densely observed on vegetative and reproductive organs, mainly stems, leaves,
calyces (Figure 3A-4A, 5-10 and Table 3). While six peripheral cells were observed in T. montbretii, eight cells in T.
odontites. Capitate (B Type) hairs were present stems, leaves and calyces but long capitate hairs densely calyces in T.
montbretii subsp. pamphylicum, sparsely in T. odontites (Figure 3B7,8,10 and 4B3,6). Peltate hairs in T. montbretii
subsp. pamphylicum were also much more abundant than in T. odontites. In T. montbretii subsp. pamphylicum and T.
odontites, acicular hairs are generally abundant. Acicular hairs in T. montbretii subsp. pamphylicum were 1-5 cells,
while in T. odontites 5 cell hairs absence (Figure, 3C, 4C and Table 3).

Analyses of the hydrodistilled essential oils were performed on GC and GC/MS systems, simultaneously. The
compositions of the oils of T. montbretii subsp. pamphylicum and T. odontites are given in Table 4. According their
relative retention indices (RRI) and with their relative percentages (%).

In the oil of T. montbretii subsp. pamphylicum a sum of forty components were characterized representing
99.4% of the total oil, with caryophyllene oxide (37.4%), B-caryophyllene (29.1%) and caryophyllenol (7.9%) as the
main constituents. The essential oil was rich in oxygenated sesquiterpenoids (%55.8).

A total of forty five compounds were characterized in T. odontites oil representing 83.2% of the oil. This oil
was characterized by a high content of cadalene (10.3%), caryophyllene oxide (7.2%) and alloaromadendrene (6.0%)
which was dominated by sesquiterpenoid hydrocarbones (35.3%) and oxygenated sesquiterpenes (33.5%). GC and
GC/MS chromatogrammes of the essential oil compositions of these two taxa appeared quite different in terms of
chemical composition. More recently, sesquiterpene were found as principal compounds in T. chamaedrys subsp.
trapezunticum, T. chamaedrys subsp. syspirense, T. capitatum, T. salviastrum Schreber from Portugal, T. ramosissimum
Desf from Tunusia, T. royleanum Wall ex Benth from Pakistan, and T. chamaedrys subsp. chamaedrys, T. chamaedrys
subsp. lydium, T. orientale, T. pestalozzae Boiss, T. sandrasicum O. Schwarz, T. montanum L. and T. antitauricum T.
Ekim from Turkey (Kaya et al., 2009).

According to our results, which morphological, indumentum and chemical, these two species is not closely
related.

Table 4. The Composition of the Essential Oils of Teucrium species

RRI Compound T. montbretii T. odontites
subsp.
pamphylicum
%

%
1017  4-Methyl-2-pentanone tr -
1452 1-Octen-3-ol - tr
1497 a-Copaene tr 0.6
1535  B-Bourbonene 0.4 2.6
1553  Linalool 0.6 -
1612 B-Caryophyllene 29.1 14
1639  Cadina-3,5-diene - 15
1655  (E)-2-Decenal 0.7 -
1661  Alloaromadendrene 0.4 6.0
1687 a-Humulene 3.7 -
1700 Heptadecane tr tr
1704  y-Muurolene - 3.8
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Table 4.continued

1722 Bicyclosesquiphellandrene - 0.7
1726 ~ Germacrene D 0.5 2.8
1764  (E)-2-undecenal 0.3 0.5
1773 §-Cadinene 0.2 0.8
1776 y-Cadinene - 0.4
1849  Calamenene - 35
1868  (E)-Geranyl acetone tr -
1900  epi-Cubebol tr 0.9
1918  B-Calacorene ) -
1941  @-Calacorene - 0.5
1945  1,5-Epoxy-salvial(4)14-ene - 15
1957  Cubebol - 0.9
1973 Dodecanol - tr
1984  y-Calacorene - tr
2000 Eicosane tr -
2001 Isocaryophyllene oxide 14 -
2008  Caryophyllene oxide 374 7.2
2037  Salvial-4(14)-en-1-one - 3.8
2046  Norbourbonone - 0.2
2057  Ledol 0.8 0.1
2071 Humulene epoxide-11 2.6 0.1
2081 Humulene epoxide-I11 0.2 -
2100 Heneicosane 0.1 tr
2130  Salviadienol - 3.0
2131  Hexahydrofarnesyl acetone 0.5 25
2144 Spathulenol 0.2 -
2198  Thymol 0.2 -
2200 Docosane 0.5 -
2210  Copaborneol - 0.2
2211 Clovenol 0.4 2.2
2239  Carvacrol 0.5 -
2255  a-Cadinol 0.6 -
2256  Cadalene - 10.3
2300  Tricosane - 1.4
2316  Caryophylla-2(12),6(13)-dien-5B-ol tr -
(=Caryophylladienol I)
2324 Caryophylla-2(12),6(13)-dien-5c.-ol 2.0 25
(=Caryophylladienol 1)
2389  Caryophylla-2(12),6-dien-5a.-ol (=Caryophyllenol I) 2.3 4.4
2392  Caryophylla-2(12),6-dien-58-ol (=Caryophyllenol 11) 7.9 4.3
2400  Tetracosane - 1.0
2445  4-Oxo-calamenene - 2.2
2500  Pentacosane 0.9 1.4
2503  Dodecanoic acid 0.7 tr
2512 Benzophenone 0.3 -
2600 Hexacosane tr 04
2670  Baeckeol - 1.9
2679 Manool 11 -
2700 Heptacosane 19 2.6
2900 Nonacosane 0.3 2.1
2931  Hexadecanoic acid 0.7 0.4
Oxygenated Monoterpenes 1.3 -
Sesquiterpene Hydrocarbones 34.3 355
Oxygenated Sesquiterpenes 55.8 335
Diterpenes 11
Fatty acid+esters 1.4 0.4
Others 5.5 13.8
Total 99.4 83.2

RRI Relative retention indices calculated against n-alkanes
% calculated from FID data
tr Trace (< 0.1 %)
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Figure 2. T. odontites (ESSE 11382) A-Habit, B-Leaves, C-
Bracts, D-Bracteol E- Flower, F- Calyx, G- Corolla and

pistil, H- Nutlets.
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Figure 3. Glandular and non-glandular trichomes of
T.montbretii in light microscope. Al-2, B1-10, C1-5
Figure 1. T. montbretii (ESSE 14412) A-Habit, B-Leaves, C- type hairs in stem, leaves and calyx.
Bracts, D-Bracteol E- Flower, F- Calyx, G- Corolla and
pistil, H- Nutlets.

Figure 4. Glandular and non-glandular trichomes of T.
odontites in light microscope. Al-2, B1-10, C1-5 type
hairs in stem, leaves and calyces.
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Figs. 5-10. Glandular and non-glandular trichomes of T. montbretii A, B, C type hairs stem (5), leaf (6), calyx (7) and T. odontites A,
B, C type hairs stem (8), leaf (9), calyx (10), in SEM.

Figure 11. T. odontites fype sT)ecimen
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Abstract

Information on patterns and structure of populations’ genetics in plants are useful in understanding breeding
systems, population dynamics and designhing conservation programs. Glycyrrhiza glabra L. (liquorice, Fabaceae) is a
perennial plant and has high commercial uses for medicinal, flavouring and sweeting purposes. However, there is little
information on the genetic structure of liquorice. In the current study the levels of genetic variations were investigated
in four eco-geographically different populations of liquorice using Inter Simple Sequence Repeats (ISSRs) by randomly
sampling 10 individual plants from each of population in East-Azerbaijan Province, Iran. The population genetic
variation were measured based on Nei's and Shannon's information indices using Popgen, and the genetic similarity
among the populations was studied by the clustering analysis of Unweighted Pair-Group Method with Arithmetical
Averages (UPGMA). Total genetic variation was partitioned into within and among the populations using analysis of
molecular variance (AMOVA) by Arlequin. A total of 139 polymorphic reproducible ISSRs loci were obtained. The
percentage of polymorphic ISSRs loci ranged from 35.97% to 61.15%. Consequently, the range of within-population
Nei's diversity varied from 0.172 to 0.301. Partitioning of total ISSRs variation by AMOVA showed that total genetic
variation was equally partitioned to within-population and among-populations, indicating that the species has
intermediate breeding systems by carrying out equally self- and outcrossing. Nei’s based UPGMA dendrogram showed
no ecological correlation among the populations. Moreover, the genetic similarity among populations was not correlated
with the geographical distances (Spearman rho correlation, N=6, P > 0.787), while as expected, the populations size
affected significantly on population genetic variation (Spearman, N=4, P < 0.05). This study emphasizes the application
of conservation program in the study sites in order to prevent the potential risk of the species extinction.

Key words: conservation programs, genetic diversity, Glycyrrhiza glabra, ISSRs, population size
1. Introduction

Understanding the patterns of population genetic structure and the levels of genetic variations in plants are
important for estimating the mode of breeding systems and also useful in designing conservation programs (Hamrick
and Godt, 1989; 1996; Nybom and Bartish, 2000). Furthermore, studying the patterns of the environmental impact on
populations’ genetic structure in plants could be used to understand the adaptation patterns of plant populations to the
environments (Fahima et al., 1999; Feder and Mitchell-Olds, 2003), the selective forces shaping the population genetic
structure (Allnutt et al., 2001; 2003).

Studies have shown that there is relationship between levels of plant populations genetic variations and several
factors including breeding systems (Hamrick and Godt, 1996; Nybom and Bartish, 2000), population’s size (Frankham,
1996; Reed and Frankham, 2003), environmental stresses e.g. edaphic and climatic (Nevoet al., 1991; 1998) and floral
morphology and display (Richards, 1986; Brunet and Echert, 1998). QOutcrossing plant species have usually higher
levels of within-population genetic variation while selfing species were shown to have the greatest values of between-
population genetic variation (Hamrick and Godt, 1989). The population size has a major impact on levels of genetic
variation and structure in plants. For instance, there is often pollination failure in small and fragmented plant
populations, since small-sized populations are less attractive for pollinators (Jennersten 1988; Wilcock and Neiland,
2002; Andrieu et al., 2009). Habitat fragmentation and destruction and consequently decreasing the plant populations’
size are mostly caused by human activities and misuses (Young and Clarke, 2000). This eventually can lead to genetic
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consequences e.g. genetic drift due to loss of genetic diversity, and therefore, can produce challenges and problems in
conservation biology (Fahrig, 2003).

This work aimed to study the impact of both population size and geographical distance on the genetic patterns
in eco-geographically different populations of Glycyrrhiza glabra in East Azerbaijan Province, Iran using ISSRs (Inter
Simple Sequence Repeats) markers.

The genus Glycyrrhiza (Fabaceae) includes about 30 species, some of which, especially G. glabra L.
(liquorice) have economic importance and commercial uses due to possessing glycyrrhizic acid, a triterpenoid saponin,
in rhizomes and roots (Nomura et al., 2002). G. glabra is a hermaphrodite perennial herbaceous plant native to Eurasia,
northern Africa and western Asia, and is widely cultivated for its rhizomes. The products of the rhizome are used as
sweetening and flavouring agents in tobaccos, chewing gums, candies, and also as pharmaceutical products e.g.
antiulcer, antihepatitis medicines and antitussives (Davis and Morris, 1991; Nomura et al., 2002).

Inter-simple sequence repeats (ISSRs) is a PCR-based technique, in which DNA segments between two
microsatellite sites oppositely situated on double-strand DNA were amplified by a single 16-25bp primer
complementary to microsatellite site (Reddy et al., 2002). The most limitations of the other DNA markers such as low
reproducibility of RAPDs, high cost of AFLP, and requirement for preliminary knowledge on flanking primers sites of
SSRs were resolved in ISSRs (Zietkiewiczet et al., 1994). The higher evolutionary rate of ISSRs has provided these
markers as the best suitable markers for genetic studies at lower taxonomic levels (Reddy et al., 2002). ISSRs have been
widely used for investigating of genetic similarities among population and accessions at different taxonomic levels i.e.
intra-specific, inter-specific levels and cultivars (Bornet and Branchard, 2001; Rakoczy-Trojanowska and Bolibok,
2004; Li and Chen, 2008; Wang et al., 2009). More recently, ISSRs have been the markers of choice for population
genetic studies in plants such as Ipomoea batatas (Moulin et al., 2012), Michelia coriacea (Zhao et al., 2012), Allium
(Mukherjee et al., 2013), Vicia (Bozkurt et al., 2013), Magnolia wufengensis (Chen et al., 2014), Abelmoschus
esculentus (Yuan et al., 2014) and Gossypium (Ashraf et al., 2016).

2. Materials and methods
2.1 Populations’ studied

A number of ten individual plants were randomly sampled from each of four eco-geographically different
regions in East-Azerbaijan Province, Iran. Sampling in each population was randomly carried out with a minimum
distance of 200m between each individual plant. The four regions studied differ in terms of the edaphic and climatic
conditions. The geographical distances between population pairs vary from 153 km to 315. One population was
included from saline soil (Malekan), while the two other populations were sampled from cold areas (Khalkhal and
Saivan), and the fourth population was included from temperate-warm climate and low altitude (Aslandoz).

2.2 DNA extraction, ISSRs-PCR amplification and analysis

Nuclear DNA was extracted from seeds and/or seedlings following Miller (2002) with replacement of silver
sand by liquid nitrogen. The DNA concentration was measured by spectrophotometry, and wherever needed, adjusted at
10ng/ml. A number of ten ISSRs primers were examined, of which 5 primers produced the most polymorphic and clear
reproducible bands, and therefore, were used in the study (Table 1). The ISSRs amplifications were repeated three times
to insure the reproducibility. The ISSRs loci were scored as 1 for present and 0 for absent. Consequently, the obtained
dataset were entered in a binary matrix for cluster analysis using the NTSYS-pc (Numerical Taxonomy and
Multivariate Analysis System, ver. 2.02). The levels of genetic variation were measured for each population based on
Nei's (1973) and Shannon's information index using Popgen, version 1.32. To study the genetic similarity among the
populations, the UPGMA (Unweighted Pair-Group Method with Arithmetical Averages) dendrogram was generated
based on matrix of Nei’s distances between populations pairs through the SHAN (sequential, hierarchical,
agglomerative and nested clustering of the NTSYS-pc). Total genetic variation was partitioned into within- and among-
populations using analysis of molecular variance (AMOVA) in Arlequin. AMOVA (Excoffier et al., 1992) has widely
used in ISSRs analysis to estimate between-population variation (Nybom and Bartish, 2000).

Table 1. The ISSRs-primers used for analyzing the population genetic variations in Glycyrrhiza glabra

Primer code Primer sequence Primer annealing time (s)
H2 5'-(AC)sT-3’ 52
H3 5"-(AC)sG-3 52
H4 5"-(AC)sCG-3’ 52
E 5'-(AG)10C-3' 50
F 5'-(AG)sGC-3' 50
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3. Results

Applying 5 ISSRs primers in 40 individual plants randomly sampled from four eco-geographically different
populations of Glycyrrhiza glabra produced a total of 139 polymorphic reproducible bands (Figure 1). The lowest
number and percentage of polymorphic ISSR loci were detected in Khalkhal population (50 and 35.97, respectively),
while the highest values were revealed in Aslandoz population (85 and 61.15%). As a result, the Khalkhal population
had the smallest within-population Shannon's and Nei's diversity (0.116 and 0.172, respectively), whereas the Aslandoz
population possessed the highest values of these diversity (0.195 and 0.301) (Table 2).

Figure 1. Samples of ISSRs patterns in different populations of Glycyrrhiza glabra L. produced by primer H2 (A=
Aslandoz, B=Saivan, C=Malekan, D=Khalkhal)

Table 2. Number and percentage of polymorphic ISSRs loci, Nei’s genetic diversity and Shannon information index in
different populations of Glycyrrhiza glabra

Sha
Population No. polymorphic %  Polymorphic nnon’s Nei’s
name ISSRs loci ISSRs loci ind  gene diversity (h)
ex (1)
Aslandoz & 61.15% o 0.301
Saivan 69 49.64% 6 0.264
Malekan 59 42.45% 36 0.1 0.208
Khalkhal ~ °C 35.97% s 0.172

Total polymorphic bands=139

AMOVA analysis showed that total ISSRs variation was equally partitioned to within- and among-populations
(Table 3). UPGMA dendrogram conducted for genetic similarity among the populations clustered Malekan, Khalkhal
and Saivan populations in one cluster, while Aslandoz population was situated in distinct branch (Figure 2).

Table 3. Analysis of molecular variance (AMOVA) within- and among-populations of Glycyrrhiza glabra using ISSRs

Source of variation d.f. SS Est. Var. %Genetic variation P value
Among populations 3 327.425 9.910 50 <0.01
Within populations 36 361.500 10.042 50 <0.01

There was no correlation between the ISSRs-based genetic similarity and the geographical distances among
populations of G. glabra (Spearman rho correlation, N=6, P > 0.787, SPSS, ver. 11.2, Table 4 and Figure 3). However,
population size in G. glabra was found to be significantly correlated with percentage of polymorphic ISSRs loci,
Shannon and Nei’s diversities, since the larger populations e.g. Aslandoz had higher variations (61.15%, 0.195, 0.301,
respectively) compared to small-sized populations e.g. Khalkhal (35.97%, 0.116, 0.172, respectively) (Spearman rho
correlation, N=4, P < 0.05, SPSS, ver. 11.2).
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Figure 2. UPGMA dendrogram generated from Nei’s genetic distances based on ISSRs loci showing similarity among
different populations of Glycyrrhiza glabra

Table 4. Geographical and ISSRs-based genetic distances between pairs of populations of Glycyrrhiza glabra

Population pairs Geographical Genetic
P P distance (Km) distance (Nei’s)

Khalkhal- Aslandoz 276 0.252
Khalkhal- Saivan 229 0.236
Khalkhal- Malekan 251 0.147
Saivan- Aslandoz 201 0.289
Aslandoz- Malekan 315 0.318
Malekan- Saivan 148 0.285
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Figure 3. Lack of correlation between geographical and ISSRs-based genetic distances among populations of
Glycyrrhiza glabra (Pearson rank correlation test, N = 6, P > 0.877, correlation coefficient = 0.082)

4. Conclusions and discussion

The current study showed that total ISSRs variation was equally allocated to within- and among-populations in
Glycyrrhiza glabra. On the UPGMA dendrogram, nesting the three eco-geographically different populations of Saivan,
Malekan and Khalkhal within one cluster indicated that there was no eco-geographical based relationship among
populations of G. glabra, rather this similarity was most likely caused by random. This was further supported by lack of
correlation between geographical and genetic distances among populations of G. glabra. This finding is incongruent
with some empirical studies (e.g. Nevoet al., 1998; Fahima et al., 1999; Nianxi et al., 2006), which have shown that
similarities in ISSRs pattern between populations of plant species have been caused due to natural selection, rather than
random.

The genetic similarities between two different populations are caused by either gene flow due to geographical
closeness or ecological similarities due to adaptive by the natural selection (Hamrick and Godt, 1989; 1996; Nybom and
Bartish, 2000). However, since there is wide geographical distances among the populations of G. glabra investigated, it
is most unlikely for gene flow to occur among the populations. Moreover, the results showed a lack of geographical
correlations among populations in genetic similarity. These data indicate that ISSRs patterns are most likely under
random genetic causes rather than by selective forces.

The positive correlation between ISSRs variation and population size revealed in the current study in G. glabra
is consistent with the general long-known rule in the population genetics. The uncontrolled excessive collection of the
roots of G. glabra for commercial purposes in the study regions resulted in gradual decline in populations’ size. That is
in turn has caused decreased ISSRs variations in the study sites. The decreased level of ISSRs diversity detected in
small populations of G. glabra in the current study is most likely caused by genetic drift because in small populations
random genetic drift is more strong (Nei et al., 1975; Rich et al., 1979), and consequently reduces genetic diversity of
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the population through the generations, and increases the frequency of slightly deleterious recessive mutations (Lienert,
2004). As a result of lower genetic diversity, small populations have low ability to adapt to environmental change and
consequently have a higher likelihood of extinction (Lande and Barrowclough, 1987). Moreover, inbreeding depression
in such small populations increases (Frankham, 2003). That subsequently gives rise to decreased reproductive fitness
and success (Lande, 1988; Reed and Frankham, 2003).

This study indicates the importance of genetic variation studies in the conservation strategies, and suggests the
necessity of application the conservation programs to liquorice populations in the study sites.
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Verbascum ebubekirceylani (Scrophulariaceae), a newspecies from Turkey
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Abstract
Verbascum ebubekirceylani Karavel. sp. nov. is described firstly for science world from Turkey. The
diagnostic morphological characters of the this news pecies and the closely related other species V. cariense Hub.-Mor
and V. cilicicum Boiss. are discussed. Moreover, distribution maps of newspecies and the relateds pecies of it are given.

Key words: Verbascum, Mugla,taxonomy, Turkey

k

Tiirkiye’den yeni bir tiirVerbascum ebubekirceylani (Scrophulariaceae)

Ozet

Tiirkiye’den bilim diinyast ig¢in Verbascum ebubekirceylani Karavel. tanimlanmigtir. Ayirici morfolojik
karakterler yakin tiirlerle V. cariense Hub.-Mor. ve V. cilicicum Boiss. tartisilmistir. Ayrica yayilis haritalar1 yakin
tiirlerle birlikte verilmistir.

Anahtar kelimeler: Verbascum, Mugla, taksonomi, Tiirkiye
1. Introduction

The genus Verbascum L. (Scrophulariaceae) includes about 360 species in the world (Mabberley, 2008). In
Turkey, with the additional 130 hybrids, the genus is represented by 246 species, which are divided into 13
partlyartificial groups. The endemism ratio of the genus is very high [with 195 endemicspecies (80%)]
(Karaveliogullari, 2012, 2014a, 2014b).

The genus Verbascum have been divided into two sections namely sect. Aulacospermae Murb. and sect.
Bothrospermae Murb. The most diagnostic characters of these two sections are seed morphology. In sect.
Aulacospermae, the seeds are longitudinal corrugated, while in sect. Bothrospermae the are transversal corrugated
alveolate. All Turkish species of Verbascum, belong to sect. BothrospermaMurb. (Murberck, 1925, 1933; Huber-
Morath, 1971).

The first revision of Turkish Verbascum was made by Huber-Morath for Flora of Turkey (Huber-Morath,
1978). Fourteen new species, six new hybrids and three new records for Turkey were added (Karaveliogullar1 2012,
2014a, 2014b).

2. Mat Materials and methods

In 2004, taxonomic revision of theVerbascum group A was completed by Faik Ahmet Karaveliogullari in
Turkey (Karaveliogullar: and Aytag, 2008). Then, during the field research studiesto Mugla province in 2006 (within
the TUBITAK-HD-105T271 project) an unusual population of Verbascum was established. At the firstglance, it seemed
to be close to V. cariense Hub.-Mor. and V. cilicicum Boiss. Were observed. The yare formally described here. All
specimens were cross-checked with the keys provided by Huber-Morath (1978,1981) and the Verbascum accounts
given in various relevant literatures such as Ferguson (1972), Fedchenko (1955), Feinbrun-Dothan (1978a, 1978b),

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +9053624425 8; Fax.: +905362442598; E-mail: fakverbascum@gmail.com,
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Meikle (1985) and Boulos (2009). As well as all specimens of this new species have been cross-checked with the
material keeped at various herbaria ANK,G and GB (Holmgren et al., 1990). The abbreviations of the authors of
plantnames were checked from Brummitt and Powell (1992) and http:flwww. ipni.org.index.html. Also, thethreat
category of the new species was evoluted according to IUCN criteria (IUCN 2010).

3. Results
3.1.Verbascum ebubekirceylani Karavel. sp. nov.(Sect. BothrospermaMurb.)-_Figures 1 and 2. Ebubekir sigirkuyrugu.

Type: Turkey: C1lMugla: Sandras Dagi, 1800-2050 m. 31.05.2006, Pinus nigra J.F. Arnold forest,
rockyplaces, FAK 3900(holo. GAZI , iso ANK).

Diagnosis: Itdiffers from V. cilicicum, with oblong-lanceolate, acute, glandular calyx lobes (not oblong-linear,
acute, sometimes sparse glandular); inflorescence with clusters only one flower. (not 1-4 flower); corolla glandular and
eglandular hairy outside (not glabrous); stamens 4-5 (not. 5);capsule glandular hairy (not stellate-tomentose). It differs
from V. cariense with oblong-lanceolate, acute, glandular calyx lobes ( not spathulate, obtus, glandular); inflorescence
with clusters only one flower. (not with clusters 1-3 flower); corolla glandular and eglandular hairy outside (not
glabrous); stamens 4-5 (5); capsule glandular hairy ( stellate-tomentose, glabrescent)

Description: Biennial; 30-60 ¢cm; numerous floccose-tomentose hairy below, densely glandular-eglandular
hairy above. Basal leaves ovate to orbicular, 4-6 x 3-5cm, irregular crenate, obtuse, with petiole 3-5cm. Stem branched
at base. Cauline leaves ovate, ovate-oblong, 2-3 x 1-2 mm, irregular crenate, obtuse. Inflorescence raceme, with clusters
only one flower. Bracts oblong-lanceolate, crenate, acute, 2-3 x 1.5-2.5 mm. Pedicels 7-10 mm, ebracteolate. Calyx2.5-
3.5 mm, almost divided to the base, lobes oblong-lanceolate, acute, glandular. Corolla 10-15 mm diam, yellow, with
pellucide glands, glandular and eglandular hairy outside;tube 1-2 mm length. Stamens 4-5, 2-3 mm. Filaments 1-2 mm,
whitish yellow woolly, two anterior glabrous near apex. Anthers reniform, 0.5-1 mm. Ovary globose, 1-2 x 0.5-1 mm.
Style filiform, 4-5 mm, capitate, stigma 1 mm. Capsule ovate, 3-4 x 2-3 mm, stellate and glandular hairy.

3.2.Phenology
Flowering from May to early July. Capsules ripening from the beginning of August.

3.3. Habitat
Rocklyplace, screen of Pinus nigra forest, 1800-2050 m.

3.4. Examinedrepresentativespecimens

VerbascumcarienseHub.-Mor.

Type: [Turkey C2] Denizli: Quercus-macchie an der Strasse Kale Tavas-Mugla, 7 km Siidlichvon Kale Tavas,
1100 m, 5 vi 1938, Reese (Huber-Morath 5493!), holo. Hb. Hub.-Mor.liso. Hb. Basler Bot. Ges.!); 25 km from Kale to
Mugla, 1100m, Hub.-Mor. 5594! (G!). Antalya: 13 km E. of Kalakn, 980 m, Hub.-Mor. 16529 (ANK!). C1 Mugla: 14
km from Milas to Yatagan, 450 m, D. 35024!ibid., Hub.-Mor.16527 (ANK!); Sandras Da., 1900 m, Fitz&Spitz. 751,
ibid. 1600-1700 m. 31.05.2006, FAK 3940 (GAZI!).

VerbascumcilicicumBoiss.

Type: [Turkey C5 Igel] circaruinas castelli Gulek Boghas (Giilek bogazi), in Tauro Cilicico [a 10 lieuesaunord
de Tarsus, 25 vi 1855], Balansa 963 (holo. G!); ibid.1000 m, Siehe1896: 410; Nigde: Ciftehan to Alihoca, 1000 m,
Hub.-Mor. 11802!, Adana: Pozanti to Osmancik Y., 1090-1250 m, Hub.-Mor.15127! (ANK?!).

42"

40~

36"
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Figure 1. Distribution mapofV. Ebubekirceylani (EBU), Verbascum cilicicum (CILI), Verbascum cariense (CARI) in
Turkey
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Figure 2. Verbascum ebubekirceylani Karavel
3.5.Red list assessment
The extent of occurrence was nearly as 20 km?. There two new species are distributed in a single location. V.

ebubekirceylani grows on rockly place, Pinusf orest. Its’habitat continues to decline due to agricultural activities and
other local uses (criteria Blab (iii) under CR). The threat category of V. Ebubekirceylani is suggested as CR [Blab

(iii)].
3.6.Etymology

This is one of thenewspeciesisnamed in honour of theeminentveterinarianandRector of Hakkari Universty Prof.
Ebubekir CEYLAN.

4. Results and Discussion

Table 1. Diagnosticcharacters of Verbascum ebubekirceylani withtherelated V. cilicicum and V. cariense
Characters V.ebubekirceylani V. cilicicum* V. cariense*

Calyx

Lobes oblong-lanceolate, acute,
glandular

lobesoblong-linear, acute,
sometimes sparse glandular

Lobes spathulate, obtus,
glandular

Inflorescence

With clusters only one flower.

With clusters 1-4 flower

With clusters 1-3 flower

Corolla Glandular and eglandular hairy | Glabrous outside Glabrous outside
outside

Stamens 4-5 5 5

Capsule Stellate and glandular hairy Stellate -tomentose Stellate -tomentose,

glabrescent

* Hub.-Mor. 1978.
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Abstract

For this research, samples were collected from four station in Badam Dam Reservoir (Kazakhstan). With the
aim of identifying algae species that are indicator of reservoir pollution, samples were tested for presence of different
kinds of algae in August 2012 and October 2013. As a result of laboratory work, 75, 32, 3, 22, 3 and 4 taxon were
identified belonging to Bacillariophyta, Chlorophyta, Chrysophyta, Cyanobacteria, Euglenophyta and Pyrrophyta
families respectively; summing up to 139 taxon in total. Dominance, frequency and similarity analysis were performed
for algae species and diversity index (Shannon-Weaver, Simpson, Pielou ve Margalef index) was calculated for each.
Bacillariophyta family is shown to constitute the dominant group among species. According to the established data,
Nitzschia sp. from Bacillariophyta family had shown to be the genus that had the highest species variety with 12 taxon
it has. It was followed by Navicula sp. (8 taxon), Cymbella sp. ve Gomphonema sp. (6 taxon each) and Scenedesmus sp.
and Oocystis sp. (5 taxon each) from Chlorophyta family. The most dominant species were detected to be Fragilaria
ulna, Amphora ovalis and Navicula radiosa; and were followed by Melosira varians, Navicula menisculus, Cyclotella
meneghiniana, Cocconeis pediculus, Amphora veneta and Cymbella affinis species. Physicochemical parameters of
Badam Dam Reservoir were also investigated in this research. When data for physico-chemical parameters were
evaluated according to “Water Pollution Control Regulation” and the “National and International Drinking Water
Quality Standards”, Class-1 water quality was obtained. But nitrate nitrogen (NOs) level which fits the Badam Dam
Reservoir to Class-IV water quality. The reason behind this situation was thought to be high nitrate NO; levels,
agricultural activities around the dam and leakage of utilized chemicals into the reservoir. As an outcome of this
research, Badam Dam Reservoir was detected to be an oligotrophic lake.

Key words: algae, Badam Dam Rezervoir, Kazakhstan, water quality, water pollution

*

Badam Baraj Golii (Kazakistan) algleri ve su kalitesi

Ozet

Bu calismada, Badam Baraj Golii’nde su kirliligini ve indikatdr alg tiirlerini belirlemek maksadiyla se¢ilen dort
istasyondan Agustos 2012 ve Ekim 2013 tarihlerinde numuneler alinip laboratuvara getirilmistir. Caligsmalar sonucunda
Bacillariophyta’ya ait 75 takson, Chlorophyta’ya ait 32 takson, Chrysophyta’ya ait 3 takson, Cyanobacteria’ya ait 22
takson, Euglenophyta’ya ait 3 takson ve Pyrrophyta’ya ait 4 takson olmak lizere toplam 139 takson tespit edilmistir.
Alglerin; baskinlik, siklik, benzerlik analizleri ve ¢esitlilik indeksleri (Shannon-Weaver, Simpson, Pielou ve Margalef
indekleri) hesaplanmistir. Bacillariophyta iiyeleri genel olarak dominant organizma grubunu olusturmustur. Tespit
edilen verilere gore tiir sayisi agisindan en yogun grubu 12 takson ile Bacillariophyta’dan Nitzschia sp. tiiri
olugturmaktadir. Ayrica Navicula sp. tiirii 8 takson, Cymbella sp. ve Gomphonema sp. tiirii 6 takson ve Chlorophyta’dan
Scenedesmus sp. ve Oocystis sp. 5 takson ile temsil etmistir. Istasyonlarda en baskin tiirler olarak dikkat geken
Fragilaria ulna, Amphora ovalis, Navicula radiosa, Melosira varians, Navicula menisculus, Cyclotella meneghiniana,
Cocconeis pediculus, Amphora veneta ve Cymbella affinis tiirleri olmustur. Badam Baraj G6lii suyunun fizikokimyasal
ozellikleri ile ilgili veriler Ulusal ve Uluslararasi Igme Suyu Kalite Standartlar1 Parametrelerine gore
degerlendirildiginde sinirin i¢inde oldugu, “Su Kirliligi Kontrolu Yonetmeligi’ne” gore degerlendirildiginde biiyiik
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olgtide 1. smuf su kalitesi 6zelligini gostermistir. Fakat nitrat azotu (NO3) IV sinif su kalite olarak degerlendirilmistir.
Elde edilen verilere gore oligotrofik gol oldugu belirlenen Badam Baraj Golii’niin Nitrat (NO3) degerinin yiiksek olmasi
baraj etrafinda tarimsal faaliyetlerin yapilmasi ve kullanilan kimyasal giibrelerin baraj goliine sizmasi bu duruma yol
acan sebepler olarak distiniilmektedir.

Anahtar kelimeler: algler, Badam Baraj Golii, Kazakistan, su kalitesi, su kirliligi
1. Giris

Tiim canlilarin ve insanlarin yasamlarimi sirdiirdiikleri ortama g¢evre denir. Bu ortamda biyolojik, sosyal,
kiiltiirel, fiziki ve ekonomik karsilikli etkilesim i¢inde bulunurlar. Cevrenin bozulmasina ve ¢evre sorunlarinin ortaya
cikmasina sebep olan unsur insandir ve bu durumdan biitiin canlilar olumsuz etkilenmektedir. Su canli hayati i¢in
vazgecilmez bir yasam kaynagidir. Yeryiizindeki sular giines enerjisi ile siirekli bir dongii i¢indedir. Kullanilarak tekrar
cevreye birakilan suyun fiziksel, kimyasal ve biyolojik Ozellikleri, suyun yapisi, kalitesi degismektedir
(Shelknanloymilan vd., 2012).

Su igerisinde yasayan flora-fauna suyun fiziksel, kimyasal ve biyolojik 6zelliklerinden etkilenmektedir. Bu
nedenle, dogal kaynaklardan temin edilen ve su {iriinleri iiretiminde kullanilan sularin 6zellikleri ¢ok iyi bilinmeli ve
sulardaki ekolojik denge korunmalidir. Ozellikle en énemli i¢ su kaynaklarindan olan géllerin, baraj géllerinin ve onlar
besleyen akarsularin alglerinin tespit edilmesi ve bu durumun siirekliliginin saglanmasi gereklidir.

Bu ¢aligmada, Badam Baraj Golii alg tiirleri belirlenmis ve ¢esitli indekslere gore degerlendirilerek baraj golii
suyun bazi fizikokimyasal parametrelerini ulusal ve uluslararast su kalite standartlariyla karsilastirilmistir. Buna gore
baraj goliiniin su kalitesi ortaya konmus muhtemel kirlenme ile ilgili sorunlarinin giderilmesi amaglanmigtir. Caligma
sonu¢larmin Kazakistana onemli katki saglayacagi ve bu golde daha sonra yapilacak arastirmalara temel olacagi
diigiiniilmektedir.

L TP A - N
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1:500 000
Resim 1. Badam Baraj Golii’niin genel goriiniimii ve 6rnek alma istasyonlari
Figure 1. General view of the Badam Dam and sample stations
2. Materyal ve yontem
2.1.Calisma alani
Badam Baraj Golii Gliney Kazakistan eyaletinin merkezi olan Cimkent sehrinden 18 kilometre mesafede,

Tolebi ilgesinde bulunmaktadir. 42° 12° 59,4”N enlemleri ve 69° 46’ 2,64”E boylamlar: arasinda yer alir. Badam Baraj
Goli 1974 yilinda Cimkentte bulunan sanayi tesisleri ve Tolebi, Sayram, Ordabasi ilgelerinin tarimsal alanlarin
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sulandirmay1 amaglayarak yapilmigtir (Resim 1). Baraj toplamda 61,5 milyon m3 su barindirabilmektedir. Alan1 4,75
km2, uzunlugu 5 kilometre genisligi ise 1,9 kilometre, en derin noktasi 42,6 metredir. Kaynak suyunu Karcan
daglarindan alir ve Badam nehrini olusturur. Badam nehri Badam Baraji’ndan sonra suyunu Aris nehrine bosaltir.
Giiney Kazakistan eyaletini su sikintisindan kurtaran 6nemli barajlardan birisidir (Anonim, 2010). Barajin yillik
ortalama su akist 4,51 m3/sn’dir. Baraj suyu bahar mevsiminde en yiiksek seviyeye ¢ikmaktadir. Badam Baraj suyu ile
toplamda 8700 hektar tarimsal alan sulanmaktadir. Ayrica Cimkent sehrinde bulunan toplam 560 aga¢ ve bitki
¢esidinin bulundugu DendroPark alanini da sulamaktadir.

Badam baraj golii suyunun incelenmesi i¢in Agustos 2012 ve Ekim 2013 tarihlerinde belirlenen 4 istasyondan
ornekler alinmistir.

1. istasyon: Baraj setinin ¢ikis kisimlaridir (42° 23 1823°N ve 69° 77 6467°E).

2. istasyon: Baraj setinin sag tarafinin orta kisimlaridir (42° 21 5903°N ve 69° 77 6288’E).

3. istasyon: Badam Nehirinin baraja dokiildiigii yerlerindendir (42° 20 3046°N ve 69° 75 8927°E).

4. istasyon: Baraj setinin sol tarafindaki orta kisimlaridir (42° 22 2522°N ve 69° 76 0818’E).

Ornekler 0,5 litrelik plastik kavanozlara konulmustur. Her istasyondan aymi miktarda drnek almaya dikkat
edilmistir, alinan numuneler tiir teshislerinde kullanilmak iizere %4 Formaldehit+alkol+gliserin konulmustur (Atict,
2001). Alglerin incelenmesi, 10 x 100 biiyiitmeli Olympus BX 51 marka arastirma mikroskobu ile yapilmistir. Biitiin
teshis islemleri Gazi Universitesi Egitim Fakiiltesi, Mikroalgal Biyoteknoloji Laboratuvarlarinda gergeklestirilmistir.
Elde edilen verilerin degerlendirilmesinde Microsoft Excel 2003 programi ve “SPSS 22.0” istatistik paket programi
kullanilmusgtir.

Badam Baraj1 alglerinin teshisi ve siniflandirmasi1 Round (1973)’a gore yapilmigtir. Stmiflandirmada konu ile
ilgili kaynaklardan (Prescott, 1975; Korshikov, 1987; Dillard, 1989; Hustedt, 1930; Hustedt, 1973; Bourelly, 1966;
Bourelly, 1968; Patrick ve Reimer, 1966; Patrick ve Reimer, 1975; Cox, 1996; Krammer ve Lange-Bertalot, 1986;
Krammer ve Lange-Bertalot, 1991)’dan faydalanilmistir.

2.2.Biyolojik Bulgularin istatistiksel analiz metodlar

Badam Baraj Goli’nden toplanan alglerin baskinlik, siklik, benzerlik analizlerinin hesaplanmasi ve ¢esitlilik
indekslerinin hesaplanmasi yapilmigtir (Jorgensen vd., 2005).

2.3.Badam Baraj Gélii fiziksel ve kimyasal analiz metodlar

Badam barajin1 dolduran su kiitlesinin bazi fiziksel ve kimyasal analizleri Giiney Kazakistan Sihhi ve
Epidemiyolojik Kontrol Baskanlig: tarafindan yapilan sonuglardan alinmistir (Anonim, 2010).

3. Bulgular

3.1. Badam Baraj Golii 'nde tespit edilen alg tiirleri

Badam Baraj Golii’niin alg tiirleri Agustos 2012 ve Ekim 2013 tarihlerinde alinan 6rneklerle incelenmis ve
yapilan laboratuvar ¢alismalart sonucunda Bacillariophyta’ya ait 75 takson, Chlorophyta’ya ait 32 takson,
Chrysophyta’ya ait 3 takson, Cyanobacteria’ya ait 22 takson, Euglenophyta’ya ait 3 takson ve Pyrrophyta’ya ait 4
takson olmak tizere 139 takson tespit edilmistir.

Badam Baraj Golii’'nde tespit edilen alg tiirlerinin listesi ve hangi istasyonlarda tespit edildigi Tablo 1’de
verilmistir.

Tablo 1. Badam Baraj G6lii’nde tespit edilen alg tiirlerinin listesi
Table 1. List of algal species identified in Badam Dam

1. ist. 2. ist. 3. ist. 4. ist.
BACILLARIOPHYTA
Cyclotella meneghiniana Kiitzing + + + +
Cyclotella ocellata Pantocsek + +
Cyclotella sitriata Grunow + + +
Melosira varians Agardh + + + +
Meridion circulare (Greville) C.A.Agardh + +
Achnanthes hungarica (Grunow) Grunow + +
Achnanthes minutissima (Grunow) Lange-Bertalot + +
Achnanthidium minutissimum (Kiitzing) Czaneck + +
Amphipleura pellucida (Kiitzing) Kiitzing + +
Amphora ovalis (Kiitzing) Kiitzing + +
Amphora pediculus (Kiitzing) Grunow + + + +
Amphora veneta Kiitzing + + + +
Anomoeneis sphaerophara (Ehrenberg) Pfitzer + +
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Caloneis silicula (Ehrenberg) Cleve

Cocconeis pediculus Ehrenberg

Cocconeis placentula var lineata (Ehrenberg) Cleve
Craticula ambigua (Ehrenberg) D.G. Mann
Craticula cuspidata (Kiitzing) D.G. Mann
Cymatopleura eliptica (Brebisson) W.Smith
Cymatopleura solea (Brebisson) W.Smith
Cymatopleura solea var apiculata (W.Smith) Ralfs
Cymbella affinis Kiitzing

Cymbella aspera (Ehrenberg) H.Peragallo
Cymbella helvetica Kiitzing

Cymbella hungarica (Grunow) Pantocsek
Cymbella hustedtii Krasske

Cymbella tumidula (Brebisson) Van Heurck
Denticula elegans Kiitzing

Diatoma moniliformis Kiitzing

Diatoma vulgaris manotype linearis Bory

Diatoma vulgaris monotype ovalis Bory

Fallacia pygmaea (Kiitzing) Stickle & D.G.Mann

Fragilaria capucina var rumpens (Kiitzing) Lange-Bertalot

Fragilaria parasitica (W.Smith) Grunow
Fragilaria ulna (Nitzsch) Lange-Bertalot
Fragilaria ulna var acus (Kiitzing) Lange-Bertalot
Gomphonema affine Kiitzing

Gomphonema augur Ehrenberg

Gomphonema gracile Ehrenberg

Gomphonema olivaceum (Hornemann) Brebisson
Gomphonema parvulum Kiitzing

Gomphonema truncatum Ehrenberg

Gyrosigma acuminatum (Kiitzing) Robenhorst
Gyrorisigma spencerii (Quekett) Griffith & Henfrey
Hantzschia amphioxys (Ehrenberg) W.Smith
Navicula angusta Grunow

Navicula cari Ehrenberg

Navicula cincta (Ehrenberg) Ralfs

Navicula lanceolata (Agardh) Ehrenberg
Navicula menisculus Schumann

Navicula menisculus var upsaliensis Grunow
Navicula radiosa Kiitzing

Navicula tripuctata (O.F.Miiller) Bory

Nitzschia amphibia Grunow

Nitzschia angustata (W.Smith) Grunow
Nitzschia capitellata Hustedt

Nitzschia commutata Grunow

Nitzschia dissipata (Kiitzing) Grunow

Nitzschia dissipata var media (Hantzsch) Grunow
Nitzschia fonticola Grunow in Cleve & Moller
Nitzschia frustulum Kiitzing (Grunow)

Nitzschia gracilis Hantzsch

Nitzschia linearis (Agardh) W.Smith

Nitzschia palea (Kiitzing) W.Smith

Nitzschia vermicularis (Kiitzing) Hantzsch
Pinnularia viridis (Nitzsch) Ehrenberg

Planothidium lanceolatum (Brébisson ex Kiitzing) F.E. Round & L.

Bukhtiyarova

Sellophora pupula (Kiitzing) Mereschkowsky
Stauroneis smithii Grunow

Surirella ovalis Brebisson

Surirella subsala W.Smith

Surirella tenera Gregory
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Tryblionella apiculata Gregory

Tryblionella gracilis Hantzsch

Tryblionella hungarica (Grunow) D.G.Mann
CYANOBACTERIA

Chroococcus turgidus (Kiitzing) Naegeli
Gloeothece rupestris (Lyngbye) Bornet
Gomphosphaeria aponina Kiitzing

Merismopedia elegans A.Braun ex Kiitzing
Merismopedia punctata Meyen

Gloeotrichia longiarticulata G. S. West
Cylindrospermum minimum G. S. West
Anabaena affinis Lemmermann

Anabaena flos-aquae Brebisson ex Bornet & Flauhault
Anabaena verrucosa J.B. Petersen
Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault
Nostoc commune Vaucher ex Bornet And Flahault
Nostoc puriniforme (Pestalozzi)

Spirulina laxa G. M. Smith

Spirulina major Kiitzing ex Gomont

Spirulina princeps West & G. S. West
Oscillatoria amoena Gomont

Oscillatoria bornetii Skuja

Oscillatoria tenuis C.Agardh ex Gomont
Phormidium mucicola Nauman & Huber-Pestalozzi
Phormidium tenue Gomont

Lyngbya lagerheimia (Moebius) Gomont
CHLOROPHYTA

Chlamydomonas globosa J. W. Snow
Chlamydomonas snowii Printz

Pandorina morum (O.F. Miill.) Bory
Stigeoclonium attenuatum (Hazen) F.S.Collins
Oedogonium crassum Wittrock ex Hirn
Oedogonium inclusum Hirn

Pediastrum boryanum (Turpin) Meneghini
Pediastrum dublex Meyen

Coelastrum microsporum Nageli

Oocystis borgei J.W.Snow

Oocystis crassa Wittrock

Oocystis elliptica West

Oocystis parva West & G. S. West

Oocystis solitaria Wittrock

Chlorella vulgaris Beyerinck

Ankistrodesmus falcatus (Corda) Ralfs
Ankistrodesmus longissimus (Lemmermann) Wille
Selenastrum westii G. M. Smith

Tetraedron minimum (A. Braun) Hansgirg
Tetrastrum glabrum (Y.V.Roll) Ahlstrom & Tiffany
Scenedesmus acuminatus (Lagerheim) Chodat
Scenedesmus arcuatus (Lemmermann)
Scenedesmus bicaudatus Dedusenko
Scenedesmus bijuga (Turpin) Lagerheim
Scenedesmus obliguus (Turpin) Kiitzing
Spirogyra subsalsa Kiitzing

Closterium aciculare T. West

Closterium kiitzingii Antonio Guillen

Cosmarium granatum Brebisson ex Ralfs
Cosmarium botrytis Meneghini ex Ralfs
Cosmarium obtusatum (Schmidle)

Staurastrum gracile Ralfs ex Ralfs
CHRYSOPHYTA
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1. ist. 2. ist. 3. ist. 4. ist.
Chlorochromonas minuta I. F. Lewis + +
Dinobriyon sertularia Ehrenberg + +
Paraphysomonas vestita A.C.Stokes + +
PYRROPHYTA
Gymnodinium fuscum (Ehrenberg) Stein + + + +
Peridinium cinctum (O.F.Miiller) Ehrenberg + +
Cystodinium curnifax (A.J.Schilling) Klebs + +
Cystodinium steinii Klebs
EUGLENOPHYTA + +
Euglena acus (O.F.Miiller) Ehrenberg + + +
Lepocinclis playfairiana (Deflandre) Deflandre + +
Trachelomonas lacustris Drezepolski + + + +

Tespit edilen verilere gore tiir sayisi agisindan en yogun grubu 12 takson ile Bacillariophyta sinifindan
Nitzschia sp. tiirli olusturmaktadir. Ayrica Navicula sp. tiirti 8 takson, Cymbella sp. ve Gomphonema sp. tiirii 6 takson
ile ve Chlorophyta sinifindan Oocystis sp. tiirii 5 takson ve Scenedesmus sp. 5 takson ile en ¢ok tiir igeren cinsler
olmustur.

Badam baraj goliinde belirlenen bazi fiziksel ve kimyasal veriler Tablo 2’de verilmisitir.

Tablo 2. Badam Baraj Goli’nde bulunan baz: fiziksel ve kimyasal 6zellikleri
Table 2. Physical and chemical properties of Badam Dam

Agustos Eyliil May1s 2010 | Agustos Ortalama
Parametreler 2009 2009 2010
Tespit edilen oranlar
pH 7,7 7,7 7,6 7,7 7,675
BOls 1,82 1,92 5,6 1,97 2,82
Oksitlenme 5,6 2,8 4,6 4,8 4,45
Alkalinite 4,8 4,6 8,3 4,8 5,625
Kloriir 14,2 14,2 14,2 14,21 14,2
Azot
Amonyum 0,04 0,2 0,08 0,2 0,13
Nitrit (NO2) 0,002 0,004 0,002 0,002 0,0025
Nitrat (NO3) 26,5 17,7 26,5 27,7 24,6
Floriir 0,2 0,18 0,18 0,21 0,2
Toplam fosfor 0,01 0,01 0,01 0,01 0,01

3.2. Badam Baraj Golii 'nde tespit edilen alglerin siklik degerleri

Alglerde en sik goriilen boliim Bacillariophyta olarak tespit edilmistir. Bacillariophyta sinifinda Fragilaria
ulna, Melosira varians, Cymbella affinis, Amphora veneta, Nitzschia linearis, Navicula radiosa ve Navicula tripuctata,
Chlorophyta sinifinda Chlorella vulgaris, Scenedesmus obliguus, Coelastrum microsporum, Scenedesmus bicaudatus,
Scenedesmus bijuda ve Scenedesmus acuatus, Cyanobacteria sinifinda Merismopedia elegans, Merismopedia punctata,
Chroococus turgidus ve Anabaena affinis, Chrysophyta sinifinda Dinobriyon sertularia, Pyrrophyta sinifinda
Cystodinium cornifax ve Peridinium cinctum, Euglenophyta sinifinda Euglena acus en sik tespit edilmis taksonlardir.

3.3. Alglerin istasyonlara gére baskinltk durumu

Siniflar arasinda baskinlik degeri hesaplandiginda istasyonlarda Bacillariophyta sinifi baskin olarak belirlenmistir.

1. istasyonda Fragilaria ulna tiim istasyonda gézlenmis ve en baskin tiir olarak belirlenmis. Bu taksonu sirasiyla
Melosira varians, Navicula radiosa, Cyclotella meneghiniana, Cymbella helvetica, Amphora veneta, Nitzschia
amphibia, Nitzschia linearis ve Navicula cincta takip etmistir.

2. istasyonda Amphora ovalis 1. ve 4. istasyonlarda gézlenmemesine ragmen en baskin tiir olarak belirlenmis ve
Melosira varians, Navicula menisculus, Cymbella affinis, Cymbella hungarica, Nitzschia linearis, Navicula lanceolata,
Navicula tripuctata ve Fragilaria ulna takip etmistir.

3. istasyonda da Fragilaria ulna baskin tiir olmus. Bu taksonu Cymbella affinis ve Navicula lanceolata, Navicula
radiosa, Melosira varians, Nitzschia amphibia, Nitzschia linearis, Nitzschia palea, Hantzschia amphioxys ve Amphora
veneta takip etmistir.

4. istasyonda Navicula radiosa 2. istasyonda gozlenmemesine ragmen baskin tiir olmus. Cocconeis pediculus,
Amphora veneta, Fragilaria parasitica, Navicula lanceolata ve Navicula menisculus, Navicula tripuctata ve Nitzschia
vermicularis bu taksonu takip etmistir.
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3.4. Alglerin istasyonlara gére benzerlik degerleri

Sorensen benzerlik indeksine gore tiim istasyonlarin karsilagtirilmasi sonucu; en fazla benzeyen istasyonlar
0,735 degeri ile 2 ve 4 istasyonlaridir. Tespit edilen en diisiik benzerlik degeri ise 0,549 ile 1 ve 2 istasyonlaridir.
Alglerin istasyonlara gore benzerlik degerleri Tablo 3’de gdsterilmistir.

Tablo 3. Alglerin istasyonlara gore benzerlik degerleri
Table 3. Similarities of algaes according to the stations

Istasyonlar 1 .Istasyon 2.1stasyon 3 .Istasyon 4.1stasy0n
1.Istasyon 1 0,549 0,692 0,67
2.1stasy0n 1 0,653 0,735
3.Istasyon 1 0,633
4 Istasyon 1

3.5. Alglerin istasyonlara gore hesaplanan Margalef, Pielou, Simpson, Shannon-Weaver indeksleri

Alglerin Shannon-Weaver ¢esitlilik indeksine gore en disiik cesitlilik 4,0704 deger ile 1. istasyonda, en yiiksek
cesitlilik 4,2247 deger ile 3. istasyonda tespit edilmistir. Ortalama gesitlilik degeri 4,1836 olarak tespit edilmistir.

Simpson ¢esitlilik indeksine gore en diisiik ¢esitlilik 0,9790 deger ile 1. istasyon, en yiiksek cesitlilik 0,9821
deger ile 3 istasyon olarak tespit edilmistir. Ortalama gesitlilik degeri 0,9810 olmustur.

Margalef zenginlik indeksine gore en diisiik 12,11 deger ile 1. istasyonda, en yiiksek zenginlik indeksi 14,08
deger ile 3. istasyon olarak tespit edilmistir. Ortalama zenginlik degeri 13,54 olmustur.

Pielou diizenlilik indeksine gore en diisiik 0,9187 deger ile 1. istasyon olmus, en yiiksek 0,9214 deger ile 3.
istasyon olarak tespit edilmistir. Ortalama diizenlilik degeri 0,9202 olmustur. Alglerin istasyonlara gore hesaplanan
Margalef, Pielou, Simpson, Shannon-Weaver indeksleri Tablo 4’te gosterilmistir.

Tablo 4. Alglerin istasyonlara gore hesaplanan Margalef, Pielou, Simpson, Shannon-Weaver Indeksleri
Table 4. Margalef, Pielou, Simpson, Shannon-Weaver Indexes according to sample stations

Ornekler S N Margalef Pielou Simpson Shannon-
indeksi indeksi indeksi Weaver indeksi
1.Istasyon 84 947 12,11 0,9187 0,9790 4,0704
2.istasyon 98 1023 13,99 0,9204 0,9813 4,2202
3.Istasyon 98 977 14,08 0,9214 0,9821 4,2247
4.istasyon 98 1026 13,99 0,9202 0,9816 4,2189
Ortalama 13,54 0,9202 0,9810 4,1836

4. Sonuglar ve tartisma

Badam baraj1 suyunun incelenmesi igin Agustos 2012 ve Ekim 2013 tarihlerinde 4 istasyondan Ornekler
almmugtir.

Bacillariophyta tiyelerinin tiir sayisi ve tiirlere ait bireyler bakimindan Badam Baraj Goli’nde en 6nemli alg
grubunu olusturdugu goértlmiistiir. Bacillariophyta smifinin tiir gesitliligi bakimindan diger simiflara oranla baskin
oldugu Keban Baraj Golii (Pala, 2002) ve Sariyar Baraj Go6li (Atict ve Obali, 2006)’nde yapilan caligmalarda
bildirilmistir.

Chlorophyta simifi Badam Baraj Golii’nde Bacillariophyta’dan sonra en ¢ok tiirle temsil edilen ikinci dominant
smiftir. Bir¢ok alglerle ilgili ¢aligmada tiir sayis1 bakimindan diyatomelerden sonra Chlorophyta ikinci sirada yer
almistir (Atict ve vd., 2005; Giirbiiz, 2000; Sahin ve Akar 2005; Sahin, 1998; Sahin 2001; Kivrak ve Gilirbiiz, 2005;
Giirbiiz ve vd., 2002; Akkoz ve Giiler 2004). Chlorophyta iiyeleri genel olarak incelenen biitiin gollerde zengindir.
Aragtirma alaninda fitoplanktonda rastlandigi Chlorococcales takimindan Scenedesmus tiirleri Mogan Golii (Obaly,
1984)’nde de yogun olarak bulunmustur.

Bacillariophyta tiyelerinden Fragilaria ulna, Melosira varians, Cymbella affinis, Amphora veneta, Nitzschia
linearis, Navicula radiosa ve Navicula tripuctata en sik goriilen taksonlardir. Chlorophyta sinifinda Chlorella vulgaris,
Scenedesmus obliguus Coelastrum microsporum, Scenedesmus bicaudatus, Scenedesmus bijuda ve Scenedesmus
acuatus, Chrysophyta smifinda Dinobriyon sertularia, Pyrrophyta smifinda Cystodinium cornifax ve Peridinium
cinctum, Euglenophyta siifinda Euglena acus en sik goriilen taksonlardir.

Badam Baraj Gol’iindeki taksonlarin baskinlik durumu tiim istasyonda Bacillariophyta sinifina ait tiirler
oldugu hesaplama sonucunda belirlenmistir. 1. ve 3. istasyonlarda Fragilaria ulna, 2. istasyonda Amphora ovalis, 4.
istasyonda Navicula radiosa baskin tiirler oldugu tespit edilmistir.

Cagatay ve Cobanoglu, (1997) “Su kalitesi” adl1 ¢aligsmalarinda temiz ve kirli sularda yasayabilen alg tiirlerini
belirlemigler ve buna gore; Amphora ovalis, Nitzschia linearis temiz suda bulunabilen mikroorganizmalar, Melosira
varians ve Chlorella vulgaris’in ise kirli suda bulunabilen mikroorganizmalar oldugunu tespit etmislerdir.
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Atict, (1997) Sakarya Nehri’nde kirlilige toleranshi indikator alg tiirlerini belirlemek amaciyla yaptigi
caligmada Sakarya Nehri’nde kirlilige adapte olmus ve besin tuzlarindan yeteri kadar faydalanan dolayisiyla diger
tiirlere gore sayica bol olan algleri gostermistir. Alglerden Chlamydomonas, Euglena, Navicula, Oscillatoria ve Synedra
cinslerine ait tiirlerin kirlilige kars1 tolerans derecesi iyi olan algler oldugunu belirlemistir. Alglerin, kirlenmenin oldugu
bolgelerde gosterdikleri farkli bolluklar kirlilik gostergesi olarak bilinmektedir. Bu indikatorlerden Stigeoclenium,
Euglena ve Oscilatoria kirlenme olan bolgelerde bolca geligsmistir. Ayrica bu alglerin Ankara Cay1 ve Porsuk Cayinda
da bulundugunu belirtmistir.

Badam Baraj Golii’nde de kirlilige adapte olmus tiirlerden Cyclotella meneghiniana, Gomphonema olivaceum,
Navicula menisculus ve Fragilaria ulna gézlemlenmistir.

Atic1 ve Ahiska, (2005) Ankara Cay1’nda kirlilige adapte olmus tiirleri belirlemek amaciyla, Ankara Cay1’nin
kollarmin karistig1 bolgelerde farkli habitatlardan alinan 6rnekleri incelemislerdir. Ankara Cayi’nda Oscillatoria tenuis,
Pediastrum dublex, Cyclotella meneghiniana, Diatome elongatum, Synedra ulna, Achnanthes lanceolata, Cymbella
lanceolata, Pinnularia brebissonii, Rhoicosphaenia curvata, Gomphonema olivaceum, Nitzschia sigmoidea tiirleri
kirlilige adapte organizmalar olarak belirlemislerdir. Badam Baraj Golii’nde de Oscillatoria tenuis, Pediastrum dublex,
Cyclotella meneghiniana, Gomphonema olivaceum tiirleri az sayida gézlemlenmistir.

Badam Baraj Golii’'nde belirlenen alglerden Euglena, Oscillatoria, Cyclotella, Synedra, Navicula, Nitzschia ve
Gomphonema cinslerine ait tiirler kirlilige kars1 tolerans derecesi yiiksek olan alglerdir. Badam Baraj Golii’nde bulunan
organizmalarin daha ¢ok kirlenmemis sularda yayilis gésteren organizmalar oldugu goériilmiistiir.

Bacillariophyta siifindan Nitzschia en fazla tiirle temsil edilen tiir olup, bu taksonu Navicula, Cymbella ve
Gomphonema tiirleri takip etmistir. Sen ve vd., (1990)’da yaptiklart ¢aligmada epilitik florada Nitzschia’ya ait
taksonlarin en yaygin organizmalar oldugunu ifade etmistir. Yine Sahin, (1992), yaptig1 ¢alismada Badam Baraji’na
benzer olarak Navicula, Cymbella ve Gomphonema genuslarinin digerlerine gore daha fazla takson icerdigini ifade
etmistir. Atici ve Yildiz, (1996), Sakarya Nehri’nde yaptiklar ¢aligmada Navicula, Nitzschia, Gomphonema, Cymbella,
Synedra ve Pinnularia’ya ait taksonlarin yogun olarak gozlendigini belirtmislerdir.

Badam Baraj Golii algleri iginde istasyonlarda sik goriilen Navicula radiosa tiiriine Keban Baraj G6lii (Cetin
ve Sen 1998), Dagbas1 Golii (Sahin, 2001), Abant G6lii (Atici ve vd., 2005)’nde rastlanmustir.

Yine istasyonlarda sik goriilen Melosira varians’a Porsuk Géleti’nde (Giirbiiz ve vd., 2002) devamli mevcut ve
yogun, Bayindir Baraj G6li’nde (Atict ve vd., 2005) en bol, Cubuk-I Baraj Golii (Goniilol, 1985) ve Palanddken
Goleti’nde (Giirbiiz, 2000) yaygin tiir olarak kaydedilmistir.

Temiz sularda yasayan ve hassas olarak bilinen Amphora ovalis, Cocconeis placentula, kirli sulara adapte
olmus Melosira varians, Nitzschia palea ¢alisma alaninda da kaydedilen tiirlerdir. Cocconeis placentula ve Melosira
varians tiirlerine ayn1 zamanda ve ayni istasyonlarda rastlanmasi kirliligin dnemli derecede olmadigini gostermektedir.

Orneklerin incelenmesi sonucunda Bacillariophyta’ya ait 75 takson, Chlorophyta’ya ait 32 takson,
Chrysophyta’ya ait 3 takson, Cyanobacteria’ya ait 22 takson, Euglenophyta’ya ait 3 takson ve Pyrrophyta’ya ait 4
takson olmak {iizere, 67 tiire ait toplam 139 takson tespit edilmistir. Tespit edilen verilere gore tiir sayis1 agisindan en
yogun grubu 12 takson ile Bacillariophyta sinifindan Nitzschia sp. tiirii olusturmaktadir. Ayrica Navicula sp. tiiri 8
takson, Cymbella sp. ve Gomphonema sp. tiirii 6 takson ile ve Chlorophyta smifindan Oocystis sp. tiirii 5 takson ve
Scenedesmus sp. 5 takson ile en ¢ok tiir igeren cinsler olmustur.

En baskin cinsler olarak dikkat ¢eken Fragilaria ulna, Amphora ovalis, Navicula radiosa ve baskinlik durumunu
takip eden Melosira varians, Navicula menisculus, Cyclotella meneghiniana, Cocconeis pediculus, Amphora veneta ve
Cymbella affinis tiirleridir.

Badam Baraj Gélii suyunun fizikokimyasal 6zellikleri ile ilgili veriler Ulusal ve Uluslararasi igme Suyu Kalite
Standartlar1 Parametrelerine gore (ITASHY, 2005) karsilagtirildiginda degeri asmadigt goriillmektedir. “Su Kirliligi
Kontrolu Yonetmeligi” (Anonim, 2004)’ne gore karsilastirildiginda; pH ortalamasi 7,675 degeriyle I. kalite su sinifina,
BOls ortalama 2,82 degeriyle I. kalite su sinifina, amonyum azotu 0,13 degeriyle I. kalite su sinifina, nitrit azotu 0,0025
degeriyle I. kalite su sinifina, nitrat azotu 24,6 degeriyle IV kalite su sinifina, floriir 0,2 degeriyle I. kalite su sinifina,
toplam fosfor 0,01 degeriyle I. kalite su sinifina, kloriir 14,2 degeriyle I. kalite su sinifina aittir. Baraj etrafinda tarimsal
faaliyetlerin olmasi ve kullanilan kimyasallarin sizmasi, bu duruma yol acan sebepler olarak diisiiniilmektedir (Tablo 6).

Tablo 5. Ulusal ve uluslararasi igme suyu kalite standartlar1 parametreleri (ITASHY, 2005)

Table 5. National and international parameters of standards for drinking water quality (ITASHY, 2005)
Unit WHO EPA Turkey Kazakhstan

pH - (6,5-9,5) 6,585 | 6,595 6-9

Nitrate (NOs) mg/L 50 4,3 50 45

Nitrite (NO2) mg/L 3,0 33 0,50 -

Fluorides (F) mg/L 15 2,0 15 15

Chloride (CI) mg/L (250) 250 250 350

Ammonia (NH3) mg/L - - 0.50 -
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Tablo 6. Su kirliligi kontrolu yonetmeligi kitai¢i su kaynaklarinin siniflarina gore kalite kriterleri (Anonim, 2004)
Table 6. Water Pollution Control Regulation, the quality criteria’s of inland water resources according to their class
(Anonymous, 2004)

SU KALITE SINIFLARI
SU KALITE PARAMETRELERI I T i v
A) Fiziksel ve inorganik- kimyasal
Parametreler
pH 6,5-8,5 6,5-8,5 6,0-9,0 <6,0-9,0<
Klortir iyonu (mg CI7/L) 25 200 400 > 400
Amonyum azotu (mg NH4*-N/L) 0,2 1 2 >2
Nitrit azotu (mg NO2™-N/L) 0,002 0,01 0,05 > 0,05
Nitrat azotu (mg NOs™-N/L) 5 10 20 >20
Toplam fosfor (mg P/L) 0,02 0,16 0,65 > 0,65
B) Organik parametreler
Biyolojik oksijen ihtiyac1 (BOI) (mg/L) 4 8 20 > 20

Badam Baraj Golii’nde istasyonlarin benzerlik degeri en ¢ok 2 ve 4. istasyonlarda oldugu, benzerlik degeri en
diisiik 1. ve 2. istasyonlarda oldugu tespit edilmistir (Tablo 3).

Alglerin istasyonlara gore hesaplanan Margalef, Pielou, Simpson, Shannon-Weaver indeksleri Tablo 4’de
gosterilmistir. Badam Baraj Golii’nde istasyonlara gore yapilan Shannon-Weaver ¢esitlilik indeksine gore en diisiik
cesitlilik 4,0704 degeriyle 1. istasyonda, en yiiksek gesitlilik 4,2247 degeriyle, 3. istasyonda tespit edilmistir. Ortalama
cesitlilik degeri 4,1836 olmus. OECD (1982) verilerine gore Shannon-Weaver indeksi >4 ise, Badam baraj1 trofi
seviyesinin Oligotrofik 6zellik tasidigini gostermektedir.

Simpson cesitlilik indeksi genel olarak Shannon-Weaver indeksine benzemektedir. Deger 1’e yakin degerlerde
tiir sayisi1 fazla ve dominatlik az olmaktadir. Simpson c¢esitlilik indeksine gore en diisiik ¢esitlilik 0,9790 degeriyle 1.
istasyonda, en yiiksek cesitlilik ise 0,9821 degeriyle 3. istasyon olarak tespit edilmis. Ortalama cesitlilik degeri 0,9810
olmus. Deger 1’e yakinsa dominantlik az, tiir sayisi ¢goktur (Odum ve Barrett, 2005).

Margalef zenginlik indeksine gore en diisiik 12,11 degeriyle 1. istasyon, en yiiksek zenginlik indeksi 14,08
degeriyle 3. istasyon olarak tespit edilmis. Ortalama zenginlik degeri 13,54 olmustur. OECD (1982) verilerine gore
Margalef indeksi >4 ise Badam baraj1 trofi seviyesinin Oligotrofik 6zellik tagidigini gostermektedir.

Pielou diizenlilik indeksine gore en diisiik 0,9187 degeriyle 1. istasyon olmus, en yiiksek 0,9214 degeriyle 3.
istasyon olarak tespit edilmis. Ortalama diizenlilik degeri 0,9202 olmus. Kommiinitede tiirler arasinda yalniz birey
sayilarinin nasil dagildigini diizenliligini ve homojenligini gdstermektedir. Deger 1’e yakinsa diizenli, 0’a yakinsa
diizensiz oldugunu belirtmistir. Badam Baraj Go6lii’nde tiirler arasinda birey sayilarinin diizenli oldugunu goéstermistir
(Jorgensen vd., 2005).

Badam Baraj Golii’'nde de bu tiirlerin bulunmas1 gol suyunda kirli sularda bulunan alg tiirlerinin adapte olarak
temiz sularda da yasayabilecegini fikrini ortaya ¢ikarmustir.
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Abstract

Wheat is the staple food of the people of Pakistan. Concern for sustainable production of wheat crop under the
arid climatic conditions of Khyber Pakhtunkhwa, Pakistan led to renewed interests in investigations for high yielding
tolerant cultivars. In order to address the issue, an experiment was conducted at the research farm of The University of
Swabi, Khyber Pakhtunkhwa, Pakistan during winter 2013-14 using Randomized Complete Block Design (RCBD) with
three replications to test different wheat cultivars (Atta Habib, Pirsabak-2008, Hashim-8 and Fakhri Sarhad) for
economic yield and its contributing components. Statistical analysis of the data revealed a significant (P<0.05) effect of
different varieties on spike weight (g), grains spike and 1000 grains weight (g). However, the effect of different
varieties was non-significant (P>0.05) for productive tillers plant?, spike length (cm), spikes ft? and grain yield (kg ha-
). The data revealed highest spike weight (g) and 1000 grains weight (g) for Atta Habib. The results further indicated
maximum productive tillers plant?, spike length (cm), spikelets spike™, spikes ft? and grain yield (kg ha*) for Pirsabak-
2008. Similarly maximum value for grains spike was recorded for Fakhri Sarhad. It was concluded from the study that
Pirsabak-2008 performed better than other varieties tested for the said purpose.

Key words: wheat, varieties, 1000 grains wheat, grain yield
1. Introduction

Pakistan is principally an agricultural country, where 70% people are directly and indirectly involved in this
sector. It is the most immense sector of the economy and earns about 35-40% of the national income (Farooq et al.,
2007). Pakistan, like many other developing countries of the world is facing with the quandary of low agricultural
productivity. Average yield of wheat in Pakistan has never crossed 30-35% of its yield potential produced under
experimental conditions(lgbal et al. 2005). Many countries including Pakistan are faced with the challenge of
engendering more food and fiber, while there is miniature room for expansion in the cultivated area and yield per unit
area of miscellaneous crops.

In spite of the fact that our country is mystically enchanted with a galaxy of climate, soil condition and
irrigation water.In food scenario of developing countries, 21% of the total calories intake and 20% protein are from
wheat (Braun et al., 2010). Its grain is rich in mineral, essential amino acids (except lysine) and vitamins (Khan and
Zeb, 2007). It is mainly intake in the form of baked products, chapatti, bran, malt, poultry and livestock feeds etc. Its
demand may increase by 60% of the present up to 2050 (Rosegrant and Agcaoili, 2010) due to rapid expansion in world
human population, which may touch 8.3 billion up to 2025 (Mannion, 1998).

Pakistan falls in top ten wheat-producing countries of the world and ranks at 9 in terms of area, at 5 in terms of
yield per hectare and at 8 in terms of production (Manzoor et al., 2009). It is utilized to feed about one-third of the
world population. It also occupies an utmost spot in nourishment grains of Pakistan as it covers 66% of the total area
under food grains and contributes 74% to the total food grain engenderment (Ghulam et al., 2007). The yield per
hectare in the year 2012-13 stood at 2787 (kg ha') posted a positive magnification of 2.7 percent as compared to
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negative 4.2 percent magnification of last year (PES 2013). In Khyber Pakhtunkhwa territory, wheat was planted on
area of about 0.7245 million hectares with an average yield of about 1434 kg ha', which is lower than the average yield
of the country (CSKP, 2011).

Despite higher yield potential, average grain yield of wheat in Pakistan is much less than most of the countries
of the world. The factors which cause the reduction in the yield of wheat in Pakistan are delayed sowing, imbalanced
utilization of fertilizer, shortage and mismanagement of irrigation water, old and traditional methods of sowing, low
genetic potential of varieties and above all weather fluctuations, which cause at times the solemn reduction in yield.

Variety selection is one of the most important decisions for a wheat grower. The right or wrong decision can
negate all other factors in profitable wheat farming. Environmental factors such as abiotic (Soil fertility, moisture,
temperature, sowing time, day length) and biotic (diseases and pests) stresses are not constant across years and sites
which eventually affect the yield stability of wheat varieties (Arain et al., 2011). High temperature and desiccating
winds during the month of April might cause coerced maturity of tardy sown wheat, thus resulting in reduction of test
weight (Singh and Dhaliwal, 2000). High temperature in the post anthesis period of tardy sown wheat minimized the
grain filling period resulting in a more diminutive endosperm, lower grain weight and incremented protein content
(Ahmed et al., 1994).

The varieties in the field are exposed to the range of biotic and abiotic factors and the prosperity of variety is
evaluated from its survival under such circumstances. For having the higher engenderment with good floor quality, it is
the most paramount to screen the more preponderant varieties predicated on agronomic performance and some regards
of yield.

Keeping in view the importance of potential varieties in higher wheat yield, the current study was conducted to
screen out suitable varieties based on their comparative performance (grain yield) for District Swabi to get maximum
output by applying less input.

2. Materials and methods

The present study was carried out at the research farm of The University of Swabi, Khyber Pakhtunkhwa,
Pakistan during winter 2013-14. Four cultivars (Atta Habib (V1), Pirsabak-2008 (V2), Hashim-8 (V3) and Fakhri
Sarhad (V4)) were considered for various yield components using randomized complete block (RCBD) with three
replications. Land was ploughed with cultivator and then rotavator was used for breaking the clods before sowing.
Macronutrients (N, P and K) were applied at the rate of 120, 90 and 60 kg ha™* respectively. The experimental area was
comprised of 960 m? (60 mx16 m). Single plot size was 80 m? (20 mx4 m). Seeds were sown at 30 cm row to row
distance. Each plot was consisted of 21 rows. Half nitrogen and full phosphorus, potassium fertilizers were applied at
sowing time. The remaining half nitrogen was applied after 40 days of sowing. Standered agronomic practices were
carried out throughout the experiment.

Productive tillers plant® data were noted by counting the number of spiked tillers in five randomly selected
plants in each replication and then their mean was calculated. Lengths of five spikes, randomly selected in each
replication were measured with a ruler and then averaged for obtaining spike length data. Spikes ft-2 were obtained by
counting the spiked tillers in a square feet area at three different locations in each replication and then their mean was
worked out. To obtain spike weight data, spikes of five randomly selected plants in each replication were weighted and
averaged. Grains spike™ data were recorded by counting the number of grains per spike in five randomly selected spikes
in each sub plot and their mean was calculated. Data regarding spikelets spike were recorded by counting the number
of spikelets per spike in five spikes randomly selected spikes in each sub plot and then averaged. Data concerning
grains weight spike were recorded by weighting grains of five randomly selected spikes and then their mean values
were worked out. 1000 grains weight data were recorded by weighting randomly selected 1000 grains in each
replication. Grain yield data was recorded by taking grain yield per sq ft at three different locations in each replication
and then averaged. The data were then converted to kg ha' by multipling with a standard factor of 1076.10 and
dividing by 100.

3. Results

Productive tillers plant®: Data regarding productive tillers plant? of wheat cultivars are presented in Table 1.
Statistical analysis of the data revealed a non-significant (P>0.05) effect of varieties on productive tillers plant of
wheat crop. However, maximum productive tillers plant? of (3.66) was noted for Pirsabak-2008, followed by Atta
Habib with 3.55 productive tillers plant® when compared with lowest productive tillers plant? (3.33) from Fakhri
Sarhad. Our results are in line with the findings of Husnain et al. (2011). They revealed a significant effect of different
varieties on productive tillers plant™ of wheat in arid climatic conditions.

Spike length: Data relating spike length of wheat crop as affected by different cultivars are presented in Table 1. A

non-significant (P>0.05) effect of varieties on spike length of wheat crop was evident from statistical analysis of the
data. Longest spike length (12.54 (cm) was noted for Pirsabak-2008, followed by Atta Habib with spike length of
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12.07cmas compared to shortest spike length (10.65 cm) from Hashim-8. These results are in conformity with those of
Mushtaq et al. 2011. A significant effect of different wheat cultivars on spike length of wheat crop was evident from
their findings.

Spikes ft-: Data pertaining spikes ft? are shown in Table 1. Statistical analysis of the data revealed a non-significant
(P>0.05) effect of different on spikes ft of wheat crop. However, maximum spike ft? (25.44) were detailed for
Pirsabak-2008 followed by Fakhri Sarhad with 24.77 spike ft? as compared to lowest spike ft? of 23.88 from Atta
Habib. These results are in conformity with those reported by Saleem et al. (2007). They revealed a significant effect of
different varieties on spikes ft? of wheat.

Grains Spike™: Grains spike? data of wheat as affected by different cultivars are presented in Table 2. Statistical
analysis of the data showed a significant (P<0.05) effect of cultivars on grains spike™ of wheat crop. Maximum grains
spike™ of 78.22 were noted for Fakhri Sarhad, followed by Pirsabak-2008 with 72.55 grains spike™, while minimum
grains spike™ of 62.44 were noted for Hashim-8. Similar results were also reported by Shahzad et al. (2013). They
revealed a significant effect of different cultivars on grain spike™ of wheat.

1000 grains weight (g): Data relating 1000 grains weight of wheat as influenced by different cultivars are indicated in
Table 2. Statistical analysis of the data showed a significant (P<0.05) impact of varieties on 1000 grains weight of
wheat crop. Highest 1000 grains weight of 43.29 (g) was confirmed for Atta Habib followed by Fakhri Sarhad with
35.35 (g) 1000 grains weight, when compared with lowest 1000 grains weight of 34.95 (g) from Hashim-8. Similar
results were also reported by Igbal et al. (2005), where maximum 1000 grains weight (g) was produced by cultivar Atta
Habib with nitrogen application of 120 kg ha.

Table 1. Productive tillers plant?, spike length (cm), spikes ft and spike weight (g) of wheat as affected by different
varieties

Varieties Productive tillers  Spike length (cm)  Spikes ft? Spike weight ()
plant?

Atta Habib 3.55 12.07 23.88 4.00a

Pirsabak-2008 3.66 12.54 25.44 385a

Hashim-8 3.44 10.65 24.44 3.44h

Fakhri Sarhad 3.33 12.05 24.77 2.85¢

LSD (P <0.05) Ns Ns Ns 0.33

Mean values of the same category are non-significant and followed by different letters are significant at P<0.05 level.

Table 2. Spikelets spike?, grains spike™, 1000 grains weight (g) and grain yield (kg ha) of wheat as affected by
different varieties

Varieties Spikelets spike™ Grains spike? 1000 grains Grain yield (kg
weight (g) ha?)

Atta Habib 19.22 70.77 a 43.29 a 4907

Pirsabak-2008 19.44 72.55 ab 33.60b 5525

Hashim-8 17.44 62.44 c 34.95b 4606

Fakhri Sarhad 19.10 78.22 a 35.35b 4746

LSD (P <£0.05) Ns 6.90 3.06 Ns

Mean values of the same category are non-significant and followed by different letters are significant at P<0.05 level.

Grain yield (kg ha™): Table 2 indicates the impact of four cultivars on grain yield (kg ha™') of wheat. Statistical
analysis of the data showed a non-significant (P>0.05) effect of varieties on grain yield (kg ha?') of wheat crop.
However, maximum grain yield (kg ha) of 5525 kg was verified for Pirsabak-2008, followed by Atta Habib with 4907
(kg ha?) grain yield as compared to minimum grain yield of 4606 (kg hat) from Hashim-8. Our results are in line with
the findings of Shahzad et al. (2013). They concluded that maximum grain yield (kg ha?) was produced in cultivar
Pirsabak-2008 with nitrogen applied at the rate of 120 kg ha™.

4. Conclusions and discussion
Among the tested cultivars, Pirsabak-2008 showed higher values for productive tillers plant™, spike length (cm), spikes

ft2, spikelets spike! and grain yield (kg ha). Maximum spike plant* and 1000 grains weights (g) were recorded for
Aatta Habib. Grains spikewas higher in Fakhri Sarhad.On the basis of above conclusions, Pirsabak-2008 was
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recommended for general cultivation in district Swabi, Khyber Pakhtunkhwa with a seed rate of 100 kg ha! and
fertilizer rate of 120, 90 and 60 (NPK) kg ha* respectively for higher yield in the current challenging environmental
scenario. The study also showed that farmers of the area need motivation for adopting the standard cultural practices
and obtaining pre-tested verities for arid region of Swabi
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Abstract
In this study Silene taxa in the Southeastern Anatolia Region of Turkey's flora are not mentioned earlier
identification of new distribution areas. Silene species collected in the 2012-2014 year with the determination of Dicle
University Faculty of Science Herbarium in the localities of the species. Nine Silene new distribution areas previously
not mentioned in the southeastern region of Turkey is determined flora taxa. After scanning the literature of nine Silene

taxa related species was found to be new record for squares B7, B8, C7 and C8. Taxa of Silene in this article, with new
distribution area are believed to contribute to Flora of Turkey.

Key words: new record, Silene, southeastern anatolia region

*

Tiirkiye’den cesitli kareler icin yeni Silene L. kayitlari

Ozet

Bu ¢alismada Tiirkiye florasinda bulunan Silene taksonlarinin Giineydogu Anadolu Bolgesi'nde daha once
belirtilmeyen yeni yayilis alanlar1 belirlenmistir. 2012-2014 yillarinda toplanan Silene tiirleri ile Dicle Universitesi
Herbaryumu'nda bulunan tiirlerin lokaliteleri tespit edilmistir. Dokuz Silene taksonu i¢in Tiirkiye florasinda Giineydogu
Anadolu Bolgesi i¢cin daha once belirtilmeyen yeni yayilis alanlari belirlenmistir. Literatiirlerin taranmasindan sonra
dokuz Silene taksonunun B7, B8, C7 ve C8 kareleri i¢in yeni kayit oldugu saptanmugtir. Bu makaledeki Silene
taksonlarina ait yeni yayilig alanlarmin Tiirkiye florasina katki saglayacagina inanilmaktadir.

Anahtar kelimeler: yeni kayit, Silene, giineydogu anadolu bolgesi
1. Introduction

Flora of Turkey (Davis, 1965-1988) a unique grid system for Turkey in order to determine easily the
distribution area of the plant has been developed. According to Turkey from north to south, as tree squares A, B and C,
from west to east at 30 squares divided by total square from 10 to 1 was formed.

Caryophyllaceae is a large and extremely variable family of dicotyledones with 80 genera and 2100 species,
which are of wide geographic distribution mostly, includes the ornamental plants and weeds (Sahreen et al., 2008).

Silene L. which is among the most considerable of this species in Turkey in terms of species richness (Davis,
1967; Giiner et al., 2000) and endemism by 45% (Y1ldiz and Cirpici, 2013) is considered as one of the most problematic
in terms of taxonomic genus. Silene in flora of Turkey is divided into 31 sections in the 135 taxa, along with the new
species recorded after 2000 this number increased to 165 (Yildiz and Cirpici, 2013). New species of this genus are still
detected not only in Turkey but also in our closest neighbor Iran (Edalatiyan et al., 2011). Being used in the treatment of
various diseases in traditional folk medicine in Turkey, this species 29 kinds of antimicrobial effect of which have been
researched so far, many of these species have been found to have this effect (Akgoz, 2014).

In this study "Southeastern Anatolia Region Growing some Silene L. (Caryophyllaceae) species with
morphological and anatomical studies" (Akgoz, 2015) is has been determined as a result of the evaluation DUF (Dicle
University Faculty of Science the Herbarium) samples with samples collected in the PhD thesis. According to the grid
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system used in Turkey's flora, B7, B8, C7 and C8 squares for new Silene records were found. This new square records
Turkey is an important finding in terms of the distribution area to learn about the flora of Silene species.

2. Materials and methods

The material of the research in 2012-2014 year from April-June with taxa belonging to the genus Silene
collected from different localities and DUF constitute examples provided. Flora of Turkey to determine whether the
registration of new taxa square (Davis and Tan, 1988) and other literature (Coode and Cullen 1967, Cirpici et al. 2008,
Yildiz 1990, Yildiz 1994) was used.

Getting started with information about localities, cities, towns and districts altitude name is given after the
plant is harvested, which is followed by the date and number of collectors gathered. The plant is not endemic or is any
phytogeographical regions is given after locality information..

3. Results
CARYOPHYLLACEAE

3.1. S. aegyptiaca (L.) L. Fil. subsp. ruderalis Coode & Cullen. Notes Roy.Bot. Gard. Edinb. 28: 7 (1967). (Figure 1-
A).

Sin: S. assyriaca Hausskn. & Bornm. ex Lazkov, Bot. Zhurn. (Moscow & Leningrad) 89 (7): 1181 (2004).

Type: Turkey [C8] Mardin, 4km E of Mardin, 1200 m, sunny limestone rocks, annual, flowers pink, 25 v 1957, Davis
and Henge, 28573 (holo. E !).

Phytogeography: Unknown

B7 Diyarbakir: Cermik-Siverek road, rocky slopes, roadside, 38125703 N, 39447835 E, 25.05.2013, Y. Akgéz, DUF
53.

C8 Diyarbakir: Silvan 2 km to the north, stony slopes, 1060 m, 05.05.1990, T. Taskin, DUF 6211, Mardin, Bilge
village road 1. km, 990 m, 4148131 N, 37641952 E, 14.04.2013, Y. Akgoz, DUF 70.

3.2. S. chaetodonta Boiss. Diagn. PI. Orient. ser. 1(1): 39 (1843). (Figure 1-B).

Sin: S.modesta Boiss. & Blanche, Diagn. PI. Orient. ser. 2(6): (1859). S. debilis Stapf in Denk. Akad. Wiss. Wien, Nat.
KI. 51: 282 ( 1886).

Type: in Persia australi, Aucher 4223.

Phytogeography: Irano-Turanian elements

B7 Diyarbakar: Ergani-Maden, 6 km, Steppe, 1065 m, 12.06.1977, H. Demiriz, H. Misirdali, H.Malyer, G. Kaya, DUF
1236, Diyarbakir, Ergani, 3 km southwest, field edge, 830 m, 16.06.1981, C. Giizel ve E. Aslan, DUF 2774,
Diyarbakir, Ciingiis, oak field, 05.06.2013, A.S.Ertekin, DUF 6965.

B8 Siirt: Kozluk, Malabadi Bridge, Diyarbakir-Siirt limit, slopes, 650 m, 19.06.1976, H. Demiriz., O. Saya, G. Kaya,
DUF 570.

C8 Diyarbakir: Ergani, Ziyaret Mountain southern slopes, untilled fields, 980 m, 26.10.1990, T. Taskin, DUF 6706.

3.3. S. conoidea L. Sp. PI. 1:418 (1753). (Figure 2-A).

Sin: Pleconax conoidea (L.) Sourkové, Oesterr. Bot. Z. 119: 579 (1972).
Conosilene conoidea (L.) Fourr., Ann. Soc. Linn. Lyon, N.S. 16: 344 (1972).
Type: describe from Spain (Hb.Linn.583/29!).

Phytogeography: Unknown

C7 Urfa: Bozova, Kanliavsar, Sizan, 1,5 km, stony creek beds planted, 24.04.1981, S. Yiicel, DUF 2388, Urfa, Siverek
to Hilvan 4. km, 705 m, 4168205 N, 3752003 E, 14.04.2013, Y.Akgoz, DUF 63, Urfa-Hilvan roadside, 624 m,
4153570 N, 37490987 E, 14.04.2013, Y.Akgoz, DUF 68, Urfa, Surug¢ 18. km, 666 m, 4102755 N, 374052 E,
14.04.2013, Y.Akgoz, DUF 69, Urfa, Bozova way of entrance, field of lentils, 665 m, 01.05.2013, Y. Akgoz,
DUF 71, Urfa, Bozova way out, peanut garden,665 m, 01.05.2013, Y.Akgoz, DUF 75.

C7 Adiyaman: Nemrut way of entrance, oak field, stony slopes, 1664 m, 4202083 N, 37477283 E, 01.05.2013, Y.
Akgoz, DUF 70.

C8 Diyarbakir: Cinar-Asagi konak, 6 km, Goksu creek, roadside and field, 28.04.1977, H.Misirdali, G.Kaya, DUF
1104, Diyarbakir, Cmar, 1. km west, 610 km, 16.05.1982, O.Saya, O.Namli, M.Sagel, DUF 3118, Diyarbakir,
Silvan, 7-9 km, roadside, 650-670 m, 29.04.1984, A.S.Ertekin, DUF 3892, Diyarbakir, Dicle Unv. Campus,
Medical Hospital, (Dicle River) slopes and meadow, 610-650 m, 19.4.1986, R. iseri, DUF 4874, Diyarbakir,
D.U. Campus,, meadow, 610 m, 07.05.1986, H.Soyding, DUF 4964, Diyarbakir, Dicle, Cavh village, fields, 960
m, 10.5.1986, 1.Altas, DUF 5000, Diyarbakir, Ergani, Ziyaret Mountain Kurbantasi southern hill slopes,
vineyards, 990 m, 11.05.1990, T.Taskin, H.C.Ozen, DUF 6258, Diyarbakir, Dicle Univ. Campus, Dicle riverside
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and meadow, 610-625 m, 26.04.2014, Y.Akgoz, DUF 94., Diyarbakir, City entrance, Bagcilar, roadside,
37551759 N, 40085961 E, 610 m, 17.05.2015, Y.Akgoz, DUF 115.

3.4. S. crassipes Fenzl. Pug. Pl. Nov. Syr. 8 (1842). (Figure 2-B).
Sin: S. gonocalyx Boiss., Diagn. PI. Orient. ser. 1(1): 38 (1843).
Type: [Turkey C5 Hatay] in Syria prope Svedia ad ostia Orontis et circa Aleppo [Syria], Kotschy 113.
Phytogeography: Unknown

B7 Diyarbakir: Cermik to Siverek, oak hillside, roadside, 38125703 N, 39447835 E, 25.05.2013, Y. Akgoz, DUF 54.

3.5. S. dichotoma Ehrh. subsp. dichotoma Beitr. Naturk. 7: 144 (1792). (Figure 3-A).

Sin: S.iberica M.Bieb., Fl. Taur.-Cauc. 1: 335 (1808). S. thirkeana Koch in Linnaea 19: 56 (1847). S. racemosa Otth in
DC., Prodr. 1: 384 (1867). S. praedichotoma Cand._Bull. Soc. Bot. Fr. 44: 155 (1897).

Phytogeography: Unknown

B7 Diyarbakir: Cermik to Siverek, slope, roadside, 38125703 N, 39447835 E, 25.05.2013, Y. Akgoz, DUF 51,
Diyarbakir, Cermik, Sinek creek surroundings, rocky slopes, roadside, 38125715 N, 39447821 E, 25.05.2013,
Y. Akgdz, DUF 58.

B8 Diyarbakir: Lice entrance, oak slopes, roadside, 38439997 N, 40663071 E, 02.06.2013, Y. Akgoz, DUF 79,
Diyarbakir, Lice between Kulp, Ozbekin hamlet, rocky slopes, 38225687 N, 40771769 E, 02.06.2013, Y. Akgdz,
DUF 81.

3.6. S. longipetala Vent. Descr. PI. Nouv. 83, t. 83 (1802). (Figure 3-B).

Ic: Sibth. & Sm., Fl. Gr. 5: t. 429 (1825).

Type: [Syria] aux environs d’Alep, Bruguiére & Olivier.

Phytogeography: Irano-Turanian elements

B7 Diyarbakir: Ergani, Ziyaret Mountain, roadside, steppe, 1240 m, 38294134 N, 39760686 E, 25.05.2013, Y.
Akgoz, DUF 41, Diyarbakir, Cermik between Siverek, oak slope, roadside, 38125703 N, 39447835 E,
25.05.2013, Y. Akgoz, DUF 52.

C7 Adiyaman: Nemrut Mountain entrance 4.km, 4202083 N, 37477283 E, 1664 m, stony slopes, 17.06.2012. Y.
Akgo6z, DUF 8, Sanlurfa, Siverek between Hilvan 4.km, 705 m, 4168205 N, 3752003 E, 14.04.2013, Y. Akgoz,
DUF 62.

3.7. S. marschallii C. A. Meyer, Verz. Pfl. Casp. Meer. 214 (1831). (Figure 4-A).

Sin: S. puberula Sensu Boiss., FI. Or. 1: 636 (1867) non Bertol. S. propinqua Schischk. in Izv. Mus. Gruzii 1: 14
(1920-22). Ic: Grossh., Fl. Kavk. 3: t. 24 f. 7 (1945).

Type: [Caucasus] in altioribus montibus Talysch, 1200-2000 m, Meyer.

Phytogeography: Irano-Turanian elements

C7Adiyaman: Nemrut Mountain entrance, oak field, rocky slopes, 4202083 N, 37477283 E, 01.05.2013, Y. Akgoz,
DUF 25.

3.8. S. spergulifolia (Desf.) Bieb., Fl. Taur.-Cauc. 3: 305 (1819). (Figure 4-B).

Sin: Cucubalus spergulifolius Desf., Choix PIl. 73 (1808). S. armeniaca Rohrb. in App. Alt. Ind. Hort. Berol. 5 (1867).
S. brotherana Somm. & Lev. in Acta Horti Petrop. 13: 36 (1893). S. infedelium Post in Bull. Herb. Boiss. 3: 154
(1895). Ic: Grossh., FI. Kavk. 3: t. 25 f. 3 (1945).

Phytogeography: Irano-Turanian elements

B7 Diyarbakir: Ergani, Ziyaret Mountain, roadside, 1240 m, 38294134 N, 39760686 E, 25.05.2013, Y. Akgoz, DUF
42.

B8 Diyarbakir: Kulp between Hazro 10.km, oak wood, 38225687 N, 40771769 E, 02.06.2013, Y. Akgoz, DUF 83.

C7 Adiyaman: Nemrut Mountain entrance 4 km, 37477283 E, 4202083 N, 1664 m, rocky slopes, 17.06.2012, Y.
Akgoz, DUF 31.

3.9. S. swertiifolia Boiss. Diagn. PI. Orient. Ser. 1(1): 32 (1843). (Figure 5).

Syntypes: [Turkey] Cappadocia orientalis, Aucher 451; [Iran] in monte Demawend Persiae Aucher 4215.

Phytogeography: Irano-Turanian elements

B7 Diyarbakir: Ergani, Ziyaret Mountain, roadside, 1240 m, 38294134 N, 39760686 E, 25.05.2013, Y. Akgoz, DUF
43,

B8 Diyarbakir: Kulp between Hazro 10.km, oak wood, 38225687 N, 40771769 E, 02.06.2013, Y. Akgoz, DUF 87.

C7 Adiyaman: Nemrut Mountain 4.km, 4202083 N, 37477283 E, 1664 m, rocky slopes, 17.06.2012, Y. Akgoz, DUF
17.
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In this study, nine of Silene taxa were identified new expansion areas for Turkey. According to this S.
aegyptiaca subsp. ruderalis taxa are new records for B7 and C8 (Diyarbakir) squares. (Figure 6). S. chaetodonta taxa
previously, were stated on B7 Elazig and Tunceli, B8 Diyarbakir and C8 Mardin in flora. In this study, S. chaetodonta's
spread area has been determined in B7 Diyarbakir, B8 Siirt and C8 Diyarbakir (Figure 7). In adition S. conoidea taxa
seen in C7 Adiyaman, Sanliurfa and C8 Diyarbakir (Figure 8). S. crassipes taxa was found in the B7 (Diyarbakir)
square (Figure 9). S. dichotoma subsp. dichotoma taxa grow in Diyarbakir square B7 and B8 (Figure 10). S. longipetala
taxa were found B7 Diyarbakir and C7 Adiyaman (Figure 11). S. marschallii taxa have been identified for the first time
in C7 Adiyaman (Figure 12). In flora it is found S. spergulifolia taxa grows in of flora B8 Diyarbakir and C8 Mardin
squares. On the other hand in the findings of this study it has been identified that S. spergulifolia taxa is seen in B7-B8
(Diyarbakir) and C7 (Adiyaman) squares (Figure 13). In flora S. swertiifolia taxa was previously identified in the C8
Mardin square. In this study this taxa is identified in B7-B8 Diyarbakir and C7 Adiyaman for the first time and it's
determineted that taxa wasn't recorded in this areas before (Figure 14). As a result of this research in B7 square seven
taxa and C7 square five taxa were recorded for the first time in grid system in "Flora of Turkey".

In this study, besides known areas of these taxa new spreading areas have been identified. None of these new
recorded taxa are endemic. Also these five taxa are elements of Irano-Turanian Phytogeographical region which contain
this research area. Phytogeographical region of these four taxa are unknown. Some taxa which were identified in the
result part of the study were collected from urban areas. This records which were taken from urban areas are important
as it can also show us new records can be taken from urban areas. In this article it's thought that Silene taxa new
spreading areas contribute to flora of Turkey.
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Figure 6. S. aegyptiaca subsp. ruderalis distribution map  Figure 7. S. chaetodonta distribution map

(A: Coode and Cullen 1967, : New record) (A: Coode and Cullen (1967), : New record)
Figure 8. S. conoidea distribution map Figure 9. S. crassipes distribution map
(A: Coode and Cullen 1967, : New record) (A: Coode and Cullen 1967, : New record)

Figure 10. S. dichotoma subsp. dichotoma distribution map  Figure 11. S. longipetala distribution map
(A: Coode and Cullen 1967, O: Yildiz 1990, : New record) (A: Coode and Cullen 1967, O: Cirpici et al. 2008, : New record)

Figure 12. S. marschallii distribution map Figure 13. S. spergulifolia distribution map
(A: Coode and Cullen 1967, O: Cirpici et al. 2008, : Yildiz 1994, :New) (A: Coode and Cullen 1967, O: Yildiz 1990, : Yildiz 1994, : New)
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Figure 14. S. swertiifolia distribution map (A: Coode and Cullen 1967, O: Cirpict et al. 2008, : New record)

After 2000 in flora of Turkey 22 Silene taxa, 21 of which were defined for the first time were recorded (Akgoz
2013, Aydin et al., 2014). Based on to these data with more comprehensive work to be done in the future on the species
Silene, it is considered that of new species Silene will be discovered in Turkey.
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Abstract
Psoroma tenue is reported from Turkey for the first time. Comments on its habitats, substrata, distributional

data and macro-microphoto are provided.

Key words: Biodiversity, lichens, Ascomycota

Tiirkiye liken biyocesitliligi icin yeni bir kayit: Psoroma tenue Henssen

Ozet
Psoroma tenue (kiiciik oyma kenar) tiirii Tiirkiye’den ilk kez rapor edilmektedir. Tiire ait habitat, substrat,
dagilis ve makro-mikro fotograflar verilmistir.

Anahtar kelimeler: Biyogesitlilik, likenler, Ascomycota.
1. Introduction

Lichenological research in Turkey has improved remarkably in the last thirty years with many floristic studies
published recently about several regions of Turkey (e.g., John, 1992, 1995, 2007, Senkardesler, 2011, Halict and Aksoy,
2009, Kocakaya et al., 2014, Ozdemir Tiirk, 2015). However, current knowledge on the actual diversity of lichen-
forming fungi in Turkey is still far from being complete, with many unexplored regions. At the moment, approximately
2000 lichenized fungal species are known from Turkey but I think it is higher number of species.

The lichenized fungal genus Psoroma (Pannariaceae, Peltigerales) includes species with small squamulose
thallus, 8-spored asci, ascospores simple, colourless, and with warted epispore. Only one species is known from Turkey,
the widespread Psoroma hypnorum (Pisut and Guttova, 2008).

2. Materials and methods

Sections were prepared by hand with a razor blade and examined in Lugol’s Merck 9261, 10% KOH and
water. The ascospores were measured in water. Specimen is deposited in Bozok University Herbarium.

3. Results

Thallus squamulose, upper surface shiny yellow-brown. Apothecia up to 2 mm diam., discs brown with
concolorous margin, hymenium I+ dark blue, 95-120 um. asci 8-spored, ascospores simple, colorless, ovoid with
warted epispore, 19-24 x 7-12 um. K-, C—, KC—, P—. The Turkish specimen was collected from a steppe area on soil
on 2365 m altitude.

Specimen Examined: Turkey, Bayburt, Soganli, Kiligkaya plateau, steppe vegetation, 40°30'N 40°14'E, alt.
2365 m, 12 Agust 2014, M. Kocakaya, MK-2855.
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According to Nash et al. (2001), Psoroma tenue is separated from the similar P. hypnorum by its small flat
apothecia and the shining brown, more granular thallus containing lichen metabolites. This species has a wide
distribution in the world: North America, Europe, Asia, and the Arctic (Jorgensen, 2004; Nash et al., 2001); a new
record for Turkey.
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Abstract

This study is based on macrofungi collected from Zigana Mountain between 2011 and 2014, and 166 species
were identified. Including 16 species previously reported, a list of 182 taxa belonging to 60 families have been
compiled. Six of them are given as new records for the mycobiota of Turkey. Among new records, Vibrissea flavovirens
(Pers.) Korf & J.R. Dixon is new at family level, Ascotremella faginea (Peck) Seaver, Pezizella alniella (Nyl.) Dennis
and Propolis farinosa (Pers.) Fr. are new at genus level while Ciboria caucus (Rebent.) Fuckel and Leptosphaeria
doliolum (Pers.) Ces. & De Not are new at species level.

Key words: Macrofungi, biodiversity, Zigana Mountain, Turkey

*

Zigana Dag1 (Giimiishane/Tiirkiye)’nmin Makrofungus Cesitliligi

Ozet

Bu calisma 2011 ve 2014 yillar1 arasinda Zigana Dagi'ndan toplanan makrofungus drneklerine dayanmaktadir
ve 166 tiir tespit edilmistir. Onceden bildirilen 16 tiir de dahil olmak iizere, 60 familyaya ait 182 tiir listelenmistir.
Bunlardan alti tanesi Tiirkiye mikobiyotasi igin yeni kayit olarak verilmistir. Yeni kayitlardan Vibrissea flavovirens
(Pers.) Korf & J.R. Dixon familya diizeyinde, Ascotremella faginea (Peck) Seaver, Pezizella alniella (Nyl.) Dennis ve
Propolis farinosa (Pers.) Fr. cins diizeyinde, Ciboria caucus (Rebent.) Fuckel ve Leptosphaeria doliolum (Pers.) Ces. &
De Not ise tiir diizeyinde yenidir.

Anahtar kelimeler: Makrofunguslar, biyogesitlilik, Zigana Dag, Tiirkiye
1. Introduction

The Zigana Mountain is located at the intersection of the boundaries of Giimiishane and Trabzon provinces
(Figure 1), falling mainly within Glimiishane province, and shows a transition character between Central Anatolian and
North-East Black Sea regions. The area falls in Euro-Siberian phytogeographical region within the holoarctic floral
kingdom and A7 square according to Davis’ grid square system (Davis, 1965). The region is characterized by alpine
and subalpine forest vegetation and the plant cover is dominated by conifers especially spruce, fir, scots pine, juniper
and deciduous trees such as beech, oak, alder, hazelnut, mountain ash, chestnut, poplar and willow.

Numerous investigations on Turkish macromycota have been conducted and the accumulated data were
presented as checklists in different times (Dogan et al., 2005; Sesli and Denchev, 2008; Solak et al., 2015). Recently,
new additions were also made to these lists (Solak et al., 2014; Tiirkoglu and Castellano, 2014; Uzun et al., 2014; Akata
et al., 2015; Akata and Dogan, 2015; Dogan and Oztiirk, 2015; Kaya, 2015; Kaya and Uzun, 2015; Sesli et al., 2015;
Allr et al., 2016; Dogan and Kurt, 2016; Giingor et al., 2016; Kaya et al., 2016).

Though some local mycological list were presented around the study area by Sesli (1993), Demirel et al.
(2003), Peksen and Karaca (2003), Uzun et al. (2006), Sesli (2007), Demirel et al. (2010), Keles and Demirel (2010),
Alli (2011), Akata et al. (2014), and some new records were given by Sesli (1998a, 1998b), Akata et al. (2011a, 2011b),

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903122126720; Fax.: +903122126720; E-mail: fungus@hotmail.com.tr
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Akata (2012a, 2012b), Akata and Dogan (2011), Akata et al. (2012), Akata and Kaya (2013a, 2013b), Akata et al.
(2013), Kaya et al. (2013), Akata et al. (20144, 2014b), Sesli (2014), Uzun et al. (2014, 2015), Akata and Dogan (2015),
Sesli et al. (2015) and Akata et al.(2016), there is not any detailed mycological investigation in Zigana Mountain.

The aim of the current study is to determine the macrofungal diversity of Zigana Mountain and to make a
contribution to the Turkish mycobiota.
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2. Materials and methods

Fungi samples were collected from different localities within Zigana Mountain (Gilimiishane) between 2011
and 2014. During field studies, relevant morphological and ecological characteristics of the samples were noted and
they were photographed in their natural habitats. In the laboratory, the samples were further examined and
microstructural data were obtained by light microscopy. Reagents such as distilled water, Melzer’s reagent, 5% KOH,
H,SQO,4, Cotton blue, Congo red etc. were used for microscopic investigations. Identification of the specimens was
performed according to Breitenbach and Krinzlin (1984-2000), Hansen and Knudsen (1992-2000), Ryvarden and
Gilbertson (1993), Pegler et al. (1997), Calonge (1998), Heilmann-Clausen et al. (1998), Krinzlin (2005) and Medardi
(2006). All specimens were deposited at Karamanoglu Mehmetbey University, Kamil Ozdag Science Faculty, Karaman,
Turkey.

3. Results

As a result of the current study, 182 taxa were compiled. The systematic of the taxa is presented in accordance with
Cannon and Kirk (2007), Kirk et al. (2008), and Index fungorum (www.indexfungorum.org: accessed 1 June 2016).
Taxa are given in alphabetical order and are listed together with locality, notes on habitat, geographical position,
collection date, and accession numbers (Kaya: K, Akata: A, Uzun: U). Newly reported taxa for Turkey are also
described briefly.

Fungi

Ascomycota

Helotiales

Cudoniaceae

1. Cudonia circinans (Pers.) Fr.

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1735 m, 13.08.2013, K&A&U.493.

2. Spathularia flavida Pers.

Yediharman way, spruce forest, 40°41'N - 39°26’E, 1670 m, 16.08.2013, K&A&U.547.

Dermateaceae

3. Tapesia fusca (Pers.) Fuckel

Zigana village, beech and spruce mixed forest, on beech stump, 40°36'N - 39°22’E, 1530 m, 12.10.2013, K&A&U.732.
Helotiaceae

4. Ascocoryne cylichnium (Tul.) Korf

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.817.
5. Ascotremella faginea (Peck) Seaver

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1630 m, K&A&U.933.
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Apothecia shortly stipitate, 10-20 mm broad, turbinate to hemispherical (Figure 2a). Hymenium smooth, pinkish purple
to violet, gelatinous and shiny when humid, outer surface concolorous. Asci 70-80 x 7-8 um, eight-spored, cylindrical
to clavate (Figure 2b, c). Paraphyses non septate and filiform. Spores uniseriate to biseriate, 7-9 x 3.5-4.5 pum, ellipsoid,
hyaline, looking like smooth but longitudinally striated (usually very difficult to see under light microscope, 100x 10)
with two oil drops (Figure 2d).

Figre 2. Ascotremella faginea: a- apothecia, b,c-asci, d-spores

6. Bisporella citrina (Batsch) Korf & S.E. Carp.

Zigana village, beech and spruce mixed forest, on beech branch, 40°37'N - 39°22'E, 1650 m, 13.10.2013, K&A&U.883.
7. Hymenoscyphus calyculus (Fr.) W. Phillips

Zigana village, beech and spruce mixed forest, on beech branch, 40°37'N - 39°22'E, 1630 m, 13.10.2013, K&A&U.834.
8. Hymenoscyphus herbarum (Pers.) Dennis

Zigana tunnel enterance, beech and spruce mixed forest, on herb, 40°39'N - 39°23'E, 1980 m, 30.06.2013,
K&A&U.265.

Lachnaceae

9. Lachnum brevipilosum Baral (Akata et al., 2014a).

10. Lachnum virgineum (Batsch) P. Karst.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°26'E, 1760 m, 16.08.2013, K&A&U.613.
Hyaloscyphaceae

11. Neodasyscypha cerina (Pers.) Spooner

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°26'E, 1750 m, 23.11.2013, K&A&U.937.

12. Pezizella alniella (Nyl.) Dennis

Kostere village, on fallen female cones of alder, 40°37'N - 39°20" E, 1240 m, 13.10.2013, K&A&U.893.

Apothecia stipitate, 0.5-1 mm broad, at first turbinate, then disk shaped to convex (Figure 3a). Hymenium cream
yellowish to pale yellow smooth to whitish pruinose, outer surface concolorous, weakly pruinose. Asci 55-60 x 6-7 um,
eight-spored and clavate (Figure 3b). Paraphyses septate, cylindrical to slighly clavate. Spores biseriate, 8-10 x 2.5-3
um, smooth, ellipsoid to fusiform (Figure 3c).

Hemiphacidiaceae

13. Heyderia abietis (Fr.) Link

Pervanoglu, spruce forest, on needle litter, 40°41'N - 39°24’E, 1800 m, 26.09.2011, K&A&U.79.

Leotiaceae

14. Leotia lubrica (Scop.) Pers.

Pervanoglu, beech and spruce mixed forest, 40°41'N - 39°24'E, 1790 m, 26.09.2011, K&A&U.67.

Marthamycetaceae

15. Propolis farinosa (Pers.) Fr.

Yediharman way, beech and spruce mixed forest, on beech branch, 40°41'N - 39°26'E, 1670 m, 16.08.2013,
K&A&U.584.

Apothecia 2-4 x 2-3 mm, circular or elliptic, embedded in the substrate, exposed by rupturing of the wood or bark
(Figure 4a) . Hymenium brown but powdered and bordered with white. Asci 140-150 x 12-13 um, biseriate, eight-
spored and cylindrical (Figure 4b,c). Paraphyses non septate, branched toward to apex. Spores 20-22 x 5-7 um, hyaline,
cylindrical to slightly reniform with drops.

llgaz AKATA et al., Macrofungal diversity of Zigana Mountain (Giimiishane/Turkey)
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Vibrisseaceae

16. Vibrissea flavovirens (Pers.) Korf & J.R. Dixon

Zitas, near stream, on willow branch, 40°40'N - 39°26'E, 1760 m, 29.06.2013, K&A&U.169.

Apothecia sessile or subsessile, 1-2 mm across, disc to cup-shaped (Figure 5a). Hymenium smooth, yelowish to orange,
slightly convex to flat. Stipe 0.2-0.3 mm long. Asci 200-280 x 6-8 pum, cylindrical, 8-spored and multiseriate.
Paraphyses septate, cylindrical, slightly enlarged at the apex (Figure 5b,c). Spores 160-180 x 1.5-2 um, filiform,

10 pm
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Figure 5. Vibrissea flavovirens: a- apothecia, b,c-asci and paraphyses, d-spores in portion of ascus
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Sclerotiniaceae

17. Ciboria caucus (Rebent.) Fuckel
Kostere village, on fallen male catkins of alder, 40°37'N - 39°20'E, 1240 m, 26.06.2013, K&A&U.173.

Apothecia stipitate, 5-10 mm broad, at first cup shaped, then saucer to disk shape (Figure 6a). Hymenium smooth, light
brown to grayish brown, outer surface concolorous. Asci 100-130 x 7-9 um, eight-spored and cylindrical. Paraphyses
non septate and filiform, slightly swollen at apex (Figure 6b,c). Spores uniseriate, 8-10 x 5-6 pm, hyaline and ellipsoid.
Nectriaceae

18. Nectria cinnabarina (Tode) Fr.

Pervanoglu, near road, on mountain-ash branch, 40°41'N - 39°24’E, 1780 m, 12.10.2013, K&A&U.784.

Pleosporales

Leptosphaeriaceae

19. Leptosphaeria doliolum (Pers.) Ces. & De Not

Zigana village, near beech and spruce mixed forest, on wild angelica, 40°36'N - 39°22'E, 1535 m, 13.10.2013,
K&A&U.851.

Stromata up to 5 mm, conical to spherical, immersed at first, then exposed by rupturing the host epidermis, resting on
the substrate with a broad, flattened base, black and smooth with a marked furrow around the ostiole (Figure 7a). Asci
120-130 x 8-10 um, uniseriate, eight-spored and cylindrical (Figure 7b,c). Spores 18-22 x 6-7 um, yellowish brown to
light brown, septate, broadly fusiform with drops (Figure 7d).
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Figure 7. Leptosphaeria doliolum: a- Stromata, b,c-asci, c- a single spore
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Pezizales

Discinaceae

20. Gyromitra infula (Schaeff.) Quél.

Pervanoglu, spruce forest, on spruce stump, 40°41'N - 39°24'E, 1800 m, 12.10.2013, K&A&U.794.
Helvellaceae

21. Helvella crispa (Scop.) Fr.
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Yediharman way, pastureland, 40°41'N - 39°26'E, 1680 m, 26.09.2011, K&A&U.113.

22. Helvella elastica Bull.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1640 m, 09.08.2011, K&A&U.42.

Pezizaceae

23. Peziza badia Pers.

Zigana village, beech and spruce mixed forest, 40°37'N - 39° 22" E, 1660 m, 12.10.2013, K&A&U.768.

24. Peziza succosa Berk.

Zigana tunnel enterance, beech and spruce mixed forest, 40°39'N - 39°23'E, 1990 m, 13.10.2013, K&A&U.915.
Pyronemataceae

25. Aleuria aurantia (Pers.) Fuckel

Pervanoglu, near road, 40°39'N - 39°25'E, 1740 m, 09.10.2011, K&A&U.122.

26. Humaria hemisphaerica (F.H. Wigg.) Fuckel

Pervanoglu, spruce forest, 40°40'N - 39°24'E, 1700 m, 26.09.2011, K&A&U.81.

27. Otidea onotica (Pers.) Fuckel

Pervanoglu, spruce forest, 40°39'N - 39°25'E, 1750 m, 30.10.2011, K&A&U.155.

28. Rhodoscypha ovilla (Peck) Dissing & Sivertsen

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1740 m, 28.08.2013, K&A&U.633.

29. Scutellinia scutellata (L.) Lambotte:

Pervanoglu, beech and spruce mixed forest, on beech branch, 40°39'N - 39°25'E, 1746 m, 26.09.2011, K&A&U.73.
Sarcoscyphaceae

30. Sarcoscypha coccinea (Jacg.) Sacc.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1660 m, 26.09.2011, K&A&U.92.
Xylariales

Diatrypaceae

31. Diatrype disciformis (Hoffm.) Fr.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1650 m, 29.06.2013, 29.06.2013,
K&A&U.211.

Xylariaceae

32. Daldinia concentrica (Bolton) Ces. & De Not.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1647 m, 26.09.2011, K&A&U.104.
33. Hypoxylon fuscum (Pers.) Fr.

Yediharman way, on common hazel branch, 40°41'N - 39°26'E, 1670 m, 16.08.2013, K&A&U.536.

34. Hypoxylon fragiforme (Pers.) J. Kickx f.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1650 m, 13.10.2013, K&A&U.812.
35. Kretzschmaria deusta (Hoffm.) P.M.D. Martin

Zigana village, beech and spruce mixed forest, on beech stump, 40°37'N - 39°22'E, 1660 m, 12.10.2013, K&A&U.757.
36. Xylaria hypoxylon (L.) Grev.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1640 m, 09.08.2011, K&A&U.55.
37. Xylaria longipes Nitschke

Pervanoglu, beech and spruce mixed forest, on beech stump, 40°41'N - 39°24'E, 1790 m, 30.10.2011, K&A&U.151.
38. Xylaria polymorpha (Pers.) Grev.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°26'E, 1735 m, 13.08.2013, K&A&U.503.
Basidiomycota

Agaricales

Agaricaceae

39. Agaricus augustus Fr.

Zitas, spruce forest, 40°40'N - 39°27'E, 1647 m, 09.08.2011, K&A&U.39.

40. Agaricus campestris L.

Zigana village, pastureland, 40°36'N - 39°22'E, 1535 m, 13.10.2013, K&A&U.840.

41. Agaricus cupreobrunneus (Jul. Schiff. & Steer) Pilat

Zigana village, pastureland, 40°36'N - 39°22'E, 1620 m, 13.10.2013, K&A&U.861.

42. Bovista nigrescens Pers.

Karayollari station, pastureland, 40°39'N - 39°21'E, 1543 m, 08.08.2011, K&A&U.29.

43. Bovista plumbea Pers.

Yediharman way, pastureland, 40°40'N - 39°25'E, 1673 m,08.08.2011, K&A&U.14.

44. Chlorophyllum rachodes (Vittad.) Vellinga

Zigana village, beech and spruce mixed forest, 40°36'N - 39°22'E, 1540 m, 13.10.2013, K&A&U.836.

45. Coprinus comatus (O.F. Miill.) Pers.

Zigana village, pastureland, 40°36'N - 39°22'E, 1535 m, 11.10.2011, K&A&U.148.

46. Crucibulum laeve (Huds.) Kambly
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Yediharman way, spruce forest, on spruce stump, 40°40'N - 39°25'E, 1673 m, 08.08.2011, K&A&U.06.
47. Cyathus olla (Batsch) Pers.

Zigana tunnel enterance, near road, 40°39'N - 39°23'E, 1980 m, 09.10.2011, K&A&U.141.

48. Cyathus striatus (Huds.) Willd.

Pervanoglu, spruce forest, on spruce stump, 40°40'N - 39°24’E, 1708 m, 26.09.2011, K&A&U.72.
49. Leucoagaricus nympharum (Kalchbr.) Bon

Yediharman way, spruce forest, 40°41'N - 39°26'E, 1670 m, 26.07.2013, K&A&U.388.

50. Lycoperdon perlatum Pers.

Zitas, spruce forest, 40°40'N - 39°27E, 1640 m, 26.09.2011, K&A&U.86.

51. Lycoperdon pratense Pers.

Karayollar station, pastureland, 40°39'N - 39°21'E, 1550 m, 13.10.2013, K&A&U.908.

52. Lycoperdon pyriforme Schaeff.

Pervanoglu, spruce forest, on spruce stump, 40°40'N - 39°24'E, 1708 m, 30.10.2011, K&A&U.153.
53. Lycoperdon utriforme Bull.

Pervanoglu, pastureland, 40°40'N - 39°24'E, 1710 m, 13.08.2013, K&A&U.402.

54. Macrolepiota excoriata (Schaeff.) Wasser

Zigana village, beech and spruce mixed forest, 40°36'N - 39°22'E, 1535 m, 13.10.2013, K&A&U.850.
55. Macrolepiota mastoidea (Fr.) Singer

Zigana village, pastureland, 40°37'N - 39°22'E, 1660 m, 12.10.2013, K&A&U.772.

56. Macrolepiota procera (Scop.) Singer

Zitas, pastureland, 40°40'N - 39°27'E, 1647 m, 26.09.2011, K&A&U.96.

Amanitaceae

57. Amanita citrina (Pers.) Pers.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1640 m, 09.08.2011, K&A&U.34.

58. Amanita excelsa (Fr.) Bertill.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.809.

59. Amanita gemmata (Fr.) Bertill.

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1735 m, 13.08.2013, K&A&U.476.

60. Amanita muscaria (L.) Lam.

Yediharman way, spruce forest, 40°41'N - 39°26'E, 1680 m, 08.08.2011, K&A&U.22.

61. Amanita pantherina (DC.) Krombh.

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1750 m, 26.09.2011, K&A&U.91.

62. Amanita phalloides (Vaill. ex Fr.) Link

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1650 m, 26.09.2011, K&A&U.109.

63. Amanita rubescens Pers.

Zigana tunnel enterance, beech and spruce mixed forest, 40° 39'N - 39° 23'E, 1980 m, 09.10.2011, K&A&U.137.

64. Amanita vaginata (Bull.) Lam.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1640 m, 09.08.2011, K&A&U.63.
Fistulinaceae

65. Fistulina hepatica (Schaeff.) With.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1647 m, 09.08.2011, K&A&U.57.
Hydnangiaceae

66. Laccaria amethystina Cooke

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1640 m, 28.08.2013, K&A&U.644.
67. Laccaria laccata (Scop.) Cooke

Pervanoglu, spruce forest, 40°41'N - 39°24'E, 1796 m, 30.10.2011, K&A&U.154.

68. Laccaria pumila Fayod

Zigana village, spruce forest, 40°37'N - 39°22'E, 1650 m, 13.10.2013, K&A&U.875.
Hygrophoraceae

69. Hygrocybe conica (Schaeff.) P. Kumm.

Karayollari station, near spruce forest, 40°39'N - 39°21'E, 1560 m, 13.10.2013, K&A&U.905.
70. Hygrocybe helobia (Arnolds) Bon (Uzun et al., 2006).

71. Hygrophorus agathosmus (Fr.) Fr.

Zigana tunnel enterance, beech and spruce mixed forest, 40°39'N - 39°23'E, 1990 m, 13.10.2013, K&A&U.919.

72. Hygrophorus pudorinus (Fr.) Fr.

Limni, fir forest, 40°37'N - 39°23'E, 1990 m, 14.10.2013, K&A&U.922.
Hymenogastraceae

73. Hebeloma crustuliniforme (Bull.) Quél.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.813.
74. Hebeloma mesophaeum (Pers.) Quél.

llgaz AKATA et al., Macrofungal diversity of Zigana Mountain (Giimiishane/Turkey)

63



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

Zigana tunnel enterance, beech and spruce mixed forest, 40°39'N - 39°23'E, 1990 m, 13.10.2013, K&A&U.914.
75. Hebeloma sinapizans (Paulet) Gillet

Yediharman way, spruce forest, 40°41'N - 39°26’E, 1670 m, 16.08.2013, K&A&U.576.

Inocybaceae

76. Crepidotus cesatii (Rabenh.) Sacc.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1640 m, 28.08.2013, K&A&U.635.
77. Inocybe geophylla (Fr.) P. Kumm.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1647 m, 26.09.2011, K&A&U.85; Zigana tunnel enterance,
beech and spruce mixed forest, 40°39'N - 39°23'E, 1980 m, 09.10.2011, K&A&U.138.

78. Inocybe nitidiuscula (Britzelm.) Lapl.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.828.

79. Inocybe rimosa (Bull.) P. Kumm.

Pervanoglu, spruce forest, 40°39'N - 39°25'E, 1746 m, 09.10.2011, K&A&U.129.

80. Inocybe whitei (Berk. & Broome) Sacc.

Yediharman way, spruce forest, 40°40'N - 39°25'E, 1673 m, 08.08.2011, K&A&U.03.

Marasmiaceae

81. Marasmius oreades (Bolton) Fr.

Zigana village, pastureland, 40°36'N - 39°22'E, 1540 m, 12.10.2013, K&A&U.724.

Mycenaceae

82. Mycena acicula (Schaeff.) P. Kumm.

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1765 m, 16.08.2013, K&A&U.621.

83. Mycena epipterygia (Scop.) Gray

Pervanoglu, spruce forest, 40°39'N - 39°25'E, 1746 m, 26.09.2011, K&A&U.76.

84. Mycena pura (Pers.) P. Kumm.

Zitag, beech and spruce mixed forest, 40°40'N - 39°27'E, 1647 m, 26.09.2011, K&A&U.83.

85. Mycena rosea Gramberg

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.831.

86. Mycena viridimarginata P. Karst. (Uzun et al., 2006).

Omphalotaceae Bresinsky

87. Gymnopus dryophilus (Bull.) Murrill

Zigana tunnel, beech and spruce mixed forest, 40°39'N - 39°23'E, 1980 m, 09.10.2011, K&A&U.142.

88. Gymnopus confluens (Pers.) Antonin, Halling & Noordel. (Uzun et al., 2006).

89. Mycetinis scorodonius (Fr.) A.W. Wilson & Desjardin

Yediharman way, spruce forest, on needle litter, 40°41'N - 39°26'E, 1670 m, 16.08.2013, K&A&U.581.

90. Rhodocollybia butyracea (Bull.) Lennox

Zitas, beech and spruce mixed forest, on beech leaves, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.806.
Pleurotaceae

91. Pleurotus dryinus (Pers.) P. Kumm. (Uzun et al., 2006).

Pluteaceae

92. Pluteus atromarginatus (Konrad) Kiihner

Pervanoglu, spruce forest, on spruce stump, 40°40'N - 39°24'N, 1710 m, 13.08.2013, K&A&U.422.

93. Pluteus brunneoradiatus Bonnard (Uzun et al., 2006).

Physalacriaceae

94. Armillaria mellea (Vahl) P. Kumm.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1640 m, 26.09.2011, K&A&U.106.
95. Armillaria ostoyae (Romagn.) Herink (Uzun et al., 2006).

96. Flammulina velutipes (Curtis) Singer

Zigana village, beech and spruce mixed forest, on beech stump, 40°36'N - 39°22'E, 1540 m, 13.10.2013, K&A&U.848.
97. Mucidula mucida (Schrad.) Pat.

Zitas, beech and spruce mixed forest, on beech, 40°40'N - 39° 27'E, 1640 m, 28.08.2013, K&A&U.641.
Psathyrellaceae

98. Coprinellus disseminatus (Pers.) J.E. Lange

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1640 m, 26.09.2011, K&A&U.88.
99. Coprinellus micaceus (Bull.) Vilgalys, Hopple & Jacg. Johnson

Zigana tunnel enterance, beech and spruce mixed forest, 40°39'N - 39°23'E, 1980 m, 09.10.2011, K&A&U.143.
100. Coprinopsis atramentaria (Bull.) Redhead, Vilgalys & Moncalvo

Zigana village, pastureland, 40° 36'N - 39° 22'E, 1535 m, 11.10.2011, K&A&U.147.

101. Psathyrella prona (Fr.) Gillet

Zigana village, beech and spruce mixed forest, 40°37'N - 39°22'E, 1650 m, 12.10.2013, K&A&U.751.
Schizophyllaceae
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102. Schizophyllum commune Fr.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1650 m, 26.09.2011, K&A&U.90.
Strophariaceae

103.Hypholoma capnoides (Fr.) P. Kumm.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.807.
104. Hypholoma fasciculare (Huds.) P. Kumm.

Zigana village, beech and spruce mixed forest, on beech stump, 40°37'N - 39°22'E, 1670 m, 12.10.2013, K&A&U.775.
105. Kuehneromyces mutabilis (Schaeff.) Singer & A.H. Sm.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°26'E, 1760 m, 16.08.2013, K&A&U.618.
106. Pholiota aurivella (Batsch) P. Kumm.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°26'E, 1750 m, 16.08.2013, K&A&U.601.
107. Pholiota lucifera (Lasch) Quél.

Zigana village, beech and spruce mixed forest, on beech stump, 40°37'N - 39°22'E, 1650 m, 13.10.2013, K&A&U.869.
Tricholomataceae

108. Arrhenia spathulata (Fr.) Redhead

Kostere village, spruce forest, among mosses, 40°39'N - 39°20'E, 1450 m, 13.08.2013, K&A&U.507.

109. Clitocybe gibba (Pers.) P. Kumm.

Yediharman way, spruce forest, on needle litter, 40°41'N - 39°26'E, 1670 m, 16.08.2013, K&A&U.553.

110. Clitocybe nebularis (Batsch) P. Kumm.

Zigana village, beech and spruce mixed forest, 40°37'N - 39°22'E, 1660 m, K&A&U.760.

111. Clitocybe odora (Bull.) P. Kumm.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.810.

112. Lepista irina (Fr.) H.E. Bigelow

Zigana village, beech and spruce mixed forest, 40°36'N - 39°22'E, 1530 m, 12.10.2013, K&A&U.738.

113. Lepista nuda (Bull.) Cooke

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1640 m, 09.08.2011, K&A&U.36.

114. Melanoleuca cognata (Fr.) Konrad & Maubl.

Zigana village, pastureland, 40°36'N - 39°22'E, 1540 m, 13.10.2013, K&A&U.835.

115. Pseudoclitocybe cyathiformis (Bull.) Singer

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1750 m, 23.11.2013, K&A&U.936.

116. Rimbachia bryophila (Pers.) Redhead (Kaya et al., 2013).

117. Tricholoma terreum (Schaeff.) P. Kumm.

Pervanoglu, spruce forest, on spruce stump, 40°39'N - 39°25'E, 1740 m, 30.10.2011, K&A&U.150.

118. Tricholoma vaccinum (Schaeff.) P. Kumm.

Yediharman way, spruce forest, 40°41'N - 39°26'E, 1670 m, 16.08.2013, K&A&U.592.

119. Tricholomopsis rutilans (Schaeff.) Singer

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1660 m, 26.09.2011, K&A&U.105.

Auriculariales

Auriculariaceae

120. Exidia glandulosa (Bull.) Fr.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1647 m, 26.09.2011, K&A&U.104.
121. Exidia recisa (Ditmar) Fr.

Zitas, near stream, on willow branch, 40°40'N - 39°26'E, 1740 m, 13.10.2013, K&A&U.814.

122. Pseudohydnum gelatinosum (Scop.) P. Karst.

Zitas, beech and spruce mixed forest, on spruce stump, 40°40'N - 39°26'E, 1735 m, 13.08.2013, K&A&U.500.
Boletales

Boletaceae

123. Boletus erythropus Pers.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1650 m, 26.09.2011, K&A&U.84.

124. Neoboletus pseudosulphureus (Kallenb.) Klofac (Uzun et al., 2006).

125. Strobilomyces strobilaceus (Scop.) Berk (Akata, 2012).

126. Tylopilus felleus (Bull.) P. Karst.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.808.

127. Xerocomellus chrysenteron (Bull.) Sutara

Yediharman way, spruce forest, 40°41'N - 39°26'E, 1670 m, 26.09.2011, K&A&U.118.

Diplocystidiaceae

128. Astraeus hygrometricus (Pers.) Morgan

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1647 m, 26.09.2011, K&A&U.110.

Paxillaceae

129. Paxillus involutus (Batsch) Fr.
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Zigana tunnel enterance, beech and spruce mixed forest, 40°39'N - 39°23'E, 1980 m, 09.10.2011, K&A&U.145.
Rhizopogonaceae

130. Rhizopogon obtextus (Spreng.) R. Rauschert

Karayollari station, under pine, 40°39'N - 39°23’E, 1890 m, 28.08.2013, K&A&U.684.

Suillaceae

131. Suillus collinitus (Fr.) Kuntze

Karayollari station, under pine, 40°39'N - 39°21'E, 1550 m, 13.10.2013, K&A&U.912.

132. Suillus granulatus (L.) Roussel

Zigana village, under pine, 40°36'N - 39°22'E, 1545 m, 12.10.2013, K&A&U.723.

133. Suillus luteus (L.) Roussel (Uzun et al., 2006).

Tapinellaceae

134. Tapinella atrotomentosa (Batsch) Sutara

Pervanoglu, spruce forest, on spruce stump, 40°39'N - 39°25'E, 1750 m, 30.10.2011, K&A&U.149.
Cantharellales

Cantharellaceae

135. Cantharellus cibarius Fr.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1640 m, 26.09.2011, K&A&U.108.

136. Cantharellus cinereus (Pers.) Fr. (Uzun et al., 2006).

137. Craterellus tubaeformis (Fr.) Quél.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.830.
Clavulinaceae

138. Clavulina rugosa (Bull.) J. Schrét.

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1760 m, 16.08.2013, K&A&U.607.
Hydnaceae

139. Hydnum repandum L.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1647 m, 09.08.2011, K&A&U.32.
Dacrymycetales

Dacrymycetaceae

140. Calocera cornea (Batsch) Fr.

Zigana village, beech and spruce mixed forest, on beech stump, 40°36'N - 39°22'E, 1560 m, 13.10.2013, K&A&U.838.
141. Calocera viscosa (Pers.) Fr.

Zitas, beech and spruce mixed forest, on spruce branch, 40°40'N - 39° 27'E, 1640 m, 26.09.2011, K&A&U.87.
142. Dacrymyces stillatus Nees.

Zigana village, beech and spruce mixed forest, on beech branch, 40°36'N - 39°22'E, 1530 m, 12.10.2013, K&A&U.
743.

Geastrales

Geastraceae

143. Geastrum fimbriatum Fr.

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1760 m, 16.08.2013, K&A&U.620.

144. Geastrum triplex Jungh.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1640 m, 28.08.2013, K&A&U.654.

145. Sphaerobolus stellatus Tode

Yediharman way, beech and spruce mixed forest, on spruce stump, 40°41'N - 39°26'E, 1670 m, 16.08.2013,
K&A&U.571.

Gloeophyllales

Gloeophyllaceae

146. Gloeophyllum odoratum (Wulfen) Imazeki

Kostere village, spruce forest, on spruce branch, 40°37'N - 39°20'E, 1240 m, 13.10.2013, K&A&U.898.
Gomphales

Clavariadelphaceae

147. Clavariadelphus truncatus Donk

Yediharman way, spruce forest, 40°41'N - 39°26'E, 1670 m, K&A&U.532.

Gomphaceae

148. Gomphus clavatus (Pers.) Gray

Zitas, spruce forest, 40°40'N - 39°26'E, 1760 m, 16.08.2013, K&A&U.609.

149. Ramaria stricta (Pers.) Quél.

Zitas, spruce forest, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.811.

Hymenochaetales

Hymenochaetaceae

150. Hymenochaete rubiginosa (Dicks.) Lév.

llgaz AKATA et al., Macrofungal diversity of Zigana Mountain (Giimiishane/Turkey)



Biological Diversity and Conservation — 9 /2 (2016) 67

Trabzon-Erzurum highway, near road on oak stump, 40°38'N - 39°23'E, 1790 m, K&A&U.706.

151. Phellinus hartigii (Allesch. & Schnabl) Pat.

Limni, fir forest, on fir, 40°37'N - 39°23'E, 1990 m, 14.10.2013, K&A&U.920.

Incertae sedis

152.Trichaptum fuscoviolaceum (Ehrenb.) Ryvarden

Yediharman way, beech forest, on beech branch, 40°41'N - 39°26'E, 1670 m, 16.08.2013, K&A&U.530.
Phallales

Phallaceae

153. Mutinus caninus (Huds.) Fr.

Zigana tunnel enterance, beech and spruce mixed forest, 40°39'N - 39°23'E, 1980 m, 09.10.2011, K&A&U.139.
154. Phallus impudicus L.

Zitas, beech and spruce mixed forest,, 40°40'N - 39°27'E, 1660 m, 09.08.2011, K&A&U.59.

Polyporales

Fomitopsidaceae

155. Fomitopsis pinicola (Sw.) P. Karst.

Zigana tunnel enterance, beech and spruce mixed forest, on beech stump, 40°39'N - 39°23'E, 1980 m, 09.10.2011,
K&A&U.144.

156. Postia caesia (Schrad.) P. Karst.

Pervanoglu, spruce forest, on spruce branch, 40°40'N - 39°24'E, 1710 m, 13.08.2013, K&A&U.426.
Polyporaceae

157.Hapalopilus nidulans (Fr.) P. Karst.

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°26'E, 1735 m, 13.08.2013, K&A&U.471.
158.Polyporus varius (Pers.) Fr.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1630 m, 28.08.2013, K&A&U.625.
159.Pycnoporus cinnabarinus (Jacq.) P. Karst.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.827.
160. Trametes versicolor (L.) Lloyd

Zitas, beech and spruce mixed forest, on beech stump, 40°40'N - 39°27'E, 1645 m, 26.09.2011, K&A&U.103.
161. Trametes hirsuta (Wulfen) Lloyd

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1650 m, 09.08.2011, K&A&U.61.
Russulales

Auriscalpiaceae

162. Auriscalpium vulgare Gray

Karayollar station, under pine, on pine cone, 40°39'N - 39°21'E, 1540 m, 13.10.2013, K&A&U.901.

163. Lentinellus cochleatus (Pers.) P. Karst.

Kostere village, spruce forest, on spruce stump, 40°37'N - 39°20'E, 1240 m, 13.10.2013, K&A&U.892.
Peniophoraceae

164. Peniophora aurantiaca (Bres.) Hohn. & Litsch.

Kostere village, on alder branch, 40°37'N - 39°20'E, 1250 m, 26.01.2014, K&A&U.975.

Russulaceae

165. Lactarius aurantiacus (Pers.) Gray

Zigana village, beech and spruce mixed forest, 40°36'N - 39°22'E, 1530 m, 12.10.2013, K&A&U.747.

166. Lactarius controversus Pers.

Zigana village, under common hazel, 40°37'N - 39°22'E, 1630 m, 13.10.2013, K&A&U.890.

167. Lactarius deliciosus (L.) Gray (Uzun et al., 2006).

168. Lactarius salmonicolor R. Heim & Leclair

Limni, fir forest, 40°37'N - 39°23'E, 1990 m, 14.10.2013, K& A&U.924.

169. Lactarius scrobiculatus (Scop.) Fr.

Zigana village, beech and spruce mixed forest, 40°40'N - 39°26'E, 1760 m, 16.08.2013, K&A&U.603.

170. Lactarius tabidus Fr. (Uzun et al., 2006).

171. Lactarius volemus (Fr.) Fr.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1647 m, 26.09.2011, K&A&U.37.

172. Lactifluus bertillonii (Neuhoff ex Z. Schaef.) Verbeken (Uzun et al., 2006).

173. Russula anthracina Romagn.

Zitas, beech and spruce mixed forest, 40°40'N - 39°26'E, 1735 m, 13.08.2013, K&A&U .482.

174. Russula chloroides (Krombh.) Bres.

Kostere village, beech forest, 40°37'N - 39°20'E, 1240 m, 13.10.2013, K&A&U.896.

175. Russula cyanoxantha (Schaeff.) Fr.

Zitas, beech and spruce mixed forest, 40°40'N - 39°27'E, 1645 m, 09.08.2011, K&A&U.53.

176. Russula delica Fr. (Uzun et al., 2006).
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177. Russula firmula Jul. Schaff. (Uzun et al., 2006).

Thelephorales

Bankeraceae

178. Hydnellum peckii Banker

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1630 m, 13.10.2013, K&A&U.829.
179. Sarcodon imbricatus (L.) P. Karst.

Pervanoglu, spruce forest, 40°41'N - 39°24'E, 1790 m, 30.10.2011, K&A&U.152.

Tremellales

Tremellaceae

180. Tremella encephala Willd.

Pervanoglu, spruce forest, on spruce branch, 40°40'N - 39°24'E, 1700 m, 13.08.2013, K&A&U.400.

181. Tremella foliacea Pers.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1640 m, 28.08.2013, K&A&U.629.
182. Tremella mesenterica Retz.

Zitas, beech and spruce mixed forest, on beech branch, 40°40'N - 39°27'E, 1640 m, 09.08.2011, K&A&U.32.

4. Discussion

In this study, 182 macrofungi species belonging to 117 genera within 60 families were listed. The list contains
38 Ascomycota (Xylariaceae 7; Helotiaceae and Pyronemataceae 5; Cudoniaceae, Helvellaceae, Hyaloscyphaceae,
Lachnaceae and Pezizaceae 2; Dermateaceae, Diatrypaceae, Discinaceae, Hemiphacidiaceae, Leotiaceae,
Leptosphaeriaceae, Marthamycetaceae, Nectriaceae, Sarcoscyphaceae, Sclerotiniaceae and Vibrisseaceae 1) and 144
Basidiomycota (Agaricaceae 18; Russulaceae 13; Tricholomataceae 12; Amanitaceae 8; Boletaceae, Inocybaceae,
Mycenaceae, Polyporaceae and Strophariaceae 5; Hygrophoraceae, Omphalotaceae, Physalacriaceae and
Psathyrellaceae  4; Auriculariaceae, Cantharellaceae, Dacrymycetaceae, Geastraceae, Hydnangiaceae,
Hymenogastraceae, Suillaceae and Tremellaceae 3; Auriscalpiaceae, Bankeraceae, Fomitopsidaceae, Gomphaceae,
Hymenochaetaceae, Phallaceae and Pluteaceae 2; Clavariadelphaceae, Clavulinaceae, Diplocystidiaceae,
Fistulinaceae, Gloeophyllaceae, Hydnaceae, Incertae sedis, Marasmiaceae, Paxillaceae, Peniophoraceae,
Pleurotaceae, Rhizopogonaceae, Schizophyllaceae and Tapinellaceae 1).

Fourty six of 182 macrofungi species are edible but only 4 species (Agaricus campestris, Macrolepiota
procera, Cantharellus cibarius ve Lactarius volemus) are collected and consumed by local people. There are also 17
poisonous species determinated in the study area. These are; Amanita gemmata, A. muscaria, A. pantherina, A.
phalloides, Boletus erythropus, Coprinopsis atramentaria, Gyromitra infula, Peziza badia, Hapalopilus rutilans,
Hebeloma crustuliniforme, H. mesophaeum, Hypholoma fasciculare, Inocybe geophylla, I. rimosa, Mycena pura, M.
rosea and Paxillus involutus. There is not any report of poisoning in the study area, because the native people are keen
on collecting only well known edible mushrooms.

Six species, Ascotremella faginea (Peck) Seaver, Ciboria caucus (Rebent.) Fuckel, Leptosphaeria doliolum (Pers.) Ces.
& De Not, Pezizella alniella (Nyl.) Dennis, Propolis farinosa (Pers.) Fr. and Vibrissea flavovirens (Pers.) Korf & J.R.
Dixon are recorded for the first time from Turkey. Among them, V. flavovirens is the first member of the family
Vibrisseaceae in Turkey. Likewise, A. faginea, P. alniella and P. farinosa are also the first members of the genera
Ascotremella, Pezizella and Propolis respectively. With this study, a new family name and four genera names were
introduced for the first time to the mycobiota list of Turkey.

The taxa determined in the study area reflect some similarities with those of the investigations carried out in its close
environs. These studies and the similarity percentages are presented in Table 1. The reason of this similarity may be the
similarities in vegetation and climate.

Table 1. Similarity percentages of neighboring studies with Zigana Mountain

Investigations Total taxa Identical taxa Similarity (%)
Sesli (1993) 64 25 39,06
Uzun et al. (2006) 105 39 37,14
Akata et al. (2014) 236 87 36,86
Demirel et al. (2010) 126 39 30,95
Peksen and Karaca (2003) 169 52 30,77
Demirel et al. (2003) 114 35 30,70
Alli (2011) 106 22 20,75
Keles and Demirel (2010) 191 38 19,90
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Abstract

In this study, the morphological, anatomical and ecological characteristics and conservation strategies of two
endemic plant taxa Crocus gargaricus Herb. ssp. gargaricus and Muscari bourgaei Baker distributed in pseudo-alpinic
area of Mount Ida were carried out. The characteristic features of C. gargaricus ssp. gargaricus were found out that its
root cortex comprises of very large cells and gets smaller towards central cylinder, epidermal layer deeply dents in
pieces in bulb anatomy and a parenchymatic structure including plentiful starch exists under epidermis, the cortex
covers a large area in scape anatomy with angular structure. The characteristic features of M. bourgaei were revealed
that its root cortex comprises of the cells with different sizes and they gets smaller towards central cylinder,
parenchymatic structure existing under the epidermis includes plenty of druse crystal in bulb anatomy. Furthermore, in
ecological examinations, the habitat features of the plants to grow and both the physical and chemical properties of the
soil were determined. As the regions where the plants grew in Mount Ida are open to pasturage and especially to
tourism, first of all, in-situ conservation strategy is obligatory for them. For this aim, in nature, conservation zones
should be established.

Key words: endemic, Crocus, Muscari, morpholgy, anatomy, ecology, Turkey

%

Kazdagr’nda yetisen Crocus gargaricus Herb. ssp. gargaricus (Kaz Cigdemi) ve Muscari bourgaei Baker (Top
Miiskiiriim) endemiklerinin morfolojik, anatomik, ekolojik o6zellikleri ve koruma stratejileri

Ozet

Bu galisgmada, Kaz Dagi’nin pseudo-alpinik alaninda dagilan Crocus gargaricus Herb. ssp. gargaricus ve
Muscari bourgaei Baker (Top Miiskiirtim) iki bitki taksonunun morfolojik, anatomik, ekolojik karakterlerini ve koruma
stratejilerini gergeklestirilmistir. C. gargaricus ssp. gargaricus'un (Kaz Cigdemi) karakteristik 6zelliklerinin; kok
korteksinin merkezi silindire dogru gittikge kiiclilen olduk¢a biiyiik hiicrelerden olustugu, sogan anatomisinde
pargalarinda epidermal derin oyuklar ve epidermis altinda da bol nisasta i¢eren parankimatik bir yapisinin oldugu,
korteks acili yapisiyla toprak iistii siirgiin anatomisinde genis bir alan kapladigi belirlenmistir. M. bourgaei’nin
karakteristik 6zelliklerinin; kok korteksinin merkezi silindire dogru gittikge kiiglilen farkli boyuttaki hiicrelerden
olustugu, parankimatitik yap1 sogan anatomisinde bol miktarda druz kristalini igeren epidermis altinda yer almaktadir.
Ayrica ekolojik incelemelerde, bitkinin yetismesi i¢in habitat 6zellikleri ve topraginin hem fiziksel hemde kimyasal
ozellikleri saptannugtir. Bu bitkilerin yetistigi bolge olarak Kaz Dagi, 6zellikle turizme ve otlatmaya agiktir. Oncelikli
olarak, bu tiirler i¢in in-situ koruma c¢alismalari zorunludur ve bu amagla yetisme ortamlarinda koruma alanlari
kurulmalidir.

Anahtar kelimeler: endemik, Crocus, Muscari, morfoloji, anatomi, ekoloji, Tiirkiye
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1. Introduction

Liliaceae and Iridaceae families included to this research are among the families rich in endemism. Crocus
gargaricus Herb. is a member of Iridaceae family. Species of Liliaceae contained within The Plant List belong to 18
plant genera (The plantlist.org, 2015). The family includes 70 genus and almost 1800 taxa available in the world
(Secmen et al., 1995). In our country, its 5 genus and 193 taxa exist and 83 of the taxa is endemic (Mathew, 1984; Ekim
et al., 2000; Bizimbitkiler.org, 2015a). The endemism rate is 53%. Crocus gargaricus ssp. gargaricus’ is one of the
endemic taxa, as well. Muscari bourgaei Baker species is a member of Asparagaceae family. Species of Asparagaceae
contained within The Plant List belong to 128 plant genera and includes 2929 species (The plantlist.org, 2015). The
family includes 19 genus and 183 taxa exist and 81 of the taxa is endemic for our country (Mathew, 1984; Ekim et al.,
2000; Bizimbitkiler.org, 2015b). The Muscari Mill. genus belonging to this family is represented with 31 taxa in
Turkey. 19 of these taxa is endemic and endemism ratio is 61.2 % for Turkey (Davis and Stuart, 1984, Ekim et al.,
2000; Sezer et al., 2008). Endemism rate of the plant is 63%. Muscari bourgaei Baker is also one of the endemic taxa.

Kazdag1 forms a natural border between the Marmara and Aegean regions of Turkey, which are
phytogeographically located at the transition area of the Euro-Siberian, Mediterranean and Iran-Turan flora regions. The
summit of Kazdagi is 1774 m high and its highest peaks are Karatas Hill, Baba Mountain, Tavsan Oynagi and Sarikiz
Peak. Kazdagi is situated in northwestern Anatolia and is an important natural area, lying between 39° 42' N and 26° 51'
E. It is situated in the vicinity of the Gulf of Edremit, forming a natural border between the provinces of Canakkale and
Balikesir on the southeast part of the Biga Peninsula in northwestern Turkey (Uysal, 2010). While large geologic schist
is widespread at the mountain, crystallized limestone is found at its summit. Such factors as climatic conditions of
Canakkale province and the research area, the area’s geological structure and distinctive topography and lastly, the
diversity in vegetation resulted in the formation of different types of soils (Kog, 2004). It experiences an average annual
temperature of 14.8 °C in Canakkale Meteorological Office changes according to the altitude grade and the
geographical properties of a place. In the Mount Ida, it decreases to 6 °C (Koc, 2001). The average annual rainfall is
approximately 655.2 mm, and the average number of rainy days is 67.7. The precipitation regime is typical
Mediterranean type with rainy winters. The aridity period is between June and September (Koc, 2001). Many
researchers conducted studies on the morphological, anatomical and ecologic features of the endemic taxa. (Goniiz,
1987; Pirdal et al., 1988; Ozdemir et al., 1988; Uysal et al, 1991; Uysal and Oztiirk, 1991; Uysal, 1992; 1993; 1994;
1997a,b; 1999; 2002; Celik et al, 2005). The aim of this original investigation is put forth morphological, anatomical
and ecological features of these taxa for the first time, but at the same time given detailed account of the morphological
characteristics of Kazdagi endemics like Crocus gargaricus ssp. gargaricus and Muscari bourgaei.

2. Materials and methods
2.1. Plant materials

In this study, Crocus gargaricus ssp. gargaricus ve Muscari bourgaei taxa were collected from pseudoalpinic
localities of the Mount Ida between the dates of 2004 and 2007. All specimens were dried according to standard
herbarium techniques, identified according to Flora of Turkey and The East Aegean Islands (Mathew 1984, Davis et al.,
1988), and are kept in the Biology Department of Canakkale Onsekiz Mart University. A part of material was fixed in
70 percent alcohol for anatomical studies of the plant parts. Herbarium samples were used for morphological features
and biometric studies. The biometric measurements and morphological drawings of the plant organs were carried out
for morphological observations and the findings obtained were statistically evaluated.

2.2. Anatomical studies

In the present study of the anatomy of root, bulb, shoot, stem, leaf and ovary, the wax embedding procedure
was followed. Plant parts were first fixed by using formalin/acetic alcohol (FAA) (Cutler, 1978; Celik et al., 2005). The
samples were passed through an alcohol and histoclear series for dehydration. Paraplast was added to the histoclear and
the samples placed in an oven. Cross sections of root, bulb, shoot, stem, leaf and ovary were taken with a rotary
microtome to 7 pum thickness, and stained with safranin and crystal violet. Investigations were carried out under a light
microscope (LM) and photographs taken with a microphotography apparatus (JENA). Soil samples collected from the
localities were brought to the laboratory in the polyethylene bags, air dried and sieved by using 2 mm sieve and they
were analyzed.

2.3. Ecological studies

Furthermore, the soil samples (0-20 cm) were taken from the locality where the plant samples grow and then,
they were analyzed. Lastly, such physical analysis of the samples as texture, organic matter, total rate of water-soluble
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salt, pH and CaCO3 and also their chemical analyses such as phosphorus (P), potassium (K) and organic matter were
determined in the laboratory of Canakkale Provincial Directorate of Agriculture..

3. Results

Morphology and Ecology of Crocus gargaricus ssp. gargaricus
3.1. External Morphology

Crocus gargaricus ssp. gargaricus is a perennial bulbous herbaceous plant. It is an Euxine element (Mathew
1984). Morphological features of its corm, root, and ground surface vegetative and generative parts are outlined below.

The morphological characteristics of Crocus gargaricus Herb. ssp. gargaricus

Initially, the corm generally doesn’t produce stolons and the tunics have a thin and filamentous-reticulated
structure. Also, bulb is 0.95+0.23 cm in diameter, and 1.33£0.23 cm long (Figure 2 A, Table 1). The roots are hairy and
were measured to be 1,86+1.33 cm long (Figure 2 A, Table 1). Scapose is 0.22+0.07 cm in diameter and 2.57£1.49 cm
long. Numbers of leaves are 3-4 and leaves appear with flowers simultaneously. A leaf is 0.15+0.03 ¢m wide and
4.52+1.38 c¢cm long (Figure 2 F, Table 1). Perianth tube is yellow and hairless while its segments are dark yellow or
orange, apex acute or rounded shape. The bracteas don’t exist or they are ovate-lanceolate. According to the
measurements, the corolla is 0,97+0,23 cm wide and 2,93+0,49 cm long (Figure 2 B, E, Table 1). Filament is pubescent
hairy and anthers are in yellow color. The measurements revealed that filaments are 0,09+0,04 cm wide and 0,79+0,23
cm long while the anthers are 0,13+0,02 cm wide and 0,45+0,08 cm long (Figure 2 B,D; Table 1). Ovaries are
0,25+0,05 cm wide and 0,82+0,25 cm long (Figure 2 C, Table 1). Stilus has a shape divied into 3 thin, filamentous and
branches is orange. Additionally, it was measured as 0,31+0,06 cm long (Figure2 G, Table 1). The fruit of the species is
1,27+0,17 cm wide and ,15+0,26 m long (Table 1). The general appearance in the natural environment of Crocus
gargaricus ssp. gargaricus is given in Figure 1.

Table 1. Biometric measurements of Crocus gargaricus ssp. gargaricus

Plant part Number of | Width (cm) Length (cm)
P measurements Min | Max Mean.£S.E. Min. Max. Mean £S.E.
Leaf 30 0,25 | 1,52 0,59+0,27 8,27 20,02 12,29+2,95
Corolla 30 0,34 | 1,27 0,97+0,23 2,04 3,69 2,93+0,49
Filament 30 0,04 | 0,17 0,09+0,04 0,48 1,31 0,79+0,23
c
(5]
E | Anther 30 0,07 | 0,15 0,13+0,02 029 | 0,62 0,45+0,08
[75)
. Style 30 - - - 0,21 0,46 0,31+0,06
<3 —
E % | Ovary 30 0,14 | 0,37 0,25+0,05 0,18 1,63 0,82+0,25
L a
Root 30 - - - 1,46 5,01 2,42+0,93
0,32 0,20+0,05 16,21 34,62 24,51+3,74
1,10+0,13 1,32 1,84 1,55+0,14

| 1,27+0,17 2,52 1,63 2,15+0,26
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Figure 2. Crocus gargaricus ssp. gargaricus A: General view, B: Flower, C: Ovary, D: Stamen, E: Corolla, F: Leaf, G:
style

3.2. Internal Morphology of the Crocus gargaricus Herb. ssp. gargaricus
The anatomical characteristics of root, scape, leaf, bulb and ovary are given below.

3.2.1. Anatomy of root

On the outermost side there is a single layer of epidermal cells followed by a sigle layer exodermis. Under the
epidermis layer, the formation of exodermis which acts as a protector is observed. Following the exodermis layer, 2-3
line cortex layer can be seen. It is composed of large parenchymatic cells and becomes smaller as it approaches
endodermis. Cortex covers a wide arcade up to endodermis (Figure 3) being parenchymatous. After the cortex, a typical
endodermis-pericycle differentiation is observed. Endodermis, pericycle and circularly arranged vacular bundles follow
the cortex. Endodermis is composed of the large cells with thick membranes while the pericycle comprises of single-
layer thick cells. Central part has vascular bundles differentiable xylem and phloem. Metaxylene is located in the center
(Figure 4).

Ismet UYSAL et al., Morphological, Anatomical and Ecological properties and Conservation Strategies on the Endemic Crocus gargaricus Herb ssp.
gargaricus and Muscari bourgaei Baker growing in Kazdag (Turkey)


http://tureng.com/search/parenchymatic

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

Figure 4. Magnified central part of root cross-section

Figure 3. Root section of Crocus gargaricus ssp. Crocus gargaricus ssp. gargaricus (40 X 10x)
gargaricus (40 X 10x) (Original) E: Epidermis, Ex: (Original) En: Endodermis, Pe: Pericycle, Me:
Exodermis, Co: Cortex, Cc: Central cylinder Metaxylem, X: Xylem, Ph: Phloem

3.2.2. Anatomy of Bulb

On outerside lies a thin cuticle with a single layer of epidermal cells below it and is filled in by storage
parenchymatic cells including starch. Epidermal cell layer is indented in patches. Vascular bundles spread within a
parenchymatic tissue (Figure 5).

Figure 6. Cross-section of shoot in Crocus gargaricus
] CU ! ) ssp. gargaricus (10 X 10x) (Original) E: Epidermis,
gargaricus bulb (10 X 10x) (Original) E: Epidermis, Co: Cortex, P: Pith, Vb: Vascular bundle, X: Xylem,
Pa: Parenchyma, Vb: Vascular bundle Ph: Phloem.

3.2.3. Anatomy of Scape

Scape has a regular structure with its typical square shape and large epidermis cells ranged along the outer side
of its cross-section. The surface of the epidermis is covered with a thin cuticle layer. Epidermis is followed with the flat
and round shaped cortex composed of parenchymatic cells. Phloem lies on the outerside of bundles and xylem on the
inner side. Pith is formed of parenchymatic cells (Figure 6).

3.2.4. Anatomy of Leaf
Leaves have a thick cuticle on the outside with a single layered epidermis below and the upper and the lower

epidermis comprise of a layered of large cells. Palisade and sponge parenchyma are fully distinguishable in leaf
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mesophyll. The leaf is bifacial (Figure 7). Leaves are not hairy and the lower epidermis has a large number of
mesophytic stomata. So the leaf is hypostomatic (Figure 8).

»F

N PV

Figure 7. Cross-section of leaf in Crocus gargaricus Figure 8. Magnified vascular bundle in the leaf of
ssp. gargaricus (40 X 10x) (Original) E: Epidermis, Crocus gargaricus ssp. gargaricus (40 X 10x)
Cu: Cuticle, St: Stomata, Pp: Palisade parenchyma, Sp: (Original) E: Epidermis, Cu: Cuticle, Vb: Vascular
Spongy parenchyma, Vb: Vascular bundle bundle, St. Stomata

3.2.5. Anatomy of Ovary

On the cross-section of the ovary, it is seen to have 3 loculus and carpels. A single ovary is observed in each
loculus. The placentation is free central. The ovary is covered with a layer of epidermis from its outer side and under the
epidermis, pericarp composed of parenchymatic cells exist. The vascular bundles are available inside the pericarp and
the phloem are directed towards the outside while the xylem is directed towards the inside part (Figure 9).

Figure 9. Cross-section of ovary of Crocus gargaricus ssp. gargaricus (10 X 10x) (Original) E: Epidermis, Pr: Pericarp,
Vb: Vascular bundle, Lo: Loculus, Ov: Ovule

3.3. Ecology
3.3.1. Distribution

Crocus gargaricus ssp. gargaricus is an endemic taxon. Except from Mount Ida, it distributes in the provinces
of Bursa A2 (A) and Mugla C2 in Turkey. It grows at a height of 1300-2200 metres in humid meadows and sparse
pinewoods. Flowering time of the plant is between 4™and 5" (-6) months (Mathew, 1984). C. gargaricus ssp.
gargaricus samples were recorded from an area at 1730 m altitude situated from silica-stoned northward slopes of
Mount Ida’s Babadag location towards Susuz Hill on the 4™ and 5" months of the years 2004-2007.
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3.3.2. Soil Characteristics

Crocus gargaricus ssp. gargaricus prefers soils with a pH of 5.40 (medium degree acid), 0.43 (non-saline), Ca
CO; % <1 (little amount of lime). Lastly, soil texture was found to be loamy.

Chemical analysis of the soils show that these are rich in organic matter (7.07 %), but medium phosphorus
(kg/da) 6.08. The soils show enough of potassium (kg/da) 59.27.

Morphology and Ecology of Muscari bourgaei Baker
3.4. External Morphology

Muscari bourgaei is a perennial bulbous herbaceous plant. It is a Mediterranean element (Davis, 1988).
Morphological features of its corm, root, and ground surface vegetative and generative parts are outlined below.

3.4.1. The morphological characteristics of Muscari bourgaei

Bulb is ovoid rectangular and its tunics are dirty-white. The bulb was measured to be 1,1+£0,16 ¢cm in diameter
and 1,75+0,21 cm long. The plant has a hairy root which is 5,38+1,93 cm long. Scape is 0,12+0,03 cm in diameter and
11,6942,19 cm long (Figure 11 A, Table 2). The leaves (2-) 3-6 (-8) are positioned patent or erect and they are slotted,
linear-sublanceolate. Its apex are obtuse while its surface is greeny blue and the color of its narrow median band is pale-
colored (Figure 11 F). The leaf was measured as 0,23+0,08 cm wide and 12,36+4,40 cm long (Figure 11 A,F; Table 2).
Scape is seen to be raceme while the flower is fairly loose, large and avoid-oblong, this shape changes at the fruit.

The flower number of the raceme changes between 1540 and the flowers are often imbricate or not. The
pedicels of the fertile flowers are curled backward and they elongate horizontally at the flower while they elongate by 5
mm at the fruit. The pedicles of the sterile flowers are ascendant and 0,5-1 mm. The pedicles are 0,27+0,07 cm long.
Fertile flowers are in a rather changed shape from obovate to oblong-urseolata. The diameter of the plant’s orifice is up
to approximately half the width of the orifice part diameter. The tube can be bright or in the colors of violet-blue, white
or pale bluish (Figure 11 B, Table 2). The shape of sterile flowers change from oblong-urceolate to attenuate and they
are at the same color with the fertile ones or pale color. Corolla was measured as 0,25+0,05 cm wide and 0,48+0,05 cm
long (Figure 11 E, Table 2). Stamens are almost in single line and connected to the middle part of the tube. Anthers
were measured to be 0,06 £0,01 cm wide and 0,11+0,02 ¢cm long (Figure 11 E, Table 2). Ovaries are 0,08+0,02 cm
wide and 0,14+0,02 cm long. Stilus was measured to be 0,13+0,03 cm long (Figure 11 C, Table 2). The fruit is
loculicidal capsule which is ovoid- orbicular and emarginate. Also, it is 0,43+£0,09 cm wide and 0,42 +£0,08 cm long
(Figure 11 G, Table 2). According to the measurements, the seeds are 0,12+0,01 cm wide and 0,14+0,01 cm long (Table
2). The general appearance in the natural environment of Muscari bourgaei is given in Figure 10.

Table 2. Biometric measurements of Muscari bourgaei

Plant part Number of W_idth (cm) Le_ngth (cm)
measurements Min | Max Mean.=S.E | Min. Max. | Mean.£S.E.
Leaf 30 01 |042 0,23+0,08 | 6,08 215 12,36+4,40
Pedicel 30 - - - 0,16 0,47 0,27+0,07
Corolla 30 0,16 | 0,36 0,25+0,05 | 0,35 0,58 0,48+0,05
Stamen Filament | 30 - - - - - -
o Anther 30 0,05 | 0,07 0,06+0,01 0,09 0,18 0,11+0,02
% Pistil Style 30 - - - 0,06 0,18 0,13£0,03
i Ovary 30 0,03 | 0,14 0,08+0,02 | 0,11 0,2 0,14+0,02
Root 30 - - - 3,12 9,82 5,38+1,93
Scapose 30 0,08 | 0,19 0,12+0,03 | 8,39 17,12 | 11,69+2,19
Bulb 30 0,86 | 1,47 1,1+0,16 1,41 2,28 1,75+0,21
Fruit 30 0,31 | 0,66 0,43+0,09 | 0,23 0,58 0,42+0,08
Seed 30 0,1 |0,15 0,12+0,01 0,11 0,17 0,14+0,01

3.5. Internal Morphology of the Muscari bourgaei Baker
The anatomical characteristics of root, scape, leaf, bulb and ovary are given below.
3.5.1. Anatomy of root

On the cross-section of the root, a series of round shaped epidermis exists. Following the epidermis, cortex
appears. It is composed of parenchymatic cells comprising large cells getting narrower towards the center (Figure 12).
Under the cortex, endodermis and pericycle are available. The pith is full of xylem elements. The xylem and floem take
place in radiant form at the central cylinder (Figure 13).

Ismet UYSAL et al., Morphological, Anatomical and Ecological properties and Conservation Strategies on the Endemic Crocus gargaricus Herb ssp.
gargaricus and Muscari bourgaei Baker growing in Kazdag (Turkey)


http://tureng.com/search/loculicidal%20capsule

Biological Diversity and Conservation —9 /2 (2016) 77

Figure 10. General appearance in the natural environment of Muscari bourgaei

Figure 11. Muscari bourgaei A: General view, B: Flower, C: Ovary, D: Stamen, E: Corolla and stamen, F: Leaf, G:
Fruit
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Figure 13. Magnified central cylinder of root cross-

Figure 12. Root section of Muscari bourgaei (10 X section Muscari bourgaei (40 X 10x) (Original) En:
10x) (Original) E: Epidermis, Co: Cortex, Cc: Central Endodermis, Pe: Pericycle, X: Xylem, Ph: Phloem
cylinder

3.5.2. Anatomy of bulb

At the outer side of the bulb’s cross-section, single-layered epidermis exists and its surface is covered with a
thin cuticle. The shapes of the epidermis cells are seen to be flat and oval. The space between the upper and lower
epidermis is full of oval or round shaped parametric cells having thin membranes (Figure 14). Plenty druse crystal
formation is observed among the parenchymatic cells. Vascular bundles lie inside the parenchymatic tissue (Figure 15).

3 Y y‘ "{' ,_A N
e #‘C;:: f‘,z 2, ‘5! bourgaei (10 X 10) (Original) E: Epidermis, Dc: Druse
section of Muscari bourgaei bulb (10 crystal, Vvb: Vascular bundle

X 10x) (Original) E: Epidermis, Pa: Parenchyma, Vb:
Vascular bundle

3.5.3. Anatomy of Scape

On the ouhter side there is single layer of rectangular shaped epidermis exist and the surface of the epidermis is
covered with a thin cuticle layer. Mesophitic type stomatas take place in epidermis and under it, singe layered
hypodermis is found in a varriety of shapes. Vascular bundles under the the chloronchymatic zone are arranged in two
circles, those in outer ring being smaller than inner ones. Phloem lies on the outerside of bundles and xylem on the inner
side (Figure 16). Pith is formed of parenchymatic cells (Figure 17).
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Figure 16. Cross-section of shoot in Muscari bourgaei NSRS A A N LR
(40 X 10) (Original) E: Epidermis, Cu: Cuticle, H: S-S shoot in Muscari bourgaei
Hypodermis, Co: Cortex, St: Stomata, Ph: Phloem, X: (10 X 10x) (Criginal) E: Epidermis, Cu: Cuticle, Co:
Xylem Cortex, Vb: Vascular bundle, P: Pith, St: Stomata

3.5.4. Anatomy of leaf

On the cross section of the leaf, a single layered epidermis consisted of oval or round shaped cells and covered
with a thick cuticle is observed and than it is followed with palisade parenchyma which is seen on the both surfaces of
the leaf, is equal to two sides of the leaf. The leaf is equifacial. Spongy parenchyma has completely filled the middle
part of the leaf. Vascular bundles take place inside the spongy parenchyma and are composed of xylem and phloem

(Figure 18). On the both surfaces of the |
.-1‘@ Pt 4

af of Muscari

o~

Figure 18. Cross-section of leaf in Muscari bourgaei Figure 19. Magnified stomata in the le

(10 X 5x) (Original) E: Epidermis, Cu: Cuticle, Pp: bourgaei (10 X 10x) (Original) E: Epidermis, St:
Palisade parenchyma, Sp: Spongy parenchyma, Vb: Stomata, Pp: Palisade parenchyma, Vb: Vascular
Vascular bundle bundle

3.5.5. Anatomy of ovary

On the cross-section of the ovary, it is seen to have 3 loculus and carpels, but the loculuses cannot be
differentiated because of the tissue fractionation. It is clear that each loculus has 2 ovules and the plasentation is axial.
The ovary is covered with a layer of flat shaped epidermis. pericarp composed of parenchymatic cells exist. The
vascular bundles are available inside the pericarp and the phloem are directed towards the outside while the xylem is
directed towards the inside part (Figure 20).

Ismet UYSAL et al., Morphological, Anatomical and Ecological properties and Conservation Strategies on the Endemic Crocus gargaricus Herb ssp.
gargaricus and Muscari bourgaei Baker growing in Kazdag (Turkey)



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

Figure 20. Cross-section of ovary of Muscari bourgaei (10 X 10x) (Original) E: Epidermis, Pr: Pericarp, Vb: Vascular
bundle, Ov: Ovule

3.6. Ecology
3.6.1. Distribution

Muscari bourgaei is an endemic taxon. Except from Canakkale, it distributes in the provinces of A2 (A) Bursa,
A4 Cankiri, A5 Samsun, B2 Kiitahya, C2 Aydin, C3 Antalya C5 Nigde in Turkey. It grows at a height of 1500-3000
metres in the meadows, stony hillsides, calcareous and lime stony grounds. Flowering time of the plant is between
Sthand 7™ months (Mathew, 1984). M bourgaei samples were recorded from an area at 1730 m altitude situated from
silica-stoned northward slopes of Mount Ida’s Babadag location on the 5™ and 6™ months of the years 2004-2007.

3.6.2. Soil characteristics

M. bourgaei prefers soils with a pH of 6.37 (lightly acidic), 1,05 (salt-free), Ca CO3; 2.37% (little amount of
lime). Lastly, soil texture was found to be loamy.

Chemical analysis of the soils show that these are rich in organic matter (7.45 %), but rich in phosphorus
(19.85 per kg/da). The soils show enough of potassium (kg/da) 157.72.

3.7. The conservation strategies of the endemic bulbous plants

Endemic plants having a significant place in Turkey are under various pressures and they are in danger of
extinction. In addition to such pressures as urbanization, industrialization, the process of extending the agricultural
lands, tourism and over-grazing, the plants face they are also under the risk of extinction because of such reasons as
exportation, picking from the nature for domestic use, pollution, afforestation, fires, construction of the channels and the
roads and erosion (Ekim et al., 2000).Crocus gargaricus ssp. gargaricus is also NT (near threatened). Although its risk
of danger is low, it seems obligatory to get it under in-situ conservation as this taxon is found only in two provinces
(Bursa and Mugla) except from the Mount Ida in Turkey and the area where the plant grows is open to tourism and
grazing. Muscari bourgaei Baker is LC (least concern). Although it is not in the category of danger and grows in the
provinces of Bursa, Cankiri, Samsun, Kiitahya, Aydin, Antalya and Nigde except from the Mount Ida in Turkey, the
taxon still should be under in-situ conservation as it is an endemic plant and the where it grows is open to the tourism
and grazing.As both taxa are endemic, the population of the plants should be concerved through the conservation zones
to be created at the areas where they distrubited. If necessary, in-situ conservation gardens should be established in
nature. However, in case of a rise in danger, the plants should be transplanted to their natural habitats after they are
produced in ex-situ conditions.

4, Conclusions and discussion

A rich flora of Turkey abounds in endemics with a percentage lying around 34 (Ekim et al., 2000). The current
study examined morphological, anatomical and ecological properties and conservation strategies of the C. gargaricus
Herb. ssp. gargaricus and Muscari bourgaei Baker endemic taxa naturally distributing in pseudo-alpinic area of the
Mount Ida.
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Although the extinction grade of C. gargaricus ssp. gargaricus taxon is low, it is obligatory for this plant taxon
to be taken under in-situ protection due to the reasons that it grows in mount Ida and its natural habitat is open to
grazing (pasturage). Also, although M. bourgaei taxon grows in other areas in addition to Mount Ida, it should be
conserved against environmental pressures as it is among the endemic plants. It is observed that sheep and goats are
grazing in the habitats of the plants and close areas. Especially, the reasons that the grazing events are observed in
flowering time and C. gargaricus ssp. gargaricus grows only in Mount Ida endanger the plants. In conclusion, the
pressure of grazing reduces the population of the two taxon.

C. gargaricus ssp. gargaricus has a hairy root. The corms of the C. gargaricus ssp. gargaricus taxon do not
produce stolans contrary to the C. gargaricus ssp. herberti taxon. The tunics of C. gargaricus ssp. gargaricus is thin
reticulated-filamentous; however, these structures are parallel to the bottom in C. gargaricus ssp. herberti (Erol et al.,
2008). The onion average 0.95 cm diameter, 1.33 cm in length was measured. The scapose in C. gargaricus ssp.
gargaricus was measured as 0,22 cm in diameter and 2,57 cm long. 3-4 leaves, flowers and leaves are also seen. The
leaf is 0,15 cm wide in average and it is 4,52 cm long. However, Mathew (1984) stated the width of the leaf as 2 mm.
This situation stems from the insufficiency of the habitat.

Perianth tube is yellow, hairless while its segments are dark yellow or orange and perianth ends truncated or
rounded shape. The bracts are not or ovat lanseolat. Corolla is approximately 0,97 cm wide and 2,93 ¢cm long. The
filaments have pubescent hairs and they were measured as 0,09 cm wide 0,79 cm long. However, Mathew (1984)
measured the filaments as 3—7 mm. This small difference stems from the plant’s habitat. Anthers are in yellow color and
approximately 0,13 cm wide and 0,45 cm long. Contrarily, in the study of Mathew (1984) the anther’s length was given
as 0,6-1,1 cm. In average, the ovaries are 0,25 cm wide and 0,82 cm long while the stillus has a shape divided into 3
thread-like orange branches and they are 0,31 cm long. The fruit is 1,27 cm wide and 2,15 cm long.

Anatomical findings of Crocus gargaricus ssp. gargaricus are compared C. flavus Weston subsp. flavus and C.
fleischeri J.Gay (Table 3). While scapose anatomy of Muscari bourgaei has thin cuticle layer, others don’t have this
layer. Scapose the anatomy of species located in the pith, the cells are filled with parenchymatic cells; This feature did
not mention other taxons. Furthermore, while leaf of Crocus gargaricus is equifacial, leaf of Crocus flavus is unifacial
and leaf of Crocus fleischeri is bifacial. The fruit of M. bourgaei is loculucidal capsule, ovoid-orbicular, emarginated
and it is 0,43 cm wide and 0,42 cm long in average. The seeds are approximately 0,12 cm wide and 0,14 cm long.
Similar to the findings related to Muscari latifolium J.Kirk obtained by (Uysal, 1992). The placentation is axial. The
ovary is covered with a series of flat-shaped epidermis outside and under the epidermis, pericarp composed of
parenchymatic cells exists. Vascular bundles are found inside the pericarp and in the bundles the floem is directed
outside while xylem is directed inside. M. bourgaei was collected from 1730 m. high, silex-stony hillsides located
northward of Babadagi locality of the Mount Ida.

Table 3. Comparison of anatomical characters of Crocus gargaricus ssp. gargaricus, C. flavus Weston ssp. flavus and
C. fleischeri J.Gay

Parts | Characters C. gargaricus C. flavus.subsp. flavus C. fleisc_heri
’ (Ozdemir et al., 2006) (Ozdemir et al., 2004)
Epidermis Single layer Single layer 2 layer
Exodermis Single layer - -
Cortex Composed _ of Earenchymatic with Earenchymatic with
parenchymatic cells intercellular spaces intercellular spaces

Endodermis + + +

5 | Pericycle + + +

& Pith Metaxylem Single metaxylem Metaxylem
Cuticle Thin cuticle - -
Epidermis Single layer Single layer Single layer
Cortex Parenchymatic cells +, no intercellular cells +, no intercellular cells

! Phloem outerside Periphery and centre of stem Periphery and centre of stem

§ Vascular bundles xylem inner side

a Pith Parenchymatic cells - -
Cuticule Thick cuticle Thick cuticule +
Epidermis Single layer Single layer Single layer
Palisade Both surfaces of the + Mesophyll cells are One surface of the leaf, upper
parenchyma leaf uﬁiform Unifacial leaf surface
Spongy Middle part of the ' One surface of the leaf, lower
parenchyma leaf surface

§ Phloem Upper side ;?ggnif;r‘njt]ﬁ;af;:I(I:SonS'Sts of Upper side
Xylem Inner side Inner side Inner side
Intercellular + + +
Space
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Anatomical findings of Muscari bourgaei are compared M. sivrihisardaghlarensis and M. latifolium (Table 4).
Bulb of Muscari bourgaei has plenty of druse crystals. Druse crystals in the bulbs of Muscari bourgaei typical of a
systematic feature. Furthermore, scapose anatomy of this taxon has hypodermis layer which located under the epidermis

layer. While scapose anatomy of Muscari bourgaei has a single hypodermis layer, others don’t have this layer.

Table 4. Comparison of anatomical characters of Muscari bourgaei, M. sivrihisardaghlarensis and M. latifolium

M. M. latifolium
Parts | Characters M. bourgaei sivrihisardaghlarensis (Uysal, 1992)
(Sezer et al., 2008)
Cuticle - + -
Epidermis Single layer Single layer Single layer
Exodermis - Single layer -
c Composed of Composed of
ortex X Very large area .
parenchymatic cells parenchymatic cells
Endodermis + + +
Pericycle + + +
. Full of xylem Radially arranged Full of xylem
Pith
elements vascular bundle elements
Vagcular Radiant form Radiant form Radiant form
= | cylinder
& | Crystals - - Raphide crystals
Cuticle Thin cuticle Thick cuticle Thick cuticle
. . Single layer of Cells square-rectangular .
Epidermis rect%ngul);r shaped shapedq ’ Single layer
Hypodermis Single layer - -
Cortex Chloronchymatic zone | Parenchymatic cells Chloronchymatic zone
Sclerenchymatic | + )
cells
§ Vascular bundles Phloem outer§ide Closed collateral Phloem outer§ide
=3 xylem inner side vascular bundles xylem inner side
& | Pith Parenchymatic cells Parenchymatic cells Parenchymatic cells
Cuticle Thick cuticule Thick cuticule Thick cuticule
Epidermis Single layer Single layer Single layer
Palisade Both surfaces of the Both surfaces of the Palisade parenchyma
parenchyma leaf leaf surround spongy parenchyma
Spongy Middle part of the leaf | Middle part of the leaf Middle part of the leaf
parenchyma
Phloem Upper side Upper side Upper side
Xylem Inner side Inner side Inner side
Intercellular + + )
+ | space
3 | Crystals - Raphide crystals -

C. gargaricus ssp. gargaricus ve Muscari bourgaei were seen to be soil texture class clayey in the soil samples
taken from the areas where our plants grow. According to the examinations of the soils in terms of soil pH value, C.
gargaricus ssp. gargaricus grows in medium acidic areas while Muscari bourgaei grows in slightly acidic areas. The
examinations of the soils according to the salt density revealed that both plant taxa grow in non-saline soils. Regarding
the examinations of the soils according to their lime rate, the soil supporting C. gargaricus ssp. gargaricus and Muscari
bourgaei are rich in lime; which is consistent with its pH value. The examinations of the soils according to their organic
matter contents revealed that the C. gargaricus ssp. gargaricus and Muscari bourgaei taxa are rich in organic
substances. According to the examinations of the soils in terms of the phosphorus, C. gargaricus ssp. gargaricus has a
medium value of phosphor while the Muscari bourgaei grows in the soils rich in phosphor. Lastly, according to the
examinations of the soils in terms of their potassium value revealed that C. gargaricus ssp. gargaricus ve Muscari
bourgaei taxa were found to be sufficient in potassium.

C. gargaricus ssp. gargaricus is in the threatened category NT (near threatened). Although its threat class is
low, the taxon should be under in-situ conservation as it grows only in the provinces of Mugla and Bursa except from
Mount Ida and the area where it grows is open to grazing and tourism. M. bourgaei Baker taxon should be preserved in
LC (least concern) threatened category only as it is an endemic taxon. During the field studies, cattle’s grazing was observed in the
habitats in which the plants grow and in close areas. As the grazing occurs in blooming time of the flowers, the flowers will
encounter the danger of extinction. Resultantly, the grazing pressure can diminish the populations of the two taxa.
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In addition, to ensure the continuity of generations of plants should go also to the ex-situ conservation strategies. For this
purpose, plants yielding seed in the ground in the nature of ex-situ conditions should be transplanted.
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Abstract

In this study; we analysed the ITS sequences of 9 lichenized fungi species (Aspicilia cinerea, Circinaria
contorta, Lecidea atrobrunnea, Lecanora rupicola, Physcia dubia, Rhizoplaca peltata, Rhizocarpon geographicum,
Tephromela atra and Xanthoparmelia pulla) which have a wide distribution in the alpine zone of Erciyes Volcanic
Mountain in Central Anatolia. ITS sequence data obtained from those 9 species are deposited by us in GenBank for
further molecular studies and Neighbor-joining dendrograms with related species obtained from GenBank are also
presented here along with the macroscopic photographs of the specimens studied. Besides, morphological and
ecological differences between the related species are discussed.

Key words: : Lichens, biodiversity, systematics, taxonomy

ITS (rDNA) marker kullanilarak Erciyes Dagr’nin (Kayseri, Tiirkiye) bazi likenlesmis mantar tiirlerinin
tammmlanmasi

Ozet

Bu ¢aligsmada, Orta Anadolu’da yer alan Erciyes Dagi’nin alpin zonunda yayilis gosteren 9 yaygin likenlesmis
mantar tiiriine ait 6rneklerin (Aspicilia cinerea, Circinaria contorta, Lecidea atrobrunnea, Lecanora rupicola, Physcia
dubia, Rhizoplaca peltata, Rhizocarpon geographicum, Tephromela atra ve Xanthoparmelia pulla) ITS dizi analizleri
elde edilmistir. Bu 9 tiirden elde edilen ITS sekans verileri ileride yapilacak molekiiler ¢alismalar da kullanilmasi igin
Gen Bankasi’na yiiklenmistir. Ayrica Gen Bankasi’ndan temin edilen iligkili tiirler ile hazirlanan Neighbor-joining
dendrogramlar ve caligilan 6rneklere ait makroskobik fotograflar da verilmistir. Ayrica iligkili tiirler arasinda morfolojik
ve ekolojik farkliliklar da tartigilmustir.

Anahtar kelimeler: Liken, biyogesitlilik, sistematik, taksonomi
1. Introduction

The first lichen checklist of Erciyes Mountain was published by Steiner (1905). In that study, 83 lichenized
taxa were reported. In the first period of 21% century; Giiveng (2001) reported 40 taxa and John (2002) reported 2 taxa
from Erciyes Mountain. Later Halic1 et. al. (2005) compiled 223 lichenized and lichenicolous fungi taxa in Erciyes
Mountain. After this study 9 more lichen and lichenicolous fungi taxa were added in the checklist of Erciyes Mountain
(Halici et. al. 2006; 2007; 2014) and the number of lichenized and lichenicolous fungus taxa reached to 232.

The taxonomic studies on lichenized fungi in Turkey based on morphological and anatomical characters
recently started (Tiirk et. al. 2015). However, analysis of nuclear rDNA is increasingly becoming important for lichen
taxonomy. Among the ribosomal regions, the internal transcribed spacer (ITS) region has the highest probability of
successful identification for the broadest range of fungi. In some cases, morphological and anatomical characters for
identification of lichens in species level may be insufficient (Arup et. al. 2013, Vondrak et. al. 2016). For this reason;
we start to analyze the ITS sequence data of lichenized fungi species previously reported in Erciyes Mountain. Here we
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present 10 ITS sequence data and related Neighbor-joining dendrodgrams of 9 lichenized fungi taxa from Erciyes
Mountain.

2. Materials and methods

2.1. Lichen material

Lichen specimens (Aspicilia cinerea, Circinaria contorta, Lecidea atrobrunnea, Lecanora rupicola, Physcia
dubia, Rhizoplaca peltata, Rhizocarpon geographicum, Tephromela atra and Xanthoparmelia pulla) stored in ERC
(Erciyes University herbarium) were used for this study.

2.2. Extraction of DNA and PCR Amplification

Ten lichen samples were used for DNA extraction. DNA was extracted using protocol of Qiagen Dneasy
Plant Kit (Cat. No: 69104). PCR was carried out in 50 pL reaction volumes using 4 pl of 10 x reaction buffer, 4 pl
MgCl, (50 mM), 0.5 pl each primer, 1 pl ANTP (10 mM), 0.1 ul Tag DNA polymerase, 3 ul of genomic DNA and 36.9
ul dH,0 on a thermal cycler equipped with a heated lid. Primers used for PCR amplification of ITS regions were 1TS1-
F (5'-CTTGGTCATTTAGAGGAAGTAA-3") (Gardes and Bruns 1993) and ITS4 (5-
TCCTCCGCTTATTGATATGC-3’) (White et. al. 1990). The PCR was performed under the following conditions: An
initial denaturation 4 min at 95 °C; 7 cycles with 1 min at 94 °C, 1 min at 55 °C, and 2 min at 72 °C; and 33 cycles with
1 min at 94 °C, 1 min at 52 °C, and 2 min at 72 °C; a final extension step of 5 min at 72 °C was added, after which the
samples were kept at 4 °C. PCR products run on agarose gel and sequence analysis of ten lichen samples from which
DNA bands were obtained was done.

2.3. Phylogenetic analysis

Sequence results of the lichen samples were compared using BLAST program in NCBI website. Then, the
results were edited in BioEdit program. Sequences were aligned by using Clustal w option in the BioEdit program. For
phylogenetic tree, MEGA 6 (Molecular Evolutionary Genetics Analysis) program was used and genetic distances were
determined by method Kimura-2-parameter. Phylogenetic trees of the lichen samples were performed by using
neighbor-joining method (Tamura et. al. 2013).

Table 1. The studied specimens, herbarium numbers and GenBank accession numbers

Species name ||Herbarium number ||GenBank accessions number
Aspicilia cinerea ||ERC MB 0.002 ||KX550108
Aspicilia cinerea ||ERC MGH 0.018 ||KX550104
|Circinaria contorta ||ERC MGH 0.139 ||KX550106
||Lecidea atrobrunnea ||ERC MB 0.008 ||KX550101
||Lecanora rupicola ||ERC MB 0.010 ||KX550102
||Physcia dubia ||ERC MGH 0.025 ||KX550105
||Rhizoplaca peltata ||ERC MB 0.003 ||KX550109
[IRhizocarpon geographicum ||ERC MB 0.011 ||KX550103
Tephromela atra ||ERC MB 0.004 ||KX550110
Xanthoparmelia pulla ||ERC MB 0.001 ||KX550107
3. Results

Descriptions, photographs and discussions of lichenized fungus species studied for this paper are given below.

3.1. Aspicilia cinerea (L.) Korb. Figure 1
Specimens examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt. 1380 m,
06.04.2015 [ERC MB 0.002]; Kayseri, Erciyes Mountain, Yilanli Mountain, in the vicinity of Koyunbaba, 38° 43' N, 35° 26' E, alt.
1205 m, 29.06.2003 [ERC MGH 0.018].

Thallus cracked-areolate, 2—3.5 cm in diam; areoles usually irregular, (0.3—)0.6—1—1.4 mm in diam. Thallus surface whitish gray,
sometimes yellowish white. Apothecia numerous and aspicilioid type, ranging in number from 1 to 10 per areole,
(0.15—)0.2—0.25—0.3(—0.35) mm in diam. Apothecia disc black; usually pruinose. Thallus and medulla K—, C—, KC—, Pd + yellow-
orange. Epihymenium greenish or brownish green. Hymenium hyaline. Paraphyses moniliform. Asci clavate,
(80—)82—98—114(—120) x 14—19—24(—26) um. Ascospores not observed. This species has a wide distribution in subarctic and
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arctic-alpine areas in the Northern Hemisphere (Purvis 1992). It has also wide distribution in Turkey especially in subalpine and
alpine areas of Turkey on hard siliceous rocks (e.g. Halic1 & Giiveng 2008, Cobanoglu et al. 2013).

Table 2. Bant sizes and nucleotide variable sites of the specimens studied

Nucleotide variable
Species nhame PCR results Sequence Bant size (bp) .
results sites
IAspicilia cinerea (ERC MB 0.002 and ERC MGH
+ + 800 344
|0.018)
||Circinaria contorta (ERC MGH 0.139) + + 750 218
||Lecidea atrobrunnea (ERC MB 0.008) + + 560 182
||Lecanora rupicola (ERC MB 0.010) + + 600 130
||Physcia dubia (ERC MGH 0.025) + + 790 201
||Rhizoplaca peltata (ERC MB 0.003) + + 589 167
lIRhizocarpon geographicum (ERC MB 0.011) + + 530 196
Tephromela atra (ERC MB 0.004) + + 580 114
Xanthoparmelia pulla (ERC MB 0.001) + + 568 93
Y g 3
4
f?-’&o'ﬁ o g
CAGA 22
a5 qil306811304|gb|HQ171233.1| Aspicilia hispida
qil306811306|gb|HQ171235.1| Aspicilia hispida
4i[306811302|gb|HQ171231.1| Aspicilia fruticulosa
% 83L_ i[306811303|gblHQ171232.1] Aspicilia fruticulosa
- gil312126112|gb|HQ389194 1| Aspicilia vagans
100 | gi|312126114|gb|HQ389196.1| Aspicilia vagans
27 T— gil157410416|gb|EU057897.1| Aspicilia caesiocinerea
100 I—gi|220683820]gb|FJ532372.1| Aspicilia caesiocinerea
19 gi|336069677|gb|HQ259269.1| Aspicilia verruculosa
| w qil157410460|gblEU057941.1] Aspicilia verruculosa
|Gil157410426|gbIEU057907 1] Aspicilia epiglypta
100 [gi|3360 670|gb|HQ259262.1| Aspicilia epiglypta
gil57282129]emblAJ458278 1| Aspicilia cinerea
gi|336313723|gblJF703124 1| Lobothallia radiosa
—
0.02
Figure 2. Neighbor-Joining (NJ) dendrogram of Aspicilia cinerea and related species (ERC MB 0.002 and ERC MGH

0.018)
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In the NJ dendrogram (Figure 2); it is clear that our samples from Erciyes Mountain (ERC MB 0.002 and
ERC MGH 0.018) is branching with Aspicilia cinerea. The closest branching to A. cinerea is A. epiglypta (Norrl. ex
Nyl.) Hue. There are significant morphological and anatomical differences between A. cinerea and A. epiglypta. A.
epiglypta has longer conidia than A. cinerea. In addition, while A. cinerea has a distribution in subarctic and arctic-
alpine areas, A. epiglypta has a distribution in the coastal areas (Nordin et al. 2007). A. cinerea is also morphologically
quite similar to A. intermutans but the latter species has smaller conidia and larger mature ascospores (Fryday 1997).

3.2. Circinaria contorta (L.) A.Nordin, Savi¢ & Tibell Figure 3
Specimen examined: Tukey, Kayseri, Erciyes Mountain; incesu, Siirtme (Western part of Erciyes Mountain), 38° 35'
N, 35°36'E, alt. 1100 m, 27.05.2003 [ERC MGH 0.139].

Thallus  saxicolous, pale brownish; cracked-areolate.  Areoles irregular and  discrete,
(0.3—)0.5—0.8—1.1(—1.2) mm in diam. Prothallus not visible. Apothecia irregular, numerous and aspicilloid; blackish
especially young apothecia pruinose, (0.15—)0.2—0.25—0.3(—0.4) um in diam. All spot tests negative.

This species has a wide distribution on calcareous rocks and limestone in Northern Hemisphere (Purvis
1992). It has also very wide distribution in Turkey on siliceous and weakly calcareous rocks (e.g. Oran et al. 2007,
Halic1 & Aksoy 2009).

gil449132495|gblJQ797517.1| Circinaria lacunosa
gil449132498|gb|JQ797520.1| Circinaria lacunosa
gil449132531|gblJQ797553.1| Circinaria cerebroides
931 gil449132512|gb|JQ797534 1| Circinaria cerebroides
gil449132491|gblJQ797513.1| Circinaria emiliae isolate
93 1 gil449132490|gblJQ797512.1| Circinaria emiliae isolate
gil449132489|gblJQ797511.1| Circinaria esculenta
100 | gil449132488|gblJQ797510.1| Circinaria esculenta
gil449132529|gb|lJQ797551.1| Circinaria cf. elmorei
gil449132520|gb|lJQ797542_1| Circinaria cf. elmorei
a7 gil449132534|gblJQ797556.1| Circinaria alpicola
_|—_gi|449132530|gb|JQ797552A1| Circinaria alpicola
gil449132496|gblJQ797518.1| Circinaria jussuffii
4100‘gi|449132499|gbuo797521_1| Circinaria jussuffi
gil449132517|gb|JQ797539.1| Circinaria gyrosa
100 | gil449132506|gblJQ797528.1| Circinaria gyrosa

94

37

43

99

ag —C gil488887661|gb|JX306736.1| Circinaria mansourii
=] gil488887660|gb|JX306735.1| Circinaria mansourii
 — gi|510950002|gb|KC990383.1| Circinaria contorta
ool— gi|336397051|gb|HQ650638.1| Circinaria contorta
gi|359751782|gb]JN943617_1| Lecanora muralis

| v
0.02

Figure 4. Neighbor-Joining (NJ) dendrogram of Circinaria contorta and related species (ERC MGH 0.139)
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ERC MGH 0.139 numbered sample is branching with Circinaria mansourii in NJ dendrogram (Figure 4).
But when we examine the morphology and ecology of this sample; it is obvious that it has quite important differences
from C. mansourii. While C. mansourii has subsquamulose to appressed sub-fruticose thallus attached by tiny
rhizomorph-like extensions on perennial grasses (Lumbsch et al. 2011); our sample has obviously crustose thallus
growing on siliceous rocks. Besides C. mansourii is known to be sterile as no apothecia or pycnidia are known from this
species (Lumbsch et al. 2011); but our sample is richly fertile. Because of all these reasons; we classified this sample
under the species name Circinaria contorta.

3.3. Lecanora rupicola (L.) Zahlbr. Figure 5
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.010].

Thallus crustose, cracked-areolate; areoles slightly convex greyish, 3 cm in diam. Apothecia immersed to
slightly raised, lecanorine, (0.5—)0.7—1—1.3(—1.5) mm in diam. Apothecia disc smooth, gray. Thallus and medulla K+
yellow, C—, KC—, Pd—; Apothecial disc C + vivid yellow. Asci clavate, 8 spored, (51—)52—56—60(—62) x
(14—)16—17.5—19 pm. Ascospores hyaline, simple, (14—)14.5—15—15.5(—16) x (7—)7.1—7.5—7.9(—8) pm.
Hymenium hyaline, (67—)67.5—78—88.5(—92) um. Paraphyses slightly thickened in the apex. Subhymenium hyaline.
Hypotecium hyaline.

Circumpolar from temperate to artctic in Northern Hemisphere on hard siliceous rocks from sea level to high
altitudes (Purvis 1992). It has a wide distribution in Turkey (e.g. Aslan 2000, Kocakaya et al. 2009).

BN

Flgure 5. Lecanora ruplcola (ERC MB 0.010)

93 gil45181474|gb|AY398707.1| Lecanora rupicola
g||94448993|gb|DQ451665 1| Lecanora rupicola

95 g||94448991|gleQ451663 1| Lecanora rupicola
g||47088193|gb|AY541243 1| Lecanora bicincta
g||47088214|gbIAY541264 1| Lecanora bicincta

o gil45181475|gblAY398708.1| Lecanora swartzii

L gi|94448983|gblDQ451655.1| Lecanora swartzii

gil47088198|gblAY541248.1| Lecanora carpinea
—EFB| gi|327180416|emb|FR799199.1| Lecanora carpinea
gil509725455|gb|JX466472.1| Parmelina tiliacea

86

0.01
Figure 6. Neighbor-Joining (NJ) dendrogram of Lecanora rupicola and related species (ERC MB 0.010)

In the NJ dendrogram (Figure 6); the closest branching to Lecanora rupicola is L. bicincta Ramond. While L.
rupicola has sessile to subimmersed apothecia and whitish or grayish pruinose apothecial disc, L. bicincta has slightly
stalked apothecia and bluish pruinose apothecial disc. In addition, L. bicincta has parathecial ring which is black in
apothecial discs (Lumbsch & Elix 2004). This parathecial ring is lacking in L. rupicola. L. rupicola and L. swartzii
(Ach.) Ach. are similiar species, but L. swartzii is reacted with C + vivid yellow to orange and has more convex areoles
(Lumbsch & Elix 2004).

Mehmet Unsal BARAK et al., Identification of some lichenized fungi species of Erciyes Mountain (Kayseri/Turkey) by using ITS (rDNA) marker



Biological Diversity and Conservation —9 /2 (2016) 89

3.4. Lecidea atrobrunnea (DC.) Schaer. Figure 7
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.008].

Thallus areolate, 5 cm in diam. Areoles flat, irregular, dark brown to pale brown, (0.6—)0.7—0.8—0.9(—1.1)
mm in diam. Surface brownish and reddish brown. Apothecia black to reddish brown, 1 per areole,
(0.2—)0.25—0.3—0.35(—0.4) mm in diam. All spot tests negative. Epihymenium brown, 14—18—22 pum. Hymenium
92—115—138(—140) um. Asci clavate, (85—)87—100—113 x 14—15—16(—17) um. Ascospores not observed.

Lecidea atrobrunnea has a wide distribution in the higher altitudes of mountains and alpine zones on
siliceous rocks (e.g. John & Breuss 2004, Yazici et al. 2011).

Tt Ir S
' \\}‘Ag;_‘.’; -
co"éég 5

gi|392508242|gb|JX036051.1| Lecidea polypycnidophora
gi|167030874|gb|EU257681.1| Lecidea polypycnidophora

98 gi|300252606|gb|GU074441.1| Lecidea polypycnidophora
i _| gi|300252618|gb|GU074453.1| Lecidea andersonii

971 gi|167030879|gb|EU257686.1| Lecidea andersonii
gi|166202365|gb|EU259902.1| Lecidea laboriosa
4100|jgi|166202364lgblEU259901A1| Lecidea laboriosa
MB0.008-TS4
gi|300252620|gb|GU074455 1| Lecidea atrobrunnea
— gi|166202360|gb|EU259897 1| Lecidea atrobrunnea
— gi|300252622|gb|GU074457 1| Lecidea atrobrunnea
50_| gi|300252621|gb|GU074456.1| Lecidea atrobrunnea subsp. saxosa
931 gi|166202361|gb|EU259898.1| Lecidea atrobrunnea subsp. saxosa
29 gi|392508235|gb|JX036044 1| Lecidea cancriformis
gil167030871|gb|EU257678.1| Lecidea cancriformis
gil299560895|gb|GU170841.1| Lecidea cancriformis
gi|300252592|gb|GU074427 1| Lecidea auriculata
100 l:giI300252593|gbIGU074428.1| Lecidea auriculata

a3 gi|166783002|gb|EU263922.1| Lecidea fuscoatra
—l:;i|336397120|gb|H0850707.1| Lecidea fuscoatra

1L'IIJ|

100

99 gi|319894023|gb|HQ605928.1| Lecidea fuscoatra var. grisella
1001 gi|319894026|gb|HQ605931.1| Lecidea fuscoatra var. grisella
gi|319894033|gb|HQ605938.1| Lecidella elaeochroma

0.02

Figure 8. Neighbor-Joining (NJ) dendrogram of Lecidea atrobrunnea and related species (ERC MB 0.008)

Lecidea atrobrunnea and L. atrobrunnea subsp. saxosa Hertel & Leuckert are very closely related in the NJ
dendrogram (Figure 8). Furthermore, L. polypycnidophora U. Rupr. & Tirk, L. andersonii Filson, L. laboriosa Miill.
Arg. and L. cancriformis C.W. Dodge & G.E. Baker are phylogenetically related with L. atrobrunnea. L. atrobrunnea
differs with 2'-O-methylperlatolic acid from those species (Brodo et al. 2001); besides the latter species are not known
from Turkey. L. atrobrunnea subsp. saxosa includes conorstictic and norstictic acids (Nash 2002). L. polypycnidophora

includes 4-O-demethylplanaic acid (Ruprecht et al. 2010) and L. andersonii includes planaic acid (Ruprecht et al.
2010).
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3.5. Physcia dubia (Hoffm.) Lettau Figure 9
Specimen examined: Turkey, Kayseri, Erciyes Mountain, Kog Mountain, 38° 42' N, 35° 32' E, alt. 2270 m, 16.07.2002
[ERC MGH 0.025].

Thallus irregular, gray or brownish gray, 3—4 cm in diam. Lobe tips often darker, (1.7—)2.2—2.6—3(—3.4) x
(1—)1.4—1.8—2.2(—2.3) cm. Surface gray and cream-colored. Sored present, soralia lip-shaped. Apothecia few and
black; semi-immersed, 0.1—0.7—1.3(—1.4) mm in diam. Thallus; K+ yellow, C—, KC—, P+ yellow.

It has a wide distribution from temperate regions to boreal regions (Seppelt et al. 1996). It grows on acidic
roks (e.g. Halic1 & Cansaran-Duman 2007, Candan & Ozdemir Tiirk 2008).

.‘a' : ) o r?

gi|13272245|gb|AF224402.1| Physcia dubia
gi|13272244|gb|AF224400.1| Physcia dubia
gil13272246|gb|AF224403.1| Physcia dubia
MGH0.025TS4

qil13272247|gblAF224404 1| Physcia stellaris

59 L— gi|13272250|gb|AF224408.1| Physcia stellaris

75 1 9119623175|gb|AF224422 1| Physcia adscendens
gi|13272261|gblAF224430.1| Physcia adscendens
gi|13272228|gb|AF224377 1| Physcia magnussonii
gi|9623162|gb|AF224376.1| Physcia magnussonii

gi[151936041|gb|DQ534476.2| Physcia caesia
100 i: gi|13272268|gblAF224437 1| Physcia caesia
70— gi|13272235|gb|AF224388_1| Physcia caesia

gi|115342739|gb|DQ862484.1| Physconia distorta

80

98

|
0.0

Figure 10. Neighbor-Joining (NJ) dendrogram of Physcia dubia and related species (ERC MGH 0.025)

In the NJ dendrogram (Figure 10), the closest branching to Physcia dubia is Physcia stellaris (L.) Nyl..
While P. dubia is sorediate, P. stellaris is not sorediate; also P. dubia is saxicolous while P. stellaris is mostly epiphytic
(Brodo & Craig 2003). P. adscendens (Fr.) H. Olivier differs from P. dubia with helmet shaped soralia (Galloway &
Moberg 2005). The other related saxicolous species P. magnussonii Frey has numerous apothecia and it is not sorediate.
(Moberg & Hansen 1986). P. dubia is mostly known to be sterile; but interestingly the population from Erciyes
Mountain which we studied was fertile with few apothecia.

3.6. Rhizocarpon geographicum (L.) DC. Figure 11
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.011].

Thallus crustose, 4 cm in diam. Areoles scattered, (0.5—)0.8—1.2—1.6(—1.9) mm in diam. Prothallus present
and black coloured. Areoles greenish yellow. Apothecia black, 0.3—0.5—0.7 mm in diam; immersed between areoles.
Thallus and medulla K—, C—, KC—, Pd+ yellow. Epihymenium bluish black. Hymenium 29—68—107 um. Paraphyses
3—3.2—3.4 pum. Asci dark green to brown, 8 spored. Ascospores muriform and elipsoid, dark brown,
(32—)33—37—41(—42) x (18—)19—20—21(—23) pm.
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Rhizocarpon geographicum is a cosmopolite species on siliceous rocks (Armstrong 2002, Webber &
Andrews 1973). It is also known from almost everywhere in Turkey where siliceous rocks are present (e.g. Yazic1 &
Aslan 2003, Tufan et al. 2005).

011)

Figure 11. Rhizocarpon geographicum (ERC MB 0.

46~ 9i1319894039|gb|HQ605944 1| Rhizocarpon lavatum
1IJUngi|31989403819blHQ605943.1| Rhizocarpon lavatum

80 gi|29837340|gb|AF483610.1| Rhizocarpon lavatum

I gi|29837339|gblAF483609.1| Rhizocarpon petrasum

wolb— gi|319894037|gb|HQ605942 1| Rhizocarpon petraesum

MB0.011-ITS4
™ gi|29837349|gb|AF483619.1| Rhizocarpon geographicum
e gi|11993308|gb|AF250805.1| Rhizocarpon geographicum
—%L gi|102996779|gblDQ534482 1| Rhizocarpon geographicum

gi|310706483|gb|HM161499.1| Umbilicaria crustulosa

| e |
0.02

Figure 12. Neighbor-Joining (NJ) dendrogram of Rhizocarpon geographicum and related species (ERC MB 0.011)

In the NJ dendrogram (Figure 12); the closest branching to Rhizocarpon geographicum is R. lavatum (Ach.)
Hazsl. R. geographicum has a greenish surface color, but R. lavatum has a grayish and brownish surface color
(Matwiejuk 2010, Joshi et al. 2010). While R. geographicum has a hyaline hymenium, other species which have longer
than from 34 um of average ascospore length such as R. macrosporum Rasanen have a green hymenium (Moniri et al.
2010).

3.7. Rhizoplaca peltata (Ramond) Leuckert & Poelt Figure 13
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.003].

Thallus often lobed, 3 cm in diam. Lobes rolled downward, edges blackened, 2.5—2.9—3.3(—3.5) mm in
length, 1.5—2—2.5 mm in width. Surface greenish yellow. Apothecia yellowish, (0.7—)0.8—1.4—2 mm in diam. Thallus
and medulla K—, C—, KC—, Pd+ yellow. Hymenium 68—75—82 pum. Paraphyses hyaline, simple, 2.7—3.2—3.7(—4) pm.
Asci clavate, 8 spored, (47—)48—50—52 x (15—)16—17—18(—19) pum. Ascospores globose, (7—)7.4—8.2—9 x
(6.5—)7—7.6—8.2(—8.5) pm.

It has a distribution in the arid regions. It often grows on vertical surface of rocks (e.g. Pisut 1970, Halic1 &
Aksoy 2009). In the NJ dendrogram (Figure 14), the closest branching to R. peltata is R. melanophthalma (DC.)
Leuckert. R. peltata contains pannarin, zeorin and norstictic acid in medulla, but R. melanophthalma has contain
psoromic and lecanoric acid (Arup & Grube 2010). Furthermore, R. peltata is distinguished from R. chrysoleuca and R.
melanophthalma with presence of terpenoids and with having a crater-like structure of apothecia (Arup & Grube 2010).
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i A > o

Figure 13. Rhizolac pelta (ER MB 0.003) '

55| | il40806708|gb|AY509803.1| Rhizoplaca peltata
190 MB0.003-TS4
48 gil46241995|gb|AY530887.1| Rhizoplaca peltata
gi|327415685|gb|HM577265.1| Rhizoplaca melanophthalma
100 |1 9i1507943790|gb|JX948283.1| Rhizoplaca melanophthalma
53L gi|507943796|gblJX948289.1| Rhizoplaca melanophthalma
100~ gi|392508337|gb|JX036146.1| Rhizoplaca macleanii
L gi|392508343|gb|JX036152.1| Rhizoplaca macleanii
44 —————  qil40806703|gb]AY509798.1| Rhizoplaca chrysoleuca
gil327415673|gb|HM577253.1| Rhizoplaca chrysoleuca
a4 gil327415671|gb|HM577251.1| Rhizoplaca chrysoleuca
98 I—— gil40218100|gb|AY463153.1| Rhizoplaca chrysoleuca
gi|384637045|gb]JN873882.1| Lecidella carpathica

1—{ gil40806706|gb]AY509801.1| Rhizoplaca peltata

100

0.02
Figure 14. Neighbor-Joining (NJ) dendrogram of Rhizoplaca peltata and related species (ERC MB 0.003)

3.8. Tephromela atra (Huds.) Hafellner Figure 15
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.004].

Thallus crustose, 5 cm in diam. Areoles usually irregular. Surface grayish-white. Apothecia black, sessile,
1.1—1.3—1.5 mm in diam. Thallus and medulla K+ yellow, C—, Pd—. Epihymenium dark reddish coloured. Hymenium
purplish or purplish red, 238—245—252 pum. Hypotecium 43—56—69 pum. Paraphyses branched, (2.8—)2.9—3—3.1 pm.
Asci clavate, 8 spored, 38—46—54 x 15 pm. Ascospores hyaline, simple, (6—)8—10—12(—13) x (4—)5.5—6.7—7.9(—10)
pum. It has a wide distribution from coastal regions to high mountain regions (e.g. Rigler 1852, Giiveng et al. 2006).
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57 MB0.004-TS4
70 L gi|686582492|gb|KF730522.1| Tephromela atra

il686582540|gblKF730570.1] Tephromela atra
gil686582587|gb|KF730617.1| Tephromela follmannii
_99-{— gi|686582586|gb|KF730616.1| Tephromela follmannii
| gi|686582076|gb|KF712223.1| Tephromela grumosa
1001 gi|189170665|gb|EU558674.1| Tephromela grumosa
gi|346680958|gblJN009722 1| Mycoblastus affinis

,—"—_._‘

9

=

0.02
Figure 16. Neighbor-Joining (NJ) dendrogram of Tephromela atra and related species (ERC MB 0.004).

In the NJ dendrogram (Figure 16); the closest branching to Tephromela atra is T. follmannii Pérez-Vargas,
Hern.-Padr. & Elix. T. follmannii differs from T. atra with areolate-bullate to verrucose thallus (Pérez-Vargas et al.
2010). Another species of the genus T. grumosa (Pers.) Hafellner & CI. Roux is sorediate, but T. atra is not (Muggia et
al. 2008). While T. atra includes a-collatolic and a-alectoronic acid, T. grumosa includes lichesterinic acid (Westberg et
al. 2015, Millot et al. 2008, Hesbacher et al. 1996). T. atra is very similar morphologically with Lecanora gangaleoides
but it can be easily distinguished with its purple hymenium (Millot et al. 2008).

3.9. Xanthoparmelia pulla (Ach.) O. Blanco, A. Crespo, Elix, D. Hawksw. & Lumbsch Figure 17
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.001].

Thallus foliose, 6 cm in diam. Surface dark green and brownish green. Lobes (6—)6.1—6.3—6.5 x
3.4—3.5—3.6 mm. Apothecia absent. All spot tests negative.

It has a wide distribution in Africa, Australia, New Zealand and Europe. It is mostly found on siliceous soil
and siliceous, acidic and volcanic rocks (e.g. Nimis & John 1998, Kinalioglu & Aptroot 2012).

gi|25991291|gb|AF451747 1| Xanthoparmelia pulla

54

gi|50953188|gblAY581071.1| Xanthoparmelia pulla

gi|399892607|gblJQ912308.1| Xanthoparmelia delisei
gi|399892606|gblJQ912307.1| Xanthoparmelia delisei
75 gi|323521105|gb|HM578943.1| Xanthoparmelia chlorochroa
_|jgi|323520987lgb|HM578825A1] Xanthoparmelia chlorochroa
100 gi|291481099|gb|GU593039.1| Xanthoparmelia protomatrae
W[-_QHZSMM100|gblGU593040.1| Xanthoparmelia protomatrae
gi|18140869|gb|AF410840.1| Parmelia sulcata

83

| e |
0.0m

Figure 18. Neighbor-Joining (NJ) dendrogram of Xanthoparmelia pulla and related species (ERC MB 0.001)

In the NJ dendrogram (Figure 18); the closest branching to X. pulla is X. delisei (Duby) O. Blanco, A.
Crespo, Elix, D. Hawksw. & Lumbsch. Morphologically these two species are very similar to each other but X. delisei
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contains glomelliferic and glomellic acides (de Paz et al. 2012, Szczepanska & Kossowska 2014). Other related species
X. protomatrae contains fumarprotocetraric acid (Giordani et al. 2002), but X. pulla contains stenosporic, divaricatic
and 4-O-demethylstenosporic acid (de Paz et al. 2012, Szczepanska & Kossowska 2014).

4, Conclusions and discussion

In this study, the ITS sequences of 9 common lichenized fungi species (Aspicilia cinerea, Circinaria contorta,
Lecidea atrobrunnea, Lecanora rupicola, Physcia dubia, Rhizoplaca peltata, Rhizocarpon geographicum, Tephromela
atra and Xanthoparmelia pulla) which has a wide distribution in the alpine zones of volcanic Erciyes Mountain in
Central Anatolia are provided. Sometimes morphological characters used in lichen classification lead to
misidentifications. Because of this, it is also important to make molecular studies in lichen taxonomy. Those ITS
sequences provided for this study are now in GenBank and can be used in the future phylogenetic studies of lichens..
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Abstract

Balikesir is located in a strategic area where surraounded with Canakkale Bosphorus and Agean Sea on the
West and Istanbul Bosphorus and Marmara Sea on the North. Therefore, Balikesir has been one of the most important
migration routes contributing Turkey’s social and cultural heritage for thousands of years. In this study, wild plants sold
in Balikesir herbal markets and their medicinal use were investigated. During the course of study, 18 herbal markets
were visited and medicinal plants consumed mostly by local people were identified. According to the results, 42 plants
belong to 25 families were determined to be sold for medical purposes in herbal markets. Also, it was observed that
plants were comsumed more as tea with the methods of infusion and decoction by local people and as treatment of
upper respiratory tract infections as well as stomachic and diuretic disorders.

Key words: medicinal plants, Balikesir, herbal market, ethnobotany
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Balikesir aktarlarinda satilan yabani tibbi bitkiler ve kullanim 6zellikleri

Ozet

Balikesir, batida Canakkale Bogaz1 ve Ege Denizi; kuzeyde ise Istanbul bogazi ve Marmara Denizine kiyisi
bulunan stratejik bir kent konumundadir. Bu sebeple, Balikesir Tiirkiye nin binlerce yillik sosyal ve kiiltiirel birikimine
katk1 saglayan go¢ yollarinin 6nemli aglarindan bir tanesi olmustur. Bu ¢aligmada Balikesir ilindeki aktar diikkanlarinda
yore halkina satilan yabani bitkiler ve bu bitkilerin tibbi kullanim 6zellikleri arastirilmistir. Caligma siiresince 18 aktar
diikkkant ziyaret edilmis ve yore halkinin en fazla tiikettigi tibbi bitkiler belirlenmistir. Arastirma sonucunda 25
familyaya ait toplam 46 taksonun tibbi amaglarla aktarlarda satildig: tespit edilmistir. Yo6re halkinmn bitkileri daha ¢ok
inflizyon ve dekoksiyon yontemleriyle e ¢ay olarak tiikettigi goriilmiis ve daha ¢ok iist solunum yolu enfeksiyonlar
basta olmak tizere midevi ve diiiretik gibi rahatsizliklar1 gidermede kullandiklar: tespit edilmistir.

Anahtar kelimeler: tibbi bitkiler, Balikesir, aktar, etnobotanik
1. Giris

Tiirkiye, 3649’1i endemik olmak iizere sahip oldugu 11466 bitki ¢esidi ile diinyada oldukga zengin bir floraya
sahiptir (Gliner vd., 2012). Boylesine bitki zenginliginin oldugu bir iilkede, bitkilerin ¢esitli alanlarda kullanim
ozellikle tibbi amagla kullanimi insanlarin yagaminda 6nemli bir yere sahiptir (Baytop, 1999).

Balikesir, Akdeniz ile Avrupa-Sibirya fitocografik bdlgelerinin geg¢is sonunda bulunmasindan dolayi, gesitli
vejetasyon tiplerine ve zengin bitki drtiisiine sahiptir. Ilde Akdeniz fitocografik bolgesi elementleri hakimdir. Ayrica
azda olsa Iran-Turan bolgesinin de bitkileri yayilis gdstermektir. Balikesir’de yapilan gesitli florisitik ¢alismalar (Ozen,
1997; Dogan ve Ozen, 1999; Sanén ve Ozen, 2001; Dirmenci, 2006, Giiner ve Akgicek, 2013; Acar ve Satil, 2014) ilin
zengin bir floraya sahip oldugunu ortaya koymaktadir.

Balikesir’in zengin floraya sahip olmasi, etnobotanik ¢aligmalari da beraberinde getirmektedir. Bitkilerin halk
arasinda tedavi amaciyla kullanilmasi da etnobotanik calismalarin 6nemli bir dalini olusturmaktadir. Daglardan
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toplanan tibbi ve baharat bitkilerini halka ulastiran kisiler Aktarlardir (Baytop, 1999; Sargm vd., 2013). Bir bolgedeki
aktarlar, genellikle o yorede yerel halk tarafindan kullanilan tibbi bitkilerin ¢esitliligini, Snemini ve ayrica bdlgenin
floras1 hakkinda 6nemli bilgiler vermektedir (Selvi vd., 2012). Aktarlik eskiden bitkisel iiriinler disinda hastaliklari
iyilestirmede kullanilan hayvansal ve madensel droglarin da satisin1 yapan giliniimiizdeki eczaciligin karsiligi iken; bu
etkin degerini kaybedip sadece bitkisel drog ve baharat satan diikkkanlar haline gelmistir (Baytop, 1999).

Ulkemizde aktarlar iizerine yapilmis calismalara az sayida rastlanmaktadir (Malyer vd., 2004; Tuluk¢u ve
Sagdig, 2011; Polat vd., 2011; Selvi vd., 2012; Sargin vd., 2013). Ancak; etnobotanik ¢alismalara hem il genelinde
(Duran vd., 2001; Tiimen ve Sekendiz, 1991) hem de Gonen (Tuzlact ve Aymaz, 2001), Edremit (Polat ve Satil, 2010)
gibi ilgelerinde ve ayrica Kazdaglari (Satil vd., 2007; Selvi vd., 2013 ve Madra Dagi (Satil vd., 2008) gibi lokal
alanlarda rastlanmistir.

Balikesir ilinde; Kazdaglari, Madra Dag1 ve Ulus Dag1 gibi floristik agidan zengin daglar yer almaktadir. Bu
daglarda yetisen bazi tibbi bitkiler, aktarlar ya da koyliller tarafindan yilin belirli mevsimlerinde toplanarak tibbi
amaclarla yore halkina satilmaktadir. Bu calismada, Balikesir ve ¢evresinde dogal olarak yetisen ve aktarlarda tibbi
amaclarla satilan bitkilerin halk tarafindan kullanim yonleri ile kullanim sekilleri kapsamli olarak ele alinmistir. Bu
aragtirmanin, ileride bu ve buna benzer ¢aligmalara kaynak olacagi ve bolgenin etnobotanik envanterine olumlu katkisi
olacagi kanaatindeyiz.

2. Materyal ve yontem

Bu ¢aligmada, Balikesir il merkezinde bulunan 18 aktar dilkkanina yaklasik iki yillik bir siirede (2013-2015)
etnobotanik ziyaretler gergeklestirilmistir. Ziyaretler kapsaminda, aktar diikkanlarinda bulunan tiim tibbi bitkiler degil
sadece daglardan toplanan ve lilkemizde dogal olarak yetisen tibbi bitkiler ele alinmistir. Belirlenen bu bitkilerin halk
arasindaki kullanimlari, kullanilan kisimlari, yoresel isimleri ile kullanim sekilleri aktarlarin bilgilerinden ve ¢esitli
literatiirlerden faydalinarak tablo halinde sunulmustur (Tablo 1).

Aktarlardaki bitkiler cesitli kaynaklardan (Davis, 1965-1985, Davis vd., 1988; Zeybek ve Zeybek, 1994;
Baytop, 1999; Giiner vd., 2000) yararlanilarak teshis edilmistir. Teshisi yapilan &rnekler Balikesir Universitesi
Necatibey Egitim Fakiiltesi herbaryumunda korunmak tizere saklanmistir.

Sekil 1. Balikesir ilindeki bazi aktarlardan genel gériiniim
3. Bulgular

Aragtirma siiresince, daglardan toplanan (Kazdaglari, Madra Dag1 ve Ulus Dag1) ve Balikesir’deki aktarlarda
satilan 25 familyaya ait toplam 46 tibbi bitki taksonu tespit edilmistir. Bitkilerin drog olarak ¢ogunlukla toprak tistii
kisimlar1, yaprak ve g¢icekleri kullanilmakta, ayrica kullanim sekli olarak c¢ogunlukla infiizyon ve dekoksiyon
yontemleri uygulanmaktadir. Aktarlarda satisina rastlanan tibbi bitkilerin familyasi, bilimsel ismi, yoresel ismi,
kullanilan kisimlari, kullanim sekli ve kullanim amaci Tablo 1’de familya bazinda alfabetik siraya gore diizenlenmistir.
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Tablo 1. Balikesir daglarindan toplanan ve aktarlarda satilan tibbi bitkiler ve etnobotanik 6zellikleri

Familya

Bilimsel ismi

Yoresel ismi

Kullanilan kismu

Kullanim gekli

Kullanim amaci

Anacardiaceae
Aspleniaceae

Asteraceae

Caprifoliaceae
Equisetacae
Ericaceae
Fabaceae
Gentianaceae

Hypericaceae

Lamiaceae

Lauraceae

Malvaceae

Myrtaceae
Onagraceae
Plantaginaceae
Platanaceae
Poaceae

Rhus coriaria L.

Ceterach officinarum Willd.
Achillea nobilis L. subsp. sipylea
(O.Schwarz)

Calendula officinalis L.

Chamaemelum nobile (L.) All

Helichrysum sp.

Taraxacum officinale (L.) Weber
ex F.H.Wigg.

Sambucus ebulus L.

Equisetum arvense L.

Erica arborea L.

Glycyrrhiza glabra L.

Centaurium erythraea Rafn. subsp.

erythraea

Hypericum perforatum L.
Lavandula stoechas L. subsp.
stoechas

Melissa officinalis L. subsp.
officinalis

Mentha pulegium L.
Ocimum basilicum L.
Origanum onites L.
Origanum vulgare L. subsp.
hirtum (Link) letsw.
Rosmarinus officinalis L.
Salvia tomentosa Mill.

Satureja pilosa Velen
Thymbra spicata L. subsp. spicata
Teucrium polium L.

Laurus nobilis L.

Althaea officinalis L.
Malva neglecta Wallr.
Myrtus communis L.
Epilobium angustifolium L.
Plantago lanceolata L.
Platanus orientalis L.

Zea mays L.

Elymus repens (L.) Gould

Sumak
Altin otu
Civan percemi

Aynisafa
Sar1 papatya

Altin ¢igek
Karahindiba

Bodur miirver
Kirk kilit otu
Funda yapragi
Meyan kokii
Kirmizi kantoron

Sar1 kantaron
Karabagotu

Ogul otu, limon otu

Deli nane, yarpuz
Feslegen

Tas kekik, bilyali kekik
Giivey kekigi, Deli
kekik, Karakekik
Biberiye

Adagay1

Limon kekigi

Mor kekik, deli kekik
Kisa mahmut
Defne, har yapragi,
Defne tohumu
Hatmi, giil hatmi
Ebegilimeci

Mersin yapragi
Yakiotu

Sinir otu

Cmar

Misir

Ayrik koki

Cicek
Toprak iistii
Toprak iistii

Toprak istii
Cigek

Toprak istii
Yaprak

Cigek
Toprak iistii
Yaprak
Kok
Toprak iistii

Toprak {istii
Bagak

Yapraklar

Toprak iistii
Toprak iistii
Toprak iistii
Toprak {istii

Cigekler
Yapraklar

Yapraklar
Toprak iistii
Toprak iistii
Yapraklar
Tohum
Cigekler
Yaprak, ¢icek
Yaprak
Toprak iistii
Yaprak
Yaprak
Piskiil
Toprak {istii

Baharat
Inflizyon?
Inflizyon

Infiizyon
Infiizyon

Infiizyon
Inflizyon

Inflizyon
Infiizyon
Inflizyon
Dekoksiyon®
Infiizyon

Infiizyon
Infiizyon

Infiizyon

Infiizyon
Infiizyon
Infiizyon
Infiizyon

Infiizyon
Infiizyon

Inflizyon
Inflizyon
Inflizyon
Inflizyon
Lapa

Inflizyon
Inflizyon
Inflizyon
Inflizyon
Inflizyon
Inflizyon
Inflizyon
Inflizyon

Kan sekeri
Idrar soktiiriicii, bagirsak rahatsizliklari
Hemoroid, idrar yolu iltihabi, sindirim

Deri hastaliklari
Bogaz iltihab1

Idrar soktiiriict, iltihap 6nleyici
Idrar soktiiriicii

Ates diigiiriicii

Idrar soktiiriicii, bobrek taslari, prostat
Kolesterol

Mide rahatsizliklari, agiz yaralart
Mide rahatsizliklar:

Karin agrisi, kas gevsetici, antibakteriyel, yaniklar

Bas agris1, damar tikaniligi
Karin agrisi

Soguk algmlig1 ve grip

Sindirim, hazimsizlik

Mide rahatsizliklari, anriseptik, kolesterol
Mide rahatsizliklari, hemoroid, istah agict

Karin agrisi, soguk alginligi ve grip

Karin agrisy, istah agici, soguk alginlig, idrar
yollar1 rahatsizligi

Mide rahatsizliklari, soguk alginlig1 ve grip
Karn agris1, soguk alginlig1 ve grip

Karn agris1, hemoroid, ekzema

Ulser

Sag bakimu, cilt bakimi

Karm agris1, balgam soktiiriici,

Mide rahatsizliklari, 6ksiiriik

Seker, idrar soktiiriici

Prostat

Oksiiriik, balgam soktiiriicii, akciger hastaliklari
Kireglenme

[Itihap, prostat

Romatizma, idrar soktiiriicii
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Rhamnaceae Ziziphus jujuba Mill. Hiinnap Meyve Gida Kan temizleyici
Rosaceae
Alchemilla mollis (Buser) Rothm. Aslan pengesi Yaprak, ¢icek Inflizyon Kadin hastaliklar1
Cydonia oblonga Mill. Ayva Yaprak Inflizyon Oksiiriik
Crataegus monognya Jacq. Alig Meyve Dekoksiyon Kalp kuvvetlendirci, Direng verici
Prunus avium (L.) L. Kiraz sap1 Cigek sap1 Dekoksiyon Bobrek rahatsizliklari, idrar soktiiriicii
Rosa canina L. Kusburnu, itburnu Meyve Dekoksiyon Karn agrisi, soguk alginligi ve grip, hemoroid,
kapizlik
Tiliaceae Tilia rubra DC. subsp caucasica Ihlamur Cigek, yaprakeik Infiizyon Soguk algmlig1 ve grip
(Rupr.) V.Engl.
Apiaceae Foeniculum vulgare Mill. Rezene Tohum Inflizyon, Bagirsak rahatsizliklari
dekoksiyon
Pimpinella anisum L. Anason Tohum Infiizyon, Bagirsak rahatsizliklari
dekoksiyon
Urticaceae Urtica dioica L. Isirgan Yaprak Inflizyon Kan temizleyici
Valerianaceae Valeriana officinalis L. Kediotu koki Kok Inflizyon Sakinlestirici, anti deprasan
Verbenaceae Vitex agnus-castus L. Hay1t Meyve Dekoksiyon Bayanlarda hormon diizenleyici
Zygophyllaceae Tribulus terrestris L. Coban ¢okerten Toprak tstii infiizyon Damar tikanikligi

3Cay demleme yontemi (Kaynamis suya drog konularak belli bir miiddet sonra tiiketilir. Kaynatma olmaz) ; "Haslama yontemi (Bitkisel drog kisik ates altinda 15-30 dk

stire ile kaynatilir).

Tablo 2. Hastaliklar ve tercih edilen bitkiler

Hastahk

Bitki Sayisi

Tercih Edilen T1ibbi Bitkiler

1. Karn agrisi

2. Soguk alginlig1 ve grip 7
3. Mide rahatsizligi 6
4. Idrar yolu ve soktiiriicii 5

9 Hypericum perforatum, Melissa officinalis subsp. officinalis, Rosmarinus officinalis, Salvia tomentosa, Satureja pilosa,

Thymbra spicata subsp. spicata, Teucrium polium, Althaea officinalis, Rosa canina

canina, Tilia rubra subsp. caucasica

neglecta

Mentha pulegium, Rosmarinus officinalis, Salvia tomentosa, Satureja pilosa, Thymbra spicata subsp. spicata, Rosa

Glycyrrhiza glabra, Centaurium erythraea subsp. erythraea, Origanum onites, O. vulgare subsp. hirtum, Malva

Ceterach officinarum, Salvia tomentosa, Myrtus communis, Elymus repens, Prunus avium
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4. Sonuglar ve tartisma

Balikesir merkezinde bulunan 18 aktar diikkkani diizenli ziyaret edilerek veriler toplanmis ve tablo haline
getirilerek sunulmustur (Tablo 1). Calisma sonucunda, aktarlarda satilan 25 familyaya ait 46 tibbi bitki kayit edilmistir.

Aktarlarda satilan tibb1 bitkiler arasinda en ¢ok Lamiaceae (Ballibabagiller) familyasina ait bitkiler tercih
edildigi goriilmektedir. Bu familyadan ozellikle Adagay1 (Salvia tomentosa Mill.) , Limon kekik (Satureja pilosa
Velen.) ve Mor kekik (Thymbra spicata L. subsp. spicata) en ¢ok tiiketilen tibbi bitkilerdendir. Balikesir ve ¢evresinde
daha once yapilan c¢alismalarda da bu familyaya ait bitkilerin tibb1 kullanimi yaygindir (Satil vd., 2008; Sargmn vd.,
2013; Selvi vd., 2013). Soguk algmligi ve grip tedavisinde halk ¢ogunlukla Ballibabagillerden Mentha pulegium
L.(yarpuz), Rosmarinus officinalis L. (Biberiye), Salvia tomentosa (Adagay1) ve T. spicata subsp. spicata (mor kekik)
gibi tibb1 bitkilere bagvurmaktadir. Ayrica karin agrisi tedavisinde de yine bu familyanin bitkileri (Teucrium polium L.
(Kisa mahmut), Rosmarinus officinalis, Melissa officinalis subsp. officinalis (Ogul otu), Salvia tomentosa) daha ¢ok
tercih edilmesinin yani sira, Sar1 kantaron (Hypericum perforatum L.), Giil hatmi (Althaea officinalis L.), Kusburnu
(Rosa canina L.) gibi farkli familya tiyeleri de tercihler arasindadir. Lamiaceae familyasindan sonra sirasiyla Asteraceae
(Papatyagiller) ve Rosaceae (Giilgiller) familyalar1 ¢ok kullanilmaktadir. Balikesir Daglarinda yetismeyen ya da nadir
oldugu i¢in toplanmayan ancak aktarlarda ticari getirisi yiiksek oldugu i¢in baska illerden getirilen bazi tibbi bitkilerde
(Satureja cuneifolia Ten, Sideritis congesta Davis & Hub.-Mor., Vaccinium myrtillus L, Physalis alkekengi L)
aktarlarda yogun olarak satilmaktadir.

Sekil 2. Balikesir Daglarindan toplanan ve aktarlarda satilan tibb1 bitkiler. A) Lavandula stoechas subsp. stoechas, B)
Hypericum perforatum, C) Rosmarinus officinalis, D) Tilia rubra subsp caucasica, E) Achillea nobilis subsp. sipylea,
F) Thymbra spicata subsp. spicata, G) Sideritis congesta, F) Salvia tomentosa

Yapilan arastirma sonucunda tibbi bitkilerin gogunlukla toprak istii kisimlar1 kullanilmaktadir (%31.25). Bunu
yapraklari (%25), ¢igekleri (%18.8), meyveleri (%6.3) ve tohumlart (%6.3) takip etmektedir (Sekil 3). Tibbi bitkilerin
kullanim sekilleri gogunlukla infiizyon ve dekoksiyon yontemi ile olmaktadir. Yaprak ve ¢igek gibi hassas organlarda
genellikle inflizyon yontemi uygulanirken; meyve, tohum ve kok gibi dayanikli kisimlarda dekoksiyon ydnteminin
uygulandigi tespit edilmistir (Tablo 1).

Bitkilerin kullanim sekli incelendiginde infiizyon yonteminin dekoksiyona gore daha fazla kullanildigina
rastlanilmistir. Gida, lapa ve baharat seklinde birer kez kullanim oldugu tespit edilmistir. Ayrica Apiaceae
(Maydonozgiller) familyasindan rezene (Foeniculum vulgare Mill.) ve anason (Pimpinella anisum L.) gibi bitkilerin
meyveleri, bagirsak rahatsizliklar: tedavisinde kullanilmakta ve kullanim sekli hem infiizyon hem de dekoksiyon olarak
hazirlandig goriilmektedir.

Yapilan ¢alismaya gore, yore halkinin 49 ¢esit rahatsizlik igin aktarlarda satilan tibbi bitkileri tercih ettigi rapor
edilmistir. Halk baz1 hastaliklar igin birden fazla bitkiyi kullanmaktadir. Ornegin karin agris1 igin 9 gesit, soguk algmlig
ve grip i¢in 7, mide rahatsizlig1 igin 6, idrar yolu ve soktiiriicii i¢in 5 ve hemoroid igin ise 4 ¢esit tibb1 bitki tercih
edilmektedir (Baytop, 1999; Selvi vd., 2013) (Tablo 2).

Bir hastaligin tedavisi i¢in kullanilan sentetik ilaglarmn, arzulanmayan yan etkilerinin ¢oklugu, insanlari tekrar dogal
bitkilere yonlendirmistir. Insanlar, hastaligin tedavisini bitkilerle azaltmak ya da ortadan kaldirmak i¢in bu bitkileri satan kisiler olan
aktarlara ulagmasi gerekmektedir. Aktarcilik meslegi, kiltiirel mirasimizin onemli pargalarindan ve en eski meslek
gruplarindan birisidir. Eskiden aktarcilik babadan ogula devredilen bir sistemle islerken; giiniimiizde {iniversitelerin
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Onlisans programlarinda yer alan Tibbi ve Aromatik Bitkiler programimdan mezun olan teknikerler tarafindan bilimsel
olarak yapilmaya baglanmugtir. Tibbi bitkilerle donatilmis giiniimiiz aktarlari, halka tibbi tedavi yontemini sunan ve
bilimsel olarak bu bitkilerin nasil kullanacagini 6greten en 6nemli unsurlardir.

Sekil 3. Bitkilerin kullanilan kisimlar1 ve yiizdeleri
Tesekkiir
Balikesir il merkezindeki aktarlarda satilan tibbi bitkilerin belirlenmesinde bizlere yardimci olan, fotograf
cekmemize izin veren ve misafirperverliklerinin yaninda sorularimizi da igtenlikle cevaplayan aktarlara tesekkiir ederiz.
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Abstract

In this study, the moss flora of the Arapgir District (Malatya) was investigated between April and October
2015. In total 45 taxa, belonging to 11 families and 25 genera were determined by identifying moss specimens
collecting the study area. At the same time all the taxa are new records from Malatya province according to the grid-
square system of Henderson (1961) six taxa are new records for B9 grid square. While the largest families in terms of
number of taxa are Pottiaceae (14), Brachytheciaceae (11), Orthotrichaceae and Bryaceae (4), the largest genera are
Syntrichia (5), Orthotrichum and Tortula (4). Also, the life forms of the taxa which were examined in terms of
ecological and floristic have been analyzed. From life forms; while Turf life form ranks the first, Mr life form ranks the
second. Finally, the most taxa within the floristic list in terms of some ecological characteristics are xerophyt, photophyt
and subneutrophyt.

Key words: moss, flora, Arapgir, Malatya, Turkey

*

Arapgir ilcesi (Malatya) karayosunu florasi

Ozet

In total 45 taxa, belonging to 11 families and 25 genera were determined by identifying moss specimens
collecting the study area. At the same time all the taxa are new records from Malatya province according to the grid-
square system of Henderson (1961) six taxa are new records for B9 grid square. While the largest families in terms of
number of taxa are Pottiaceae (14), Brachytheciaceae (11), Orthotrichaceae and Bryaceae (4), the largest genera are
Syntrichia (5), Orthotrichum and Tortula (4). Also, the life forms of the taxa which were examined in terms of
ecological and floristic have been analyzed. From life forms; while Turf life form ranks the first, Mr life form ranks the
second. Finally, the most taxa within the floristic list in terms of some ecological characteristics are xerophyt, photophyt
and subneutrophyt.

Anahtar kelimeler: karayosunu, flora, Arapgir, Malatya, Tiirkiye
1. Giris

Evrimsel agidan alglerden ve mantarlardan daha yiiksek, egrelti ve ¢igekli bitkilerden daha ilkel seviyede olan
ve karasal bitkilerin en biiyiik ikinci grubu olan briyofitler; cigerotlari, boynuzsu cigerotlar1 ve karayosunlarini da
igerisine alan genis bir bitki grubudur. Briyofitlerin diinyadaki tiir sayisi yaklasik 18500 (karayosunu 13000, cigerotu
5000, boynuzsu cigerotu 150) (Glime, 2009; Goffinet ve Shaw, 2009) kadar olup, tilkemizde literatiire gegmis tiir sayisi
ise yaklasik 934 (karayosunu 760, cigerotu 171, boynuzsu cigerotu 3) diir (Kiirschner ve Frey, 2011). Ug biiyiik kita
arasinda kalan ve iig fitocografik bolgenin (Avrupa-Sibirya, Akdeniz ve Iran-Turan) bulustugu konumda bulunmasindan
dolay1 iilkemizde, Dogu ve Giineydogu Anadolu’nun calisilmadigi da diisiiniiliirse ilerleyen zamanlarda bu sayinin
artacagini sdyleyebiliriz.

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +904282131794; Fax.: +904282131794; E-mail: mevlutalatas@hotmail.com
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Son yillarda Tiirkiye’de yapilan ¢aligmalar sonucunda ¢ok sayida 6nemli ve kayda deger briyofit kayitlar
tespit edilmis (Ezer ve Kara, 2011; Ursavas ve Cetin, 2012; Abay ve Kegeli, 2014; Alatas vd., 2014; Ozdemir ve Batan,
2014; Kara vd., 2014; Batan vd., 2014; Oren ve Keceli, 2014; Batan vd., 2015; Alatas ve Batan, 2015; Kesim ve
Ursavas, 2015) olmasina ragmen Tiirkiye briyofit florasinin tamamlanabilmesi i¢in daha ¢ok calismaya ihtiya¢ vardir.
Briyofitler acisindan, diger bolgelere gore yok denecek kadar az calismaya sahip Dogu Anadolu Bdlgesi, calisilacak
alanlarin basinda gelmektedir. Briyofitler ile ilgili daha 6nce herhangi bir caligma yapilmamis olan Malatya’nin Arapgir
ilgesinde yapilan bu g¢aligma ile alanin karayosunu florasi belirlenerek, Tiirkiye briyofit florasina bir katki saglamak
amaglanmistir.

1.1 Calisma Alam

Henderson (1961) kareleme sistemine gére B9 karesi icerisinde bulunan Arapgir, Iran-Turan fitocografik
bolgesinde yer almaktadir (Ansin, 1983).

*Corresponding author / Haberlesmeden sorumluyazar : Tel: +90 (428) 213 17 94; E-mail:
mevlutalatas@hotmail.com

Dogu Anadolu Bolgesinin, Yukar1 Firat Boliimiinde kalan Arapgir, doguda Elazig, batisinda Sivas'in Divrigi
ve Malatya'nin Arguvan ilgeleri, kuzeyinde Erzincan'mn Kemaliye ilgesi ve Giineyde ise Elazig'in Agin, Baskil ve Keban
ilceleri ile cevrilidir (MICDR, 2011; Sekil 1). Eski adi1 Daskuza olan ilge merkezinin rakimi 1250 metre olup il
merkezine olan uzakligi 114 km’dir. Yiizey sekilleri bakimindan ilge ti¢ farkli bolimden olusur. Bu béliimler; ilgenin
bat1 ve kuzeyinde kalan daglik boliim, giineyinde kalan orta yiikseklikteki az engebeli Disterik yazis1 ve dogusunda
kalan boliimdiir. Daglik bolimde bulunan Géldagi ormandan yoksun olmasina ragmen eteklerinde ¢ikan kaynak sularla
kiigiik diizliikler, cayir ve meyve bahgelerini olusturmasimin yani sira ilgenin igme suyunun tamamini da
kargilamaktadir. Kiigiik bir ova olan Disterik yazisi ise ilge kdylerinin ¢ogunu iizerinde barindirmaktadir (URL, 1).

ERZINCAN

Kemaliye

Sekil 1. Henderson (1961) kareleme sistemi ve ¢alisma alaninin haritasi

flge, Dogu Anadolu ile I¢ Anadolu bdlgelerinin gecis kisminda olmasia ragmen Dogu Anadolu Bolgesi’nin
yukari Firat boliimiinde yer almaktadir. Bolge karasal iklimin biitiin 6zelliklerini tagimaktadir. Yazlari sicak ve kurak,
kislar1 ise soguk ve yagishidir. Ancak Keban Baraj goliiniin etkisiyle son yillarda iklimde bir yumusama goze
carpmaktadir. Denizin etkisinden uzak, yiiksek daglarla kapli olan ilgede yagislar olduk¢a azdir. Yagisin biiyiik bir
cogunlugu ilkbaharda yagmur, kigin ise kar seklinde diiser (URL, 2).

Calisma alaninda; yillik ortalama sicaklik (a) 12 °C, yillik ortalama yagis (b) 805 mm, en soguk ayin minimum
sicaklik ortalamasi -4,5 °C ve en sicak ayin maksimum sicaklik ortalamasi 30,5 °C’dir (Sekil 2). Caligma alanina ait S
(Kurak devre) degerinin 1,07 yagis rejim tipinin ise KiSY seklinde olmasi alanin Akdeniz ikliminin etkisinde, Az
Yagish Cok Soguk Biyoiklim katinda oldugunu gostermektedir (Akman, 2011).

Ilgede gériilen iklimin bir sonucu olarak, ilge arazilerinin biiyiik bir boliimii steplerle kaphdir. ilgeyi olusturan
95.600 hektarlik alanin sadece 4.097 hektar1 orman arazisidir (URL, 2). Mevcut orman alanlar1 da kaliteli bir orman
durumunda degildir. Daha ¢ok kiigiik mese koruluklari halinde olan agag¢ topluluklaridir. Mese tiirleri ig¢inde; Liibnan
mesesi (Quercus libani G. Olivier), Dogu Anadolu mesesi (Quercus brandii Lindley), mazi mesesi (Quercus infectoria
Olivier.) yaygm tiirlerdir. Bunlarin diginda dere ve ¢ay boylarindaki ¢mar (Platanus orientalis L.), kavak (Populus
tremula L.), sogut (Salix fragilis L.) ve tarim alanlarindaki meyve agaglari; alig (Crataegus monogyna Jacq.), elma
(Malus sylvestris), armut (Pyrus communis L.), badem (Amygdalus communis L.), ve {iztim (Vitis sp.) il¢e arazisinin
yesil siisiinii olugturmaktadir (URL,2).
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Sekil 2. Arapgir meteoroloji istasyonuna ait ombro-termik iklim diyagrami
2. Materyal ve yontem

Aragtirma materyalini, 2015 yilinin farkli vejetasyon donemlerinde yapilan arazi ¢alismalarinda, 7 6rnekleme
noktasindan toplanan karayosunu 6rnekleri olugturmaktadir (Tablo 1). Toplanan karayosunu ornekleri gesitli flora ve
revizyon eserleri kullanilarak teshis edilmistir (Hedenés, 1992; Lewinsky, 1993; Zander, 1993; Smith, 2004; Kiirschner
ve Frey, 2011). Bitki listesinin hazirlanisi ile gegerli isim ve sinonimlik durumlarinin tespitinde Ros vd., (2013) dikkate
alinmistir. Orneklerin toplandigi habitata ait nemlilik durumu, 151k ve asidite gibi ekolojik zellikler Dierfen (2001),
hayat formlar1 ise Hill vd., (2007)’ye gore diizenlenmistir. Teshis edilen taksonlarin Tiirkiye’deki durumlari Uyar ve
Cetin (2004), Kiirschner ve Erdag (2005), Hazer (2010) ve Ros vd., (2013) tarafindan yayinlanan son kontrol listelerine
gore degerlendirilmistir. Teshis edilen taksonlar FElazig Bilim ve Sanat Merkezinde aragtirmacinin kisisel
koleksiyonunda muhafaza edilmektedir.

Tablol. Lokalitelere ait veriler
Lokalite Yiikseklik

No (m) Tarih GPS Kaydi Lokalite
1 948 23.04.2015 N 39°04'12.88", E 038°30'39. 24" Sihlar-Yaylacik Arasi
2 1168 23.04.2015 N 38°52'43.03", E 038°28'41. 69" Yazil
3 1028 20.08.2015 N 39°0422.46", E 038°29'38. 89" Essek Meydani ve Yukarisi
4 938 20.08.2015 N 39°04'07. 13", E 038°29'03. 28" Meydan Kopriisii
5 1207 20.08.2015 N 39°02'57.08", E 038°27'14. 57" Goz -Sekizsu Arasi
6 1084 21.10.2015 N 39°0322.07", E 038°32'57.37" Diizce Koyl Mevkii
7 1170 21.10.2015 N 39°04'15.93", E 038°19'49. 37" Cignir-Abdolar Arasi
3. Bulgular

Arastirma alanmnin farkli lokalite ve habitatlarindaki ¢esitli substratlardan alinmig karayosunu orneklerinin
degerlendirilmesi sonucunda, 11 familya ve 25 cinse ait 45 takson tespit edilmistir. Tamam1 Malatya i¢in yeni olan
taksonlarin, 6 tanesi ayni1 zamanda Henderson (1961) kareleme sistemine gore B9 karesi igin yenidir (Tablo 2). Alanda
belirlenen karayosunlarinin % 66°s1 akrokarp, % 33’1 ise pleurokarptir. Cogunlugu kserofit karakterli akrokarp tiirlerin
fazlaligi; alanin Iran-Turan fitocografik bolgesi igerisinde yer almasi, alanda step vejetasyonunun hakim olmasi ve Az
Yagisli Cok Soguk Akdeniz Biyoiklim katinin etkisi altinda kalmasindan kaynaklanmaktadir. Alanda bulunan en
yaygm tirler; C. filicinum, H. philippeanum, P. imbricatulum, O. cupulatum ve S. ruralis dir.

Takson sayisi bakimindan en kalabalik familyalar Pottiaceae (14), Brachytheciaceae (11) ve Orthotrichaceae
(4) olup belirlenen taksonlarin % 64’{inii olusturmaktadirlar. Takson sayist bakimindan en zengin cinsler ise Syntrichia
(5), Tortula ve Orthotrichum (4), Didymodon, Grimmia ve Ptychostomum (3)’diir. Bu sonuglar, alana yakin yapilan
Alatag vd., (2014) ve Alatas ve Batan (2015) ¢alismalan ile karsilastirildiginda, gerek familya ve gerek cins diizeyinde
sonuglarin benzer oldugu goriiliir. Benzerligin Alatas ve Batan (2015) ile daha fazla olmasini, ¢aligmalarin yapildigi
alanlarmn farkli illerde olmasina ragmen bitisik komsu olmasi, her iki alanda da goriilen ayn1 iklim ¢esitliligi ve benzer
karakterli habitatlarin varlig1 ile agiklanabilir. Alanda tespit edilen fakat diger iki ¢alismada olmayan tiirler ise; F.
hygrometrica, G. funalis, G. montana, O. speciosum, S. latifolia ve T. tortuosa’dur.
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Tablo 2. Floristik liste ve taksonlarin ekolojik 6zellikleri (LN: lokalite numarasi, substrat (A: agag, T: toprak, K: kaya,
DIT: dere ici tas), N: nemlilik (m: mezofit, h: higrofit, k: kserofit, r: reofit), I: 1siklanma (S: sciofit, f: fotofit), A: asidite
(a: asidofit, s: subnétrofit, b: bazifit), HF: hayat formu, Mr (Mat rough, piiriizli hali), Tf (Turf), Cu (Cushion, yastik),
We (Weft, sacak), Tuft (6bek), At (Aquatic trailing, sucul uzanan), Ms (Mat smooth, diiz hali), (¥): B9 karesi, (+):

Malatya ili i¢in yeni).
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. Substrat
Famiyalar LN Takson HF |[A |N |[I AT K DIT B9
Amblystegiaceae | 1,4 Amblystegium serpens (Hedw.) Schimp. Mr |a h S |+

3 Brachytheciastrum velutinum (Hedw.) Ignatov & Mr |a m s +
Huttunen.
Brachytheciaceae 15 Braphythecium glareosum (Bruch ex Spruce) Mr s m s |+
Schimp.
1,45 Brachythecium rivulare Schimp. Mr |a h S + |+ |+
Bryaceae 1 Bryum argenteum Hedw. Tf |s k |f +
Pottiaceae 5 Cinclidotus riparius (Host ex Brid.) Arn. At |s r f +
Amblystegiaceae | 1,5 Cratoneuron filicinum (Hedw.) Spruce. We |b h f + |+
3 Didymodon fallax (Hedw.) R.H. Zander. Tf |s k |f +
Pottiaceae 1 Didymodon insulanus (De Not.) M.O.Hill. Tf |s m |S +
1 Didymodon vinealis (Brid.) R. H. Zander. Tf |b k |f + |+
Encalyptaceae 1 Encalypta ciliata Hedw. Tuft | s k |f +
Hypnaceae 5 Fontinalis antipyretica Hedw. At |s r f +
Funariaceae 4 Funaria hygrometrica Hedw. Tuft | s m |f + *
1 Grimmia funalis (Schwigr.) Bruch & Schimp. Cu |a m |f + *
Grimmiaceae 1 Grimmia montana Bruch & Schimp. Cu |a k |f + *
1,3,6 Grimmia pulvinata (Hedw.) Sm. Cu |a k |f + |+
14 Homalothecium sericeum (Hedw.) Schimp. Mr |b k |f +
Brachytheciaceae |1 Homalothecium philippeanum (Spruce) Schimp. Mr |b k |f + |+ |+
5 Kindbergia praelonga (Hedw.) Ochyra. We |a h S +
4 Orthotrichum affine Schrad. ex Brid. Cu |a m |f +
Orthotrichaceae 1 Orthotr@chum anomalum Hedw. _ Cu |s k |f +
1,457 Orthotrichum cupulatum Hoffm. ex Brid. Cu |s k S +
1,4 Orthotrichum pumilum Sw. ex anon. Cu |s k f +
Brachytheciaceae 14 Oxyrrhynchium hians (Hedw.) Loeske. Mr |a m |f + |+ |+
1 Oxyrrhynchium speciosum (Brid.) Warnst. Mr |s h S + *
Amblystegiaceae | 4 Palustriella commutata (Hedw.) Ochyra. We |b h f +
Bartramiaceae 5 Philonotis calcarea (Bruch & Schimp.) Schimp. Tf |b h S +
. Pohlia wahlenbergii (F.Weber & D.Mohr
Mniaceae ! A.L.Andrews var.gcal(carea (Warnst.) E.F.)Warb. Toja h f *
145 Ptychostomum imbricatulum (Miill. Hal.) Holyoak T s mo|f 4 s
& N. Pedersen.
Bryaceae 1 F,\}yc_hostomum moravicum (Podp.) Ros & T s m s |+
azimpaka.
Ptychostomum seudotriquetrum Hedw.
34 J.I%I.Spence & H.P.Rgmsay. ! ( : Toja kK|S Tt
1 Rhynchostegiella tenella (Dicks.) Limpr. Mr |s m |S |+
Brachytheciaceae |5 Rhynchostegium confertum (Dicks.) Schimp. Mr |s h S +
5 Rhynchostegium riparioides (Hedw.) Cardot. Ms |a h |S + |+
Grimmiaceae 3,5 Schistidium apocarpum (Hedw.) Bruch & Schimp. | Tuft |a k |f +
1 Syntrichia laevipila Brid. Tf S k | f + +
4 Syntrichia latifolia (Bruch ex Hartm.) Huebener. Tf S m|S + *
1,3 Syntrichia princeps (De Not.) Mitt. Tf b k | f + |+
1,2,5,6,7 | Syntrichia ruralis (Hedw.) F.Weber & D.Mohr. Tf b k | f + [+ |+
Pottiaceae 45 Syntrichia virescens (De Not.) Ochyra. Tf s k |f + +
4 Tortella tortuosa (Hedw.) Limpr. Tuft |b k | f + *
3,7 Tortula inermis (Brid.) Mont. Tf S k | f +
15 Tortula muralis Hedw. Tf S m|f + |+
4 Tortula subulata Hedw. Tuft |s k |f +
3 Tortula vahliana (Schultz) Mont. Tf b k |S +

Taksonlarin ekolojik 6zellikleri ile hayat formlar1 ve yasam stratejileri degerlendirilirken literatiir bilgilerinin
yani sira arazi gozlemleri de dikkate alinmistir. Taksonlarin asiditesine bakildiginda, % 49’unun subnétrofit (pH= 5,7-

7), % 22’sinin bazifit (pH > 7) ve % 29’unun asidofit (pH < 5,7) karakterde oldugu goriilmektedir (Sekil 3).
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Sekil 3. Taksonlarin ekolojik tercihleri

Tespit edilen taksonlarn nem istekleri degerlendirildiginde ise; % 47’sinin kserofit, % 22’sinin higrofit, %
27’sinin mezofit ve % 4’iiniin ise reofit karakterde oldugu goriilmektedir (Sekil 3). Bu sonuglar alanda gériilen iklimle
uyumlu olarak nemli ve yar1 kurak mikrohabitatlarin gesitliligini gostermektedir. Isik isteklerine gore taksonlarin; %
64’1 fotofit karakterde olup yar1 gdlgelik ve agik alanlarda yayilis gosterirken, % 36’s1 skafit karakterde olup golgelik
alanlari tercih etmektedirler (Sekil 3).

Taksonlarin substrat tercihleri géz oniine alindiginda bazi taksonlarin birden fazla substratda bulunabildigi
goriilmektedir (Tablo 2). En ¢ok tercih edilen substrat 27 takson ile toprak iizeri olurken 20 takson ile kaya {izeri ikinci
sirada yer almaktadir. Bunlar1 15 taksonla aga¢ govdesi ve 3 taksonla da dere ici tas ilizerinden alinan 6rnekler takip
etmektedir (Sekil 3).Toprak ve kaya {izerinden alinan orneklerin ¢oklugunu, alanin orman varliginin azligi ve step
alanlarinin ¢oklugu ile ifade edebiliriz.

Teshis edilen taksonlar hayat formlar1 acisindan degerlendirildiginde, 6zellikle akrokarp karayosunlarinda dik
gametofitlerin birbirine yakin olarak diizenlendigi Tf hayat formu % 38’lik oranla ilk sirada yer alirken, dallarn dik,
govdelerin siirliniicli oldugu Mr % 22’lik orani ile ikinci ve yastik bigiminde koloniler olusturan Cu hayat formu ise
%16’lik oranlariyla tiglincii sirada yer almaktadirlar. Bunlari; akrokarp karayosunlarinda gevsek yastiklar olusturan
Tuft, fazlaca dallanan gevsek ortiiler olusturan We ve hareketli su ortaminda substrata sikica tutunan ve sucul uzanan
At, ile dallarin dik, gdvdelerin siiriiniicii oldugu Ms hayat formlar1 takip etmektedir (Sekil 4). Bu verilerden, taksonlara
ait hayat formlar1 oranlarinin, alanda goriilen iklim, habitat ve mikrohabitatlarin ¢esitliligi ile uyumlu oldugunu
sOyleyebiliriz.

Sekil 4. Taksonlarin hayat formlari

Sonug¢ olarak, karayosunu florasi bilinmeyen Arapgir ilgesinin listesi ¢ikarilarak; B9 karesi i¢in 6, Malatya ili i¢in ise
45 yeni takson belirlenmis olup, Tiirkiye briyofit florasina énemli bir katki saglanmistir.

Tesekkiir
Arazi ¢aligmalarindaki yardimlarindan dolay1 Elazig Orman Bolge Midiirliigii calisanlarina tesekkiir ederiz.
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Abstract

In this study the species Hypericum L. exhibiting distribution in and around Giresun were examined
comparatively for micromorphological and anatomic characteristics. In anatomic examinations, cross sections from
stems and leaves of the plants were examined and anatomic comparisons were made between the species. In
micromorphological studies, epidermal surfaces of the stem and leaf and seed surface were examined. The
micromorphological and anatomic characters were presented comparatively in tables. It was determined that the
anatomic structure of the stem was almost identical in all species examined although the anatomic structure of the leaf
was anatomically different. As a consequence it is seen that the characters such as structure of the stem and leaf,
mesophyll type of the leaf, stoma configuration on the leaf surface (amphistomatic or hypostamatic), and canal types
(type A, B and C) are the ones which will be used in systematic species discrimination.

Key words: Hypericaceae, Hypericum, anatomy, micromorphology, Giresun

*

Giresun ilinde yayilis gosteren Hypericum L. (Hypericaceae) cinsinin mikromorfolojik ve anatomik ozelliklerinin
arastirillmasi

Ozet

Bu ¢aligmada Giresun ve gevresinde yayilis gosteren Hypericum L. (Hypericaceae) tiirleri (H. androsaemum,
H. lydium, H. scabrum, H. linaroides, H. orientale, H. perforatum) karsilastirmali olarak mikromorfolojik ve anatomik
yonden incelenmistir. Anatomik incelemelerde, tiirlerin gévde ve yapraklarindan alinan enine kesitler incelenmis ve
tiirler arasinda anatomik yonden karsilastirmalar yapilmistir. Mikromorfolojik ¢aligmalarda govde ve yaprak epidermal
yiizeyleri ile tohum yiizeyi incelenmistir. Mikromorfolojik ve anatomik karakterler tablolar halinde karsilastirmali
olarak sunulmustur. Gévde anatomik yapisinin incelenen tiim tiirlerde hemen hemen benzer bir yapi gostermesine
ragmen yaprak anatomik yapisinin anatomik yonden farklilik olusturdugu tespit edilmistir. Sonug olarak gévde kanat
yapisi, yaprak mezofil tipi, stomalarin yaprak ylizeyinde bulunus sekli (amfistomatik ya da hipostomatik), kanal tipleri
(A, B ve C tipi) gibi karakterlerin sistematik agidan tiirleri ayirmada kullanilabilecek karakterler oldugu goriilmiistiir.

Anahtar kelimeler: Hypericaceae, Hypericum, anatomi, mikromorfoloji, Giresun
1. Giris
Hypericum L. (Hypericaceae) cinsi, tropik ve subtropik bolgeler, Afrika, Kuzey Amerika, Asya ve Avrupa“da

yayilis gdsteren otsu ya da ¢calimsi iiyelerden olusan genis bir cinstir. (Campbell and Delfosse, 1984). Diinyada yaklasik
470 tirti (36 taksonomik seksiyon) bulunan cins; Avrupa’da 10, Tiirkiye’de ise 43 i endemik 96 tiirle temsil edilir
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(Robson 1967, 1988; Curtis ve Lestern 1990; Potoglu ve Tokur 2004; Cirak vd. 2006; Crockett, 2010; Aslan 2012;
Ozkan ve Mat 2013). Hypericum cinsinin Tiirkiye’de en yaygin temsil edilen tiirleri, Hypericum perforatum L., H.
triquetrifolium Turra, H. calycinum L., H. empetrifolium Willd., H. scabrum L. ve H. tetrapterum Fr.’dir (Robson,
1967; Baytop, 1999). Tiirkiye’de yoresel olarak Sar1 Kantaron, Binbirdelik otu, Kili¢ otu, Mayasil otu, Yara otu, Kuzu
kiran gibi isimlerle anilmaktadir (Baytop, 1999; Polat et al., 2011; 2015).

Hypericum cinsine dahil tiirler, gesitli tibbi etkilerinden dolay1 yiizyillardir tedavi amagh tercih edilen
bitkilerdendir. Giiniimiizde halk arasinda yaygin olarak antiseptik, antispazmodik ve sedatif olarak kullanilmaktadir
(Baytop, 1999; Miikemre et al., 2015). Hypericum tiirleri igerisinde tibbi amagli olarak en ¢ok kullanilan1 Avrupa ve
Amerika“da St. John“s Wort adiyla bilinen Hypericum perforatum dur. Tedavi amagl kullanilan diger Hypericum
tirleri: H. calycinum L. (Biiyiik ¢igekli binbirdelikotu), H. empetrifolium (Piiren, Sar1 piiren), H. scabrum L.
(Mayasilotu, Kepirotu), H. tetrapterum ve H. triquetrifolium dur. H. empetrifolium*un ¢igekleri Bati Anadolu®da
kumaglar1 sariya boyamak i¢in kullanilmigtir (Baytop 1999). Hypericum cinsleri iizerine yapilmis mikromorfoljik ve
anatomik caligmalarin kimyasal ¢aligsmalar kadar fazla yapilmadig: goériilmiistiir (Ciccarelli vd. 2001; Potoglu ve Tokur
2004; Perrore vd. 2013). Perrone vd. (2013); Sekiz Hypericum tiiriiniin yaprak ve gévde anatomisi ¢aligmiglardir.
Potoglu ve Tokur (2004); Eskisehir (Tiirkiye) ve ¢evresinde yayilis gosteren bazi Hypericum tiirlerini morfolojik ve
anatomik yonden arastirmustir.

Bu galisgmada Avrupa-Sibirya fitocografik bolgesinde yer alan Giresun ilinde dogal olarak yetisen Hypericum
tirleri arastirilmistir.  Aragtirma sonucunda bolgede yayilisi tespit edilen alti tiir {izerinde karsilastirmali
mikromorfolojik ve anatomik ¢aligmalar ger¢eklestirilmistir.

2. Materyal ve yontem

Giresun ve cevresinde yayilis gosteren Hypericum tiirleri lizerinde yapilan literatiir arastirmalar1 sonucunda
yedi Hypericum tiirliniin Giresun ve g¢evresinde yayilis gosterdigi gorilmiistiir. Bu tiirler; H, androsaemum, H.
xylosteifolium, H. lydium, H. bithynicum, H. orientale, H. tetrapterum ve H. perforatum’ dur. Ancak bu tiirlerden H.
xylosteifolium, H. bithynicum ve H. tetrapterum tiirlerine bolgede defalarca yapilan arazi ¢aligmalarina ragmen
rastlanilmamugtir. Ayrica H. scabrum, H. orientale ve H. linarioides Giresun ve ¢evresinde ilk defa kayit edilmistir.
Anatomik ve mikromorfolojik ¢aligmalarda kullanilan tiirler ve toplayici numaralar1 Tablo 1° de sunulmustur.

Tablo 1. Hypericum tiirlerinin toplandigi lokaliteler ve toplayici numaralari

Tiir Toplanma Lokalitesi Toplayict numarasi
H. androsaemum A7 Giresun: Giinekdy RP-1501
H. lydium AT Giresun: Giresun-Dereli Yolu RP-1504
H. scabrum A7 Giresun: Sebinkarahisar-Alucra Yolu RP-1518
H. linarioides A7 Giresun: Sebinkarahisar-Sugehri Yolu RP-1513
H. orientale AT Giresun: Kiimbet Yaylast RP-1509
H. perforatum AT Giresun: Bahgecik kdyii Espiye RP-1514

Hypericum cinsine ait tiirler; ¢igeklenme zamanlarinda arazi yapilarak toplanmus ve gesitli floristik eserlerden
faydalanilarak teshisleri gerceklestirilmistir (Robson 1967; 1988). Teshisi yapilan 6rneklerin bir kismi mikromorfolojik
calismalar i¢in; bir kismi ise %70 lik alkol iceren plastik kapakli cam siselere konularak anatomik calismalar igin
saklanmigtir. Mikromorfolojik ¢alismalarda taksonlarin govde ve yaprak epidermal yiizeyleri SEM de incelenmistir.
SEM incelemeleri, Masa iistii SEM’de (JCM-500) gergeklestirilmistir. Govde ve yapraklardan alinan pargalar ¢ift tarafli
yapiskan bant yardimiyla aliiminyum stablar lizerine yerlestirildikten sonra altin kaplama islemi yapilmadan, 10 kV lik
voltajda NeoScope JCM-5000 ile fotograflar ¢ekilmis ve dijital ortama aktarilmistir. Anatomik ¢aligmalarda gévde ve
yapraklardan el ile enine ve ylizeysel kesitler alimmigtir. Alinan kesitler FAA (Formaldehit-Asetik asit-Alkol) iginde
fikse edilmistir. Mikroskobik incelemelerde yaprak kesitlerindeki klorofil pigmentlerini gidermek igin kesitler
kloralhidrat ¢6zeltisi iginde bir miiddet bekletilerek klorofil pigmentlerinin giderilmis daha sonra; Floroglusin-HCL
reaktifi kullanarak boyama islemi gerceklestirilmistir. Anatomik ¢izimler ve fotograflar igin uygun olan kesitler lam-
lamel arasina konarak gliserin-jelatin yontemiyle daimi preperat haline getirimis ve preparat kutusu i¢inde saklanmustir.
Cinsin govde ve yapraklarindan alinan enine kesitler ile yapraklardan alinan alt ve iist yiizeysel kesitlerin mikroskopik
goriintiileri Toupview 5 mp fotograf makinast ile ¢ekilmis ve fotograflar dijital ortama aktarilmistir.

3. Bulgular
3.1. Incelenen tiirlerin genel govde anatomisi
Incelenen tiirlerin gdvde anatomik yapismin hemen hemen benzer yapida oldugu goriilmektedir. En dista tek

sirali epidermis hiicreleri bulunmaktadir. Epidermis hiicreleri karemsi ya da dikdortgenimsi sekillerdedir. Epidermis
altinda genelde 1-2 siral1 ve kesintisiz bir halka olusturan kollenkima tabakasi vardir. Kollenkimanin hemen altinda bazi
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tiirlerde (H. lydium, H. scabrum, H. perforatum) klorenkima goriilmektedir. Korteks parankimasi ¢ok tabakali olup 3-6
siralidir. Korteks parankimasinda A,B ve C tipi salgi kanallar1 goriilmektedir. Korteks parankimasinin en i¢ kismini tek
sirali ve dikdortgenimsi sekillerde endodermis tabakasi olusturmaktadir. Korteks parankimasinda A ve B tipi salgi
kanallarina rastlanmaktadir. Govdede ¢ikint1 olusturan kanatlarin sayis1 tiirler arasinda farklilik gostermektedir. H.
scabrum’da 3-5 arasit kanat gozlenirken; diger tim tiirlerde kanat sayist 2’ dir. Floem 3-8 sirali yuvarlagimsi
hiicrelerden olusup bazi tiirlerde salgi kanallari igerdigi goriilmiistir. Oz 1gmlar1 belirgindir. Ksilem trake ve
trakeitlerden olusmustur. Oz kismu parankimatik hiicrelerden olusur (Sekil 1; Tablo 3).

Sekil 1. Hypericum tiirlerinin karsilastirmali govde anatomik yapisi. A. H. androsaemum, B. H. linarioides, C. H.
lydium, D. H.orientale, E. H. scabrum, F. H. perforatum (Ol¢ii cubugu: 50 p).

3.2. Incelenen tiirlerin genel yaprak anatomisi

Bitkinin yaprak enine kesiti incelendiginde en dista tek sirali epidermis tabakasi oldugu goriilmektedir.
Epidermis {izeri ince bir kiitikula ile ortiilii olup incelenen tiirlerin higbirinde trikomlara rastlanmamaktadir. Yaprak
mezofili; H. androsaemum, H. linarioides ve H. perforatum tiirlerinde dorsiventral iken diger 3 tiirde ekvifasiyal
tiptedir (Tablo 2). Ust yiizeyde bulunan palizat parankimasi hiicreleri 2 (3) sirali, bol kloroplasth ve silindirik
sekillerdedir. Palizat parankimasinin altinda siinger parankimasi hiicreleri bulunmakta olup bu tabaka daha az
kloroplastli, hiicreler arasi bosuklari olan yuvarlagimsi hiicrelerden olusur. Alt yiizeydeki palizat hiicreleri 1(2)
siralidir. Yaprak orta damari genis bir kollateral demet igermektedir. Orta damarda, adaksiyal ve abaksiyal epidermisin
hemen altinda 1-2 sirali kollenkima yer almaktadir. iletim demeti parankmia hiicreleri ile gevrilmistir. Stomalar
anizositik nadiren diasitik tiplerde gézlenmistir. Stomalar yapraklarin ya altinda (hipostomatik) ya da her iki yiizeyinde
de (amfistomatik) gézlenmektedir (Sekil 2).
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Sekil 2. Hypericum tiirlerinin karsilagtirmali yaprak anatomik yapisi. A. H. androsaemum, B. H. lydium, C. H. scabrum,
D. H. linaroides, E. H. orientale, F. H. perforatum (Olgii gubugu: 50 p)

4. Sonuglar ve tartisma

Bu c¢alismada; Giresun ve ¢evresinde yayilis gosteren altt Hypericum tiirii mikromorfolojik ve anatomik
yonden kapsamli bir sekilde karsilagrtirmali olarak incelenmistir. Arastirma sonucunda gévde yapisinin hemen hemen
benzer yapilarda oldugu gozlenmekle birlikte yaprak anatomik yapisinda karakterisitik farklarin oldugu goriillmiistiir
(Sekil 1, 2). Ciccarelli vd., (2001) yapmis olduklar1 ¢aligma ile Hypericum perforatum’da bulunan salgi yapilarimi
siniflandirmiglardir. Bu smiflandirmada A tipi kanallarinin; Dort koseli hiicrelerden olusan, ince ¢eperli ve dar bir ¢apa
sahip liimenlerden olustugunu B tipi kanallarin; Genis bir liimene sahip olup enine kesitlerde yar1 seffaf glandlara
benzer yap1 gostermekte oldugunu; C tipi kanallarin ise yogun renkli ve ince geperli salg1 hiicrelerinden olusan bir veya
birkag tabaka tarafindan sinirlandirilmis genis bosluklar oldugunu belirtmistir. Bizim ¢aligmalarimizda da 3 farkli salgi
kanallar1 goriilmiigtir. H. perforatum tiiriiniin diger tiirlere gére daha yogun ve daha fazla gesitte (A, B, C) salgi
kanallari igerdigi gézlenmistir. Anatomik calismalarda A ve B tipi salgi kanallarina daha ¢ok govdelerde rastlanirken C
tip salgi kanallarina yapraklarda rastlanmistir (Tablo 2 ve 3).

Perrone vd. (2013); H. perforatum tiiriiniin yapraklarinin dorsiventral tipte oldugunu; gévde anatomik yapsinin
2 kanat icerdigini, klorenkimatik hiicrelerin bulundugunu ve korteks ile floem icersinde Tip A ve Tip B salgi kanallar
bulundugunu vurgulamislardir. Bizim ¢alismamizda da benzer sonuglar elde edilmistir (Tablo 3). Potoglu ve Tokur
(2004), H. perforatum tiiriiniin gévde ve yaprak anatomik yapisini incelemislerdir. Elde ettikleri sonuglar ibizm
calismalara yakin benzerlik gosterdigi gorilmiistir. Ancak stoma tipini anizositik ve diasitik tipte oldugu
vurgulanirrken; bizim ¢alismamizda bu tiiriin sadece anizositik tip stoma igerdigi goriilmiistiir (Tablo 2).

Hypericum tiirlerinin yaprak anatomik kesitlerinde bazi karakterlerin sistematik agidan 6nemli oldugu
goriilmiistiir. Bu karakterler mezofil tipi, stoma tipi, stomalarin yaprakta bulunma sekli ve kanal tipleri olarak
belirlenmistir (Tablo 2). incelenen tiirlerden H. androsaemum, H. linarioides ve H. perforatum dorsiventral iken diger
tiirler ekvifasiyal olarak tespit edilmistir (Tablo 2).

Tablo 2. Hypericum tiirlerinin yaprak anatomik karakterleri

Tiirler Mezofil tipi Stomatipi Stomalarin  yaprakta Kanal tipi
bulunma tipi

H. androsaemum  Dorsiventral Anizositik Hipostomatik A tipi

H. lydium Ekvifasiyal Anizositik Amfistomatik A tipi

H. scabrum Ekvifasiyal Anizositik Amfistomatik A ve C tipi
H. linarioides Dorsiventral Anizositik Hipostomatik A tipi

H. orientale Ekvifasiyal Anizositik Amfistomatik A ve C tipi
H. perforatum Dorsiventral Anizositik Hipostomatik A ve Ctipi

Stoma tipi tiim tiirlerde anizositik goriilmekle birlikte bazen diasitik tipte olusum da gozlenmistir. Tiirler
arasinda stomalarin yaprak yilizeyinde bulunma sekilleri de farklilik gosterdigi gézlenmistir. H. androsaemum, H.
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linarioides ve H. perforatum tiirlerinde stomalar sadece yaprak yiizeyinin altinda yer alirken; diger tiirlerde her iki
yiizeyde de oldugu goriilmiistiir. Bu 6zellik mezofil tipiyle orantili oldugu da Tablo 2’ den anlagilmaktadir.

Tiirlerin govde anatomik yapisi incelendiginde hemen hemen benzer bir anatomik yapilari oldugu tespit
edilmistir. Ancak govdelerdeki kanatlarda say1 bakimindan farkliliklara rastlanmistir (Tablo 3).

Tablo 3. Hypericum tiirlerinin govde anatomik karakterleri

Govde

Tarler Govde kanat sayist | o1jenkima | Klorankima | Parenkima | Endodermis Floem tabakasi Kanal tipi
H. androsaemum 2 1 - 4-6 1 3-5 A tipi
H. lydium 2 1(ezilmis) 2-3 3-5 1 5-7 A tipi
H. scabrum 3-5 1(ezilmis) 3-6 3-6 1 4-8 A tipi
H. linarioides 2 1(ezilmis) - 4-6 1 4-6 Atipi
H. orientale 2 1 - 3-6 1 6-8 A tipi
H. perforatum 2 1(ezilmis) 3-4 3-5 1 5-7 A ve B tipi

H. scabrum goévdesinde govde kanatlari belirgin olmayip 3-5 ¢ikinti seklinde oldugu goriilmiis; diger tiim
tirlerde ise belirgin olarak 2 kanat tasidigi goriilmistiir (Sekil 2). Hypericum tiirlerinin govde ve yapraklarinda
trikomlara da rastlanmamustir (Sekil 1-4).

Sekil 3 Hypericum tiirlerinin SEM de gévde goruntiisii. A. H. androsaemum, B. H. lydium, C. H. scabrum, D. H.
linaroides, E. H. orientale, F. H. perforatum (Olgii gubugu: 50 p).

Hypericum tiirlerinin tohum yapisi incelendiginde tohumlarin uzamis elipsoid, oblong ya da silindirik
sekillerde oldugu goriilmektedir. Tohumlarin rengi ¢ogunlukla kahve rengiden koyu kahve tonlarina dogru degisen
renklerde ve tohum yiizeyi ¢ogunlukla retikulat olarak tespit edilmistir (Sekil 5).
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Sekil 4. Hypericum tiirlerinin SEM de yaprak gorintiisi. A. H. androsaemum, B. H. lydium, C. H. scabrum, D. H.
linaroides, E. H. orientale, F. H. perforatum.

Sekil 5. Hypericum tiirlerinin SEM’de tohum genel goriintiisii ve tohum yiizeyi. A. H. androsaemum, B. H. lydium, C.
H. linaroides, D. H. orientale, E. H. perforatum. F. H. scabrum (Ol¢ii gubugu: 100 p).
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Abstract

Phleogena faginea (Atractiellomycetes) was reported for the first time from Turkey at class level. A short
description with figures, locality, collection dates, ecology and distribution of the species based on the collected
materials are provided and discussed briefly.

Key words: Phleogena faginea, Pucciniomycotina, new record, Turkey

*

Tiirkiye Pucciniomycotina’lari i¢in yeni bir simif kaydi

Ozet

Phleogena faginea (Atractiellomycetes) Tiirkiye’den ilk defa simif diizeyinde rapor edilmistir. Tiire ait mantar
orneklerinin sekilleri ile birlikte kisa tanimi, lokaliteleri, toplama tarihleri, ekoloji ve dagilimlart verilmis ve kisaca
tartigtlmigtir.

Anahtar kelimeler: Phleogena faginea, Pucciniomycotina, yeni kayit, Tiirkiye
1. Introduction

Pucciniomycotina, a subdivison of the division Basidiomycota, contains 8 classes, 18 orders, 36 families and
approximately 8000 species, distributed among 215 genera (Aime et al., 2006). Most Pucciniomycotina species are
parasitic and phytopathogens, while a few are putatively saprotrophic and more than 95% of the species and 75% of the
genera in the subdivision are placed in the class Pucciniomycetes

Atractiellomycetes is a class of Pucciniomycotina and it includes a single order, Atractiellales. Members of the
order are saprotrophic, and they are characterized by having symplechosomes and phragmobasidia. The largest family
of the order is Phleogenaceae which includes 39 species within 8 genera and 4 species incertae sedis with respect to
familial placement (Bauer et al., 2006; Kirk et al., 2008).

Phleogena is a small genus, in the family Phleogenaceae, and contains two confirmed species, Phleogena
faginea (Fr.) Link and P. sphaerocephala (Berk. & Broome) Killerm. (Kirk et al., 2008).

P. faginea is widely distributed in the north temperate and tropical climatic areas. The species produces greyish
to brown basidiomes up to 12 mm tall, divided in to head and stem, subglobose to plane head, brownish to black,
subcylindrical stem, pale brown, cylindric, 1-4 transversally septate basidia, ochraceous to pale brown, smooth,
spherical and thick walled spores (Hansen and Knudsen, 1997; Szczepkowski et al., 2008).

According to the current checklists on Turkish mycobiota (Bahcecioglu and Kabaktepe, 2012; Sesli Denchev,
2008; Solak et al., 2015), there are no records for Turkey of members belonging to class Atractiellomycetes.

The aim of this study is to make a contribution to the Turkish Pucciniomycotina.
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2. Materials and methods

Fungi samples were collected from Igneada (Kirklareli) and Belgrad Forest (Istanbul) in November 2010 and
2015. During field studies, macroscopic and ecological characteristics of the samples were noted and they were
photographed in their natural habitats. In the laboratory, macroscopic and microscopic investigations were carried out.
Identification was performed with the aid of literature (Asef, 2015; Hansen and Knudsen, 1997; Szczepkowski et al.,
2008). The identified samples are deposited at Ankara University Herbarium (ANK).

3. Results

Pucciniomycotina R. Bauer, Begerow

Atractiellomycetes R. Bauer, Begerow

Atractiellales Oberw. & Bandoni

Phleogenaceae Weese

Phleogena Link

Phleogena faginea (Fr.) Link (1833) (Figurel).

Syn: Aecidium petersii Berk. & M.A. Curtis (1875), Botryochaete faginea (Fr.) Corda, (1854), Cribraria onygena
Schumach. (1803), Ecchyna faginea (Fr.) Fr. ex Boud. (1885), Ecchyna petersii (Berk. & M.A. Curtis) Pat. (1900),
Onygena faginea Fr. (1818), Pilacre faginea (Fr.) Berk. & Broome (1850), Pilacre petersii Berk. & M.A. Curtis (1859).
Basidiomes 5-10 x 0.5-1 mm, divided in to head and stem. Head 1-3 mm broad, globose to subglobose, sometimes
plane, whitish grey when young, pale brown to greyish brown when mature. Stem 4-7 mm long, whitish grey at first,
becoming brown to blackish, subcylindrical usually tapering the base (Figure 1a,b,c).

Basidia 20-30 x 4-6 um, thick walled, light brown, cylindrical, disintegrated by 1-4 transvers septa. Spores 5-10 pm,
thick walled, smooth, light brown and globose (Figure 2). Hyphae brownish, thick walled and clamped. (Figure 3).
Ecology: Widely distributed but rare species, July to February, on dead wood of deciduous trees.

Material examined: TURKEY— Kirklareli: igneada, Demir village, on a dead standing trunk of beech (Fagus
orientalis Lipsky), N 41° 52'- E 27° 49", 350 m, 21.11.2010, Isiloglu 9132; istanbul: Belgrad Forest, Neset Suyu, on
dead standing trunk of oriental beech, N 41° 11'- E 28° 58', 90 m, 13.11.2015, Akata 6395.

o

Figure 1. a,b,c. basidiomes of Phleogena faginea
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Figure 3.  hyphae Phleogena  faginea

Figure 2. Spores of Phleogena faginea

4. Conclusions and discussion

P. faginea is a saprobe, potentially a weak parasite often growing on bark stumps, trunks and branches of dead
broadleaved trees (occasionally on living or drying trees), more rarely on coniferous trees. This species is known in
Asia, America, Australia and Europe. It has so far been recorded in 18 European countries (Austria, Czech Republic,
Denmark, Estonia, France, Finland, Germany, Montenegro, Norway, Poland, Russia, Slovakia, Slovenia, Spain,
Sweden, The Netherlands, Ukraine and United Kingdom) on bark, stumps, trunks and branches of various trees such as
Acer campestre L., A. platanoides L., Alnus glutinosa ( L. ) Gaertn., A. incana (L.) Moench, Betula pendula Roth, B.
pubescens Ehrh., Carpinus betulus L., Corylus avellana L., Fagus sylvatica L, Padus avium Mill., Populus tremula L.,
Prunus spinosa L., Pyrus communis L., Quercus robur L., Salix cinerea L., Tilia cordata Mill., Ulmus laevis Pall., U.
glabra Huds., Abies alba Mill. and Picea abies (L.) Karst. (Kudtawiec, 2014; Szczepkowski et al., 2008; Wilga, 2010).

This fungus can also be observed on the fruit bodies of Fomes fomentarius (L.) Fr. and Inonotus obliquus
(Ach. ex Pers.) Pilat and rhizomorphs of Armillaria sp. Its basidiomes were found on trunk of Fagus sylvatica colonized
by Bjerkandera adusta (Willd.) P. Karst., Pleurotus ostreatus (Jacg.) P. Kumm., Trametes gibbosa (Pers.) Fr. and T.
hirsuta (Wulfen) Lloyd (Tallasch and Jahn, 1970). According to Szczepkowski et al. (2008), basidiomes of P. faginea
were reported on trees and logs colonized by several wood-decaying fungi (Armillaria sp., Chondrostereum purpureum
(Pers.) Pouzar, Fomes fomentarius (L.) Fr., Inonotus radiatus (Sowerby) P. Karst., Panellus serotinus (Pers.) Kiihner,
Phellinus sp., Pleurotus ostreatus (Jacq.) P. Kumm, Schizophyllum commune Fr. and Fomitopsis pinicola (Sw.) P.
Karst.) in Poland.

Despite extensive geographical distribution in the world, P. faginea is considered a rare species in Europe and
red listed in Czech Republic, Denmark, Estonia, Finland, Germany, Montenegro, Norway, Poland, Russia, Slovakia,
Slovenia, Sweden, Ukraine and United Kingdom (Asef, 2015; Bregazzi, 1980; Heilmann-Clausen and Walleyn, 2007;
Kudtawiec, 2014; Szczepkowski et al., 2008; Veerkamp, 2007).

P. faginea is certainly the best known member of the auricularioid, gasteroid Atractiellomycetes with stilboid
basidiomes and it produces brown, clamped hyphae, forming thick walled and brown spores (Oberwinkler & Bandoni,
1982). Atractiella members are also known as a gasteroid, auricularioid group of Atractiellomycetes but they can easily
be seperated from Phleogena faginea by lacking of thick-walled or only moderately thickened hyphae and hyaline
spores (Oberwinkler and Bauer, 1989).

Tracing to current literature on Turkish Pucciniomycotina (Bahcecioglu and Kabaktepe 2012; Berner and
Tunali 2008; Denchev, 2007; Kabaktepe, 2015; Kabaktepe et al., 2015a; 2015b; 2015¢; Ozaslan et al., 2015), 364
species, 28 genera, 10 families, 2 orders and 2 classess have previously been reported from Turkey.

With this study, Phleogena faginea was reported for the first time from Turkey at class level and it was the first
observation on the trunk of oriental beech (Fagus orientalis).
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Abstract

Heteranthera limosa (Sw.) Willd. (Pontederiaceae) is reported as a new record from province Balikesir of
northwest Anatolia for Turkey. This species grows on the borders of rice fields and shallow water. In this study, the
species is described, illustrated and distribution map is given.

Key words: Pontederiaceae, Heteranthera, alien species, new rocord, Turkey

*

Tiirkiye florasi icin yeni bir kayit; Heteranthera limosa (Sw.) Willd. (Pontederiaceae)

Ozet

Heteranthera limosa (Sw.) Willd. (Pontederiaceac) Anadolu’nun kuzeybatisindan, Balikesir ilinden Tiirkiye
icin yeni bir kayit olarak rapor edilmektedir. Bu tiir, pring tarlalar1 kenarlarinda ve sig sularda yetismektedir. Bu
calismada, tiirlin betimi, resimi ve dagilig haritast verilmistir.

Anahtar kelimeler: Pontederiaceae, Heteranthera, yabanci tiir, yeni kayit, Tiirkiye
1. Introduction

The family Pontederiaceae is represented with nine genera (Eichhornia Kunth, Eurystemon Alexander,
Heteranthera Ruiz & Pavon, Monochoria C. Presl., Hydrotrix Hook f., Pontederia L., Reussia Endl., Scholleropsis H.
Perrier and Zosterella Small) in the World (Cook et al., 1974). The distrubution of Heteranthera species are in Western
Hemisphere, Africa, Iberia Peninsula and Italy (Requena et al., 2003). Heteranthera represented with 12 species in the
World (Horn, 1988). Heteranthera limosa know as “Blue Mudplantain” or “ducksalad” (in USA). H. limosa is best
adapted for growth in water less than 5 cm deep. The another species of family, Eichhornia crassipes (Mart.) Solms
(water hyacinth) was given as a new records for Turkey from Hatay (Asi River) (Uremis et al., 2014). E. crassipes is
pernicious invasive species.

2. Materials and methods

During fieldwork for the Biological Diversity Project of Génen River Delta Wetland in 2012, material of rare
and handsome species was collected in Gonen (Balikesir). These specimens were checked Flora of Turkey (Davis,
1984; Davis, 1985; Giiner et al., 2000), Flora of Europaea (Webb, 1980), Plant list of Turkey (Vascular plants) (Giiner
et al., 2012) and Water Plants of the World (Cook et al., 1974). Identification was checked by Prof. Dr. Ozcan Se¢men
who is an expert on water plant. In a total, 10 specimens (14 individuals) of H. limosa were collected from the Gonen
on the borders of rice fields and shallow water and deposited in Akdeniz University Herbarium.
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3. Results

Heteranthera limosa (Sw.) Willd., Mag. Neuesten Entdeck. Ges. Naturf. Freunde Berlin Neue Schriften. 3: 439. 1801.
(Figure 1).
Syn.: Pontederia limosa Sw., H. rotundifolia (Kunth) Griseb., H. limosa (Sw.) Willd. var. rotundifolia Kunth.

Description

Plants annual. Stems tufted, rooted in mud, elongate or emersed, contcacted, erect or creeping, glabrous. Basal rosette
leaves sessile, blade oblong to oblanceolate, thin or sometimes thickened, 3.1-6.2 cm x 3-5.5 mm. Stalked leaves erect,
standing out of water or blades floating on surface; stipule 1-6 cm; petiole 2-15 cm; blade cordate, oblong to ovate or
elliptic, 1-5.5 cm x 4-40 mm; truncate to cordate at base, acute to obtuse at apex. Inflorescences 1-flowered; spathes
0.9-5 cm, glabrous. Flowers opening within 1 hour after dawn, wilting by midday; perianth blue or white, salverform,
tube 15-44 mm, limbs actinomorphic, lobes equal, elliptic, 5.2-26.3 mm, distal lobes yellow toward base; stamens
unequal, lateral stamens 2.3-7.8 mm, central stamen 3.3-7.2 mm; filaments linear, glandular-pubescent; style glabrous.
Fruit cylindrical capsule, retained in spathe. Seeds 9-14-winged, 0.5-0.9 x 0.2-0.8 mm.

i : =) ¢ ifr“’f':&' A A\ v '
Figure 1. A- General view of Heteranthera limosa, B- Close-up of flower [R.S.Goktiirk 7527 (Akdeniz University
Herbarium)]

Collected specimens: Turkey: A1 Balikesir, Gonen, West of Misakga, shallow water and on the borders of rice fields,
35 T 0553441; 4461739, 10 m, 28.07.2012. R.S.Géktiirk 7527 (Akdeniz University Herbarium).

Chromosome number. 2n= 14

Habitat. H. limosa were collected from shallow water and on the borders of rice fields; the species is associated with
plants such as Typha latifolia L., Tamarix smyrnensis Bunge and Lemna gibba L.

Phenology. Flowering in May-November, fruiting July-December.

General distribution. USA, Mexico, West Indies, Central America, South America, Spain, France and NW Turkey
(Figure 2).
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Figure 2. Distribution map of Heteranthera limosa (m) and Eichhornia crassipes (A) in Turkey
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4. Conclusions and discussion

Turkey is one of the richest countries in the World in terms of flora and new records for the flora of Turkey
were added (Yiizbagioglu, 2014; Baskose and Yaprak, 2016; Cabi and Soreng, 2016). Heteranthera limosa which is
native to several countries of North, Middle and South America. For the first time this species outside the continental
America has been recorded from France in 1991 (Lagarde and Gauthier, 1991) and from Spain in 2003 (Requena et al.,
2003). This species is closely allied to Heteranthera reniformis Ruiz & Pavon. H. limosa is given as alien species to
Turkey. It is very common aquatic weed in rice field, but apparently limited to an unusual microhabitat in Balikesir. It
can be controlled when young, but not controlled full grown.
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Abstract

Bryophytes is one of the important components of terrestrial ecosystems and widely used as biomonitoring is
very important in the formation of the world's biodiversity. In this study, zinc and lead effects on photosynthetic
pigment content of Bryum schleicheri and Plagiomnium undulatum species of heavy metals were investigated.
Bryophytes species were determined utilizing a variety of flora works. 15 and 30 minutes between 102-10* M ZnSO4
and PbSO4 aqueous solutions treated on 0.1 g sample. Chlorophyll and carotenoid amount is determined to the Arnon
method. Consequently, zinc and lead heavy metals have been found to affect the photosynthetic pigment amounts of
Bryum schleicheri and Plagiomnium undulatum species. Lead heavy metal appears to be more effective in both species.

Key words: carotenoid, chlorophyll, mosses, PbSO., ZnSO,

*

Agir metallerin (¢inko ve kursun) Bryum schleicheri and Plagiomnium undulatum (Bryophyta)’un fotosentetik
pigment miktarlar iizerine etkisi

Ozet

Karasal ekosistemin dnemli bilesenlerinden olan ve biyomonitdr olarak yaygin sekilde kullanilan briyofitler
diinyadaki biyolojik ¢esitliligin olugsmasinda ¢ok 6nemlidir. Bu g¢alismada ¢inko ve kursun agir metallerinin Bryum
schleicheri ve Plagiomnium undulatum tiirlerinin fotosentetik pigment igerigi lizerine etkileri arastirilmustir. Briyofit
tiirleri gesitli flora eserlerinden faydalanilarak tespit edilmistir. 0,1 g 6rnek iizerine 15 ve 30 dakika 102-10 M arasinda
ZnSO, ve PbSO4 sulu g¢ozeltileri uygulanmistir. Arnon metoduna gore klorofil ve karotenoid miktarlari belirlenmistir.
Sonug olarak ¢inko ve kursun agir metallerinin Bryum schleicheri ve Plagiomnium undulatum tiirlerinde fotosentetik
pigment miktarlarini etkiledigi tespit edilmistir. Her iki tiirde de kursun agir metalinin etkisinin daha fazla oldugu
goriilmektedir.

Anahtar kelimeler: karayosunu, karotenoid, klorofil, PbSO4, ZnSO4
1. Giris

Giliniimiizde karasal ekosistemin 6nemli bilesenlerinden olan, evrimsel agidan alg ve mantarlardan daha
yiiksek, egrelti ve cicekli bitkilerden daha ilkel seviyede bulunan briyofitler diinyadaki biyolojik cesitliligin
olugmasinda ¢ok onemlidir. Ancak kii¢iik boyutlartyla fazla goze ¢carpmayan ve genellikle birgok botanikgi tarafindan
ihmal edilmis olan bu bitkiler, yeryiiziinde tohumlu bitkilerden daha fazla yayilis alanina sahiptirler (Schofield, 2001).

Briyofitlerde klorofil konsantrasyonu vaskiiler bitkilere nazaran oldukc¢a diisiik seviyelerde olmasina ragmen,
biiyiime ve fotosentez olay1 vaskiiler bitkiler ile paralellik gostermektedir. Hemen hemen tiim briyofitler klorofil igerigi
bakimindan gélge bitkilerinin karakteristigini tasimaktadir. Agir metaller genellikle insan faaliyetleri sonucu ortaya
cikan yaygim cevresel kirleticilerdir. Ozgiil agirliklar1 5 ve {izerinde olan metaller, agir metal olarak nitelenmekte (Ag,
As, Cd, Cu, Fe, Hg, Ni, Pb, Zn gibi) ve bunlarin gerek toprakta ve gerekse su ve atmosferde ¢ok yonlii zararlara neden
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oldugu (Cepel, 1997), bitkilerin degisik yasam evrelerini etkiledigi bilinmektedir. Bu etki ortamdaki konsantrasyonun
artisina bagl olarak, cogu zaman tohumun ¢imlenmesi ve bitki gelismesini engelleme yoniinde olmaktadir (Yiicel ve
Yiicel, 2013).

Briyofitler ozellikle atmosferik biyomonitorler olarak yaygin sekilde kullanilmaktadirlar. Agir metaller
bliylimede diisiis olmaksizin bazi briyofitler tarafindan hiicreler arasi bosluklarda biriktirilmekte olsa da bitkinin
toleransina bagli olarak fotosentetik pigment konsantrasyonlart ve canliliklart etkilenmektedir (Fernandez ve
Carballeira, 2002; Saxena vd., 2008). Briyofitlerin 6zellikle diisitk pH’da klorofil miktarlarinin azaldigi bilinmektedir
(Garty vd., 1992).

Bu ¢alismada ¢inko ve kursun agir metallerinin B. schleicheri ve P. undulatum tiirlerinin fotosentetik pigment
igerigi iizerine etkileri arastirilmis olup ileride bu konuda yapilacak ¢aligmalara kaynak teskil etmesi amaglanmustir.

2. Materyal ve yontem
2.1. Materyal
Caligmanin materyalini B. schleicheri ve P. undulatum tiirleri olusturmakta olup tiirlere ait lokalite bilgileri

Tablo 1’de verilmistir.

Tablo 1. Tirlere ait lokalite verileri

Tiir Lokalite GPS Kordinatlar1  Yiikseklik (m)
Bryum schleicheri DC Adana, Pozanti, Mazmili Dag1 37°407292" K 1980
35°34'223" D
Plagiomnium undulatum (Hedw.)  Kayseri, Yahyali, Kapuzbas1 Takim 37°46'540" K 766
T.J.Kop Selaleleri (Gliney Selalesi) 35°23'255" D

2.2. Yontem

Briyofit 6rnekleri dogal ortamlarindaki habitatlardan toplanmis olup ¢esitli flora eserlerinden (Cortini Pedrotti,
2001; 2006; Smith, 2004) faydalanilarak teshis edilmistir. Teshis edilen 6rnekler iizerindeki tas, toprak ve yabanci otlar
oncelikle mekanik olarak temizlenmis, temizlenen ornekler musluk suyu ile ve sonrasinda distile su ile yikanarak
kurumaya birakilmstir.

Agir metal uygulamalar1 i¢in 0,1g Ornek tartilarak cam kavanoza alinmistir. 0,1g karayosunu &rneklerinin
iizerine 102-10* M arasinda degisen agir metallerin [ZnSO4 ve PhSQOy4] sulu ¢ozeltileri uygulanmus, kontrol grubu icin
ise distile su kullanilmistir. Ornekler agir metal gozeltilerinde 15' ve 30' olmak iizere iki farkl siirede bekletilmek
suretiyle pigment konsantrasyonlarindaki degisim tespit edilmistir.

Orneklerin klorofil ve karonetoid konsantrasyonu Arnon (1949) metoduna gére belirlenmistir. 15' ve 30' olmak
tizere iki farkli siirede metal uygulanmis olan 0,1g’lik 6rnekler %80’lik 15 ml (hacim/hacim) aseton ile homojenize
edilmis ve whatman no:l filtre kagidindan siiziilmistiir. Deney tiiplerine alinan ekstraktlarda Jenway U.V.
spektrofotometresinde (CE 5502 UV) 652 nm’de toplam klorofil, 663 nm’de klorofil-a, 645 nm’de klorofil-b ve 470
nm’de karotenoid absorbans degerleri 6l¢lilmiistiir. Hesaplamalar Lichtenthaler ve Wellburn (1983) tarafindan asagida
verilen formiillere gore yapilmstir (A: 6lgiilen absorbans degeri).

Toplam klorofil = A652 x 27.8 / mg 6rnek agirhigi

Klorofil-a (Kl a) = (11.75 x A663 - 2.35 X A645) x 20 / mg 6rnek agirhigt

Klorofil-b (KI b) = (18.61 x A645 - 3.96 X A663) x 20 / mg 6rnek agirlig

Karotenoid = ((1000 x A470 — 2.27 x Kl a— 81.4xKI b) /227) x 20 / mg 6rnek agirhig

) Istatistik analizler SPSS 16.0 One-Way Anova Tukey (1954) testine gore p<0.05 seviyesinde yapilmustir.
Ornekler ii¢ tekrarl ¢alisilmig olup standart sapma degerleri + olarak gosterilmistir.

3. Bulgular

Farkli konsantrasyonlar ve siirelerde uygulanan Zn ve Pb agir metallerinin B. schleicheri ve P. undulatum
tiirlerine ait klorofil miktarlar tizerine etkileri Tablo 2 ve Sekil 1” de gésterilmistir.

Sonuglar istatistik olarak Tukey (SPSS 16.0 One-Way Anova) testine gore p<0.05 seviyesinde analiz edilmis
olup her kolonda farkli harfler 6nemlilik derecesinde farklihig1 gostermektedir.
B. schleicheri’nin klorofil-a degerlerinde kontrole gére en yiiksek azalmalar PbSO4 uygulamasmda 102 M 15' da (0,794
mg.mL?! dan 0,426 mg.mL™’a) belirlenirken, ZnSO4 uygulamasinda ise 10* M 30' da (0,794 mg.mL* dan 0,599
mg.mL* a) saptanmustir. Her iki azalma da istatistiksel acidan énemlilik derecesindedir (p<0.05). P. undulatum tiiriinde
ise ¢inko uygulamasmin 102 M 15' harig tiim konsantrasyonlari ve siireleri ile kursun agir metalinin tiim konsantrasyon
ve siirelerinde kontrole gore klorofil-a miktarinda azalmalar meydana gelmistir. ZnSO4 104 M 15' haricindeki tiim artig
ve azalmalar istatistiki agidan 6nemlidir (p<0.05) (Tablo 2).
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Tablo 2. Farkli konsantrasyonlar ve siirelerde uygulanan Zn ve Pb agir metallerinin B. schleicheri ve P. undulatum

bitkilerinde klorofil-a ve klorofil-b miktarlari ile Klorofil a/b tizerine etkileri (+ SE)

Tiir Grup Klorofil-a (mg.mL ) Klorofil-b (mg.mL 1) Klorofil a/b
Kontrol 0.794+0.015x 0.308+0.024x 2.442+0.043x

ZnS0410415' 0.696+0.055x 0.331+0.002x 1.9994+0.096y

ZnS0410-30' 0.599+0.037y 0.317+0.011x 1.82540.050y

G ZnS0410215' 0.681+0.004x 0.368+0.008y 1.868+0.017y
5 ZnS04 10330’ 0.684+0.001x 0.375+0.008y 1.841+0.043y
k) ZnS0410215' 0.644+0.027y 0.329+0.009x 1.92540.068y
§ ZnS0410230' 0.858+0.019x 0.42140.025y 2.053+0.075y
IS PbS0410415' 0.600+0.012y 0.298+0.011x 2.074+0.081y

= PbS0410430' 0.652+0.031y 0.319£0.002x 2.145+0.079y

o0 PbS0410-315' 0.534+0.003y 0.2274+0.013y 2.395+0.085x
PbS0410-330" 0.501+0.014y 0.1824+0.015y 2.475+0.041x

PbS0410215' 0.426+0.047y 0.2474+0.005y 1.9994+0.021y

PbS04107230' 0.541+0.054y 0.235+0.011y 2.243+0.106x

Kontrol 1.181+0.012x 0.730+0.018x 1.617+0.027x

ZnS0410%15' 1.046+£0.017x 0.719+£0.037x 1.455+0.053x

g ZnS041030' 0.812+0.019y 0.5734+0.038y 1.420+0.065x

T ZnS04102%15' 0.876+0.059y 0.603+0.065x 1.379+0.099x
g ZnS0410330' 0.753+0.118y 0.714+0.065x 1.425+0.072x
5 ZnS0410215' 1.414+0.067y 1.063+0.038y 1.338+0.023x

g ZnS0410230' 0.990+0.041y 0.699+0.020x 1.417+0.055x

= PbS0410415' 0.673+0.052y 0.570+0.037y 1.373+0.095x
g PbS041030' 0.662+0.074y 0.598+0.048x 1.404+0.066x

'§ PbS0410-315' 0.770+0.035y 0.485+0.008y 1.588+0.084x
o PbS0410330" 0.775+0.071y 0.394+0.021y 1.569+0.132x
PbS0410215' 0.768+0.022y 0.476+0.009y 1.546+0.074x

PbS0410-230' 0.646+0.013y 0.436+0.008y 1.481+0.024x

Yapilan literatiir taramalari sonucunda ¢inko ve kursun agir metallerinin B. schleicheri ve P. undulatum
tiirlerinin fotosentetik pigment igerigi lizerine etkisi ile ilgili herhangi bir ¢aligmaya rastlanmamustir. Tremper vd.,
(2004), bakir, ¢inko ve kursun agir metalleri uyguladigi Rhytidiadelphus squarrosus tiiriinde klorofil-a miktarinin
azaldigini tespit etmistir. Bu sonug elde ettigimiz veriler ile benzerlik gostermekte olup klorofil-a miktarmdaki
azalmanin agir metallerin karayosunlarmin biyokimyasal ve fizyolojik mekanizmalar: {izerine yikici etkisinden
kaynaklandigi s6ylenebilir (Fatoba vd., 2008). B. schleicheri tiiriiniin klorofil-b degerinde ZnSO4s’da kontrole gore
artiglar meydana gelmis, en yiiksek artis % 36,69 ile 102 M ve 30' da saptanmustir (p<0.05). PbSO4 uygulamasinda ise
kontrole gére azalmalar gériilmiis, en fazla azalma % 59,09 ile 102 M ve 30" da tespit edilmistir (p<0.05) (Tablo 2).

P. undulatum tiiriiniin klorofil-b miktarinda ZnSO4 ve PbSO4 uygulamalarinda kontrole gore farkliliklar
meydana gelmis olup azalma yoniinden en fazla zarar ZnSO4 10 M 30' (% 21,51) ve PbSO4 10° M 30' (% 46,03)
uygulamalarinda ortaya ¢ikmustir (p<0.05) (Tablo 2).

Metal stresinde klorofil b genellikle yiikselmektedir. Ciinkii metaller klorofil a’nmin klorofil b’ye doniisiimiine neden
olmaktadir (Chettri vd., 1998). Klorofil a igerigindeki azalma agir metal toksiSitesinin yaygin bir semptomudur
denebilir.

Klorofil a/b oranlarinda B. schieicheri’de PbSO4 103 M 30' harig tiim metal konsantrasyonlari ve siirelerinde
kontrol grubuna gore azalmalar meydana gelmistir. Klorofil a/b oran1 ZnSO4 uygulamasinda 10* M 30' da ve PbSO,
uygulamasinda 102 M 15' da en fazla azalmay1 gostermistir (p<0.05). P. undulatum’da ise kontrol grubuna gdre
azalmalar meydana gelmis, fakat istatistik agidan onemlilik derecesinde bir farklilik tespit edilmemistir (Tablo 2).
Chettri vd., (1998) tarafindan liken tiirleri iizerinde yapilan ¢aligmada, klorofil a/b oraninda Cladonia convoluta’da Pb
ve Zn uygulamalar1 %10-15 azalmaya neden olurken, C. rangiformis’te Zn 6nemli bir etki géstermemis buna karsin Pb
ise hafif bir artisa neden olmustur. Bu durum ¢alisma verilerimizle benzerlik gostermekte olup ¢inko ve kursun 6zellikle
klorofil a/b oraninda likenlerde oldugu gibi karayosunlarinda da azalmaya neden olmustur.

Bu calismada uygulama gruplarinda klorofil a/b oraninin azalmasmin en énemli nedeni klorofil a miktariin
azalmasidir. Klorofil a/b oranindaki azalma tipik olarak yaslanma sirasinda meydana gelir (Dean vd., 1993). Bu durum
fotosistem II’yi i¢eren grana lamelleriyle karsilastirildiginda, fotosistem I ve klorofil a’nin biiyilk kismini igeren
kloroplast stroma lamellerinin 6nceki yapisini daha fazla kaybetmesiyle agiklanabilir (Bricker ve Newman, 1982).

B. schleicheri tiiriiniin toplam klorofil miktarlarina bakildiginda ZnSO4 10-2 M 30 dakikasinda kontrole goére
artis meydana gelmis ve bu artisin istatsitik agidan dnemlilik derecesinde oldugu saptanmistir. PbSO4 uygulamasinda
ise 10-2 M, 10-3 M ve 10-4 M 15' ve 30' siirelerde kontrol grubuna gore 6nemlilik derecesinde (p<0.05) azalmalar
oldugu goriilmiis, en 6nemli azalmanin 10-3 M 30 dakikada (%38,35) meydana geldigi tespit edilmistir (Sekil 1). P.
undulatum’da ise en dikkat ¢ekici azalmalarin ZnSO4 10-3 M 30' uygulamasinda ve PbSO4 10-2 M 30' uygulamasinda
oldugu saptanmistir (p<0.05) (Sekil 2).
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Sekil 1. Farkli konsantrasyonlar ve siirelerde uygulanan Zn ve Pb agir metallerinin B. schleicheri’nin toplam Kklorofil
miktar1 iizerindeki etkisi. a: kontrol grubu, b: 10* M ZnSQ, uyg., ¢: 10° M ZnSO; uyg., d: 102 M ZnSO, uyg., e: 10*
M PbSO, uyg., f: 0°° M PbSO, uyg., g: 102 M PbSO, uyg., Her siitunda farkli harfler 6nemlilik derecesinde farklilig
gostermektedir p<0.05 (Tukey test)

Sekil 2. Farkli konsantrasyonlar ve siirelerde uygulanan Zn ve Pb agir metallerinin P. undulatum 'un karotenoid miktar
iizerindeki etkisi. a: kontrol grubu, b: 104 M ZnSO, uyg., c¢: 10 M ZnSO4 uyg., d: 102 M ZnSO. uyg., e: 10* M PbSO,
uyg., f: 10° M PbSOs uyg., g: 102 M ZnSO, uyg. Her siitunda farkli harfler dnemlilik derecesinde farkliligi
gostermektedir p<0.05 (Tukey test)

Agir metallerin yiiksek konsantrasyonlarinin vaskiiler bitkilerde (Pétsikka vd., 2002), briyofitlerde (Brown ve
Wells, 1990; Guschina ve Harwood, 2002) ve likenlerde (Chettri vd., 1998) membran zararlanmasi, iyon sizintisi ve
klorofil miktarinda azalmalara neden oldugu bilinmektedir. Shakya vd., (2008) tarafindan yapilan ¢alismada karayosunu
Thuidium delicatulum (L.) Mitt, T. sparsifolium (Mitt.) Jaeg., ve cigerotu Ptychanthus striatus (Lehm. ve Linderb.)
tiirlerine 102 M ve 10'1° M arasinda degisen konsantrasyonlarda bakir, ¢inko ve kursun agir metalleri uygulanmis ve
klorofil igerigi lizerine etkileri arastirilmigtir. Cinko ve kursun birikmesinden sonra her iki Thuidium tiiriiniin klorofil
iceriginde onemsiz bir azalma olurken, cigerotunda 6nemlilik derecesinde bir artis meydana geldigi gorilmiistir. Agir
metal konsantrasyonlarina maruz kalan bitkilerde klorofil miktarindaki azalmalarin nedenini klorofil yikiminin artmasi
veya sentezinin engellemesi ile agiklanabilir. B. schleicheri’de karotenoid miktar1 ZnSO4 102 M 15' uygulamasinda
(%13,28) ve PbSO4 10 M 30' uygulamasinda (%32,20) kontrol grubuna en énemli azalmalar1 (p<0.05) gdstermistir
(Sekil 3).
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Sekil 3. Farkli konsantrasyonlar ve siirelerde uygulanan Zn ve Pb agir metallerinin B. schleicheri nin karotenoid miktari
lizerindeki etkisi. a: kontrol grubu, b: 104 M ZnSO; uyg., c: 10° M ZnSO4 uyg., d: 102 M ZnSO4 uyg., e: 104 M PbSO,
uyg., f: 0% M PbSO4 uyg., g: 102 M PbSO,4 uyg., Her siitunda farkli harfler énemlilik derecesinde farklilig:
gostermektedir p<0.05 (Tukey test)

Sekil 4. Farkli konsantrasyonlar ve siirelerde uygulanan Zn ve Pb agir metallerinin P. undulatum’un karotenoid miktari
tizerindeki etkisi. a: kontrol grubu, b: 10 M ZnSO; uyg., ¢: 10 M ZnSO4 uyg., d: 102 M ZnSO4 uyg., e: 104 M PbSO4
uyg., f: 10° M PbSOs uyg., g: 102 M ZnSO, uyg. Her siitunda farkli harfler 6nemlilik derecesinde farkliligt
gostermektedir p<0.05 (Tukey test)

P. undulatum’un Kkarotenoid degerlerinde PbSO4 uygulamasinda 10 M, 102 M, 102 M 15' ve 30' siirelerde
kontrol grubuna gére dnemlilik derecesinde (p<0.05) azalma saptanirken ZnSO4 uygulamasmda 102 M 15' siirede
kontrol grubuna gore Onemlilik derecesinde (p<0.05) artis oldugu belirlenmistir (Sekil 2). PbSO4 uygulamasinda
karotenoid miktar1 10* M 15' siirede 0,628 mg.mL™* den 0,452 mg.mLY’ ye en dénemli azalmay: gdstermis, ZnSOy
uygulamasinda ise 102 M 15' siirede 0,628 mg.mL ™ ’den 0,839 mg.mL " ’ye artmustir (Sekil 4).

Karotenoidler agir metal stresi ve birgok dejeneratif stresten korunmada antioksidan olarak gérev yapmaktadir
(Sytar vd., 2013). Ancak agir metaller bitkilerdeki klorofiller kadar karotenoidleri de etkiler (Ghnaya vd., 2009). Farkli
bitkiler ve bitki kisimlar1 agir metallerin birikimine kars1 fotosentetik pigment sentezinde farkli tepkiler gosterebilir.
Ornegin, klorofil ve karotenoid igerigini azaltabilirler (Shakya vd., 2008) ya da ROS iiretimiyle iligkili olarak
karotenoid gibi molekiil agirlig: diisiik bilesiklerin sentezini tesvik edebilirler (Kumar vd., 2012).

Agir metal uygulamalarinda toplam klorofil igerigi hem karayosunlarinda hem de cigerotlarinda (Cu, Zn, Pb)
azalmistir. Azalmanin nedeni klorofil biyosentezindeki inhibisyon olabilir (Krupa vd., 1996; Kastori vd. 1998).
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Sonug olarak ¢inko ve kursun agir metallerinin B. schleicheri ve P. undulatum karayosunu tiirlerinde
fotosentetik pigment miktarlarini etkiledigi saptanmistir. Klorofil a miktarindaki azalmalar ve karotenoid miktarindaki
artmalar stres gostergesidir. Her iki tiirde de kursun agir metalinin etkisinin daha fazla oldugu goriilmektedir. Ozellikle
kisa siireli agir metal stresi altinda P. undulatum tiiriiniin antioksidan 6zellik tasiyan karotenoid miktarini arttirarak, B.
schleicheri tiiriine oranla daha fazla dayaniklilik gosterdigi s6ylenebilir.
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Abstract
The myxomycete identified in this study has been found as natural sporocarp in Corum during field work. At
the result of the laboratory studies and literature reviews, this specimen is identified as Physarum auripigmentum G. W.
Martin. This taxon is a new record for the Turkish myxobiota.

Key words: Physarum auripigmentum, myxomycete, new record, Corum, Turkey

k

Tiirkiye’den yeni bir miksomiset kaydi

Ozet

Bu calismada tespit edilen miksomiset, Corum ilinde yapilan arazi ¢aligmalari sirasinda dogal sporokarp olarak
bulunmustur. Yapilan laboratuvar ¢aligmalari ve literatiir taramalar1 sonucunda 6rnek Physarum auripigmentum G. W.
Martin olarak teshis edilmistir. Bu takson, Tiirkiye miksobiyotasi i¢in yeni bir kayittir.

Anahtar kelimeler: Physarum auripigmentum, miksomiset, yeni kayit, Corum, Tiirkiye
1. Giris

Miksomisetler sekilsiz, ¢ok nukleuslu, protoplazmik yigin haldeki plasmodiumlu ve sporokarp ya da
sklerotium olusturan ger¢cek plasmodiumlu organizmalar olarak bilinirler. Miksomisetler genel olarak orman
ekosisteminde kesik kiitiik, dokiintii yapraklar, aga¢ kabugu gibi ¢iiriimiis bitkisel materyaller ve toprakta yasarlar (Ing,
1994). Diinya’da miksomisetler 300 yildan beri bilinmekte olup, gliniimiize kadar yaklagik 1000 civarinda miksomiset
taksonu tespit edilmistir. Bu taksonlardan 146’s1 Physarum cinsine aittir (Lado, 2005-2016). Tirkiye'de ise ilk
miksomiset kayd:r 1957 yilinda Lohwag tarafindan bildirilmis olup, giiniimiize kadar yapilan ¢aligmalarda ise yaklasik
olarak 232 takson tespit edilmistir (Sesli ve Denchev, 2008). Bu taksonlardan ise 28’1 Physarum cinsine aittir (Baba,
2015). Eroglu vd. (2015)’nin tespit ettikleri Physarum cinsine ait iki yeni kayitla beraber bu say1 30’a ulagmustir.
Caligmamizda tespit ettigimiz Physarum auripigmentum ile bu say1 31°e yiikselmistir.

2. Materyal ve yontem

Caligmamizin konusunu olugturan miksomiset 6rnegi 2012 yilinda Corum il sinirlart igerisinde yapilan arazi
caligmalan sirasinda dogal sporokarp halinde kdoknar kozalak pullar ve dallart tizerinden toplanmistir. Corum ili;
Karadeniz Bolgesinin Orta Karadeniz Boliimiiniin i¢ kisminda yer almaktadir. Kuzeyde Sinop, doguda Amasya, batida
Cankiri, giineyde Yozgat, kuzeydoguda Samsun, kuzeybatida Kastamonu, giineybatida Kirikkale illeri ile komsu olan
Corum'un yiizdlgiimii 12.820 km?* dir (Sekil 1). Corum ili ormanlarinin ekolojik yapisi bulundugu cografik konuma
gore degisiklik gostermektedir. Karadeniz ve I¢ Anadolu bolgeleri arasinda gegis noktasinda olmas: ilin kuzeyinde
bulunan Kargi ve Osmancik ilgelerinin yiiksek daglik kesimlerde Karadeniz iklimine has ozellikte orman yapisi
goriilmesine, giineye dogru Sungurlu ilgesine kadar olan alanda ise I¢ Anadolu iklimine has 6zellikte orman iiriinlerinin
gelismesine olanak saglamaktadir. ilin kuzey kesimlerinde kaln govdeli Pinus sylvestris L. (saricam), Abies
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nordmanniana (Stev.) Spach. (koknar), Fagus orientalis Lipsky (kaymn), Pinus nigra Arnold. (karagam) tiirleri
goriilmesine ragmen giineye dogru i¢ Anadolu’ya gecis bolgelerinde P. sylvestris (saricam), F. orientalis (kayin) ve A.
nordmanniana (koknar) tiirlerine ait ormanlarin ekolojik ozellikleri degisim gosterdiginden yerini yalmiz P. nigra
(karagam) koru ormanlarina ve Quercus L. (mese) ormanlarina terk etmistir (Cetik 1985, Devis 1965, Devis 1982).

Araziden olgun sporokarp halinde toplanan 6rnekler zarar gdrmemesi icin substratiyla beraber karton kutuya
yapistirilarak fungarium laboratuarina getirilmistir. Dikkatli bir sekilde kutudan ¢ikartilan sporokarplarin fotograflar
cekilmistir (Leica EZ4D). Daha sonra gliserin su ortamima konulan birka¢ sporokarpin mikroskobik incelemeleri
yapilmis ve fotograflari ¢ekilmistir (Leica DM1000). Miksomisetlerin makroskobik ve mikroskobik &zellikleri tespit
edildikten sonra baslica eserlerden faydalanilarak teshisleri yapilmistir (Martin, 1948; Martin ve Alexopoulos,1969;
Nannenga-Bremekamp, 1991; Neubert vd. 1995). Fungarium materyali haline getirilen rnekler Selguk Universitesi
Mantarcilik Uygulama ve Arastirma Merkezi Fungariumu’nda saklanmaktadir.
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CANKIRI
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Sekil 1. Calisma alant

3. Bulgular

Protozoa

Myxomycota

Myxomycetes

Physarales

Physaraceae

Physarum

Physarum auripigmentum G. W. Martin

Sporokarplar sapli sporangium ve topluluk halinde, 0.6-1 mm uzunlugundadir. Sap sporokarpin en ¢ok %4’si
kadar, kisa, ince, kiregsiz, turuncu-kirmizidir. Sporateka kiire seklinde, 0.4-0.6 mm ¢apinda, mat sar1 (limon-kromatsari)
rengindedir (Sekil 2a). Peridium zarimsi, sik¢a kiiresele yakin kire¢ pulcuklarla kapli, agilma kismen petaloiddir.
Kolumella yoktur. Kapillititum yogun, narin, daimi, nodlar kiigiik yuvarlak ve parlak sar1 renkli, internodlar ise kiregsiz
ve cok sayida serbesttir (Sekil 2b-c). Sporlar yigin halinde koyu kahverengi, mikroskop 1siginda agik menekse-
kahverengi renginde, ince sigilli, 9-10 um ¢apindadir (Sekil 2c).

Yayihsi: Corum, Kargi, Kalfet Yaylasi, cam ve koknar karigik orman, koknar kozalak ve dal parcalari
iizerinde, 41°12'23 Kuzey 034°42'00 Dogu, 1568m, 11.06.2012, Alkan 1493.
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Sekil 2. Physarum auripigmentum a- sporokarp, b- kapillitium c- sporlar ve kapillitium

Physarum auripigmentum, P. auriscalpium (Cooke) ile karistirilabilir. Ancak P. auriscalpium’un sporokarp1
plasmodiokarp seklindedir ve sap oldugunda bile ¢ok kisadir. Rengi turuncu, sarims: kahverengi veya
yesilimsirenklerde olabilirken, P. auripigmentum sari renklidir. Kapillitial yapilarina bakildiginda ise P.
auriscalpium’da nod kisimlar1 biiyiik, turuncu, internod kisimlari ise daha kalin ve badhamoid seklinde sonlanir. P.
auripigmentum’da ise nod kisimlari kiigiik, yuvarlak, sar1 renkli ve internod kisimlarinda serbest noktalar vardir. P.
auriscalpium’da sporlar en fazla 13 pm’ye ulagirken, inceledigimiz 6rnekte en fazla 10 um biyiikliigiinde sporlara
rastlanmistir.

Yukarida siralanan farkliliklar ve literatlir arastirmalar1 sonucunda 6rnek P. auripigmentum olarak teshis
edilmis ve Tiirkiye i¢in yeni bir miksomiset kaydi olarak Tiirkiye miksobiyota listesine ilave edilmistir. Yeni kayit S. U.
Mantarcilik Uygulama ve Arastirma Merkezi Fungariumu’nda Fungarium no: P-689 kaydiyla saklanmaktadir.
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Abstract

This research was carried out to determine the flora of Giilek Pass. Between 2000 and 2004, 1500 plant
specimens were collected from this area. As a result of the examination on these specimens, 82 families and 839 taxa
that belong to 370 genera were determined. In this study area, seven taxa belong to Pteridophyta and 832 taxa belong to
Magnoliophyta divisio. The 158 of the total taxa are endemic to Turkey and the rate of endemism is 18.8%. Distribution
of taxa according to phytogeographical regions is as follows; Irano-Turanian 24.9%, Mediterranean 19.6% and Euro-
Siberian 5.6%.

Key words: Adana, Mersin, Giilek Pass, flora, Turkey

Giilek Bogazi’nin (Mersin-Adana) florasi

Ozet

Bu aragtirma, Giilek Bogazi’'nin florasini tespit etmek amaciyla yapilmistir. Bolgeden 2000-2004 yillart
arasinda yaklagik 1500 bitki 6rnegi toplanmistir. Bu 6rnekler iizerine yapilan inceleme sonucunda 82 familya ve 370
cinse ait 839 takson tespit edilmistir. Calisma alaninda 7 takson Pteridophyta ve 832 takson Magnoliophyta divisiosuna
aittir. Mevcut taksonlardan 158’1 endemik olup endemizm orani %18,8’dir. Taksonlarin fitocografik bdlgelere gore
dagilimlar goyledir; Iran-Turan elementleri %24.9, Akdeniz elementleri %19.6 ve Avrupa-Sibirya elementleri
%S5.6°dir.

Anahtar kelimeler: Adana, Mersin, Giilek Bogazi, flora, Tiirkiye
1. Giris

Ulkemiz sahip oldugu cografik konumu itibar1 ile oldukga zengin bir floristik yapiya sahiptir. Bu cesitliligin
temel nedenleri; Tirkiye'nin iklimsel ve jeomorfolojik acidan cok degiskenlik gdstermesi, ti¢ fitocografik bolgenin
kesistigi yer olmasi, endemik tiirler yoniinden ¢ok zengin olmasi, birgok yabani ve kiiltiir bitkisinin gen merkezi ve
genetik farklilasma alani olmasi, Anadolu'nun Giiney Avrupa ile Giineybati Asya floralari arasinda koprii
olusturmasindan kaynaklanmaktadir (Davis, 1965). Tirkiye fitocografik bakimidan Holoarktik bolge igine girse de bu
bolgenin ii¢ farkl floristik elemanim (irano-Turanien, Mediterranean ve Euro-Siberian) barmdirmaktadir. Zengin
yiiksek dag florast ile bir yandan Orta ve Giiney Avrupa, diger taraftan da Iran-Turan floristik bolgesiyle iliskilidir. Step
vejetasyonu Orta ve Dogu Anadolu bolgelerinde yaygimdir. Ozellikle Orta Anadolu’nun Tuz Gélii cevreleri endemik
halofitlerce zengindir. Orman formasyonlari da ¢ok ¢esitlilik gosterir (Tiifek¢i, 2002). Her ne kadar Tiirkiye Florasi
yazilmis ise de halen detayli, periyodik, taramali dar alan ¢alismalar1 artarak devam etmektedir. Tiirkiye Bitkileri Listesi
(Damarl Bitkiler) adli eserde belirtildigine gore iilkemizde toplam 11707 takson yayilis gostermektedir ve bunlardan
3649’u endemiktir (Giiner vd., 2000). Ancak buna her gegen giin yenileri eklenmektedir.

Caligma alanimiz ge¢cmisten beri ilgi ¢ekmis, zaman zaman ydreden bir¢ok yabanci ve yerli aragtirmacilar bitki
toplamistir. Ulkemizin sahip oldugu endemik bitki potansiyelinin Akdeniz floristik bolgesinde yogunlasmasi da dikkate
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aliarak bu alanin ¢aligmaya deger 6nemli bir bitki yatagi olabilecegi diisiincesinden hareketle tarafimizdan arastirma
sahasi olarak secilmistir.

2. Materyal ve yontem

Ulkemiz sahip oldugu cografik konumu itibari ile oldukga zengin bir floristik yapiya sahiptir. Bu gesitliligin temel
nedenleri; Tiirkiye'nin iklimsel ve jeomorfolojik agidan ¢ok degiskenlik gostermesi, ii¢ fitocografik bolgenin kesistigi yer
olmasi, endemik tiirler yoniinden ¢ok zengin olmasi, bircok yabani ve kiiltiir bitkisinin gen merkezi ve genetik farklilasma
alan1 olmasi, Anadolu'nun Giiney Avrupa ile Giineybati Asya floralari arasinda koprii olusturmasindan kaynaklanmaktadir
(Davis, 1965). Tirkiye fitocografik bakimindan Holoarktik bdlge icine girse de bu bolgenin ti¢ farkli floristik elemanini
(frano-Turanien, Mediterranean ve Euro-Siberian) barindirmaktadir. Zengin yiiksek dag florasi ile bir yandan Orta ve Giiney
Avrupa, diger taraftan da Iran-Turan floristik bdlgesiyle iliskilidir. Step vejetasyonu Orta ve Dogu Anadolu bélgelerinde
yaygmdir. Ozellikle Orta Anadolu’nun Tuz Golii ¢evreleri endemik halofitlerce zengindir. Orman formasyonlar1 da ¢ok
cesitlilik gosterir (Tifekei, 2002).

Her ne kadar Tiirkiye Floras: yazilmis ise de halen detayli, periyodik, taramali dar alan ¢alismalar1 artarak devam
etmektedir. Tiirkiye Bitkileri Listesi (Damarli Bitkiler) adli eserde belirtildigine gore iilkemizde toplam 11707 takson yayilig
gostermektedir ve bunlardan 3649’u endemiktir (Giiner vd., 2000). Ancak buna her gecen giin yenileri eklenmektedir.Calisma
alamimiz gecmisten beri ilgi ¢cekmis, zaman zaman yéreden birgok yabanci ve yerli arastirmacilar bitki toplamistir. Ulkemizin
sahip oldugu endemik bitki potansiyelinin Akdeniz floristik bolgesinde yogunlagmasi da dikkate alinarak bu alanin ¢aligmaya
deger 6nemli bir bitki yatagi olabilecegi diisiincesinden hareketle tarafimizdan aragtirma sahasi olarak se¢ilmistir.

1.1. Calisma alaminin cografik ozellikleri

Akdeniz Bolgesi ile Orta Anadolu’yu birbirine baglayan Giilek Bogazi, Toroslar {izerindeki en dnemli gegittir.
Calisma alanina ait topografik haritada da belirlendigi gibi ¢alisma alanini; Kuzeyde Pozanti, Giineyde Tasobasi koyii
(Tarsus), Doguda Pozanti—Tarsus eski karayolu, Batida Akdag ve onu giineye dogru takip eden kesimde Belemedik vadi ve
Devlet demir yolu boyunca sinirlandirilmistir. Caligma alani 37° 05' - 37° 29' kuzey enlemleri ile 34° 47' - 34° 59' dogu
boylamlari arasinda kalmaktadir (Harita.1).

Calisma sahasini yayvan dag ve tepeler ile bunlar arasinda kalan vadiler ve kii¢lik platolar olusturmaktadir. Orta
Toroslarin en 6nemli gegidi olan Giilek Bogazi adinin iyi bilinmesi ve cografik 6nemi nedeniyle projemize isim olarak uygun
diismiistiir. Alanin esasin1 Giilek Bogazi, Giilek Dag1 ve dogusunda bulunan Akdag, Belemedik vadi, Yiiksekkir Tepe, Hopur
Dag1, Kaldiravik Dagi ve Giiles Dagi olusturmaktadir. Pozanti, Akcatekir, Camalan, Cukurbag, Giilek, Tasobasi, Kogmarli,
Hankasi, Ortakdy, Kuscular ve daha birkag yerlesim alani ¢alisma sahasinda bulunmaktadir. Alanin; Pozanti, Akgatekir ve
Giilek kesimi Adana il sinirlart iginde, Giiney kesimleri ise Tarsus (Mersin) sinirlari i¢inde kalmaktadir. Caligma alan1 C5
karesinde, Akdeniz fitocografik bdlgesi igerisinde yer almaktadir (Sekil 1).

1.2. Calisma alammin iklimsel ozellikleri

Aragtirma alaninin iklimi, Giilek, Pozant1 ve Mersin meteoroloji istasyonlarinin iklim verileri kullanilarak ortaya
konulmaya calistimistir. Istasyonlara ait iklimsel veriler, Cevre ve Orman Bakanlizi Devlet Meteoroloji Isleri Genel
Miidiirliigii’nden temin edilmistir (Anonim, 2015). Bu iklimsel verilerin degerlendirilmesinde ise “Iklim ve Biyoiklim” adli
eserden yararlanilmistir. Ayrica elde edilen veriler 15181nda her {i¢ istasyona ait ombrotermik iklim diyagrami ¢izilmistir.

Yillik ortalama sicakliklar Pozanti i¢in 13,6°C, Giilek igin 13.8°C ve Mersin i¢in 18.4°C’dir. Yillik yagis ortalamasi
Giilek’te 981,8 mm, Pozanti’da 707,2 mm, Mersinde 591,8 mm’dir. Yagis rejimi bakimindan biitiin istasyonlar Dogu Akdeniz
1. degiskeninde (KISY) yer alirlar (Akman, 1999).

Yapilan bu floristik ¢aligmasinin materyalini, 2000-2004 yillar1 arasinda, bitkilerin degisik vejetasyon donemlerine
rastlayan Mart-Ekim aylar1 arasinda gergeklestirilen arazi ¢aligmalarinda toplanan yaklasik 1500 bitki 6rnedi olusturmaktadir.
Arazi ¢aligmalar bir veya iki-li¢ giin siiren periyodik geziler seklinde yapilmistir.

Caligmalar sirasinda toplanan 6rneklerin 6zellikle ¢igekli ve meyveli olmasina 6zen gosterilmistir. Toplanan Srnekler genel
herbaryum kuralar1 geregince preslenip-kurutularak uygun herbaryum ornegi haline getirilerek (Se¢cmen vd. 2008) Nigde
Universitesi herbaryumuna konulmustur.

Teshisler sirasinda Flora of Turkey and the East Aegean Islands adli 11 ciltlik eseri (Davis, 1965-1985; Davis vd.,
1988; Giiner vd., 2000), Tiirkiye Bitkileri Listesi (Damarli Bitkiler) (Giiner vd., 2012), baz1 revizyon ¢alismalar1 (Dogan ve
Akaydin, 2007; Aytag, 1997; Dénmez, 2004; Dénmez ve Yildirimli, 2000), Tiirkiye Sulak Alan Bitkileri ve Bitki Ortiisii”
(Secmen ve Leblebici, 1997), Check-List of Additional Taxa to the Supplement Flora of Turkey III, IV, V, VI (Ozhatay vd.,
2006, 2009, 2011, 2013) kullamlmistir. Morfolojik terimler i¢in “Ingilizce-Tiirkce Botanik Kilavuzu” (Baytop, 1998) ve
“Botanical Latin” (Stearn, 1973) eserlerinden yararlanilmistir.

Teshisinde giicliik ¢ekilen drnekler ANK, HUB, KNYA ve GAZI herbaryumlarindan kontrol edilmis ve alaninda
uzman olan kisilerden yardim alinmistir. Mevcut taksonlarin otor adlarinin dogru yazimu igin “Authors of Plants Name”
(Brummit ve Powell, 1992) adli eseri temel alinmistir. Alanin topografik haritas1t M.T.A.'dan temin edilen 1/100.000 6lgekli
Kozan N33 paftadan yararlanilarak uygun kiiciiltmeler ile ¢izilmistir.
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Sekil 1. Caligma alaninin topografik haritasi

a b c d a b c d
Giilek 950m 13.8°C 981.8mm Pozanti 750m 13.6°C 707.2mm

SICAKLIK
YAGIS

T

SICAKLIK
c388883388

Sekil 1. Giilek istasyonuna ait ombrotermik iklim diyagram1 ~ Sekil 2. Pozant1 istasyonuna ait ombrotermik iklim diyagrami

a) Istasyon adi, b) Istasyon rakimi, ¢) Yillik ortalama sicaklik, d) Toplam yillik yagis ortalamasi, €) Yagis egrisi, f)
Sicaklik egrisi, g) Yagisli donem, h) Kurak dénem, 1) Don ihtimali olan aylar
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a b
Mersin 5m

c

184°C 591.8 mm

d

SICAKLIK
8 8 8 8 8 3

=]

Sekil 3. Mersin istasyonlarina ait ombrotermik iklim

Arastirma alanindan toplanan bitkilerden C5 karesi icin yeni olan taksonlar tespit edilmemistir. (Eyce, 1986;
Donner, 1990; Gemici, 1993; Bagc1 vd., 1998; Tiifek¢i vd., 2002; Paksoy ve Savran, 2011; Yildiriml, 1999-2014).
Calisma alaninda yer alan endemik ve nadir bitkilerin tehlike kategorilerinin belirlenmesinde Tiirkiye Bitkileri Kirmizi
Kitab1 (Ekim vd., 2000; IUCN 2010, Version 8.1) kriterlerinden yararlanilmistir. Mevcut olan taksonlar liste halinde
yazilirken, taksonlar “Tiirkiye Bitkileri Listesi (Damarli Bitkiler)” deki siraya uygun olarak verilmistir. Taksonlarin
lokalitesi uzun sekilde yazilmayip, liste halinde verilen istasyonlara ait kod numaralari1 kullanilmistir. Ayrica her takson
icin rakim, toplama tarihi, toplayict numarasi, endemikligi ve ait olduklar fitocografik bolgeleri belirtilmistir. Arastirma
alaninda 34 farkli istasyondan bitki toplanmis olup, bu istasyonlarin listesi agagidaki gibidir.

Bitki Toplanan fstasyonlar
1 Pozanti, Belemedik 600-800 m.
2. Pozanti, Armutolugu yayla 800-1500 m.
3. Pozanti, Gokbez Koyt tizeri 750 m.
4.  Pozanti, Eski Konacik kdyii, 700 m.
5. Pozanti, Yeni $eyhli koyii, 700-750 m.
6 Pozanti, Yeni Konacik civari, 800 m.
7 Pozanti, Tapur mevkii, 750 m.
8.  Tekir yayla civari, 900-1100 m.
9.  Giilek Dagi, 1200 m.
10. Giilek Bogazi, 400-800 m.
11.  Hopur Dagi, 1300-1500 m.
12. Tarsus, Cukurbag Koyii civari, 800 m
13. Tarsus, Ziftlik Mahallesi civari, 850 m
14. Tarsus, Camalan, 500 m.
15. Giilek, Sehitlik civari, 550 m.
16. Giilek, 1100 m.
17. Giilek Tepe (Kale), 1200 m.
18. Tarsus, Karakiitiik, 800 m.
19. Tarsus, Emisilli- Kurt Tepe, 400-650 m.
20. Tarsus, Kaldiravik Dagi, 1300 m.
21. Tarsus, Usiinlii, 1100 m.
22. Tarsus, Giiles Dag1, 900 m.

3. Bulgular

PTERIDOPHYTA

ASPLENIACEAE

Asplenium trichomanes L. 10, 14.05.2002, Savran 4373

A. x reuteri Milde, 10, 14.05.2002 Savran 4371

A. ceterach L., 14, 1800 m., 22.06.2001, Savran 4271
DRYOPTERIDACEAE

Dryopteris filix-mas (L.) Schott, 9, 28.05.2002, Savran 4466

D. pallida (Bory) Fomin subsp. libanotica (Rosenst.) Nardi, 10,
14.05.2002, Savran 4372

PTERIDACEAE

Adiantum capillus-veneris L., 9,28.05.2002, Savran 4465,GY.
Cheilanthes pteridioides (Reich.) C.Chr., 9, 28.05.2002, Savran
4464

MAGNOLIOPHYTA

EPHEDRACEAE

Ephedra major Host subsp. major 10, 29.05.2002, Savran 4439
CUPRESSACEAE

Cupressus sempervirens L., 12, 21.04.2002, Savran 4314, E.Med.
Juniperus oxycedrus L., subsp. oxycedrus var. oxycedrus f.
oxycedrus 9, 28.05.2002, Savran 4467, Ir.-Tur.

J. foetidissima Willd., 9, 28.05.2002, Savran 4468

J. excelsa M.Bieb. subsp. excelsa 13, 28.05.2002, Savran 4469, Ir.-
Tur.

23. Tarsus, Ebced Dag1, 700-900 m.
24. Tarsus, Avsar- Tombul arasi, 350 m.
25. Tarsus, Tasobasi, Kogmarli-Cavuslu mevki, 400 m.
26. Tarsus, Bolacali-Bucak koyleri arasi, 500-600 m.
27. Tarsus, Kuscular-Ortakdy civarlari, 650 m.
28. Tarsus, Eminlik-Kesli koyleri arast, 900-1200 m.
29. Tarsus, Sanlica-Gommece koyleri civari, 850 m.
30. Tarsus, Damlama-Tombul-Avsar arasi, 400 m.
31. Tarsus, Tasobasi-Sariahmetli, 300 m.
32. Pozanti, Akdag, 1800-2000 m.
33. Pozanti, Yiiksekkir Tepe, 1600-1750 m.
34. Pozanti, Belemedik-Kiralan 900-1000 m.
Simgeler ve Kisaltmalar
ANK: Ankara Universitesi Herbaryumu, °C: Santigrat derece, CR:
Cok tehlikede, E: Endemik, E.Med.: Dogu Akdeniz elementi, EN:
Tehlikede, Euro.-Sib: Avrupa-Sibirya elementi, GAZI: Gazi
Universitesi Herbaryumu, GY.: Genis Yayihsl, HUB: Hacettepe
Universitesi Herbaryumu, I[UCN: Uluslararas1 Doga Koruma Birligi,
Ir.-Tur.: iran-Turan elementi, I.K.S.Y: ilkbahar, Kis, Sonbahar, Yaz,
KNYA: Konya Selguk Universitesi Herbaryumu, LR: En az endise
verici, m: Metre, Med.: Akdeniz elementi, mm: Milimetre, MTA:
Maden Tetkik Arama, subsp.: Alttiir, var.: Varyete, VU: (Vulnerable)
Zarar gorebilir
PINACEAE
Abies cilicica (Antoine & Kotschy) Carriére, subsp. cilicica 2,
11.04.2001, Savran 4055, E, E.Med.
Cedrus libani A.Rich. var. libani 2, 06.06.2001, Savran 4194,
E.Med.
Pinus nigra J.F.Arnold subsp. pallasiana (Lamb.) Holmboe var.
pallasiana 2, 11.04.2001, Savran 4056
P. brutia Ten. var. brutia 4,33, 06.06.2001, Savran
4192, E.Med.
ACANTHACEAE
Acanthus dioscoridis L. var. perringii (Siehe) E.Hossain, 1,
06.06.2001, Savran 4176, E, Ir. Tur.
A. hirsutus Boiss. subsp. hirsutus 14, 06.05.2002, Savran 4361, E,
Ir.-Tur.
ADOXACEAE
Sambucus ebulus L., 9, 28.05.2002, Savran 4522,
Euro- Sib.
S. nigra L. 32, 22.06.2003, Savran 4737 & Paksoy, Euro.-Sib.
AMARANTHACEAE
Amaranthus retroflexus L., 11, 21.04.2002, Savran 4323
Beta vulgaris L., 9, 28.05.2002, Savran 4490
Chenopodium album L., subsp. album var. album 1, 06.06.2001,
Savran 4695
C. foliosum Asch., 1, 06.06.2001, Savran 4095
AMARYLLIDACEAE
Allium atroviolaceum Boiss., 8, 14.05.2002, Savran 4426
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A. callidictyon C.A.Mey. ex Kunth, 7, 22.06.2001, Savran 4310, Ir.-
Tur.

A. flavum L. subsp. tauricum (Besser ex Rchb.) Stearn var.
tauricum 5, 07.07.2003, Savran 4897 & Paksoy, Med.

A. paniculatum L. subsp. paniculatum 4, 07.06.2001, Savran 4234,
Med.

A. scorodoprasum L. subsp. rotundum (L.) Stearn, 9, 28.05.2002,
Savran 4601, Med.

A. sphaerocephalon L. subsp. trachypus (Boiss. & Spruner)
K.Richter., 9, 28.05.2002, Savran 4602, E.Med.

A. stenopetalum Boiss. & Kotschy ex Regel, 11, 28.05.2002, Savran
4603, E, E.Med.

A. vineale L., 15, 06.05.2002, Savran 4370

ANACARDIACEAE

Pistacia palaestina Boiss., 19, 06.06.2001, Savran 4107, E.Med.
APIACEAE

Ammi majus L., 28, 21.04.2002, Savran 4319

Artedia squamata L., 1, 05.04.2001, Savran 4000

Bunium microcarpum (Boiss.) Freyn & Bornm ex Freyn subsp.
microcarpum 9, 28.05.2002, Savran 4516, E.Med.

Bupleurum croceum Fenzl, 7, 22.06.2001, Savran

4285, Ir.-Tur.

B. lophocarpum Boiss. & Balansa 9, 28.05.2002, Savran 4517, E,
E.Med.

Conium maculatum L., 8, 14.05.2002, Savran 4392

Daucus carota L., 11, 21.04.2002, Savran 4328

Eryngium campestre L. var. virens Link, 2, 06.06.2001, Savran 4125
E. glomeratum Lam., 28, 21.05.2002, Savran 4450

E. kotschyi Boiss., 3, 06.06.2001, Savran 4124, E, E.Med.

Ferula halophila Pegmen, 1, 21.05.2002, Savran 4447,

E, Ir.-Tur.

Ferulago aucheri Boiss., 9, 28.05.2002, Savran 4518,

E

F. humilis (Mill.) Boiss., 32, 17.05.2003, Savran & Paksoy 4752, E,
E.Med.

Grammosciadium confertum Hub.-Mor. & Lamond, 32, 26.06.2003,
Savran 4763 & Paksoy, E

Heracleum sphondylium L. subsp. ternatum (Velen.) Brummitt, 9,
28.05.2002, Savran 4520, Euro. Sib.

Johrenia alpina Fenzl 21, 20.08.2007, Savran 5816, E.

J. silenoides Boiss. & Bal., 9, 28.05.2002, Savran 4503 E, E.Med.
Ligusticum alatum (M.Bieb.) Spreng., 32, 26.06.2003, Savran 4765
& Paksoy

Malabaila secacul (Mill.) Boiss. 9, 28.05.2002, Savran 4519
Peucedanum depauperatum Boiss. & Ballansa, 32, 22.06.2003,
Savran 4690 & Paksoy, E.Med.

Pimpinella cappadocica Boiss. & Balansa var. cappadocica 8,
14.05.2002, Savran 4391, E, Ir.-Tur.

Scandix iberica M.Bieb., 3, 06.06.2001, Savran 4127, Ir.-Tur.

S. pecten-veneris L., 3, 06.06.2001, Savran 4128

S. stellata Banks & Sol., 32, 06.06.2001, Savran 4126

Smyrnium connatum Boiss. & Kotschy, 13, 22.06.2001, Savran
4284, E.Med.

Tordylium apulum L., 3, 06.06.2001, Savran 4129, Med.

T. pustulosum Boiss., 3, 06.06.2001, Savran 4130, E, E.Med.

Torilis leptophylla (L.) Rchb.f., 2, 11.04.2001, Savran 4027
Turgenia latifolia (L.) Hoffm., 9, 28.05.2002, Savran 4521
APOCYNACEAE

Vinca herbacea Waldst. & Kit., 10, 21.05.2002, Savran 4451
Vincetoxicum tmoleum Boiss., 9, 28.05.2002, Savran 4553
ARACEAE

Arum elongatum Steven, 3, 06.06.2001, Savran 4188, Ir.-Tur.
ARALIACEAE

Hedera helix L. f. helix 13, 22.06.2001, Savran 4286
ARISTOLOCHIACEAE

Aristolochia maurorum L., 9, 28.05.2002, Savran 4588, Ir.-Tur.
ASPARAGACEAE

Bellevalia modesta Wendelbo, 8, 05. 04. 2002, Savran 4613, E,
E.Med.

Hyacinthella glabrescens (Boiss.) K.Perss. & Wendelbo, 8,
14.05.2002, Savran 4428, E, E.Med.

H. hispida (J. Gay) Chouard, 32, 19.03.2003, Savran

4443 & Paksoy, E, Ir.-Tur.

H. micrantha (Boiss.) Chouard, 8, 14.05.2002, Savran 4429, E, Ir.-
Tur.
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Muscari armeniacum Leichtlin ex Baker, 1, 05.04.2001, Savran
4004

M. azureum Fenzl, 4, 05.04.2001, Savran 4077

M. comosum (L.) Mill., 1, 05.04.2001, Savran 4003, Med.

M. longipes Boiss., 11, 21.04.2002, Savran 4346, Ir.-Tur.

M. massayanum C.Grunert, 2, 11.04.2001, Savran 4041, E, Ir.-Tur.
M. neglectum Guss. ex Ten., 12, 28.05.2002, Savran

4605

M. racemosum Mill., 8, 14.05.2002, Savran 4427, E

Ornithogalum armeniacum Baker, 2, 11.04.2001,

Savran 4040, E.Med.

O. montanum Cirillo, 2, 11.04.2001, Savran 4039, E.Med.

O. narbonense L., 9, 28.05.2002, Savran 4604

O. orthophyllum Ten., 1, 05.04.2001, Savran 4002

Scilla cilicica Siehe, 1, 05.04.2001, Savran 3001, Med.
ASTERACEAE

Achillea arabica Kotschy, 1, 06.06.2001, Savran 4138, Ir. Tur.

A. santolinoides Lag. subsp. wilhelmsii (K.Koch) Greuter, 9,
28.05.2002, Savran 4533, Ir.-Tur.

A. setacea Waldst. & Kit., 1, 06.06.2001, Savran 4137, Euro.-Sib.

A. spinulifolia Fenzl ex Boiss., Ciftehan tizeri 1000 m, 14.05.2007,
Savran 5781, E, E.Med.

A. teretifolia Willd., 5, 08.06.2001, Savran 4246, E, Ir.-Tur.
Anthemis cretica L. subsp. cassia (Boiss.) Grierson, 9, 28.05.2002,
Savran 4532, Ir.-Tur.

A. haussknechtii Boiss. & Reut.,32, 16.05.2005, Savran 4529

A. tigrensis J.Gay ex A.Rich., 8, 14.05.2002, Savran 4396, E.Med.
Arctium minus (Hill) Bernh., 3, 06.06.2001, Savran

4142, Euro. Sib.

Artemisia splendes Willd., 2, 06.06.2001, Savran 4139, Ir.-Tur.
Bellis perennis L., 5, 08.06.2001, Savran 4245, Euro Sib.

Carduus nutans L. (s.1.) 11, 21.04.2002, Savran 4331

Centaurea agregata Fisch. et C.A.Mey. ex DC. subsp. agregata 9,
28.05.2002, Savran 4535

C. cataonica Boiss. & Hausskn. ex Boiss., 2, 06.06.2001, Savran
4147, E

C. carduiformis DC. subsp. carduiformis var. carduiformis 2,
06.06.2001, Savran 4150, Ir.-Tur.

C. cheirolopha (Fenzl) Wagenitz, 9, 28.05.2002, Savran 4536,
E.Med.

C. drabifolia Sibth. & Sm. subsp. cappodacica (DC.) Wagenitz, 9,
28.05.2002, Savran 4537, E

C. drabifolia Sibth. & Sm. subsp. floccosa (Boiss.) Wagenitz &
Greuter, 2, 06.06.2001, Savran 4145, E

C. iberica Trev. ex Sprengel, 1, 06.06.2001, Savran 4149

C. lydia Boiss., 9, 28.05.2002, Savran 4538, E, E.Med.

C. solstitialis L. subsp. solstitialis 1, 06.06.2001, Savran 4148

C. urvillei DC. subsp. stepposa Wagenitz, 8, 26.05.2003, Savran
4172 & Paksoy, Ir.- Tur.

C. virgata Lam., 3, 06.06.2001, Savran 4144, Ir.-Tur.

Chardinia orientalis (L.) Kuntze, 1, 06.06.2001, Savran 4155, Ir.-
Tur.

Chondrilla juncea L., 23, 15.06.2003, Savran 4848 & Paksoy
Chrysophthalmum montanum (DC.) Boiss., 13, 22.06.2001, Savran
4287, Ir.-Tur.

Cichorium intybus L., 1, 06.06.2001, Savran 4157

Cirsium caucasicum (Adans.) Petr., 4, 10.10.2002, Savran 4365
Euxine

C. vulgare (Savi) Ten., 24, 21.06.2003, Savran 4898 &

Paksoy

Cnicus benedictus L., 23, 15.06.2003, Savran 4838 & Paksoy

Cota wiedemanniana (Fisch. & C.A.Mey.) Holub, 10, 21.05.2002,
Savran 4448, E

Cousinia birandiana Hub.-Mor., 3, 06.06.2001,

Savran 4140, E, Ir.-Tur.

Crepis foetida L. subsp. foetida 3, 14.05.2002, Savran 4400

C. sancta (L.) Bornm., 3, 14.05.2002, Savran 4401

C. vesicaria L., 13, 15.06.2003, Savran 4849 & Paksoy, Med.
Crupina crupinastrum (Moris.) Vis., 9, 28.05.2002, Savran 4539
Cyanus bourgaei (Boiss.) Wagenitz & Greuter, 1, 15.06.2003,
Savran 4839 & Paksoy, E, E.Med.

C. depressus (M.Bieb.) Sojak, 2, 06.06.2001, Savran 4154

C. pichleri (Boiss.) Holub subsp. extrarosularis (Hayek & Siehe)
Wagenitz & Greuter, 2, 06.06.2001, Savran 4152, E

C. triumfettii (All.) Dostal ex A.Lsve & D.Love, 2, 06.06.2001,
Savran 4153
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Dittrichia viscosa (L.) Greuter, 23, 15.06.2003, Savran 4838 &
Paksoy, Med.

Echinops mersinensis Gemici & Leblebici, 24, 06.06.2001, Savran
4156, E

Filago anatolica (Boiss. & Heldr.) Chrtek & Holub 3, 11.04.2001,
Savran 4028, Ir. Tur.

F. arvensis L., 21, 05.06.2003, Savran 4872 & Paksoy

Geropogon hybridus (L.) Sch.Bip., 8, 14.05.2002, Savran 4397,
Med.

Gundelia tournefortii L. var. armata Freyn & Sint., 9, 28.05.2002,
Savran 4534, Ir.-Tur.

Helichrysum arenarium (L.) Moench subsp. aucheri (Boiss.)
P.H.Davis & Kupicha, 9, 28.05.2002, Savran 4529, E, Ir.-Tur.

H. graveolens (M.Bieb.) Sweet, 9, 28.05.2002, Savran 4528

H. noeanum Boiss., 7, 22.06.2001, Savran 4288, E, Ir.-Tur.

H. plicatum DC. subsp. plicatum 13, 22.06.2001, Savran 4289
Hieracium pannosum Boiss., 9, 28.05.2002, Savran 4543, E.Med.
Hirtellina lobelii (DC.) Dittrich, 13, 22.06.2001, Savran 4291,
E.Med.

Inula montbretiana DC., 1, 06.06.2001, Savran 4134, Ir. Tur.
Lactuca muralis (L.) Gaertn., 9, 28.05.2002, Savran 4354, Euro.-Sib.
L. orientalis (Boiss.) Boiss., 10, 21.05.2002, Savran 4450, Ir.-Tur.

L. tuberosa Jacq., 4, 28.05.2002, Savran 4354, Euro.-Sib.

Lapsana communis L. subsp. pisidica (Boiss. & Heldr.)

Rech.f., 9, 28.05.2002, Savran 4547

Leontodon asperrimus (Willd.) Endl., 2, 11.04.2001, Savran 4029,
Ir.-Tur.

L. crispus Vill. subsp. asper (Waldst. & Kit.) R6hl var. asper 32,
29.05.2003, Savran 4266 & Paksoy

Onopordum corduchorum Bornm. & Beauverd, 1, 06.06.2001,
Savran 4143, Ir.-Tur.

Picris hieracioides L. subsp. hieracioides, 9, 28.05.2002, Savran
4542, Euro.-Sib.

P. strigosa M.Bieb., 8, 14.05.2002, Savran 4398, Ir.-Tur.

Pilosella piloselloides (Vill.) Sojak subsp. magyarica (Peter)
S.Braut. & Greuter, 9, 28.05.2002, Savran 4544

P. x maschukensis (Litv. & Zahn) Sojak., 21,

15.06.2003, Savran 4873 & Paksoy

Psephellus mucronifer (DC.) Wagenitz, 2, 06.06.2001, Savran 4151,
E, Ir.-Tur.

Ptilostemon afer (Jacq.) Greuter subsp. eburneus Greuter, 4,
10.10.2002, Savran 4703, E

Rhaponticum repens (L.) Hidalgo, 11, 21.04.2002, Savran 4332, Ir.-
Tur.

Scorzonera cana (C.A.Mey.) Griseb. var. cana 11, 21.04.2002,
Savran 4333

S. cana (C.A.Mey.) Griseb. var. jacquiniana (W.Koch) D.F.Chamb.,
4,07.06.2001, Savran 4215

S. cana (C.A.Mey.) Griseb. var. radicosa (Boiss.) D.F.Chamb., 5,
08.06.2001, Savran 4247

S. laciniata L. subsp. laciniata 22, 20.06.2003, Savran 4863 &
Paksoy

S. latifolia (Fisch. & C.A.Mey.) DC. var. latifolia 32, 22.06.2005,
Savran 4390, Ir.- Tur.

S. mollis M.Bieb. subsp. szowitzii (DC.) D.F.Chamb., 3, 06.06.2001,
Savran 4158, Ir.-Tur.

S. tomentosa L., 13, 22.06.2001, Savran 4292, E, Ir.-Tur.

Senecio doriiformis DC. subsp. orientalis (Fenzl) V.A.Matthews,
13, 22.06.2001, Savran 4290, Ir.-Tur.

S. leucanthemifolius Poir. subsp. cyrenaicus (E.A.Durand &
Barratte) Greuter, 1, 06.06.2001, Savran 4135

S. mollis Willd., 9, 28.05.2002, Savran 4530, Ir. Tur.

S. viscosus L., 1, 06.06.2001, Savran 4136

Tanacetum argentum (Lam.) Willd. subsp. canum (C.Koch)
Grierson var. canum 6, 21.06.2001, Savran 4264, E

T. armenum (DC.) Schultz.Bip., 6, 21.06.2001, Savran 4263
Taraxacum campylodes G.E.Haglund, 8, 14.05.2002, Savran 4399,
GY.

Tragopogon colaratus C.A.Mey., 11, 21.04.2002, Savran 4334, Ir.-
Tur.

T. latifolius Boiss. var. angustifolius Boiss., 11, 21.04.2002, Savran
4335, Ir.-Tur.

T. porrifolius L. subsp. abbreviatus (Boiss.) Coskungelebi &
M.Gultepe 9, 28.05.2002, Savran 4541

Tripleurospermum callosum (Boiss. & Heldr.) E.Hossain, 23,
15.06.2003, Savran 4839 & Paksoy, E

T. decipiens (Fisch. & C.A.Mey.) Bornm., 10, 21.05.2002, Savran
4449

T. tenuifolium (Kit.) Freyn., 4, 07.06.2001, Savran 4214, Euro.-Sib.
Tussilago farfara L., 9, 28.05.2002, Savran 4531, Euro.-

Sib.

Xeranthemum annuum L., 9, 28.05.2002, Savran 4540
BERBERIDACEAE

Berberis crataegina DC., 9, 28.05.2002, Savran 4471
BIEBERSTEINIACEAE

Biebersteinia orphanidis Boiss., 13, 22.07.2002, Savran

4673, E.Med.

BORAGINACEAE

Alkanna orientalis (L.) Boiss. var. orientalis 3, 33, 06.06.2001,
Savran 4173, Ir.-Tur.

A. tinctoria (L.) Tausch., 8, 14.05.2002, Savran 4415 Med.

Anchusa azurea Mill. var. azurea 4, 07.06.2001, Savran 4224

A. azurea Mill. var. macrocarpa (Boiss. & Hohen.) D.F.Chamb., 9,
28.06.2002, Savran 4561

A. hybrida Ten., 4, 07.06.2001, Savran 4223, Med.

A. leptophylla Roem. & Schult. subsp. incana (Ledeb.) D.F.Chamb.,
9, 28.05.2002, Savran 4563, E, Ir.-Tur.

A. leptophylla Roem. & Schult. subsp. leptophylla 4, 07.06.2001,
Savran 4221

A. officinalis L., 4, 07.06.2001, Savran 4222, Euro.- Sib.

Arnebia densiflora (Nordm.) Ledeb., 8, 14.05.2002, Savran 4408,
Ir.-Tur.

Asperugo procumbens L., 4, 07.06.2001, Savran 4218, Euro.- Sib.
Cerinte minor L. subsp. auriculata (Ten.) Domac, 9, 28.05.2002,
Savran 4562

Cynoglossum germanicum Jacq. subsp. germanicum 8, 14.05.2002,
Savran, 4407, Euro.-Sib.

Echium italicum L., 10, 21.05.2002, Savran 4455, Med.
Heliotropium dolosum De Not., 10, 21.05.2002, Savran 4454
Lappula barbata (M.Bieb.) Giirke, 3, 06.06.2001, Savran 4166, Ir.-
Tur.

L. patula (Lehm.) Asch. ex Giirke, 3, 06.06.2001, Savran 4167
Lithospermum arvense L., 3, 06.06.2001, Savran 4171, GY.
Mattiastrum cristatum Brand, 9, 06.06.2001, Savran 4165

Moltkia coerulea (Willd.) Lehm., 8, 14.05.2002, Savran 4410, Ir.-
Tur.

Myosotis alpestris F.W. Schmidt subsp. alpestris 9, 1700 m,
28.05.2002, Savran 4556

M. incrassata Guss., 8, 14.05.2002, Savran,4404, E. Med.

M. lithospermifolia Hornem, 9, 28.05.2002, Savran 4557

M. sylvatica Hoffm. subsp. cyanea (Hayek) Vestergr., 8, 14.05.2002,
Savran 4405

Neatostema apulum (L.) I.M.Johnst., 22, 20.06.2003, Savran 4851 &
Paksoy, Med.

Nonea melanocarpa Boiss., 9, 28.05.2002, Savran 35, Ir.-Tur.
Omphalodes luciliae Boiss. subsp. cilicica (Brand) Bornm., 8,
22.06.2001, Savran 4297, E, E.Med.

Onosma aucheriana DC., 9, 28.05.2002, Savran 4356, E.Med.

O. bracteosa Hausskn. & Bornm., 1, 06.06.2001, Savran 4172, E, Ir.-
Tur.

O. cappadocica Siehe ex Riedl, 8, 14.05.2002, Savran 4411, E,
E.Med.

O. isaurica Boiss. & Heldr., 9, 28.05.2002, Savran 4560, E, Ir.-Tur.
O. rascheyana Boiss., 8, 14.05.2002, Savran 4413, Ir.-Tur.

O. roussaei DC., 8, 14.05.2002, Savran 4414, Ir.-Tur.

O. sericea Willd., 2, 11.04.2001, Savran 4031, Ir. Tur.

O. stenoloba Hausskn. ex Riedl, 8,34, 14.05.2002, Savran 4412, E,
Ir.-Tur.

O. taurica Willd. var. taurica 10, 21.05.2002, Savran 4456
Paracaryum incanum (Ledeb.) Boiss., 9, 28.05.2002,

Savran 4558

P. lithospermifolium (Lam.) Grande subsp. cariense (Boiss.)
R.R.Mill var. cariense 7, 22.06.2001, Savran 4296, E.Med.

P. racemosum (Schreb.) Britten var. racemosum 9,

28.05.2002, Savran 4559, E, Ir.-Tur.

P. sintenisii Hausskn. ex Bornm., 4, 07.06.2001, Savran 4219

P. strictum (K.Koch) Boiss., 1, 06.06.2001, Savran 4270

Rindera lanata (Lam.) Bunge var. canescens (A.DC.) Kusn., 8,
14.05.2002, Savran 4406, Ir.-Tur.

Rochelia disperma (L.f.) K.Koch var. disperma 1, 06.06.2001,
Savran 4168
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Symphytum brachycalyx Boiss., 34, 4, 07.06.2001, Savran 4220,
E.Med.

BRASSICACEAE

Aethionema arabicum (L.) Andrz. ex DC., 2, 11.04.2001, Savran
4067

Ae. capitatum Boiss. & Balansa 7, 10.07.2003, Savran 4417 &
Paksoy, E

Ae. cordatum (Desf.) Boiss., 4, 07.06.2001, Savran

4196, Ir.-Tur.

Ae. eunomioides (Boiss.) Bornm., 30.05.2002, Savran 4362, E

Ae. huber-morati P.H.Davis & Hedge, 7, 07.06.2001, Savran 4199,
E, Ir.-Tur.

Ae. iberideum (Boiss.) Boiss, 4, 07.06.2001, Savran 4198

Ae. speciosum Boiss. & A.Huet., 2, 11.04.2001, Savran 4068, Ir.-
Tur.

Ae. stylosum DC., 8, 07.06.2001, Savran 4197

Alliaria petiolata (M.Bieb.) Cavara & Grande, 1, 06.06.2001, Savran
4084

Alyssum callichroum Boiss. & Balansa 5, 08.06.2002, Savran 4635,
E

A. desertorum Stapf 4, 07.06.2001, Savran 4200

A. floribundum Boiss. & Balansa 5, 08.06.2002, Savran 4636, E

A. hirsutum M.Bieb. subsp. hirsutum 12, 06.05.2002, Savran 4353
A. linifolium Stephan ex Willd. var. teheranicum Bornm., 3,
11.04.2001, Savran 4071

A. oxycarpum Boiss. & Balansa 5, 08.06.2002, Savran 4634, E

A. pateri Nyar. subsp. pateri 10, 13.06.2002, Savran 4642, E, Ir.-
Tur.

A. peltarioides Boiss. subsp. virgatiforme (Nyar.) T.R.Dudley, 5,
08.06.2002, Savran 4632, E

A. praecox Boiss. & Balansa 10, 08.06.2002, Savran 4633

A. sibiricum Willd., 12, 06.05.2002, Savran 4354

A. simplex Rudolph 2, 07.06.2001, Savran 4201

A. strictum Willd., 10, 06.06.2001, Savran 4072

A. trapeziforme Bornm. ex Nyar., 5, 08.06.2002, Savran 4631, E
Arabis alpina L. subsp. alpina 22, 20.05.2003, Savran

4856 & Paksoy

A. alpina L. subsp. brevifolia (DC.) Greuter & Burdet,1,

06.06.2001, Savran 4076, E.Med.

A. aubrietioides Boiss., 10, 06.06.2001, Savran 4075, E

A. nova Vill., 10, 06.06.2001, Savran 4077

Aubrieta canescens (Boiss.) Bornm. subsp. canescens 5,
17.05.2002, Savran 4438, Ir.-Tur.

A. pinardii Boiss., 2, 1650 m., 10.07.2003, Savran 4650 & Paksoy,
E, Ir.-Tur.

Barbarea brachycarpa Boiss. subsp. minor (K.Koch) Parolly &
Eren var. minor 3, 06.06.2001, Savran 4080, Ir.-Tur.

B. plantaginea DC., 3, 06.06.2001, Savran 4079, Ir. Tur.

B. vulgaris R.Br. var. subsp. vulgaris 3, 06.06.2001, Savran 4078
Bornmuellera glabrescens (Boiss. & Bal.) Cullen &

T.R.Dudley, 2, 07.06.2001, Savran 4312, E, Ir.-Tur.

Brassica elongata Ehrh. 1, 05.04.2001, Savran 4062, Ir. Tur.
Camelina rumelica Velen., 4, 06.06.2001, Savran 4086, Ir.-Tur.
Capsella bursa-pastoris (L.) Medik., 2, 11.04.2001, Savran 4069
Cardamine uliginosa M.Bieb., 12, 16.05.2002, Savran 4351
Clypeola jonthlaspi L., 3, 06.06.2001, Savran 4074

Conringia clavata Boiss., 1, 05.04.2001, Savran 4065

C. planisliqua Fisch. & C.A.Mey., 23, 15.05.2003, Savran 4811 &
Paksoy, Ir.-Tur.

Descurainia sophia (L.) Webb ex Prantl, 4, 07.06.2001, Savran 4203
Draba acaulis Boiss., 10,16.05.2002, Savran 4549, E

D. polytricha Ledeb., 14, 06.05.2002, Savran 4355, Ir.-Tur.
Erysimum crassipes Fisch. & C.A.Mey., 3, 06.06.2001, Savran 4082
E. diffusum Ehrh., 11, 21.04.2002, Savran 4317, Euro.-Sib.

E. repandum L., 23, 15.06.2003, Savran 4810 & Paksoy

E. smyrnaeum Boiss. & Balansa, 3, 06.06.2001, Savran 4083

E. thyrsoideum Boiss., 22, 20.06.2003, Savran 4855 & Paksoy, E
Fibigia clypeata (L.) Medik subsp. clypeata var. eriocarpa (DC.)
Post 9, 28.05.2002, Savran 4474

Hesperis bicuspidata (Willd.) Poir., 3, 06.06.2001, Savran 4081

H. pendula DC. subsp. campicarpa (Boiss.) Dvorak, 8, 14.05.2002,
Savran 4380

Iberis carnosa Willd., 2, 11.04.2001, Savran 4066, E.Med.

Isatis floribunda Boiss. ex Bornm., 12, 13.06.2004, Savran 4314, E,
Ir.- Tur.
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l. glauca Aucher ex Boiss. subsp. glauca 12, 16.05.2002, Savran
4352

1. tinctoria L. subsp. corymbosa (Boiss.) P.H.Davis, 23, 15.05.2003,
Savran 4812 & Paksoy

Kandis perfoliata (L.) Kerguélen, 9, 21.04.2002, Savran

4249

Lepidium draba (L.) subsp. draba 11, 21.04.2002, Savran 4348

L. graminifolium L., 2, 11.06.2001, Savran 4164

L. latifolium L., 11, 21.04.2002, Savran 4347

L. perfoliatum L., 34, 7.06.2001, Savran 4146

Malcolmia chia (L.) DC., 8, 14.05.2002, Savran 4381, E.Med.
Matthiola longipetala (Vent) DC. subsp. longipetala 11,
21.04.2002, Savran 4316, Ir.-Tur.

Neslia paniculata (L.) Desv. subsp. thracica (Velen.) Bornm. 11,
21.04.2001, Savran 4050

Pseudosempervivum sempervivum (Boiss. & Balansa) Pobed. 2,
11.04.2001, Savran 4070, E

Raphanus raphanistrum L. subsp. raphanistrum 1, 05.04.2001,
Savran 4024

Sinapis arvensis L., 1, 05.04.2001, Savran 4063

Sisymbrium altissimum L., 1, 06.06.2001, Savran 4085

Sobolewskia clavata (Boiss.) Fenzl, 4, 07.06.2001, Savran 4202, Ir.-
Tur.

Thlaspi rosulare Boiss. & Balansa 5, 08.06.2001, Savran 4203, E
Turritis laxa (Sibth. & Sm.) Hayek, 10, 21.04.2002, Savran 4318
CAMPANULACEAE

Asyneuma amplexicaule (Willd.) Hand.-Mazz. subsp. amplexicaule
var. amplexicaule 22, 20.06.2003, Savran 4852 & Paksoy

A. limonifolium (L.) Janehen subsp. limonifolium 9, 28.05.2002,
Savran 4549, Med.

A. virgatum (Labill.) Bornm. subsp. virgatum 9, 28.05.2002, Savran
4550

Campanula balansae Boiss. & Hausskn., 8, 14.05.2002, Savran
4403, E, E.Med.

C. cymbalaria Sibth. & Sm., 4, 22.06.2001, Savran 4293, E.Med.

C. involucrata Aucher ex A.DC., 2, 06.06.2002, Savran 4159, Ir.-
Tur.

C. propinqua Fisch. & C.A.Mey., 21, 15.06.2003, Savran 4861 &
Paksoy, Ir.-Tur.

C. psilostachya Boiss. & Kotschy, 9, 28.05.2002, Savran 4548, E,
E.Med.

C. pterocaula Hausskn., 4, 7.06.2001, Savran 4216, E, Euxine

C. stricta L. var. alidagensis Damboldt, 2, 06.06.2002, Savran 4625,
E, Ir.-Tur.

C. stricta L. var. stricta 20, 25.05.2002, Savran 4463, Ir.-Tur.

C. strigosa Banks & Sol., 8, 14.05.2002, Savran 4402, E.Med.
Legousia speculum-veneris (L.) Durande ex Vill., 7, 22.06.2001,
Savran 4294, E.Med.

Michauxia campanuloides L’Hér. ex Aiton 9, 28.05.2002, Savran
4551, E.Med.

M. tchihatchewii Fisch. & C.A.Mey., 9, 28.05.2002, Savran 4552 E,
E.Med.

CANNABACEAE

Celtis tournefortii Lam., 1, 09.07.2002, Savran 4645
CAPRIFOLIACEAE

Cephalaria aristata K.Koch, 19.04.2003, Savran 4469 & Paksoy
Dipsacus laciniatus L., 11, 21.04.2002, Savran 4329 Lonicera
nummulariifolia Jaub. & Spach subsp. nummulariifolia 9,
28.05.2002, Savran, 4523

L. orientalis Lam., 22, 20.06.2003, Savran 4854 & Paksoy, E
Morina persica L. var. decussatifolia Erik & Demirkus

9, 28.05.2002, Savran 4527, Ir.-Tur.

Pterocephalus pinardii Boiss., 1, 06.06.2001, Savran

4133, E, E.Med.

P. plumosus (L.) Coulter., 23, 15.06.2003, Savran 4801 & Paksoy
Scabiosa argentea L., 23, 15.06.2003, Savran 4802 & Paksoy

S. rotata M.Bieb., 11, 21.04.2002, Savran 4330, Ir. -Tur.

Valeriana alliariifolia Adams, 9, 28.05.2002, Savran 4524

V. dioscoridis Sm., 9, 28.05.2002, Savran 4525, E.Med.

V. sisymbriifolia Vahl, 32, 14.06.2002, Savran 4393, Ir.-Tur.

V. tuberosa L., 9, 28.05.2002, Savran 4526

Valerianella coronata (L.) DC., 8, 14.05.2002, Savran 4394

V. glomerata Boiss. & Balansa, 8, 14.05.2002, Savran 4395, E, Ir.-
Tur.

V. muricata (Steven ex Roem. & Schult) W.H.Baxter, 3,
06.06.2001, Savran 4131, Ir.-Tur.

Ahmet SAVRAN et al., The flora of giilek pass (Mersin-Adana/Turkey)



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

V. vesicaria (L.) Moench, 3, 06.06.2001, Savran 4132
CARYOPHYLLACEAE

Agrostemma githago L., 11, 21.04.2002, Savran 4320 Med.
Arenaria kotschyana Fenzl. subsp. kotschyana 7, 22.06.2001,
Savran 4273, E

A. latisepala R.F.Huang & S.K.Wu, 4, 07.06.2001, Savran 4205, E
A. rotundifolia M.Bieb. ssp. rotundifolia 23, 15.06.2003, Savran
4805 & Paksoy

Bolanthus spergulifolius (Jaub. & Spach) Hub.-Mor., 2, 06.06.2001,
Savran 4089

Cerastium dichotomum L. subsp. dichotomum 9, 28.05.2002,
Savran 4650

C. dubium (Bastard) Guépin, 2, 11.04.2001, Savran 4026

Dianthus anatolicus Boiss., 10, 900-1000 m., 22.06.2002, Savran
4637, E

D. crinitus Sm., var. crossopetalus Boiss., 2, 900-1000 m.,
22.06.2002, Savran 4638

D. masmenaeus Boiss. var. glabrescens Boiss., 2, 22.06.2002,
Savran 4639, E, Ir.-Tur.

D. micranthus Boiss. & Heldr., 2, 06.06.2001, Savran 4088

D. tabrisianus Bien. ex Boiss., 10, 21.05.2002, Savran 4440, Ir.-Tur.
D. zonatus Fenzl var. zonatus 13, 22.06.2002, Savran 4649
Gypsophila curvifolia Fenzl., 6, 21.06.2001, Savran 4259, Ir.-Tur.
Herniaria incana Lam., 11, 21.04.2002, Savran 4321

Holosteum umbellatum L. var. glutinosum (M.Bieb.) Gay, 7,
22.06.2001, Savran 4274

H. umbellatum L. var. umbellatum 6, 21.06.2001, Savran 4258
Minuartia anatolica (Boiss.) Woronow var. polymorpha McNeill,
16, 21.06.2001, Savran 4257

M. decipiens (Fenzl) Bornm., 24, 15.06.2003 Savran

4862 & Paksoy, E.Med.

M. globulosa (Labill.) Schinz & Thell., 23, 15.06.2003, Savran 4803
& Paksoy, E.Med.

M. intermedia (Boiss.) Hand.-Mazz., 23, 15.06.2003, Savran 4804 &
Paksoy

M. juniperina (L.) Maire & Petitm., 4, 07.06.2001,

Savran 4206

M. leucocephala (Boiss) Mattf., 32, 07.06.2001, Savran

4256, E

M. leucocephaloides (Bornm.) Bornm., 9, 28.05.2002, Savran 4479
M. mesogitana (Boiss.) Hand.-Mazz. subsp. kotschyana (Boiss.)
McNeill 31, 21.04.2002, Savran 4318

M. rimarum (Boiss. & Bal.) Mattf. var. rimarum 32, 07.06.2001,
Savran 4207, E

Paronychia argyroloba Stapf., 1, 21.04.2002, Savran 4322, E
Saponaria glutinosa M.Bieb., 9, 28.05.2002, Savran 4482

S. kotschy Boiss., 7, 22.06.2001,. Savran 4275 E.Med.

S. prostata Willd., subsp. prostata 10, 21.05.2002, Savran 4441, E,
Ir.-Tur.

Silene aegyptiaca (L.) L.f., subsp. reuderalis Coode & Cullen, 10,
21.05.2002, Savran 4443, E.Med.

S. capitellata Boiss., 4, 08.07.2001, Savran 4255, E

S. caryophylloides (Poir.) Otth. subsp. masmenaea (Boiss.) Coode &
Cullen, 4, 08.06.2001, Savran 4243, E

. chlorifolia Sm., 9, 28.05.2002, Savran 4485, Ir. Tur.

. compacta Fisch., 13, 22.06.2002, Savran 4652

.conoidea L., 11, 01.04.2002, Savran 4319

. dichotoma Ehrh. subsp. dichotoma 10, 28.05.2002, Savran 4488

. longipetala Vent., 4, 07.06.2001, Savran 4208, Ir.-Tur.

. macrodonta Boiss., 10, 21.05.2002, Savran 4442

. marschallii C.A.Mey., 9, 28.05.2002, Savran 4484, Ir.-Tur.

. nuncupanda Coode & Cullen, 13, 22.06.2002, Savran 4640, E

. odontopetala Fenzl, 32, 06.06.2001, Savran 4092

. otites (L.) Wibel, 9, 28.05.2002, Savran 4486

. pharnaceifolia Fenzl, 13, 22.06.2002, Savran 4651

. rhynchocarpa Boiss., 11, 21.04.2002, Savran 4318

. spergulifolia (Desf.) M.Bieb., 2, 06.06.2001, Savran 4090, Ir.-Tur.
squamigera Boiss. subsp. squamigera 10, 28.05.2002 Savran
4477

S. supina M.Bieb. subsp. pruinosa (Boiss.) Chowdhuri, 2,
06.06.2001, Savran 4091

S. vulgaris (Moench) Garcke var. commutata (Guss.) Coode &
Cullen, 9, 28.05.2002, Savran 4487

S. vulgaris (Moench) Garcke var. vulgaris 2, 06.06.2001, Savran
4093

NDUOLLLOLOOOOOnnnnm

Telephium imperati L. subsp. orientale (Boiss.) Nyman, 9,
28.05.2002, Savran 4480

Thurya capitata Boiss. & Balansa, 32, 08.06.2001, Savran 3242, E
Vaccaria hispanica (Mill.) Rauschert, 9, 28.05.2002, Savran 4483
Valezia rigida L., 9, 28.05.2002, Savran 4481

CISTACEAE

Cistus laurifolius L., 9, 28.05.2002, Savran 4492, Med.

Fumana thymifolia (L.) Spachi 9, 28.05.2002, Savran 4478, Med.
Helianthemum oelandicum (L.) DC. subsp. incanum 9, 28.05.2002,
Savran 4477

H. tomentosum Gray, 9, 28.05.2002, Savran 4476
COLCHICACEAE

Colchicum triphyllum Kunze, 1, 05.04.2001, Savran 4007, Med.

C. variegatum L., 2, 11.04.2001, Savran 4042, E.Med.
CONVOLVULACEAE

Convolvulus arvensis L., 9, 28.05.2002, Savran 4554, GY.

C. betonicifolius Mill. subsp. betonicifolius 1, 06.06.2001, Savran
4164

C. compactus Boiss., 4, 07.06.2001, Savran 4217

C. holosericeus M.Bieb. subsp. holosericeus 2, 06.06.2001, Savran
4163

C. lineatus L., 10, 21.05.2002, Savran 4452, Ir.-Tur.

Cuscuta balansae Boiss. & Reuter ex Yunck., 10, 21.05.2002,
Savran 4453, GY.

C. campestris Yunck., 9, 28.05.2002, Savran 4555, GY.

C. planiflora Ten., 13, 22.06.2001, Savran 4296

CRASSULACEAE

Prometheum aizoon (Fenzl.) ‘t Hart, 10, 21.05.2002, Savran 4445,
Ir.-Tur.

Rosularia sempervivum (M.Bieb.) A.Berger subsp. libanotica
(Labill.) Eggli, 9, 28.05.2002, Savran 4513, E.Med.

Sedum acre L., 10, 21.05.2002, Savran 4446

S.album L., 7, 22.06.2001, Savran 4283

S. caespitosum (Cav.) DC., 33, 28.05.2002, Savran

4514, Ir.-Tur.

S. pallidum M.Bieb., 9, 28.05.2002, Savran 4515

S. sediforme (Jacq.) Pau 7, 22.06.2001, Savran 4282, Med.

S. sempervivoides Boiss., 32, 06.06.2001, Savran 4123

Umbilicus luteus (Huds.) Webb & Berthel., 9, 28.05.2002, Savran
4512

CUCURBITACEAE

Bryonia multiflora Boiss. & Heldr., 10, 21.05.2002, Savran 4444,
Ir.-Tur.

CYPERACEAE

Blysmus compressus (L.) Panz. ex Link subsp. compressus 8,
14.05.2002, Savran 4431

Carex distachya Desf. var. distachya 9, 28.05.2002, Savran 4609,
Med.

C. distans L. subsp. distans 9, 28.05.2002, Savran 4608, Euro.-Sib.
C. panicea L., 8, 14.05.2002, Savran 4432

Cyperus longus L. subsp. longus 4, 08.06.2001, Savran 4254, Med.
DATISCACEAE

Datisca cannabina L., 4. 28.05.2002, Savran 4533
ELAEAGNACEAE

Elaeagnus angustifolia L. var. angustifolia 11, 21.04.2002, Savran
4339

ERICACEAE

Arbutus andrachne L., 34, 21.04.2002, Savran 4336,

E.Med.

EUPHORBIACEAE

Euphorbia apios L., 2, 11.04.2001, Savran 4035, E.Med.

E. characias L. subsp. wulfenii (Hoppe ex W.D.J.Koch) Radcl.-Sm.,
11, 21.04.2002, Savran 4342, E.Med.

E. denticulata Lam., 10, 21.05.2002, Savran 4459, Ir.

Tur.

E. helioscopia L. subsp. helioscopia 1, 06.06.2001, Savran 4185, Ir.-
Tur

E. herniariifolia Willd. var. herniariifolia 2,

11.04.2001, Savran 4036, E.Med.

E. kotschyana Fenzl, 11, 21.04.2002, Savran 4341,

E.Med.

E. macrocarpa Boiss. & Buhse, 1, 06.06.2001, Savran 4173, Ir.-Tur.
E. macroclada Boiss., 2, 11.04.2001, Savran 4037, Ir. Tur.

E. myrsinites L., 10, 21.05.2002, Savran 4460, Ir.-Tur.

E. paralias L., 12, 06.05.2002, Savran 4368, Med.
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E. seguieriana Neck. subsp. niciciana (Borbas ex Novak) Rech.f.,
11, 21.04.2002, Savran 4340, Euro. Sib.

FABACEAE

Alhagi maurorum Medik. subsp. maurorum 31, 28.05.2002, Savran
4501

Anthyllis vulneraria L. subsp. pulchella (Vis.) Bornm., 21,
07.06.2001, Savran 4213, E.Med.

Astragalus acmonotrichus Fenzl, 12, 16.05.2002, Savran 4435, E,
E.Med.

A. andrachnaefolius Fenzl, 10, 15.06.2003, Savran 4868 & Paksoy
A. cataonicus Bunge, 9, 28.05.2002, Savran 4276

A. depressus L. var. depressus, 24, 21.06.2003, Savran 4897 &
Paksoy

A. gaeobotrys Boiss. & Balansa, 22, 20.06.2003, Savran 4860 &
Paksoy, E

A. heldreichii Boiss., 22, 20.06.2003, Savran 4859 & Paksoy, E

A. lineatus Lam. var. lineatus 21, 15.06.2003, Savran 4869 &
Paksoy

A. macrocephalus Willd. subsp. finitimus (Bunge) D.F.Chamb., 1,
06.06.2001, Savran 4119, Ir.-Tur.

A. melanocephalus Boiss., 1, 06.06.2001, Savran 4109

A. melanophrurius Boiss., 9, 28.05.2002, Savran 4493, E, Ir.-Tur.

A. mesogitanus Boiss., 22, 20.06.2003, Savran 4857 & Paksoy, E

A. microcephalus (Willd.) subsp. microcephalus 9, 28.05.2002,
Savran 4494, Ir.-Tur.

A. nitens Boiss.& Heldr., 12, 16.05.2002, Savran 4465, Ir.-Tur.

A. odoratus Lam., 7, 22.06.2001, Savran 4277, Ir.-Tur.

A. suberosus Banks & Sol. subsp. ancyleus (Boiss.) Matthews, 7,
22.06.2001, Savran 4277

A. tauricolus Boiss., 13, 22.06.2001, Savran 4278, E Ir.- Tur.

A. tigridis Boiss., 24, 21.06.2003, Savran 4896 & Paksoy, Ir.- Tur.
Calicotome villosa (Poir.) Link, 34, 21.04.2002, Savran 4327,
E.Med.

Ceratonia siliqua L., 24, 06.06.2001, Savran 4102, Med.

Cercis siliquastrum L. subsp. siliquastrum 1, 06.06.2001, Savran
4100, Med.

Colutea cilicica Boiss. & Balansa, 2, 06.07.2001, Savran 4111
Coronilla coronata L., 21, 15.06.2003, Savran 4870 & Paksoy
Dorycnium hirsutum (L.) Ser., 22, 20.06.2003, Savran 4860 &
Paksoy, Med.

D. pentaphyllum Scop. subsp. anatolicum (Boiss.)

Gams, 11, 14.07.2003, Savran 4875 & Paksoy

D. pentaphyllum Scop. subsp. haussknechtii (Boiss.) Gams, 11,
14.07.2003, Savran 4876 & Paksoy, E, Ir. Tur

Ebenus hirsuta Jaub. & Spach, 9, 28.05.2002, Savran

4499, E, Ir.-Tur.

Genista albida Willd., 21, 15.06.2003, Savran 4871 &

Paksoy

G. involucrata Spach, 2, 06.06.2001, Savran 4108, E Ir.- Tur.

G. januensis Viv. subsp. lydia (Boiss.) Kit Tan & Ziel., 2,
23.05.2003, Savran 4765 & Paksoy

Hedysarum pycnostachum Hedge & Hub.-Mor. 2, 16.05.2003,
Savran 4518 & Paksoy, E, Ir.-Tur.

H. varium Willd., 1, 06.06.2001, Savran 4119, Ir.-Tur.

Lathyrus aphaca L. var. aphaca 1, 06.06.2001, Savran 4139

L. cilicicus Hayek & Siehe, 23, 15.06.2003, Savran 4830 & Paksoy,
E, E.Med.

L. digitatus (M.Bieb.) Fiori, 16.05.2003, Savran 4789 & Paksoy,
E.Med.

L. pratensis L., 11, 21.04.2002, Savran 4324, Euro. Sib.

L. sativus L., 11, 21.04.2002, Savran 4325

Lotus aegaeus (Griseb.) Boiss., 11, 14.07.2003, Savran 4899 &
Paksoy, Ir.-Tur.

L. corniculatus L. var. tenuifolius L., 1, 06.06.2001, Savran 4118,
GY.

Medicago fischeriana (Ser.) Trautv., 23, 21.06.2003, Savran 4829 &
Paksoy, Ir. Tur.

M. minima (L.) Bartal. var. minima 23, 21.06.2003, Savran 4833 &
Paksoy

M. monantha (C.A.Mey.) Trautv., 23, 21.06.2003, Savran 4825 &
Paksoy, Ir.-Tur.

M. rhytidiocarpa (Boiss. & Balansa) E.Small, 11, 21.06.2007,
Savran 5824, E, Ir.-Tur.

M. rigidula (L.) All. var. rigidula 1, 06.06.2001, Savran 4117

M. sativa L. subsp. sativa 23, 21.06.2003, Savran 4832 & Paksoy
Melilotus albus Desr., 1, 06.06.2001, Savran 4115
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M. officinalis (L.) Desr., 11, 21.04.2002, Savran 4326

Onobrychis arenaria (Kit.) DC. subsp. cana (Boiss.) Hayek, 23,
15.06.2003, Savran 4830 & Paksoy, E

O. argaea Boiss. & Balansa, 32, 13.06.2003, Savran 4788 & Paksoy,
E, Ir.- Tur.

O. argyrea Boiss. subsp. argyrea 11, 14.07.2002, Savran 4339, E,
Ir.-Tur.

O. cornuta (L.) Desv., 9, 28.05.2002, Savran 4498, Ir.-Tur.

O. oxydonta Boiss. var armena (Boiss. & Huet) Aktoklu, 23,
15.06.2003, Savran 4831 & Paksoy

O. tournefortii (Willd.) Desv., 22, 20.06.2003, Savran 4879 &
Paksoy, E

O. viciifolia Scop., 11, 21.04.2002, Savran 4327

Ononis pusilla L., 23, 21.06.2003, Savran 4831 & Paksoy, Med.

O. spinosa L. subsp. leiosperma (Boiss.) Sirj., 11,

21.04.2002, Savran 4326

Securigera varia (L.) Lassen, 9, 28.05.2002, Savran 4497

Sesbania grandiflora (L.) Pers., 22, 20.06.2003, Savran 4860 &
Paksoy, E, E.Med.

Spartium junceum L., 12, 16.05.2002, Savran 4440, E.Med.
Trifolium arvense L. var. arvense 23, 21.06.2003,

Savran 4819 & Paksoy

T. bocconei Savi., 1, 06.06.2001, Savran 4156, Med.

T. boissieri Guss. ex Soy.-Will. & Godr., 23,

21.06.2003, Savran 4822 & Paksoy, E.Med.

T. campestre Schreb. subsp. campestre var. campestre

23, 21.06.2003, Savran 4818 & Paksoy

T. caucasicum Tausch., 2, 06.06.2001, Savran 4113, Ir.-Tur.

T. caudatum Boiss., 2, 06.06.2001, Savran 4114,

E, Ir.-Tur.

T. hirtum All., 4, 07.06.2001, Savran 4212, Med.

T. lappaceum L., 23, 21.06.2003, Savran 4823 & Paksoy, Med.

T. pallidum Waldst. & Kit., 23, 21.06.2003, Savran 4821 & Paksoy
T. physodes Steven & M.Bieb. var. physodes 4, 07.06.2001, Savran
4212, Med.

T. pratense L. var. pratense 1, 06.06.2001, Savran

4155, GY.

T. retusum L., 23, 21.06.2003, Savran 4820 & Paksoy

Trigonella lunata Boiss., 23, 21.06.2003, Savran 4827 & Paksoy,
Ir.-Tur.

T. monspeliaca L., 1, 06.06.2001, Savran 4641, Med.

T. spicata Sibth. & Sm., 23, 21.06.2003, Savran 4826 & Paksoy,
E.Med.

T. spruneriana Boiss., 23, 21.06.2003, Savran 4828 & Paksoy, Ir.-
Tur.

T. velutina Boiss., 1, 06.06.2001, Savran 4116, Ir.-Tur.

Tripodion tetraphyllum (L.) Fourr., 23, 15.06.2003, Savran 4832 &
Paksoy, Med.

Vicia aintabensis Boiss. & Hausskn. ex Boiss, 1, 06.06.2001, Savran
4111, Ir.-Tur.

V. alpestris Steven subsp. hypoleuca (Boiss.) P.H.Davis, 5,
08.06.2001, Savran 4244, E, Ir.-Tur.

V. balansae Boiss., 23, 15.06.2003, Savran 4381 & Paksoy, Euxine
V. canescens Labill. var. leucomolla (Bornm.) P.H.Davis, 9,
28.05.2002, Savran 4496, E, Ir.-Tur.

V. cracca L. subsp. stenophylla Vel., 9, 28.05.2002, Savran 4495,
Med.

V. faba L., 1, 06.06.2001, Savran 4112

V. galeata Boiss., 23, 15.06.2003, Savran 4816 & Paksoy

V. hybrida L., 11, 21.04.2002, Savran 4374, Med.

V. narbonensis L. var. narbonensis 23, 21.06.2003, Savran 4817 &
Paksoy

V. villosa Roth subsp. villosa 1, 06.06.2001, Savran 4110
FAGACEAE

Quercus cerris L., 9, 28.05.2002, Savran 4590, E.Med.

Q. coccifera L., 8,34, 28.05.2002, Savran 4591, Med.

Q. pubescens Willd. subsp. pubescens 8, 28.05.2002, Savran 4589
GENTIANACEAE

Centaurium erythraea Rafn. subsp. turcicum (Velen.) Melderis 11,
21.04.2002, Savran 4336

GERANIACEAE

Erodium absinthoides Willd. subsp. absinthoides 4, 07.06.2001,
Savran 4210

E. cicutarium (L.) L'Her. subsp. cicutarium 4, 07.06.2001, Savran
4211

Geranium pyrenaicum Burm. f.,1, 06.06.2001, Savran 4103
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G. tuberosum L., 1, 06.06.2001, Savran 4102

Pelargonium endlicherianum Fenzl., 3, 06.06.2001, Savran 4104,
Ir.-Tur.

HYPERICACEAE

Hypericum confertum Choisy subsp. confertum 2,

06.06.2001, Savran 4040

H. confertum Choisy subsp. stenobotrys (Boiss.) Holmboe, 4,
07.06.2001, Savran 4209

H. lydium Boiss., 6, 21.06.2001, Savran 4260, Ir.-Tur.

H. montbretii Spach, 2, 06.06.2001, Savran 4098

H. origanifolium Willd. var. depilatum (Freyn & Bornm.)
N.Robson, 2, 06.06.2001, Savran 4099, E

H. perforatum L. subsp. veronense (Schrank) H.Linb., 2,
06.06.2001, Savran 4096, Ir.-Tur.

H. rupestre Jaub. & Spach, 7, 22.06.2001, Savran 4276, E, E.Med.
IRIDACEAE

Crocus ancyrensis (Herb.) Maw, 1, 05.03.2001, Savran 4009, E, Ir.-
Tur.

C. chrysanthus (Herb.) Herb., 1, 05.03.2001, Savran 4010

C. danfordiae Maw subsp. danfordiae 3, 14.03.2001, Savran 4022, E
C. pallasii Goldb. subsp. pallasi 4, 07.10.2001, Savran 4660

C. sieheanus Barr ex B.L.Brutt, 3, 14.03.2001, Savran 4021, E, Ir.-
Tur.

C. speciosus M.Bieb subsp. speciosus 4, 07.10.2001, Savran 4661
Gladiolus atroviolaceus Boiss., 4, 07.06.2001, Savran 4235, Ir.-Tur.
Gynandriris sisyrinchum (L.) Parl. 34, 21.04.2003, Savran 4655 &
Paksoy, E.Med.

Iris danfordiae (Baker) Boiss., 8, 14.04.2001, Savran 4042, E, Ir.-
Tur.

1. kirkwoodiae Chaudhary 7, 15.04.2003, Savran 4231 & Paksoy, Ir.-
Tur.

1. sintenisii Janka subsp. sintenisii 32, 19.03.2003, Savran 4440 &
Paksoy, Euro.- Sib.

1. stenophylla Hausskn. ex Baker subsp. stenophylla 1, 05.04.2001,
Savran 4008, E, Med.

IXIOLIRIACEAE

Ixiolirion tataricum (Pall.) Schult. & Schult. f. var. tataricum, 24,
21.06.2003, Savran 4895 & Paksoy

JUNCACEAE

Juncus articulatus L. subsp. articulatus 4, 08.06.2001, Savran 4253,
Euro. Sib.

J. conglomeratus L., 9, 28.05.2002, Savran 4607,

Euro.-Sib.

J. inflexus L. subsp. inflexus 7, 22.06.2001, Savran 4313, GY.
LAMIACEAE

Ajuga chamaepitys (L.) Schreb. subsp. chia (Schreb.) Arcang., 9, 22,
20.06.2003, Savran 4861 & Paksoy

Ballota macrodonta Boiss. & Balansa, 4, 07.06.2001, Savran 4228,
E, Ir.-Tur.

B. saxatilis Sieber ex C.Presl subsp. saxatilis 4, 17.07.2003, Savran
4875 & Paksoy, E.Med.

Clinopodium graveolens (M.Bieb.) Kuntze subsp. rotundifolium
(Pers.) Govaerts, 12, 21.04.2002, Savran 4337, E.Med.

Lallemantia iberica (M.Bieb.) Fisch. & C.A.Mey., 7, 22.06.2001,
Savran 4300, Ir.-Tur.

Lamium amplexicaule L. var. amplexicaule 6,

21.06.2001, Savran 4266, Euro.-Sib.

L. garganicum L. subsp. striatum (Sm.) Hayek var. striatum 9,
28.05.2002, Savran 4575, E.Med.

L. macrodon Boiss. & Huet, 8, 14.05.2002, Savran

4420

L. orientale (Fisch. & C.A.Mey.) E.H.L.Krause, 14,

06.05.2002, Savran 4363, E, Ir.-Tur.

Marrubium astracanicum Jacq. subsp. astracanicum 4,

07.06.2001, Savran 4230

M. lutescens Boiss. & Heldr. subsp. micranthum (Boiss. & Heldr.)
P.H.Davis, 4, 07.06.2001, Savran

4229, E, E.Med.

M. parviflorum Fisch. & C.A.Mey. subsp. oligodon (Boiss.)
Seybold, 7, 22.06.2001, Savran 4299, E

Mentha aquatica L., 24, 21.07.2003, Savran 4898 & Paksoy

M. longifolia (L.) L. subsp. typhoides (Brig.) Harley, 18, 16.05.2002,
Savran 4435, E.Med.

M. spicata L. subsp. spicata 24, 21.07.2003, Savran 4899 & Paksoy
Micromeria myrtifolia Boiss. & Hohen., 22, 21.06.2003, Savran
4861 & Paksoy, E.Med.

Nepeta cilicica Boiss. ex Benth., 10, 21.05.2002, Savran 4458,
E.Med.

N. italica L., 9, 28.05.2002, Savran 4578

N. nuda L. subsp. albiflora (Boiss.) Gams, 5, 08.06.2001, Savran
4250

N. nuda L. subsp. nuda 9, 28.05.2002, Savran 4579, Euro.- Sib.

N. viscida Boiss., 21,15.06.2003, Savran 4871 & Paksoy, E, E.Med.
Phlomis armeniaca Willd., 14, 06.05.2002, Savran 3362, E, Ir.-Tur.
P. pungens Willd. var. pungens 23,15.06.2003, Savran 4834 &
Paksoy, Ir.-Tur.

Prunella vulgaris L., 7, 22.06.2001, Savran 4301, Euro.-Sib.

Salvia absconditiflora (Montbret & Aucher ex Benth.) Greuter &
Burdet, 2, 06.06.2001, Savran 4181, E, Ir.-Tur.

S. brachyantha (Bordz.) Pobed., 8, 14.05.2002, Savran 4422, Ir.-Tur.
S. cadmica Boiss. var. cadmica 2, 06.06.2001, Savran 4180, E

S. caespitosa Montbret & Aucher ex Benth., 9, 28.05.2002, Savran
4640, E, Ir.-Tur.

S. ceratophylla L., 6, 21.06.2001, Savran 4268, Ir. Tur.

S. frigida Boiss., 3, 06.06.2001, Savran 4182, Ir.-Tur.

S. heldreichiana Boiss. ex Benth., 9, 28.05.2002, Savran 4586, E,
E.Med.

S. microstegia Boiss. & Balansa, 9, 28.05.2002, Savran 4584, Ir.-
Tur.

S. montbretii Benth., 9, 28.05.2002, Savran 4583, Ir.-Tur.

S. multicaulis Vahl, 4, 07.06.2001, Savran 4231, Ir. Tur.

S. recognita Fisch. & C.A.Mey., 9, 28.05.2002, Savran 4582, E, Ir.-
Tur.

S.sclarea L., 11, 21.04.2002, Savran 4338

S. syriaca L., 32, 29.05.2003, Savran 4545 & Paksoy, Ir.- Tur.

S. tomentosa Mill., 9, 28.05.2002, Savran 4581, Ir.-Tur.

S. verticillata L. subsp. amasiaca (Freyn & Bornm.) Bornm., 9,
28.05.2002, Savran 4585, Ir.-Tur.

S. virgata Jacq., 22, 20.06.2003, Savran 4862 & Paksoy

S. viridis L., 14,34, 06.05.2002, Savran 4365, Med.

Scutellaria orientalis L. subsp. pectinata (Montbret &

Aucher ex Benth.) J.R.Edm., 2, 06.06.2001, Savran

4178, E

S. salviifolia Benth., 9, 28.05.2002, Savran 4574, E

Sideritis perfoliata L., 2, 06.06.2001, Savran 4179, E.Med.

S. phlomoides Boiss. & Balansa, 5, 08.06.2001, Savran

4249, E, E.Med.

Stachys annua (L.) L. subsp. annua var. annua 14,

06.05.2002, Savran 4364

S. annua (L.) L. subsp. cilicica (Boiss.) R.Bhattacharjee, 23,
15.06.2003, Savran 4836 & Paksoy, E, E.Med.

S. citrina Boiss. & Heldr. ex Benth. subsp. citrina 6, 21.06.2001,
Savran 3638, E, E.Med.

S. cretica L. subsp. anatolica Rech.f., 9, 28.05.2002, Savran 4639, E,
Ir.-Tur.

S. iberica M.Bieb. subsp. stenostachya (Boiss.) Rech.f., 23,
15.06.2003, Savran 4835 & Paksoy, Ir.-Tur.

S. lavandulifolia Vahl, 8, 14.05.2002, Savran 4421, Ir.-Tur.

S. menthoides Kotschy & Boiss., 32, 10.07.2003, Savran 4544 &
Paksoy, E Ir.-Tur.

S. woronowii (Schischk. ex Grossh.) R.R.Mill, 6, 21.06.2001, Savran
4267

Teucrium chamaedrys L. subsp. chamaedrys 2, 06.06.2001, Savran
4177, Euro.-Sib.

T. polium L. subsp. polium 23, 15.06.2003, Savran 4837 & Paksoy,
Med.

Thymus cherlerioides Viss., 15, 22.06.2001, Savran 4302, E.Med.

T. leucostomus Hausskn. & Velen., 15, 22.06.2001, Savran 4305, E,
Ir.-Tur.

T. leucotrichus Hal. subsp. leucotrischus 15, 22.06.2001, Savran
4304, E.Med.

T. sipyleus Boiss., 9, 15 28.05.2002, Savran 4580, E

Ziziphora capitata L., 18, 16.05.2002, Savran 4436, Ir.-Tur.

Z. tenuior L., 18, 16.05.2002, Savran 4637, Ir.-Tur.

LAURACEAE

Laurus nobilis L., 34, 21.04.2002, Savran 4652

LILIACEAE

Fritillaria viridiflora Post, 7, 22.06.2001, Savran 4311, E

Gagea granatellii (Parl.) Parl., 1, 05.04.2001, Savran

4006, Med.

G. lutea (L.) Ker Gawl., 23, 15.06.2003, Savran 4842 & Paksoy
Tulipa armena Boiss. var. armena 8, 14.05.2002, Savran 4430, E
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T. humilis Herb., 1, 05.04.2001, Savran 4005

LINACEAE

Linum austriacum L. subsp. austriacum 8, 14.05.2002, Savran
4386

L. mucronatum Bertol. subsp. armenum (Bordz.) P.H.Davis, 1,
06.06.2001, Savran 4101, Ir.-Tur.

L. nodiflorum L., 6, 21.06.2001, Savran 4261, Med.

MALVACEAE

Alcea apterocarpa (Fenzl) Boiss., 9, 28.05.2002, Savran 4492, E, Ir.-
Tur.

Malva neglecta Wallr., 1, 06.06.2001, Savran 4100

MYRTACEAE

Myrtus communis L. subsp. communis 30, 28.05.2002,

Savran 4517

OLEACEAE

Fraxinus angustifolia Vahl subsp. angustifolia 1,

09.07.2002, Savran 4644

Jasminum fruticans L., 2, 11.04.2001, Savran 4030, Med.

Olea europaea L. var. europaea 34, 21.04.2003, Savran

4610 & Paksoy, E.Med.

Phillyrea latifolia L., 34, 21.04.2003, Savran 4615 & Paksoy,
E.Med.

ONAGRACEAE

Epilobium hirsutum L., 9, 28.05.2002, Savran 451
ORCHIDACEAE

Cephalanthera rubra (L.) Rich., 9, 28.05.2002, Savran 4606
Dactylorhiza iberica (M.Bieb. ex Willd.) So0, 7, 22.06.2001, Savran
4312, E.Med.

D. romana (Seb.) So6 subsp. romana 2, 11.04.2001, Savran 4045,
Med.

Epipactis condensata Boiss. ex D.P. Young, 23, 15.06.2003, Savran
4841 & Paksoy, E.Med.

E. persica (So6) Hausskn. ex Nannf., 2, 11.04.2001, Savran 4043
Orchis anatolica Boiss., 2, 11.04.2001, Savran 4044, E.Med.

O. palustris Jacqg. 24, 21.06.2003, Savran 4898 & Paksoy

O. purpurea Huds. subsp. purpurea 8, 14.04.2001, Savran 4041
OROBANCHACEAE

Bornmuellerantha aucheri (Boiss.) Rothm, 9, 28.05.2002, Savran
4571, Ir.-Tur.

Orobanche aegyptiaca Pers., 32, 15.05.2003, Savran 4566 & Paksoy
O. caryophyllacea Smith, 8, 14.05.2002, Savran 4428

O. cilicica G. Beck., 8, 14.05.2002, Savran 4417

Pedicularis cadmea Boiss., 8, 14.05.2002, Savran 4426, E.Med.
Rhinanthus angustifolius C.C.Gmel. subsp. grandiflorus (Wallr.)
D.A.Webb, 12, 06.05.2002, Savran 4359

PAPAVERACEAE

Corydalis tauricola (Cullen & Davis) Lidén 1, 11.04.2001, Savran
4120, E.Med.

Fumaria officinalis L. subsp. cilicia (Hausskn.) Lidén, 1,
05.04.2001, Savran 4030, Ir.-Tur.

F. parviflora Lam., 8, 14.05.2002, Savran 4350

Glaucium leiocarpum Boiss., 9, 28.05.2002, Savran 4472

Papaver argemone L. subsp. argemone 8, 14.05.2002, Savran 4378
P. bracteatum Lindl., 4, 07.06.2001, Savran 4195, Ir.-Tur.

P. dubium L. subsp. dubium 9, 28.05.2002, Savran 4473

P. macrostomum Boiss. & A.Huet 8, 14.05.2002, Savran 4377, Ir.-
Tur.

P.rhoeas L., 1, 05.04.2001, Savran 4060

P. syriacum Boiss. & C.l.Blanche, 23, 15.05.2001, Savran 4408

P. triniifolium Boiss., 3, 06.06.2001, Savran 4059, E

Roemeria hybrida (L.) DC. subsp. hybrida, 8, 14.05.2002, Savran
4376

PLANTAGINACEAE

Anarrhinum orientale Benth., 10, 21.05.2002, Savran

4457, Ir.-Tur.

Antirrhinum majus L. subsp. majus 14, 06.05.2002,

Savran 4360

Globularia orientalis L., 9, 28.05.2002, Savran 4572,

Ir.-Tur.

G. trichosantha Fisch. & C.A.Mey., 8, 14.05.2002, Savran 4419, Ir.-
Tur.

Gratiola officinalis L., 24, 21.06.2003, Savran 4892 &

Paksoy, Euro.-Sib.

Linaria confertiflora Benth., 32, 19.05.2003, Savran

4798 & Paksoy, E, Ir.- Tur.

L. corifolia Desf., 7, 22.06.2001, Savran 4298, E, Ir.-Tur.
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L. genistifolia (L.) Mill. subsp. genistifolia 3, 06.06.2001, Savran
4174, Euro.- Sib.

L. genistifolia (L.) Mill. subsp. polyclada (Fenzl) P.H.Davis, 5,
08.06.2001, Savran 4248, E, Ir. Tur.

Plantago lanceolata L., 14, 06.05.2002, Savran 4367, GY.

P. major L. subsp. major 14, 06.05.2002, Savran 4366, GY.
Veronica beccabunga L., 06, 21.06.2001, Savran 4265

V. cuneifoila D.Don, subsp. cuneifolia 4, 7.06.2001, Savran 4227, E
V. cymbalaria Bodard, 23, 15.06.2003, Savran 4814 & Paksoy, Med.
V. grisebachii Walters, 12, 06.05.2002, Savran 4357, E.Med.

V. macrostachya Vahl subsp. macrostachya 9, 28.05.2002, Savran
4570

V. multifida L., 12, 06.05.2002, Savran 4358, E, Ir.-Tur.

V. pectinata L. var. pectinata 2, 6.06.2001, Savran 4175

V. praecox All., 8, 17.04.2003, Savran 4567 & Paksoy

V. samuelssonii Rech.f., 9, 28.05.2002, Savran 4569, E.Med.

V. surculosa Boiss. & Balansa, 21,15.06.2003, Savran

4866 & Paksoy, E, E.Med.

PLATANACEAE

Platanus orientalis L., 14, 09.07.2002, Savran 4646
PLUMBAGINACEAE

Acantholimon acerosum (Willd.) Boiss. subsp. acerosum var.
acerosum 21, 15.06.2003, Savran 4863 & Paksoy, Ir.-Tur.

A. ulicinum (Willd. ex Schultes) Boiss. var. ulicinum 8, 14.05.2002,
Savran 4424, E.Med.

A. venustum Boiss. var. venustum 8, 14.05.2002, Savran 4423, Ir.-
Tur.

Plumbago europea L., 9, 28.05.2002, Savran 4587, Euro.-Sib.
POACEAE

Aegilops umbellulata Zhuk., 1, 05.04.2001, Savran 4012, Ir.-Tur.
Agropyron cristatum (L.) Gaertn. subsp. pectinatum (M.Bieb.)
Tzvelev var. pectinatum 1, 05.04.2001, Savran 4011

Alopecurus arundinaceus Poir., 3, 06.06.2001, Savran 4193, Euro.-
Sib.

A. lanatus Sibth. & Sm., 6, 21.06.2001, Savran 4270, E.Med.

A. myosuroides Huds. subsp. myosuroides 3, 06.06.2001, Savran
4194, Euro.-Sib.

Apera intermedia Hack., 3, 06.06.2001, Savran 4192,

Ir. Tur.

A. spica-venti (L.) P.Beauv., 3, 06.06.2001, Savran 4191, Euro-Sib.
Avena barbata Pott ex Link subsp. barbata 1, 05.04.2001, Savran
4016, Med.

Briza humilis M.Bieb., 5, 14.05.2002, Savran 4433

Bromus danthoniae Trin., 23, 15.06.2003, Savran 4813 & Paksoy
B. erectus Huds., 21, 15.06.2003, Savran 4864 & Paksoy

B. japonicus Thunb. subsp. japonicus 23, 15.06.2003, Savran 4815
& Paksoy

B. tectorum L., 23, 15.06.2003, Savran 4814 & Paksoy

B. tomentellus Boiss. subsp. tomentellus 1, 05.04.2001, Savran
4015, Ir. Tur.

Dactylis glomerata L. subsp. glomerata 3, 06.06.2001, Savran 4195,
Euro.-Sib.

D. glomerata L. subsp. hispanica (Roth.) Nyman, 9, 28.05.2002,
Savran 4616

Deschampsia caespitosa (L.) P.Beauv., 3, 06.06.2001, Savran 4190
Elymus elongatus (Host) Runemark subsp. turcicus (McGuire)
Melderis, 32, 22.06.2003, Savran 5544 & Paksoy

Festuca valesiaca Schleich. ex Gaudin, 5, 08.06.2001, Savran 4255
Hordeum bulbosum L., 1, 05.04.2001, Savran 4014

Koeleria eriostachya Pancic, 7, 28.05.2002, Savran 4612

Lolium perenne L., 9, 28.05.2002, Savran 4613, Euro.-Sib.

Melica ciliata L. subsp. ciliata 21, 15.06.2003, Savran 4865 &
Paksoy

M. persica Kunth ssp. canescens (Regel) P.H.Davis,9,
28.05.2002,Savran 4617, Ir.-Tur.

M. persica Kunth subsp. inaequiglumis (Boiss.) Bor, 15, 22.06.2001,
Savran 4315

Oryzopsis coerulescens (Desf.) Hack., 9, 28.05.2002, Savran 4621,
Med.

Phragmites australis (Cav.) Trin. ex Steud., 14, 06.05.2002, Savran
4372, Euro.-Sib.

Poa alpina L. subsp. fallax F.Herm., 6, 21.05.2001, Savran 4054
P.annua L., 14, 06.05.2002, Savran 4371, Med.

P. longifolia Trin., 9, 28.05.2002, Savran 4614, Euxine.

P. nemoralis L., 6, 21.05.2001, Savran 4053
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Puccinellia distans (Jacq.) Parl. subsp. sevangensis (Grassh.)
Tzvelev, 9, 28.05.2002, Savran 4615

Rostraria cristata (L.) Tzvelev var. glabriflora (Trautv.) Dogan, 9,
28.05.2002, Savran 4611

Secale anatolicum Boiss., 1, 05.04.2001, Savran 4013

Sesleria alba Sm., 4, 22.06.2001, Savran 4314

Stipa bromoides (L.) Dérfl., 9, 28.05.2002, Savran 4618, Med.

S. ehrenbergiana Trin. & Rupr., 9, 28.05.2002, Savran 4619, Ir.-Tur.
S. lessingiana Trin. & Rupr., 9, 28.05.2002, Savran 4620
Taeniatherum caput-medusae (L.) Nevski subsp. crinitum (Schreb.)
Melderis, 9, 28.05.2002, Savran 4610, Ir.-Tur.

Vulpia ciliata Dumort., 21, 15.06.2003, Savran 4865 & Paksoy
POLYGALACEAE

Polygala anatolica Boiss. & Heldr., 3, 06.07.2001,

Savran 4087

P. pruniosa Boiss. subsp. megaptera Cullen, 4,

07.06.2001, Savran 4204

P. supina Schreb. subsp. supina 3, 06.07.2001, Savran 4666
POLYGONACEAE

Polygonum bellardii All., 9, 28.05.2002, Savran 4490

P. cognatum Meissn., 9, 28.05.2002, Savran 4489

Rumex acetosella L., 8, 14.05.2002, Savran 4383, GY.

R. angustifolius Campd. subsp. angustifolius 8,

14.05.2002, Savran 4385, Ir.-Tur.

R. cristatus DC., 2, 11.04.2002, Savran 4321

R. hydrolapathum Huds., 10, 06.06.2001, Savran 4094, Euro.- Sib.
R. obtusifolius L. subsp. subalpinus (Schur) Celak., 32, 13.06.2002,
Savran 4478

R. patientia L., 9, 28.05.2002, Savran 4491

R. scutatus L., 8, 14.05.2002, Savran 4384

PRIMULACEAE

Anagallis arvensis L. var. arvensis 3, 06.06.2001, Savran 4162, Ir.-
Tur.

A. arvensis L. var. caerulea (L.) Gouan, 3,

06.06.2001, Savran 4344

Androsace albana Steven., 3, 06.06.2001, Savran 4161, Hyrcano-
Euxine

A. maxima L., 3, 06.06.2001, Savran.,4160, Ir.-Tur.

A villosa L., 7, 22.06.2001, Savran 4295, Euro.- Sib.

Cyclamen cilicium Boiss. & Heldr., 4, 07.10.2002, Savran 4691
Primula acaulis (L.) L. subsp. acaulis 8, 14.05.2001, Savran 4051,
Euro.-Sib.

P. auriculata Lam., 24, 21.06.2003, Savran 4891 & Paksoy, Ir. Tur.
RANUNCULACEAE

Adonis flammea Jacq., 11, 21.04.2002, Savran 3315

Anemone blanda Schott & Kotschy, 9, 28.05.2002, Savran 4462
Caltha palustris L., 3, 06.06.2001, Savran 4018, Ir.-Tur.

Clematis cirrhosa L., 24, 21.06.2003, Savran 4893 & Paksoy, Med.
Consolida orientalis (J.Gay) Schrodinger, 8, 14.05.2002, Savran
4374, Ir.-Tur.

C. raveyi (Boiss.) Schrddinger, 22, 20.05.2003, Savran 4856 &
Paksoy, E, Ir.-Tur.

C. staminosa P.H.Davis & Sorger, 6, 16.07.2007, Savran 4347, E,
Ir.-Tur.

Eranhtis hyemalis (L.) Salish., 2, 08.04.2002, Savran 4045

Nigella arvensis L. var. glauca Boiss., 3, 06.06.2001, Savran 4023
Ranunculus argyreus Boiss., 3, 06.06.2001, Savran 4349

R. arvensis L., 3, 11.04.2001, Savran 4058

R. cornutus DC., 3, 11.04.2001, Savran 4057

R. demissus DC. var. major Boiss., 8, 14.05.2002, Savran 4375, E

R. ficaria L. subsp. ficariiformis Rouy & Foucaud, 2, 07.05.2001,
Savran 4019

R. repens L., 12, 16.05.2002, Savran 4348

R. reuterianus Boiss., 9, 26.07.2002, Savran 4470, E

Thalictrum isopyroides C.A.Mey, 13, 22.06.2002,

Savran 4675

RESEDACEAE

Reseda lutea L. var. lutea, 9, 28.05.2002, Savran 4475

R. luteola L., 8, 26.06.2002, Savran 4520

RHAMNACEAE

Paliurus spina-cristi P. Mill., 1,34, 06.06.2001, Savran 4105
ROSACEAE

Alchemilla holocycla Rothm., 9, 28.05.2002, Savran 4505, E, Ir.-
Tur.

Agrimonia eupatoria L. subsp. asiatica (Juz.) Skalicky,

9, 28.05.2002, Savran 4504

Amygdalus orientalis Mill., 8, 14.05.2002, Savran 4387,

Ir.-Tur.

Cerasus prostrata (Labill.) Ser. var. prostrata 7, 22.06.2001, Savran
4328, Med.

Cotoneaster nummularius Fisch. & C.A.Mey., 9, 28.05.2002,
Savran 4509, E.Med.

Crataegus monogyna Jacg. var. monogyna 3, 06.06.2001, Savran
4122

C. orientalis Pall. ex M.Bieb. subsp. orientalis 1, 06.06.2001, Savran
4121

Potentilla calycina Boiss. & Balansa, 9, 28.05.2002,

Savran 4501, E, E.Med.

P. kotschyana Fenzl, 8, 14.05.2002, Savran 4388, E.Med.

P.recta L., 9, 28.05.2002, Savran 4502

P. reptans L., 9, 28.05.2002, Savran 4503

P. speciosa Willd., 8, 14.05.2002, Savran 4389

Prunus divaricata Ledeb. var. divaricata 1, 09.07.2002, Savran 4642
P. x domestica L., 1, 09.07.2002, Savran 3643

Pyracantha coccinea M.Roem., 12, 28.05.2002, Savran 4502

Pyrus elaeagnifolia Pall. subsp. elaeagnifolia 9, 28.05.2002, Savran
4510

Rosa canina L., 9, 28.05.2002, Savran 4507

R. hemisphaerica J. Herrm., 9, 28.05.2002, Savran 4506, Ir.-Tur.

R. pulverulenta M.Bieb., 7, 22.06.2001, Savran 4281, Ir.-Tur.

Rubus ulmifolius Schott, 9, 28.05.2002, Savran 4500

Sanguisorba minor L. subsp. balearica (Bourg. ex Nyman) Muoz
Garm., & C.Navarro, 1, 06.06.2001, Savran 4120

Sorbus umbellata Fritsch, 17, 22.06.2002, Savran 4641
RUBIACEAE

Asperula arvensis L., 3, 06.06.2001, Savran 3187, Med.

A. lilaciflora Boiss. subsp. lilaciflora 3, 06.06.2001, Savran 4186, E,
E.Med.

A. orientalis Boiss. & Hohen., 1, 09.07.2002, Savran 4648, Ir.-Tur.
Callipeltis cucullaris (L.) Steven, 1, 09.07.2002, Savran 4650, Ir.-
Tur.

Cruciata pedemontana (Bellardi) Ehrend., 9, 28.05.2002, Savran
4597

C. taurica (Pall. ex Willd.) Ehrend., 15, 22.06.2001, Savran 4308,
Ir.-Tur.

Galium aparine L., 9, 28.05.2002, Savran 4596, GY.

G. bornmuelleri Hausskn. ex Bornm., 4, 07.06.2001,

Savran 4233, E

G. canum Req. ex DC. subsp. ovatum Ehrend., 15,

22.06.2001, Savran 4307, E.Med.

G. cilicicum Boiss., 7, 22.06.2001, Savran 4306, E, E.Med.

G. dieckii Bornm., 9, 28.05.2002, Savran 4595, E

G. floribundum Sm. subsp. floribundum 1, 09.07.2002,

Savran 4649, Med.

G. heldrichii Halacsy, 8, 15.05.2003, Savran 5569 & Paksoy

G. incanum Sm. subsp. elatius (Boiss.) Ehrend., 11,

21.04.2002, Savran 4345, Ir.-Tur.

G. setaceum Lam., 8, 14.05.2002, Savran 4425, Med.

G. shepardii Post, 2, 11.04.2001, Savran 4038, E,

E.Med.

G. sieheanum Ehrend., 7, 21.06.2001, Savran 4269, E

G. subuliferum Sommer & Levier, 8, 28.05.2002, Savran 4594

G. verum L. subsp. glabrescens Ehrend., 11, 21.04.2002, Savran
4344, Ir.-Tur.

G. verum L. subsp. verum 11, 21.04.2002, Savran 4343, Euro.-Sib.
Rubia tenuifolia d'Urv. subsp. brachypoda (Boiss.) Ehrend. &
Schonb.-Tem., 9, 28.05.2002, Savran 4598,

E.Med.

R. tinctorum L., 23, 15.06.2003, Savran 4809 & Paksoy, Ir.-Tur.
RUTACEAE

Haplophyllum myrtifolium Boiss., 21, 15.06.2003, Savran 4866 &
Paksoy, E, Ir.-Tur.

Ruta thesioides Fisch. ex DC., 6, 21.06.2001, Savran 4262
SALICACEAE

Populus nigra L. subsp. caudina (Ten.) Bugala, 9, 28.05.2002,
Savran 4593

P. tremula L. subsp. tremula 8, 28.05.2002, Savran 4592, Euro.-Sib.
Salix alba L. subsp. alba 14, 09.07.2002, Savran 4647, Euro.-Sib.
SANTALACEAE

Arceutobium oxycedri (DC.) M.Bieb., 2, 11.04.2001, Savran 4032,
Ir Tur

Thesium bergeri Zucc., 2, 11.04.2001, Savran 4034, E.Med.
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T. bertramii Aznav., 3, 06.06.2001, Savran 4183, E, Ir.-Tur.

T. billardieri Boiss., 3, 06.06.2001, Savran 4184, Ir. Tur.

Viscum album L. subsp. abietis (Wiesb.) Abromerit, 2, 11.04.2001,
Savran 4033

SAPINDACEAE

Acer hyrcanum Fisch. & C.A. Mey. subsp. tauricolum (Boiss. &
Balansa) Yalt., 47, 1500-1700 m, 15.07.2008, Paksoy 12

A. monspessulanum L. subsp. microphyllum (Boiss.) Bornm., 1,
06.06.2001, Savran 4106

A. negundo L., 14, 1350 m, 16.07.2008, Paksoy 13
SAXIFRAGACEAE

Saxifraga kotschyi Boiss., 32, 14.06.2002, Savran 4339
SCROPHULARIACEAE

Scrophularia cryptophila Boiss. & Heldr., 3, 06.06.2001, Savran
4643, E, E.Med.

S. libanotica Boiss. subsp. libanotica var. oligantha

Heywood, 12, 06.05.2002, Savran 4356, E, Ir. Tur.

S. scopolii Hoppe ex Pers., var. scopolii 12, 06.05.2002, Savran 4642
Verbascum cilicicum Boiss., 8, 21.06. 2007, Savran 5884, E

V. flavidum (Boiss.) Freyn & Bornm., 9, 28.05.2002, Savran 4567,
Euro.- Sib.

V. glomerulosum Hub.-Mor., 9, 28.05.2002, Savran

4568, E

SMILACACEAE

Smilax excelsa L. 32, 30.05.2003, Savran 4607 & Paksoy
SOLANACEAE

Hyoscyamus niger L., 4, 07.06.2001, Savran 4235, GY.

H. reticulatus L., 4, 07.06.2001, Savran 4235, Ir.-Tur.

Solanum luteum Mill., 10, 07.06.2001, Savran 4663, GY.
STYRACACEAE

Styrax officinalis L., 9, 28.05.2002, Savran 4559, Med.
TAMARICACEAE

Tamarix smyrnensis Bunge, 1, 06.06.2001, Savran 4110

3. Sonuglar ve tartisma
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THYMELAEACEAE

Daphne gnidioides Jaub. & Spach, 25, 07.06.2001, Savran 4232,
E.Med.

D. oleoides Schreb. subsp. kurdica (Bornm.) Bornm., 4, 07.06.2001,
Savran 4232, Ir.-Tur.

TYPHACEAE

Typha angustifolia L., 14, 06.06.2002, Savran 4628, GY.

T. laxmannii Lepech., 14, 06.06.2002, Savran 4627, Euro.-Sib.
URTICACEAE

Urtica dioica L. subsp dioica 14, 06.05.2002, Savran 4369, Euro.-
Sib.

VIOLACEAE

Viola heldreichiana Boiss., 8, 14.05.2002, Savran 4382, E.Med.

V. kitaibeliana Roem. & Schult.,, 3, 11.04.2001, Savran 4025,
E.Med.

V. siecheana W.Becker, 24, 21.06.2003, Savran 4893 & Paksoy

V. tricolor L., 24, 21.06.2003, Savran 4894 & Paksoy
XANTHORRHOEACEAE

Asphodelus aestivus Brot., 34, 21.04.2003, Savran 4659 & Paksoy,
Med.

Asphodeline damascena (Boiss.) Baker. subsp. damascena 5,
08.06.2001, Savran 4252, Ir.-Tur.

A. globifera J.Gay ex Baker., 3, 06.06.2001, Savran 4189, E.Med.

A. pristmatocarpa J.Gay ex Boiss., 7, 28.05.2002, Savran 4600, E,
E.Med.

A. rigidifolia (Boiss. & Heldr.) Baker, 5., 08.06.2001, Savran 4251,
E, Ir.-Tur.

A. taurica (Pall.) Endl., 9, 28.05.2002, Savran 4599, E.Med.
Eremurus spectabilis M.Bieb., 32, 22.06.2001, Savran 4309, Ir.-Tur.
ZYGOPHYLLACEAE

Tribulus terrestris L., 22, 20.06.2003, Savran 4853 & Paksoy
Zygophyllum fabago L., 23, 15.06.2003, Savran 4807 & Paksoy, Ir.-
Tur.

Yapilan bu ¢alisma ve bolgeye yakin gevrelerde yapilmis olan alt1 adet ¢alismanin listesi asagida verilmistir. Bunlara ait
sira numaralar1 kullanilarak takson sayilari ve diger veriler tablolara girilerek gerekli kiyaslamalar yapilmigtir. Calisma sonucunda
toplam 82 familya, 370 cins ve bu cinslere ait 839 takson tespit edilmistir. Toplanan bu taksonlarin 7’si Pteridophyta, 832’si ise

Magnoliophyta divizyosuna aittir. Arastirma alanindan toplanan taksonlarin fitocografik bolgelere gore dagilimlari,

Iran-Turan

elementi %24.9, Akdeniz elementi %19.6, Avrupa-Sibirya elementi %5.6, Genis yayilislt ve yayilig alanlar1 bilinmeyenlerin orani

%49.9 seklindedir (Tablo 1).

Elde edilen bu veriler yakin ¢evrede yapilan diger caligmalar ile kiyaslandiginda Bolkar Daglar1 Florasi (Gemici, 1993) adl1
¢alisma hari¢ diger tiim ¢aligmalarda Iran-Turan fitocografik bdlge elementlerinin hakim oldugu goriilmektedir. Bu ¢aligmada Iran-
Turan elementlerinin ikinci sirada olmasinin nedeni, bitki toplanan lokalitelerin ¢ogunlugunun giiney kesimine ait olmasi, kuzey

kesiminden daha az bitki toplanmis olmasidir (Tablo 2).
1. Giilek Bogazinin Florasi

2. Hasan Dagi’nin (Aksaray Kesimi) Florasi (Bagkdse ve Dural, 2011)
3. Nigde-Ulukisla Arasinda Kalan Bolgenin Floras1 (Martin ve Aydogdu, 2005)

4. Aladaglar Milli Parki’nin Floras1 (Tiifekei vd., 2002)

5. Bolkar Daglarmin (Orta Toroslar) Flora ve Vejetasyonu (Gemici, 1993)
6. Sarimsak Dag1 ve Korkiin Vadisi’nin (Pozanti, Adana) Florasi (Paksoy ve Savran, 2011)

Tablo 1. Taksonlarin ait olduklar fitocografik bolgeler ve takson sayilari

Fitocografik Bolge Takson Sayis1 | Yiizde Orami%
[ran-Turan 208 249
Akdeniz 165 19,6
Avrupa-Sibirya 47 5,6
Genis yayiligh ve Bilinmeyenler 419 49,9

Tablo 2. Caligma alanina ait fitocografik bolge elementlerinin yakin ¢evredeki diger ¢alismalar ile kiyaslanmast

Yapilan Calismalar

1 2 3 4 5
Takson sayilar1 P
Fitocografik Bolge ¥ % 39 25 30 566 582 52
fran — Turan

4,9 4,3 1,2 6,7 3,9 4,6
Akdeniz

9,6 3 9 8,8 4,8 8,3
Avrupa-Sibirya
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6 8 2 8 5 5
Genis yayilish ve
Bilinmeyenler 9,9 2,6 9,8 9,7 0,8 3,0

Arastirma alanindan toplanan taksonlarin hayat formlar1 Raunkiaer sistemine gore belirlenmistir (Akman ve Ketenoglu,
1992). Taksonlarin hayat formlarina goére dagilimlari; Hemikriptofitler %55.9, Terofitler %19.5, Kriptofitler %10.6, Kamefitler %6.8,
Fanerofitler %6.2 ve Vaskiiler parazitler % 0.9 seklinde tespit edilmistir (Tablo 3).

Tablo 3. Taksonlarin ait olduklari hayat formlar1 ve takson sayilari

Hayat Formu Takson Sayis1 | Yiizde Oran1 %
Hemikriptofit 471 56,1

Terofit 163 19,4

Kriptofit 88 10,6

Kamefit 57 6,8

Fanerofit 51 6,2

Parazit 9 0,9

Calisma alanimizdaki toplam taksonlarin %18.8’inin endemik oldugu ve endemizm oraninin Tiirkiye ortalamasinin altinda yer aldig:
goriilmektedir. Bu durum dar alan ¢aligmalart i¢in karakteristiktir. Diger ¢aligmalar dikkate alindiginda ise endemizm oraninin bizim
caligmamiza yakin olanlar; Sarimsak Dag1 ve Korkiin Vadisi’nin flarasi (6) %17, Bolkar Daglarmin Flora ve Vejetasyonu (5) %18,5
adli caligmalardir (Tablo 8). Endemizm orani en yiiksek olan ¢aligma ise Bolkar Daglari (3)’dir. Bu alanda endemizm oraninin
yiiksek ¢ikmasi olagan bir durum olup, Toros Daglari’nin kendine 6zgii kayac yapisi, iklimi, jeomorfolojik yapisi, yiikseklikten
dogan izolasyonu nedeniyle birgok bitkiyi 6zellestirmekte ve endemizm oranini artirmaktadir (Gemici, 1993). Calisma alanindan
toplanan endemik taksonlardan 2’si CR, 7’si EN, 11’1 VU ve 127’si LR kategorisinde yer almaktadir (IUCN, 2010).

Tablo 8. Calisma alanindaki taksonlarin endemizm oranive ¢evredeki diger ¢calimsalar ile kiyaslanmasi

Yapilan Caligmalar 1 2 3 4 5 6

Takson sayilari 839 |725 |430 | 1566 [1582 |652
Endemik Takson Sayisi [ 158 | 98 66 391 292 135
Endemizm Orami% 18,8 |13,5 |15,0(25,0 |185 |17,0

Arastirma alanindan toplayamadigimiz ancak daha once yerli ve yabanci arastirmacilar tarafindan toplanan taksonlar asagida

verilmistir;

Acantholimon armenum Boiss. & Huet. var. armenum
Achillea cappadocia Hausskn. & Bornm.
Aegilops biuncialis Vis.

Alkanna kotschyana A.DC.

Allium affine Ledeb.

A. gayi Boiss.

Alyssum baumgartnerianum Bornm. ex Baumg.
A. giosnanum Nyar.

Amelanchier ovalis Medik. subsp. integrifolia (Boiss. & Hohen.)
Bornm.

Amygdalus communis L.

Anagallis foemina Mill.

Andrachne telephioides L.

Androsacea multiscapa Duby

Anthericum liliago L.

Arenaria deflexa Decne subsp. pubescens Mc Neill
Aristolochia cilicica P.H.Davis & M.S.Khan
Arrhenatherum palaestinum Boiss.

Asparagus oficinalis L. subsp. officinalis
Asphodeline lutea (L.) Rchb.

Astragalus christianus L. subsp. christianus

A. drusorum Boiss.

A. gossypinus Fisch.

A. guttatus Banks & Sol.

A. humilis M.Bieb.

A. nanus DC.

A. pelliger Fenzl

A. schizopterus Boiss.

A. schottianus Boiss.

A. vaginans DC.

Bothriochloa ischaemum (L.) Keng
Brachypodium sylvaticum (Hud.) P.Beauv.
Bromus comutatus Schrad.

Bufonia virgata Boiss.

Bupleurum gerardii All.

B. koechelii Fenzl

B. pauciradiatum Fenzl

Calamagrostis pseudophragmites (Haller) Koeler
Campanula axillaris Boiss. & Balansa

C. buseri Damboldt

C. kotschyana A.DC.

C. rapunculoides L.

Carex divulsa Stokes

C. halleriana Asso

C. melanostachya M.Bieb. ex Wild.

C. tristis M.Bieb.

Centaurea babylonica (L.) L.

Cephalanthera kotschyana Renz & Taubenheim
Cerastium fragillimum Boiss.

C. glomeratum Thuill.

Chenopodium botrys L.

Chrozophora tinctoria (L.) A.Juss.

Cicer floribundum Fenzl

Cirsium cilicium P.H.Davis & Parris

C. libanoticum DC. subsp. arachnoideum P.H.Davis & Parris
Cleistogenes serotina (L.) Keng subsp. serotina
Clinopodium nepeta (L.) Kuntze subsp. nepeta
Colchicum cilicicum (Boiss.) Dammer

Convolvulus assyricus Griseb.

Cornus mas L.

C. sanguinea L. subsp. cilicica (Wangerin) D.F.Chamb.
Cota oxylepis Boiss.

Crataegus azarolus L. var. azarolus

Crepis alpina L.

C.rubraL.

Crocus biflorus Mill. subsp. tauri (Maw) B.Mathew
C. fleischeri J.Gay

C. kotschyanus K.Kohch subsp. kotschyanus
Crypsis schoenoides (L.) Lam.

Cyanus reuterianus (Boiss.) Holub var. phyrygia Boram.
Cydonia oblonga Mill.
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Dactylorhiza osmanica (Klinge) P.F.Hunt & Summerh. var.
anatolica (Nelson) Renz & Taubenheim

Dianthus elegans d’Urv. var. elegans

Doronicum orientale Hoffm.

Draba elegans Boiss.

D. heterocoma Fenzl

D.vernaL.

Echinaria capitata (L.) Desf.

Echinochloa crus-galli (L.) P.Beauv.

Echinops spinosissimus Turra subsp. bithynicus (Boiss.) Greuter
Elymus hispudus (Opiz) Melderis subsp. barbulatus  (Schur)
Melderis

E. hispudus (Opiz) Melderis subsp. hispudus
Ephedra foeminea Forssk.

Epilobium angustifolium L.

E. lanceolatum Sebast. & Mauri

Epipactis veratrifolia Boiss. & Hohen.

Erodium cedrorum Schott subsp. cedrorum

E. hoefftianum C.A.Mey.

Eryngium creticum Lam.

E. falcatum F.Delaroche

Equisetum giganteum L.

Euphorbia altissima Boiss. var. altissima

E. chamaesyce L.

E. condylocarpa M.Boiss.

E. falcata L. subsp. falcata var. galilaea (Boiss.) Boiss.
E. rigida M.Bieb.

Falcaria vulgaris Bernh

Ferulago pachyloba (Fenzl) Boiss.

Festuca glaucispicula Markgr.-Dann.

Flipendula vulgaris Moench

Fraxinus ornus L. subsp. cilicica ( Lingelsh.) Yalt.
Gagea gageoides (Zucc.) Vved.

G. juliae Pascher

G. peduncularis (C.Persl) Pascher

Galium paschale Forrsk.

G. tenuissimum M.Bieb. f. trichophorum (Kar. & Kir.) Ehrend. &
Schonb.-Tem.

G. verticillatum Danthoine ex Lam.

Gaudiniopsis macra (M.Bieb) Eig. subsp. macra
Geranium macrostylum Boiss.

Gnaphalium leucopolinum Schott & Kotschy ex Boiss.
Heliotropium circinatum Griseb.

Heptaptera cilicica (Boiss. & Balansa) Tutin

Iberis sempervirens L.

Iris junonia Schott & Kotschy ex Schott

I. pseudacorus L.

Isatis buschiana Schischk.

I. callifera Boiss. & Balansa

Johrenia dichotoma DC.

Juncus sparganifolius Boiss. & Kotschy ex Buchenau
J. sphaerocarpus Nees ex Funk

Kitaibelia balansae Boiss.

Lamium album L. subsp. album

Lathyrus annuus L.

L. elongatus (Bornm.) Sirj.

Legousia falcata (Ten.) Fritsch ex Janch.

L. pentagonia (L.) Thell.

Linum tenuifolium L.

Lycopus europaeus L.

Medicago brachycarpa M.Bieb.

M. rigida (Boiss. & Balansa) E.Small

Melica eligulata Boiss.

Mercurialis annua L.

Micromeria cremnophila Boiss. & Heldr. subsp. anatolica P.H.Davis
Muscari aucheri (Boiss.) Baker

Myosotis speluncicola (Boiss.) Rouy

Noccaea violascens (Schott & Kotschy) F.K.Mey.
Onobrychis beata Sirj.

Onosma armena DC.

O. trachytricha Boiss.

Ophrys lutea Cav.
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Orchis mascula (L.) L.

Origanum boissieri letsw.

O. vogelii Greuter & Burdet

Ornithogalum lanceolatum Labill.

Orobanche mutelii F.W.Schultz

O. alba Stephan ex Willd.

Oryzopsis virescens (Trin.) Beck

Papaver persicum Lindl. subsp. persicum

Peltaria angustifolia DC.

Petrorhagia alpina (Hablitz) P.W.Ball & Heywood ssp. olympica
(Boiss.) P.W.Ball & Heywood

Pycreus flavidus (Retz.) T.Koyama var. flavidus

Phelum montanum K.Koch subsp. serrulatum (Boiss.) Dogan
Phlomis samia L.

P. syriaca Boiss.

Physospermum cornubiense (L.) DC.

Pisum sativum L. subsp. elatius (M.Bieb.) Aschers. & Graebn. var.
pumilio Meikle

P. compressa L.

P. diversifolia (Boiss. & Balansa) Hack. ex Boiss.
Podocytisus caramanicus Boiss. & Heldr.

Polygonatum orientale Desf.

Quercus infectoria Oliv. subsp. veneris (A.Kern.) Meikle
Q. ithaburensis Decne. subsp. macrolepis (Kotschy) Hedge & Yalt.
Q. robur L. subsp. robur

Ranunculus sericeus Banks & Sol.

Reichardia glauca Matthews

Rhamnus petiolaris Boiss. & Balansa

R. hirtella Boiss.

Rosa foetida J. Herrm.

Ruscus aculeatus L.

Satureja hortensis L.

Saxifraga hederacea L. var. hederacea

Scabiosa micrantha Desf.

Scandix balansae Reut.

Scorzonera rigida DC.

Sideritis libanotica Labill. subsp. linearis (Benth.) Bornm.
S. montana L. subsp. remota (d’Urv.) P.W.Ball
Sisymbrium oientale L.

Sonchus asper (L.) Hill subsp. glaucescens (Jord.) Ball
Stachys cretica L. subsp. grana (Boiss) Rech.f.

S. sparspilosa R.Bhattacharjee & Hub.-Mor.

Sternbergia clusiana (Ker Gawl.) Ker-Gawl. ex Spreng.
Stipa arabica Trin. & Rupr.

Tanacetum argenteum (Lam.) Willd. subsp. flabellifolium (Boiss. &
Heldr.) Grierson.

T. parthenium (L.) Sch.Bip.

Taraxacum syriacum Boiss.

Taxus baccata L.

Teucrium scordium L. subsp. scordioides (Schreb.) Arcang.
Thymbra spicata L. subsp. spicata

Thymelaea aucheri Meisn.

T. cilicica Meisn.

T. passerina (L.) Coss. & Germ.

Tragopogon buphthalmoides (DC.) Boiss. var. buphthalmoides
T. pterocarpus DC.

Trifolium erubescens Fenzl

T. lucanicum Gasp. ex Guss.

Trigonella cilicica Hub.-Mor.

T. plicata (Boiss. & Balansa) Boiss.

Tripleurospermum sevanense (Manden.) Pobed.

Triticum dicoccoides (Korn. ex Asch. & Graebn.) Schweinf.
Typha minima Funck

Verbascum galilaeum Boiss.

V. lasianthum Boiss. ex Benth.

V. leianthum Benth.

V. orientale (L.) All. subsp. orientale

V. sinuatum L. subsp. sinuatum var. sinuatum

Veronica bilabo L.

V. triphyllos L.

Vicia galilaea Plitmann & Zohary

Ziziphora clinopodioides Lam.
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Tesekkiir

Bu calismay1 FEB-1999/3 no’lu proje ile destekleyen Nigde Universitesi Bilimsel Arastirma Projeleri Birimine tesekkiir
ederiz.
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Determination of changes on minerals, amino and organic acids on different growing periods of buckwheat and
cereal genotypes
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Abstract

The objective of this study was to determine changes of some mineral, amino and organic acid characteristics
in developmental of stages of buckwheat, bread wheat, durum wheat and triticale genotypes. Analyses of above-ground
parts in buckwheat and cereal genotypes showed that nutritional quality characteristics of buckwheat are similar to
bread and durum wheat, barley and triticale genotypes in minerals, amino acid and organic acid compositions. Our
results confirm that when compared with Sonmez (bread wheat), Dumlupinar (durum wheat), Ince (barley) and Karma
(triticale) genotypes; Aktas, Gilines and buckwheat genotypes are rich in minerals, amino and organic acid
compositions. They are mostly formed by genotype x environment interaction.

Key words: Buckwheat, cereals, durum wheat, barley, triticale, organic acids

*

Karabugday ve tahil cesitlerinde farkh gelisme donemlerinde mineral madde, amino ve organik asit
diizeylerindeki degisimin belirlenmesi

Ozet

Bu calismada ekmeklik bugday, makarnalik bugday, arpa, triticale ve karabugday ¢esitlerinde farkli gelisme
devrelerinde yaprak ve saplarda mineral madde, amino asit ve organik asit degisimleri incelenmistir. Yapilan
incelemede karabugday gesitlerinin mineral madde, amino asit ve organic asit diizeyleri yoniinden zengin ve diger
incelenen yakin 6zellik gosterdigi belirlenmistir. Ayrica mineral madde, amino asit ve organic asit diizeylerinin, genotip
x gevre interaksiyonundan oldukga etkilendigi sonucuna varilmustir.

Anahtar kelimeler: Karabugday, tahillar, makarnalik bugday, arpa, tritikale, organik asit
1. Introduction

Buckwheat (Fagopyrum esculentum Moench) is cultivated, produced, consumed in many countries of the
world and it is important cultivated crop in many countries of the world (Prakash et al., 1987; Ohnishi, 2003; Gupta et
al., 2002; Taghipour and Salehd, 2008; Wronkowska et al., 2010; Awasthi and Thakur, 2010). Having low use of
moisture, buckwheat could supply many advantages in rotation systems by breaking up disease cycles, surpressing
weeds and keeping moisture in soil (Sedej et al., 2011). Buckwheat is better adapted to low-fertile soils than most other
crops (Clark et al., 1994; Dabney et al., 2001) and is not tolerant crop in frost, flooding, soil crusting and extreme
drought conditions (Clark, 1994; Cruse, 1995; Delgado, 1998). It has wide usability potential in food industry and is
commonly used-processed into products such as breakfast foods, flour and noodles etc. Not only as a green crop but as
a grain buckwheat could be substituted for other crops in feeding livestock, linseed meal in a ration consisting of
tankage, linseed meal, and alfalfa hay. The best use of buckwheat in animal feeding is suggested as mixture of it with
other suitable fodder crops (Gupta et al., 2002; Dogra, 2010). This crop seems to be high in protein, amino acid
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composition and vitamins, starch, minerals, dietary fibre (Murray, 1999; Veraverbeke and Delcour, 2002; Sedej et al.,
2011); biochemical, nutritional quality and nutraceutical characteristics of above-ground parts in buckwheat seem
similar to major cereals (Matsuo and Dexter, 1980; Gupta et al., 2002; Wronkowska et al., 2010). Tomatake et al.
(2006) determined content in buckwheat grains as 2.3 per cent and tryptophan content as 2.0 per cent. Tang et al. (2007)
stated amino acid profile of tartary buckwheat seeds and reported methionine content as 0.29 per cent and tryptophan
content as 0.08 per cent. Dogra (2010) pointed out methionine content in buckwheat grains as 57.9 to 103.4 mg/g N and
tryptophan content as 62.2 to 79.2 mg/g N. The objective of this study was to determine changes of some mineral,
amino and organic acid characteristics in developmental of stages of buckwheat, bread wheat, durum wheat and triticale
genotypes.

2. Materials and methods

This study, a pot experiment, was carried out in greenhouse conditions at Osmangazi University, Agricultural
College Eskisehir, Turkey (30°32°E 39°46° N, at an altitude of 792 m) in the 2012-2013 cropping seasons. Seeds were
sown in PVC containers (0.75 m width, 1 m length, and 0.75 m height) containing 75 kg of loamy textured soil (33.7%
sand, 37.0% silt, and 27.3% clay). Soil also had 0.44% CaCOs, 241.4 mmol/kg P20s, 385.1 mmol/kg K20, and 2.09%
organic matter, 6.04 pH, and 2.71 dS/m electrical conductivity.

Sonmez: Bread wheat, winter habit, kernel red-hard, 100-110 cm plant height, 32-50 g thousand kernel weight,
80-84 kg/hl test weight, 12-14% protein content, resistant to drought and cold. Ince: Barley, two-row spike, kernel
white, 95-105 cm plant height, 32-50 g thousand kernel weight, 62-73 kg/hl test weight, 7-13% protein content,
resistant to cold.

Dumlupmar: Durum wheat, white kernel, 90-95 cm plant height, 40-45 g thousand kernel weight, 81-84 kg/hl
test weight, 12-14% protein content, resistant to cold. Karma: Triticale, winter habit, kernel red brown, 110-120 cm
plant height, 35-40 g thousand kernel weight, 78-80 kg/hl test weight, 11-13% protein content, resistant to drought and
cold. Aktas: Buckwheat, spring habit, kernel brown, 60-115 cm plant height, 25-35 g thousand kernel weight, 52-58
kg/hl test weight, 11-14% protein content. Giines: Buckwheat, spring habit, kernel browned, 70-110 cm plant height,
24-33 g thousand kernel weight, 50-60 kg/hl test weight, 11-13% protein content. Local variety: Buckwheat, spring
habit, kernel brown, 65-100 cm plant height, 23-35 g thousand kernel weight, 54-62 kg/hl test weight, 11-12% protein
content. Cereals including cv. Sonmez (bread wheat) cv. Ince (two-row barley), cv. Dumlupmar (durum wheat) and cv.
Karma (triticale) were sown during the first two weeks of September at a seed rate of 500 seed/m?. Sixty kg N ha™ (V%
at sowing stage and ¥ at tillering stage) and 60 kg ha™* P,Os (at sowing) were applied. Ammonium sulfate (21% N) and
triple superphosphate (46% P,Os) were used as fertilizers in the study. Buckwheat cultivars (Aktag Gilines and local
variety) were sown at the third week of April and they were planted in pots with the account of 50 kg/ha seed rate, 150
kg/ha nitrogen and 100 kg/ha phosphorus. Containers in the experiment were protected from bird damage by netting.
Experimental design was a randomized complete block design (RCBD) with three replications. Irrigation at sowing, at
stem elongation (Feekes 6.0), and at flowering (Feekes 10.51) was applied, and after this stage waterlogging was
applied. Water was given in buckwheat as needed. Seasonal changes on mineral, amino acid and organic acid levels of
genotypes were determined. Mineral, amino acid and organic acid levels of genotypes were determined in seedling,
flowering and maturity periods of genotypes.

Amino Acid Analysis; for the amino acid analysis, 5 mL of 0.1 N HCI was added to 5 mg plant sample. The
samples were homogenized and dispersed using an IKA Ultra Turrax D125 Basic homogenizer and incubated at 40C
for 12 hours. Then, the homogenized samples were vortexed. After these sample suspensions were centrifuged at 1200
rpm for 50 minutes, the supernatants were filtered using a 0.22 um Millex Millipore filter. Next, the supernatants were
transferred to vials for amino acid analysis using HPLC as described (Henderson et al. 1999). The quantities of amino
acids found in the plant samples, including aspartate, glutamate, and asparagine, were determined after 26 minutes of
HPLC derivation and are reported as pmol pl-1. Organic acid analysis; for the analysis of organic acids, 10 mL of
deionized water was added to mg plant sample, which were homogenized using an IKA Ultra Turrax D125 Basic
homogenizer. After centrifugation at 1200 rpm for 50 minutes, the supernatants were filtered through a 0.22 pm pore
Millex Millipore filter and collected in vials. The supernatants were subjected to HPLC analysis using a Zorbax
Eclipse-AAA 4.6 x 250 mm, 5 pm column (Agilent 1200 HPLC), and the absorbance at 220 nm was read using a UV
detector. The flow speed was 1 mL min-1, and the column temperature was 250C. The organic acid contents of the
bacterial suspensions, including oxalic and propionic acids, were determined using 25 mM potassium phosphate pH 2.5
as the mobile phase.

Hormone analysis; the extraction and purification processes were executed as described (Davies, 1995). For
hormone analysis, 5 mL of cold (-400 C) 80% methanol was added to 5 mg plant sample. The plant suspensions were
homogenized for 10 minutes using an IKA Ultra Turrax D125 Basic homogenizer, and then the plant suspensions were
incubated for 24 hours in the dark. The plant suspensions were filtered using a Whatman No: 1 filter, and the
supernatants were filtered again using a 0.45 um pore filter. The hormones were analyzed by HPLC using a Zorbax
Eclipse-AAA C-18 column (Agilent 1200 HPLC), and the absorbance was read at 265 nm using a UV detector.
Gibberellic acid, salicylic acid, indole acetic acid (IAA), and abscisic acid (ABA) were determined using 13%

Murat OLGUN et al., Determination of changes on minerals, amino and organic acids on different growing periods of buckwheat and cereal
genotypes



Biological Diversity and Conservation —9 /2 (2016) 149

acetonitrile (pH 4.98) as the mobile phase. Enzyme activities of PGPR; phosphatase activity was determined using
para-nitro-phenyl phosphate (pNPP) as an ortho-phosphate monoester analog substrate (Tabatabai, 1982). We
calculated the p-nitrophenol content using a calibration curve obtained with standards containing 0, 10, 20, 30, 40 and
50 ppm of p-nitrophenol. Antioxidant enzymes analysis of PGPR; for antioxidant enzyme assays, frozen plant
samples were ground to a fine powder with liquid nitrogen and extracted with ice-cold 0.1 mM phosphate buffer, pH
7.8, containing 1 mM ethylenediaminetetraacetic acid (EDTA), 1 mM phenylmethanesulfonylfluoride (PMSF) and
0.5% polyvinylpyrrolidone (PVP). The superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) enzyme
activities in the apoplastic fractions were measured using a spectrophotometer (Sairam and Srivastava, 2002). Element
analysis; the Kjeldahl method and a Vapodest 10 Rapid Kjeldahl Distillation Unit (Gerhardt, Konigswinter, Germany)
were used to determine the total N content (Bremner, 1996) of PGPR strains. The Ca, Mg, Na, K, P, S, Fe, Cu, Mn, Zn,
Pb, Ni and Cd contents were determined using an Inductively Coupled Plasma spectrometer (Perkin-Elmer, Optima
2100 DV, ICP/OES, Shelton, CT 06484-4794, USA (Mertens, 2005). Statistical analysis; Descriptive statistics
(maximum, minimum, mean) in characters were computed (Diizgiines et al., 1987). Biplot analysis was performed to
determine similarities/differences, performance and stability of genotypes and characters by using Minitab 17 software
pocked programs (Olgun et al., 2015).

3. Results

The nutritional values of cereals are extremely important and this importance of cereals is mainly due to their
usage in the different form the basic ingredients of bread and other bakery products (Aubrecht and Biacs, 2001).
Buckwheat proteins are high in lysine, but digestibility of protein is so low due to the high fiber and tannins content.
The concentration of several amino acids in buckwheat is so higher than that of traditional cereal proteins. Buckwheat
products are very nutritious containing high amount of some essential amino acids (Nicholson et al., 1976).
Environmental effects could cause significant damages on plant grain development, leading significant changes in yield
components, minerals, amino acids and organic acids in crops (Setter and Waters, 2003; Uddling et al., 2007).
Performances of crops including yield, yield components, minerals, amino and organic acids are formed under genotype
X environment interaction. So, they are expected to be influenced by severity of waterlogging, so big variations are
more likely to occur among genotypes (Sayre et al., 1994; Mengel and Kirkby, 2001). Changes including minimum,
maximum and mean values in characters are given in Table 1. Minimum and maximums as pmol/ul in amino acids were
7865,0-12722,0 in asparagine, 7405,0-11977,0 in glutamine, 3008,6-4866,4 in glycine, 878,6-1421,1 in valine, 1851,2-
29943 methionine, 1661,6-2687,5 in tryptophan, 1625,9-2629,9 in fenilalanine, 4119,0-6663,0 in lysine, 1663,2-2690,2
in hydroxyl proline and 105,76-171,06 in proline.

Table 1. Minimum, maximum and mean values on characters in buckwheat and cereals.

i Minerals Variable: N (%) P (mg/kg)
Variables Mean: 2,1393+0,2427 2470,7+259,7
Min.-Max: 1,6210-2,6220 2035,0-2886,0
K (mg/kg) Ca (mg/kg) Mg (mg/kg) Na (mg/kg) Fe (ma/kg)
9115,0+2466,0 4688,4+471,2 1762,0+631,0 377,6+£134,5 86,98+36,87
4010,0-12362,0 3713,0-5536,0 598,0-2468,0 136,0-515,9 18,90-136,29
Cu (mg/kg) Mn (mg/kg) Zn (mg/kg) | Amino Variable Asparagine  (pmol/ul)
30,85+13,98 24,48+8,73 28,43+6,58 Acids  Mean 10380,0+1178,0
7,12-48,15 7,99-40,28 16,53-41,54 Min.-Max:  7865,0-12722,0
Glutamine  (pmol/ul)  Glycine (pmol/ul)  Valine (pmol/ul)  Methionine (pmol/ul) ~ Tryptophan  (pmol/ul)
9772,0+1109,0 3970,5+450,4 1169,5+131,5 2443,0+277,2 2192,7+248,8
7405,0-11977,0 3008,6-4866,4 878,6-1421,1 1851,2-2994,3 1661,6-2687,5
Fenilalanine Lysine  (pmol/ul) Hydroxy Proline (pmol/ul)  Proline (pmol/ul) | Organic Variable
2145,7+243 4 5436,0+617,0 2194,9+£249,0 139,56+15,83 Acids Mean
1625,9-2629,9 4119,0-6663,0 1663,2-2690,2 105,76-171,06 Min.- Max:
Oxalic (ng/ul) Propionic  (ng/ul) Butyric (ng/ul) Lactic (ng/ul)  Citric (ng/ul)

1,2055+0,1585

0,9078-1,4658

1,8825+0,2136
1,4265-2,3074

4,1715+0,4733
3,1610-5,1129

18,205+2,065
13,795-22,313

2,6955+0,3058
2,0425-3,3037

Malic (ng/ul) Giberellic (ng/ul) Salicylic (ng/ul) Indole Acetic (ng/ul)  Abscisic (ng/ul)
2,6527+0,3009 87,62+16,33 38,91+5,96 2,4645+0,3126 0,19855+0,03591
2,0101-3,2513 57,53-123,39 28,24-51,56 1,7972-3,0153 0,14420-0,26430

Moreover, minimum and maximum levels in organic acids as ng/ul were 0,9078-1,4658 in oxalic acid, 1,4265-2,3074
in propionic acid, 3,1610-5,1129 in butyric acid, 13,795-22,313 in lactic acid, 2,0425-3,3037 in citric acid, 2,0101-
3,2513 in malic acid, 57,53-123,39 in giberellic acid, 28,24-51,56 in salicylic acid, 1,7972-3,0153 in indole acetic acid
and 0,14420-0,26430 in abscisic acid (Table 1). Comparative analysis of buckwheat and cereals were made in two main
part; first analyses above-ground parts in seedling, flowering and maturity periods developmental stages, second
analyses of kernel characteristics.
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Seasonal Changes in Characteristics of Genotypes: Analyses of above-ground parts were made for minerals, amino
acids and organic acids. Distribution of mineral elements in developmental stages of buckwheat and the other cereal
genotypes were given in Table 2.

Table 2. Distribution of mineral elements in developmental stages of buckwheat and the other cereals genotypes

N P K Ca Mg Na Fe Cu Mn Zn
% | mg/kg
Seedling Period
Aktas (Bu.W.)* 2,11 2136 8652 3895 2215 513 86,53 36,58 24,16 32,44
Giines (Bu.W.) 2,06 2215 8214 3713 2451 425 92,31 32,51 28,53 30,26
Local (Bu.W.) 2,2 2163 8569 4215 2365 496 84,16 33,48 24,15 35,41
Sonmez (Br.W.) 2.27 2501 10845 4512 1748 431 75,69 46,52 22,37 26,58
Ince (Ba.) 2,30 2035 11478 4158 1653 469 81,06 47,51 24,13 27,46
Dumlupinar (D.W) 1,84 2418 10674 4168 1788 386 82,13 48,15 21,52 35,45
Karma (Tr.) 2,02 2415 11263 4102 1875 412 92,06 40,12 20,16 30,85
Meansuckwheat 2,12 2171,33 8478,33 3941,00 2343,67 478,00 87,67 34,19 25,61 32,70
Meancereals 2,11 2342,25 11065,00 423500 1766,00 424,50 82,74 45,58 22,05 30,09
Flowering Period
Aktas (Bu.W.) 2,36 2715 11524 4865 2236 425 116,35 42,15 29,54 31,26
Giines (Bu.W.) 2,42 2812 11365 4715 2345 412 119,63 40,32 31,26 30,13
Local (Bu.W.) 2,45 2652 10256 4263 2468 426 102,35 38,75 32,15 34,52
Sénmez (Br.W.) 2,59 2776 10303 5505 1888 474 94,61 40,01 26,40 24,72
Ince (Ba.) 2,62 2259 10904 5073 1785 516 101,33 40,86 28,47 25,54
Dumlupinar (D.W) 2,10 2684 10140 5085 1931 425 102,66 41,41 25,39 32,97
Karma (Tr.) 2,32 2615 10213 5261 1925 510 124,53 36,25 25,41 26,59
Meansuckwheat 2,42  2726,33 1104833  4614,33  2349,67 421,00 112,78 40,41 30,98 31,97
Meancereals 2,41 258350 10390,00 5231,00 188225 481,25 105,78 39,63 26,42 27,46
Maturity Period
Aktas (Bu.W.) 2,24 2235 10568 4865 2169 475 126,39 35,47 32,68 30,15
Giines (Bu.W.) 2,26 2315 11241 4765 2214 482 12348 36,24 34,41 34,11
Local (Bu.W.) 2,31 2241 9685 4963 2168 461 13567 38,12 32,16 33,26
Sénmez (Br.W.) 2,17 2554 11642 4899 2039 436 105,02 35,21 31,94 31,15
Ince (Ba.) 2,20 2078 12322 4515 1928 475 112,47 35,96 34,45 32,18
Dumlupmar (D.W) 1,76 2469 11459 4526 2086 391 113,96 36,44 30,73 41,54
Karma (Tr.) 2,05 2103 12362 4103 2235 426 136,29 30,12 40,28 35,24
Meansuckwheat 227 226367  10498,00 4864,33 2183,67 472,67 12851 36,61 33,08 32,51
Meancereals 2,05 230100 1194625 4510,75 2072,00 432,00 116,94 34,43 34,35 35,03
Grand Meansuckwheat 227 2387,11 1000822 447322 2292,34 457,22 109,65 37,07 29,89 32,39
Grand Meancereals 219 240892 1113375 465892 1906,75 44592 101,82 39,88 27,61 30,86

*Bu.W: Buckwheat, Ba: Barley, Br. W: Bread wheat, D. W: Durum wheat, Tr: Triticale

Having different and significant metabolic and physiological functions, minerals are assumed as essential for optimum
human and animal nutrition and buckwheat was found to contain perceptible levels in minerals and similar with other
cereals (Thacker et al., 1983; Gupta et al., 2002 Gopalan et al., 2004). While Ince in N and K, Sonmez in P and Ca,
Giines in Mg, Fe and Mn, Aktas in Na and Zn, Dumlupinar in Cu had the highest levels; Karma in N and Mn, Aktag in
P and Ca, Giines in K and Cu, Sénmez in Fe and Zn, Ince in Mg and Dumlupinar in Na the lowest mineral contents in
seedling period. Besides, buckwheat genotypes in N, Mg, Na, Fe, Mn and Zn; cereal genotypes in P, K, Ca and Cu
seemed to be richer. Mineral levels increased in various amounts toward to flowering period in buckwheat and other
cereal genotypes. In flowering period, Ince in N and Na, Giin in P and Fe, Aktas in K, Cu and Mn, Local genotype in
Mg and Zn, and S6nmez in Ca were found as the highest genotypes. Lowest ones were determined as Dumlupinar in N,
K and Mn, Ince in P and Zn, S6nmez in Mg and Fe, Local genotype in Ca, and Karma in Cu. Higher levels of N, Mg,
Fe, Cu, Mn and Zn in buckwheat genotypes; P, K, Ca and Na in cereal genotypes were found in flowering period.
Although, mineral levels decreased in maturity period when compared with previous period, mineral contents in
maturity period were still higher than that of seedling period. Local genotype in N, Ca, and Cu, Dumlupmar in P and
Zn, Karma in Mg, Fe and Mn, Giin in Na and S6nmez in P showed up the genotypes with the highest mineral contents.
Moreover, Dumlupinar in N and Na, Karma in Ca and Cu, Sénmez in Mg, Fe and Mn, Ince in P and Local genotype in
K had the lowest mineral content. Higher levels of N, Ca, Mg, Na, Fe and Cu in buckwheat genotypes; P, K, Mn and
Zn in cereal genotypes were found in maturity period. With overall assumption, N, P, Mg, Na, Fe, Mn and Zn in
buckwheat genotypes; K, Ca and Cu in cereal genotypes were found to be higher (Table 2). Minerals are known to be
essential healthy nutrition and nutritional value of buckwheat is reported as similar with cereals (Dietrych-Szostak and
Oleszek, 1999; Christa and Soral-Smietana, 2008).
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Figure 1. Biplot analysis of mineral elements in developmental stages of buckwheat and the other cereals

Researchers reported that levels of N, P, K, Ca, Mg, Mn, Zn, Fe, Cu and Na varied between1,60-2,80%, 2050-
2500, 4200-1140, 2800-450, 1620-2450, 22,40-36,50, 16,80-27,50, 80,60-105,40, 30,20-43,60 and 420-530 mg/kg,
respectively (Wang et al., 1995; Gupta et al., 2002; lkeda et al., 2005). Biplot analysis of mineral elements in
developmental stages of buckwheat and the other cereals genotypes are shown in Figure 1. Second component values
(PC,) assigned that buckwheat genotypes (Giines, Aktas and Local cv.) showed better stability performance and Karma
cv., Dumlupinar cv. and Sénmez cv., Ince cv. had instabile characteristics in minerals. Stability performances for PC,
varied in minerals. Cu, Mn, Ca and K minerals were more stabile than the other minerals in PCo. NF, N S, Cu F, P M,
Mn M and Zn M play small role in explaining the variation on PC;. Mg F, Mg S, MnF, Mg S, Mn S, CaM, N F, Na F,
NaM,NaF, KF,ZnF, MgM, KS,CuS,NaF,Cas, CaF, KM, P S had greater impact than the other minerals for
PC.. Including considerable levels of some minerals, the nutritional characteristics, mineral levels on different stages in
buckwheat aren’t thoroughly elucidated (Pomeranz, 1983). Mineral levels in different stages varies, increase toward
flowering stage, and mineral levels during developmental stages are influenced by genetic factors, environmental
conditions and processing conditions (Pomeranz and Robbins, 1972; Pomeranz, 1983; Ikeda et al., 1995; James, 1995).
It could be said that genotypic differences are important, genotypic differences have more effective on mineral changes
than that of seasonal changes, and variations. It could be said that genotypic differences are important, genotypic
differences have more effective on mineral changes than that of seasonal changes. Levels of minerals in genotypes and
their seasonal trends substantially depend upon genotype x environment interaction.

Being basis ingredients in protein synthesis, amino acids influence the metabolic and physiological processes
in crops (Dietrych-Szostak and Oleszek, 1999; Olgun et al., 2015). Amino acid contents of proteins in buckwheat
seemed to be balanced and high level of biologic value (Kato et al. 2001). Buckwheat is rich in arginine and lysine, and
low in methionine and threonine in comparison to cereals (Aubrecht and Biacs, 2001). Comparative amino acid levels
in buckwheat and cereal genotypes were given in Table 3. Amino acid composition in genotypes were examined in
three periods; seedling, flowering and maturity periods. As a means of seedling, flowering and maturity periods and
grand means, levels of asparagine, glutamine, glycine, valine, methionine, tryptophan, phenylalanine, lysine, hydroxy
proline and proline in buckwheat were higher than cereals. Amino acid contents in all amino acids ranged as flowering
period > maturity period > seedling period. In seedling period, Ince in and Dumlupinar in phenylalanine were found as
the highest genotypes. Dumlupinar in asparagine, glutamine, glycine, valine, lysine and proline; Karma in methionine,
tryptophane, phenylalanine and hydroxyl proline had the lowest amino acid contents. Besides in flowering period, the
lowest values belonged to Dumlupinar in all amino acids. Ince in asparagine, methionine, tryptophane, phenylalanine,
lysine, hydroxyl proline and proline; S6nmez in glutamine and valine had the highest amino acid levels. In maturity
period, while Dumlupinar had the lowest amino acid levels, the highest values were recorded in Local variety (Table 3).
Compared to other cereals, the amino acid contents in buckwheat are well more or less similar or richer in some amino
acids. Buckwheat is particularly rich in lysine and arginine, which is generally known as limiting amino acid in wheat
and barley (Bhagmal, 1994; Wei et al., 2003).
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Table 3. Distribution of amino acids in developmental stages of buckwheat and the other cereal genotypes.

Asparagine Glutamine Glycine Valine Methionine  Tryptophan  Fenilalanine Lysine F;,{glri?_;y Proline
pmol/ul

Seedling Period
Aktas (Bu.W.)* 10238 9638 3916 1144 2410 2163 2116 5362 2165 138
Giines (Bu.W.) 9995 9410 3823 1117 2353 2112 2066 5234 2114 134
Local (Bu.W.) 10674 10050 4083 1192 2512 2255 2207 5590 2257 144
Sonmez (Br.W.) 11014 10369 4213 1230 2592 2327 2277 5768 2329 148
Ince (Ba.) 11160 10506 4269 1247 2627 2358 2307 5844 2360 150
Dumlupinar (D.W) 8928 8405 3415 997 2101 1886 1846 4675 1888 120
Karma (Tr.) 9801 9227 3749 1095 2307 2071 2026 5133 2073 132
Meansuckwheat 10302,33  9699,33 3940,67 1151,00  2425,00 2176,67 2129,67 5395,33  2178,67 138,67
Meancereals 10225,75  9626,75 3911,50 1142,25  2406,75 2160,50 2114,00 5355,00 2162,50 137,50

Flowering Period
Aktas (Bu.W.) 11451 10780 4380 1279 2695 2419 2367 5997 2421 154
Giines (Bu.W.) 11742 11055 4492 1312 2764 2481 2427 6149 2483 158
Local (Bu.W.) 11887 11192 4547 1328 2798 2511 2457 6225 2514 160
Sonmez (Br.W.) 12556 11821 4803 1403 2955 2652 2596 6576 2655 169
Ince (Ba.) 12722 11977 4866 1421 2994 2688 2630 6663 2690 171
Dumlupimnar (D.W) 10178 9582 3893 1137 2395 2150 2104 5330 2152 137
Karma (Tr.) 11257 10598 4306 1257 2649 2378 2327 5895 2380 151
Meansuckwheat 11693,33  11009,00 4473,00 1306,33  2752,33  2470,33 2417,00 6123,67 2472,67 157,33
Meancereals 11678,25  10994,50  4467,00 1304,50 2748,25  2467,00 2414,25 6116,00 2469,25 157,00

Maturity Period
Aktas (Bu.W.) 10868 10232 4157 1214 2558 2296 2247 5692 2298 146
Giines (Bu.W.) 10966 10324 4195 1225 2581 2317 2267 5743 2319 147
Local (Bu.W.) 11208 10552 4287 1252 2638 2368 2317 5870 2370 151
Sonmez (Br.W.) 10547 9930 4034 1178 2482 2228 2180 5524 2230 142
Ince (Ba.) 10686 10061 4088 1194 2515 2258 2209 5597 2260 144
Dumlupimar (D.W) 8549 8049 3270 955 2012 1806 1767 4477 1808 115
Karma (Tr.) 9947 9364 3805 1111 2341 2101 2056 5209 2103 134
Meansuckwheat 11014,00  10369,33 4213,00 1230,33  2592,33 2327,00 2277,00 5768,33  2329,00 148,00
Meancereals 9932,25 9351,00 3799,25 1109,50  2337,50 2098,25 2053,00 5201,75 2100,25 133,75
Grand Meansuckwheat 11003,22  10359,22  4208,89 1229,22  2589,89 2324,67 2274,56 5762,44  2326,78 148,00
Grand Meancereals 10612,08  9990,75 4059,25 1185,42  2497,50  2241,92 2193,75 5557,58  2244,00 142,75

*Bu.W: Buckwheat, Ba: Barley, Br. W: Bread wheat, D. W: Durum wheat, Tr: Triticale

Level of lysine and glycine are two of the main factors determining the cholesterol lowering properties of
proteins having the highest cholesterol lowering properties. These amino acids contribute to regulate the hepatic LDL
receptors, and lowering the serum cholesterol, and indirectly helping to prevent formation of arteriosclerosis (Murray,
1999; Wronkowska et al., 2010). Similar to our findings, Bhagmal (1994) reported that glycine, phenylalanine,
methionine and lysine as mg/kg ranged from 3100 to 4300, 1850 to 2450, 1950 to 2750, 3900 to 5800, respectively in
wheat, barley and maize. Moreover, methionine tryptophane and lysine content as mg/kg ranged 2250-2800, 1800-2500
and 4900-5900, respectively (Bonafaccia et al., 2003; Gopalan et al., 2004). Biplot analysis of amino acids in
developmental stages of buckwheat and the other cereals genotypes are shown in Figure 2. According to second
component values (PC;), Karma cv. was stabile genotype, whereas the other genotypes were instabile in levels of amino
acids. Meanwhile, amino acids in period had instabile characteristics (PC). Buckwheat genotypes occupied same
group; Sonmez cv. and Ince cv. joined in one group. In the same way, amino acids in seedling and flowering periods
had same group and they in maturity period created another group. Amino acids in different periods have great impact
in explaining the variation on PC;. Periodic differences play more important role on levels of amino acids if compared
with genotypic differences. Besides, genotype x environment interaction stamps out behavior and level of amino acids
in genotypes. Levels of organic and amino acids are more likely to be correlated with the photosynthetic activities in
crops. More photosynthetic activities cause higher levels of amino acids (Wronkowska et al., 2010). This explains
higher values on amino acid levels in seedling and flowering period (Table 3 and Figure 2). Being in plant metabolism
organic acids play vital role in anabolic and catabolic reactions such as energy production, making up leading indicators
for amino acid synthesis and regulating crop to environmental conditions (Fornal et al., 1987; Hoffland et al., 1992).
Citric acid and malic acid were the main organic acids in growing tomato (Kamilova et al., 2006; Hoffland et al., 1992).
The role of organic acids in the protection of the root apex from Al stress, and in its tissue detoxification and their
importance in its xylem transport have been shown in F. esculentum and Hydrangea (Ma et al., 1997). Contends of
organic acid increase during plant growth and citric and malic acids represent the major organic acids in tomato,
cucumber, and sweet pepper (Kamilova et al., 2006).
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Figure 2. Biplot analysis of amino acids in developmental stages of buckwheat and the other cereals

Comparisons of organic acid levels in buckwheat and cereal genotypes were given in Table 4. As a mean,
buckwheat seemed to be superior in three growing periods for most organic acids. In seedling period, buckwheat in
oxalic acid, propionic acid, butyric acid, lactic acid, citric acid, malic acid, salicylic acid and indole acetic acid; cereals
in giberellic acid and abscisic acid had higher organic acid levels. In flowering period, higher organic acid levels
belonged to buckwheat in oxalic acid, butyric acid, citric acid, malic acid, giberellic acid and salicylic acid; to cereals in
propionic acid, lactic acid, abscisic acid and indole acetic acid, respectively. Buckwheats were determined as better in
all organic acids except in abscisic acid that belonged to cereals in maturity period and in general evaluation (Table 4).
Analyses of above-ground parts in buckwheat and cereal genotypes showed that nutritional quality characteristics of
buckwheat are similar to bread and durum wheat, barley and triticale genotypes. Buckwheat could be well alternative as
a fodder crop if buckwheat is harvested early in flowering having respectable quality level in quality characters such as
minerals, amino and organic acids and protein (Gopalan et al., 2004).

Organic acids draw similar trend like amino acids. In second component values (PC,), Karma cv. and
Dumlupinar cv. were more stabile genotypes than the other genotypes. Organic acids showed instabile performances in
different levels. Some organic acids such as butyric acid S, propionic acid S, malic acid S, oxalic acid F, and indole
acetic acid S were more stabile organic acids (PC,). Like Figure 2, Buckwheat genotypes occupied same group; Sénmez
cv. and Ince cv. joined in one group. Organic acids in seedling and flowering periods had same group and they in
maturity period occupied another group. Variation on PC; stemmed from changes on organic acids in different periods.
Organic acids in three different periods achieve significant role in explaining the variation on PCi. Periodic differences,
environmentao conditions affecting metabolic processes are therefore more important factor on levels of organic acids if
compared with genotypic differences. Besides, genotype x environment interaction plays also effective role in behavior
and level of organic acids in genotypes (Table 4 and Figure 3).

Organic acids draw similar trend like amino acids. In second component values (PC;), Karma cv. and
Dumlupinar cv. were more stabile genotypes than the other genotypes. Organic acids showed instabile performances in
different levels. Some organic acids such as butyric acid S, propionic acid S, malic acid S, oxalic acid F, and indole
acetic acid S were more stabile organic acids (PC,). Like Figure 2, Buckwheat genotypes occupied same group; Sénmez
cv. and Ince cv. joined in one group. Organic acids in seedling and flowering periods had same group and they in
maturity period occupied another group.

Variation on PC; stemmed from changes on organic acids in different periods. Organic acids in three different
periods achieve significant role in explaining the variation on PC;. Periodic differences, environmentao conditions
affecting metabolic processes are therefore more important factor on levels of organic acids if compared with genotypic
differences. Besides, genotype x environment interaction plays also effective role in behavior and level of organic acids
in genotypes (Table 4 and Figure 3). Biplot analysis of organic acids in developmental stages of buckwheat and the
other cereals genotypes are shown in Figure 3. Organic acids have significant role in metabolic activities such as energy
production, leading indicators for amino acid synthesis, regulation of genotype x environment interaction to
environmental conditions (Roberts et al., 1984; Gleixner and Miigler, 2007). Depending on illumination and
photosynthetic activities, organic acids change; accumulation occurs in increase in illumination and photosynthesis.
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Accumulation of organic acids in the night and utilization come about during the day and the leaves of crop contain
about 1.5 times as much total acid as the stem (Schiffner et al., 2001; Morita et al. 2006; Gleixner and Miigler, 2007).

Table 4. Distribution of organic acids in developmental stages of buckwheat and the other cereal genotypes.

Oxalic Propionic Butyric Lactic Citric Malic Giberel- Salicy- I:;?:s Absci-
Acid Acid Acid Acid Acid Acid lic Acid lic Acid Acid sic Acid
ng/ul
Seedling Period
Aktas (Bu.W.)* 1,18 1,86 4,11 2,62 17,96 2,66 101,60 36,76 2,72 0,15
Giines (Bu.W.) 1,15 1,81 4,02 2,55 17,53 2,60 99,19 35,89 2,66 0,14
Local (Bu.W.) 1,23 1,94 4,29 2,73 18,72 2,77 105,93 38,32 2,84 0,15
Sonmez (Br.W.) 1,27 2,00 4,43 2,81 19,32 2,86 121,79 39,54 2,79 0,18
Ince (Ba.) 1,29 2,02 4,49 2,85 19,57 2,90 123,40 40,07 2,83 0,18
Dumlupinar (D.W) 1,03 1,62 3,59 2,28 15,66 2,32 98,72 32,05 2,26 0,15
Karma (Tr.) 1,13 1,78 3,94 2,50 17,19 2,55 108,37 35,19 2,48 0,16
MeanBsuckwheat 1,19 1,87 4,14 2,63 18,07 2,68 102,24 36,99 2,74 0,15
Meancereals 1,18 1,86 4,11 2,61 17,94 2,66 113,07 36,71 2,59 0,17
Flowering Period
Aktas (Bu.W.) 1,37 2,08 4,60 2,93 20,08 2,97 91,21 41,11 2,62 0,19
Giines (Bu.W.) 1,40 2,13 4,72 3,00 20,59 3,05 93,53 42,16 2,69 0,19
Local (Bu.W.) 1,42 2,16 4,78 3,04 20,85 3,09 94,69 42,68 2,72 0,20
Sonmez (Br.W.) 1,45 2,28 5,05 3,21 22,02 3,26 100,02 45,08 2,98 0,23
Ince (Ba.) 1,47 2,31 511 3,25 22,31 3,30 101,34 45,68 3,02 0,24
Dumlupinar (D.W) 1,17 1,85 4,09 2,60 17,85 2,64 81,07 36,54 2,41 0,19
Karma (Tr.) 1,30 2,04 4,52 2,88 19,74 2,92 89,67 40,41 2,67 0,21
Meansuckwheat 1,40 2,12 4,70 2,99 20,51 3,04 93,14 41,98 2,68 0,19
Meancereals 1,35 2,12 4,69 2,99 20,48 3,03 93,03 41,93 2,77 0,22
Maturity Period
Aktas (Bu.W.) 1,32 1,97 4,37 2,78 19,06 2,82 86,58 50,00 2,51 0,20
Giines (Bu.W.) 1,33 1,99 4,41 2,80 19,23 2,85 87,35 50,44 2,53 0,20
Local (Bu.W.) 1,36 2,03 4,50 2,86 19,66 2,91 89,28 51,56 2,59 0,21
Sonmez (Br.W.) 1,22 1,91 4,24 2,70 18,50 2,74 70,97 37,87 2,22 0,26
Ince (Ba.) 1,23 1,94 4,29 2,73 18,74 2,78 71,91 38,37 2,25 0,26
Dumlupinar (D.W) 0,99 1,55 3,44 2,18 14,99 2,22 57,53 30,69 1,80 0,21
Karma (Tr.) 1,15 1,80 4,00 2,54 17,45 2,58 66,93 35,71 2,09 0,25
Meansuckwheat 1,34 2,00 4,43 2,81 19,32 2,86 87,74 50,67 2,54 0,20
Meancereals 1,15 1,80 3,99 2,54 17,42 2,58 66,84 35,66 2,09 0,25
Grand Meansuckwheat 1,31 2,00 4,42 2,81 19,30 2,86 94,37 43,21 2,65 0,18
Grand Meancereals 1,23 1,93 4,26 2,71 18,61 2,76 90,98 38,10 2,48 0,21
*Bu.W: Buckwheat, Ba: Barley, Br. W: Bread wheat, D. W: Durum wheat, Tr: Triticale
3 Sinmez (Br.W.) .
L ieie A L
Andsicacs  Ince(Ba)
2 é}}gci' Ac,
berellic-ac, 5
L in !
) Salicylic AMapic Ac. F
1.| Dumiupinar (D.W.) Karma (I?‘r.) Fidole Acetic Acfeitric Ac. §
- Lagfi¢ &c F Propionie A¢. S  Malic Ac. §
= Budde ae poaticilic Ac. S __, ic Ac. F
e LAk BETYTIC AC. 5 Oxalic Ac. S
Q 0 = Ciberellicac.E Lactic Ac. S
z Propionic Ac, F-Oxalic Ac. F
E ndole Acetic Ac. S
-1 Civtic Ac N Malic Ac. M
Citric Ac. M
Indolé.Acstic Ac, M- BUEvHe Ac. M
-2 GilbereHic ac; M Propionic Ac. M
Aktas (Bu.W,) Salicyli .c M
3 Giin e{{fm W) Local (Bu.W.)
-10,0 -7.5 -5,0 -2.5 0.0 25 5,0

PC1 (75,7%)
Bu.W: Buckwheat, Ba: Barley, Br. W: Bread wheat, D. W: Durum wheat, Tr: Triticale, S: Seedling period, F: Flowering
period, M: Maturity period
Figure 3. Biplot analysis of organic acids in developmental stages of buckwheat and the other cereals..
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4, Conclusions and discussion

Buckwheat (Fagopyrum esculentum Moench) is commonly used as green vegetable at their early seedling stage, or
as a grain crop. Its sprouts as a green vegetable could be used as a fresh vegetable, in salads, or seasoned vegetables and it
possesses high antioxidant activity, phenolic acids, flavonoids, phytic acid, vitamins (Kreft and Skrabanja, 2002; Schiffner et
al., 2001; Morita et al. 2006). Another consumption as a grain buckwheat is commonly used as a baking material for breads,
cakes, or pancakes with the other cereals. Besides, whatever usage in buckwheat is made, the important phenomena is that the
more powerful vegetative grow occur, the more yield is formed. Our results confirm that when compared with S6nmez (bread
wheat), Dumlupinar (durum wheat) Ince (barley) and Karma (triticale) genotypes; Aktas, Giines and buckwheat genotypes are
rich in minerals, amino and organic acid compositions. They are mostly formed by genotype x environment interaction.
Further detailed and systematical studies will help to determine biochemical composition, to make better usability, to breed
new genotypes in buckwheat.
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Abstract

World urban population is rapidly increasing surpassing that in rural areas. Together with such an increase,
importance of urban areas has reached an unseen level. Demand for plants growing and used in urban areas for the
ornamentation of urban environment is also increasing. Seasonally used ornamental plants in urban green areas to give
colour and design effect can sum up an important amount in the urban landscape expenses. Seasonal and annual plants
(flowering) are seen not to be so economical in cold climate zones since especially the vegetation period is short.
Efficiency of vegetation period for seasonal flowers in different regions, alternative plants to seasonal flowers and
approaches in Turkey and the world to the use of seasonal flowers and perennial plants are evaluated in the present
study. As warm climate location, Mersin and cold climate zone involving the cities of Erzurum, Sivas and Kars were
evaluated for the use of seasonal flowers. A list of flowers used in such cities in 2013, 2014 and 2015 presented in the
study by offering 60 alternative ground covering perennial plants observed in Erzurum to exotic ones grown in cold
climate zone.

Key words: seasonal plants, cold climate plants, ground covering, native plants
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Soguk iklim bélgelerinde mevsimlik bitkilerin yeterlilikleri

Ozet

Diinya genelinde kent niifusu, kirsal niifusa oranla biiyiik bir hizla artmaktadir. Bu artisa paralel olarak kentsel
alanlarm 6nemi de artmistir. Kentsel alanlar igerisinde bulunan ve g¢evrenin giizellestirilmesi amaciyla kullanilan
bitkilere olan talebin de arttig1 goriilmektedir. Kentsel yesil alanlarda renk ve desen olusturmak amaciyla kullanilan
mevsimlik ¢igekler, kentlerin peyzaj harcamalarinda dnemli bir yer tutmaktadir. Mevsimlik, tek yillik ¢icekler 6zellikle
vejetasyon periyodunun kisa oldugu soguk iklim yorelerinde ekonomik olmamaktadir. Bu calisma kapsaminda
mevsimlik ¢igekler icin farkli bolgelerde vejetasyon periyodunun yeterliligi, mevsimlik ¢iceklere alternatif
kullanilabilecek bitkiler, lilkemiz ve diinya genelinde mevsimlik ¢igek ve ¢ok yillik bitki kullanimindaki yaklagimlar
degerlendirilmistir. Sicak iklim yoresi olarak Mersin, soguk iklim yoresi olarak da Erzurum, Sivas ve Kars kentlerinde
mevsimlik ¢icek kullanimlart incelenmistir. Kentlerin 2013-2014 ve 2015 yillarinda kullandiklar1 mevsimlik ¢iceklerin
listeleri verilirken, 6zellikle soguk iklim bdlgelerinde kullanilan egzotik gigeklere alternatif olabilecek ve Erzurum
ilinde tespit edilmis ¢ok y1llik 60 civarinda dogal yer ortiicii bitki tiirii onerilmistir.

Anahtar kelimeler: mevsimlik bitkiler, soguk iklim bitkileri, yerortiiciiler, dogal bitkiler
1. Giris

Diinya genelinde goriilen niifus artisi, kiiresel 1sinma ve sikliklari artan kiiresel ekonomik krizler nedeni ile tilkeler
bir¢cok konuda ekonomik tedbirler almaya baslamiglardir. Alinan bu ekonomik tedbirler siis bitkisi tiiketimine de

yansimaya baglamistir. Daha az su, daha az bakim ve daha kolay yetisen siis bitkilerine olan ilgi artmakta, ithal tirlinii,
egzotik ve mevsimlik tiirlere olan ilgi azalma egilimindedir.

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +904422311616; Fax.: +904422311616; E-mail: mairmak@atauni.edu.tr
© 2008 All rights reserved / Tiim haklari saklidir BioDiCon. 535-0316


http://www.biodicon.com/

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

Dogal ve fazla bakim gerektirmeyen bitkilerin 6n palan ¢ikarildigi, modern peyzaj calismalarinin en iyi 6rneklerinden
biri olan, ABD’nin Chicago kentinde bulunan ve 6 yillik ¢alisma sonucu 2004 yilinda tamamlanan Milenyum Park,
diinya genelinde peyzaj bitkilerinin kullaniminda gelecege doniik 6nemli mesajlar vermektedir. 2,5 milyon niifuslu
Chicago kentinde yilda yaklasik 5 milyon turistin ziyaret ettigi park, bulundugu eyalette en popiiler ikinci yer
durumundadir. Soganli yumrulu bitkiler, ¢ok yillik otsu bitkiler, ¢alilar ve agaglardan olusan 250’yi askin tiire ait
120.000’e yakin bitki iceren parkta bulunan Luri Garden isimli alanda tasarimcilart Kathryn Gustafson, Piet Outolf ve
Robert Israel tarafindan giines seven, su istegi ve bakimi az olan dogal, ¢ok yillik bitkiler kullanilarak gelecegin peyzaji
icin Ornek bir tasarim yapmuslardir (Anonim, 2015). Cesitli giizelliklerin sakli oldugu dogada 250 bini askin
ciceklenen bitki vardir ve bazi yorelerde, binlerce kilometrekarede ancak birka¢ gesit ¢icekli bitki barinirken, bazi
yorelerde ise birka¢g metrekarede bile dnemli sayida cicekli bitki tiirii yetismektedir. Tiirkiye dogal ¢igek tiirleri
bakimindan ¢ok sansh ve sasirtict bir zenginlige sahiptir (Tekin, 2005). Tiirkiye barmndirdigr 10.765 ¢igekli bitki ve
egrelti tiiriiniin (tiir, alt tiir ve wvariyetelerle birlikte) hemen hemen fiigte birini endemik olarak biinyesinde
bulundurmaktadir. Bir iilkenin floristik cesitliligi ve zenginligi, barindirdig1 endemik tiirlerin ¢oklugu ile Snem
kazanmaktadir (Ozhatay vd., 2005).

Sekil 1°de goriildiigli gibi iilkemiz bitkisel agidan oldukca zengin bir ¢esitlilige sahip olup, barindirdigi bitkilerin
yaklasik iicte birini endemik olarak barmndirmaktadir. Ulkemizden daha zengin cesitlilige sahip iilkeler incelendiginde,
ya cografi olarak tilkemizden kat kat daha biiyiik olan {iilkeler veya tropik kusak iilkeleri olduklari goriilmektedir.
Ulkemiz 1liman kusagin en zengin bitkisel gesitlilige sahip iilkesi iken bitkisel gesitliligimizden yararlanma bakimindan
beklenen konumda degildir.
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Sekil 1. Bazi iilkelere ait dogal bitki sayilart ve endemizim oranlari (Akkemik, 2014).

Ulkemiz genelinde son yillarda bitki tiirlerinin teshisi ve korunmasi anlaminda ¢alismalar hiz kanmaya
baslanmistir. Ancak bu tiirlerden 1slah materyali olarak yararlanilmasi veya ticari anlamda {iretimde kullanilmalar1
konularindaki gelismeler sinirli kalmistir. Diinya pazarinda son yillarda dogal formlu siis bitkisi tiriinlerine olan ilginin
artryor olmasi, tilkemizdeki bitki genetik kaynaklar1 potansiyelinden bu amagla yararlanilmasi igin yogun ¢aligmalarin
yapilmasini zorunlu kilmaktadir (Karagiizel vd., 2001).

Tiirkiye’de goriilen bitki tiirlerinden iyimser bir yaklasimla yaklasik 1000 tiirlin, rahatlikla kentsel ve kirsal
alanlarda yapilacak peyzaj c¢alismalarinda kullanilabilme o6zelligi olmasina karsin maalesef gilinlimiizde peyzaj
uygulamalarinda bazi alanlarda bitkisel materyal olarak neredeyse %80-90 oraninda egzotik bitkilerin kullanildigini
goriilmektedir (Var, 1992; Saribasg, 1998; Bekgi vd., 2010; Irmak, 2013).

Dogal tiirler, ¢cevrenin iklim ve toprak yapist gibi tabiat sartlar1 dikkate alindiginda ¢evreye uyum gostermis
materyal temin etmek acisindan da son derece 6nemlidir. Ayrica, tohum ve fidan temininin siirekli ve en ekonomik
sekilde saglanmasinin, erozyon kontrol ¢alismalarinin temelini olugturmast da dogal tiirleri 6nemli bir kaynak olarak
one ¢ikarmaktadir (Yahyaoglu vd., 2006).

Dogal bitkiler, 1slak veya kuru, giinesli veya golge, asidik veya kirecli, yiiksek veya disiik iiretkenlikteki
topraklara uyum saglayabilirler. Bununla birlikte dogal bitkiler, yaban hayati i¢in ek bir katki saglar, az bakim
gerektirir, dort mevsim kullanim saglar, dogal bir peyzaj planlamasi igin secenek sunar, biyogesitliligin korunmasina
katk1 saglar ve peyzaja yerel bir dokunus sansi sunarlar (Zencirkiran, 2009; Sheaffer and Rose, 1998).

Bitkisel iiretim materyali olan tohumlar, iilkelerin sektorel gelisimleri agisindan stratejik bir dneme sahiptir.
Giiniimiizde tohum sadece tarimsal bir girdi degil ayni zamanda teknoloji kullanilarak elde edilen ve yiiksek gelir
getiren ekonomik degere sahip bir iriindiir. Uluslararasi Tohum Federasyonu (ISF) verilerine gore, 2012 yilinda
diinyada kullanilan tohumlugun (tahil, sebze, cicek ve ¢im) ticari degerinin 45 milyar USD civarinda oldugu
belirtilmektedir. Bu miktar gerek iilkesel bazda ve gerekse iiriin gurubu temelinde asimetrik bir dagilim gdstermekte
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olup, diinya toplam tohumluk ticaretinin %27’sini ABD, %22’sini Cin, %21’ini Avrupa Birligi Ulkeleri, %6’smi
Brezilya, %5’ini Kanada, %4’tinii Hindistan, %3’tinii Japonya, %1.7’sini Tiirkiye ve % 9’unu ise diger llkeler
olusturmaktadir. 1970’1li yillarin sonunda uluslararasi tohum ticareti 10 milyar USD’lik bir hacime sahipken 2012
yilinda 45 milyar USD’ye ¢ikarak yaklasik 4 kattan fazla artmistir (Anonim, 2013).

Ulkemiz genelinde siis bitkileri ihracat miktarlari, ithalat miktaralarma gére kesme ¢igek disinda daha diisiik
durumdadir (Cizelge 1). Tohum genetik kaynaklart bakimindan zengin olmamiza birgok iiriinde disa bagimli olmamiz
iilkemiz agisindan olumsuz bir durum olarak goériilmektedir. TUIK verilerine gére gegmis yillara oranla siis bitkileri
iiretimi konusunda biiyiik gelismeler saglanmig olmasina karsin istenilen durum heniiz olusmamistir (Anonim, 2016a).

Cizelge 1. TUIK verilerine gore siis bitkileri dis ticaret rakamlar1 (Anonim, 2016a)

Siis bitkileri tiretimi konusundaki istatistikler incelendiginde 2014 yilinda 2013 yili verilerine gore %7,6’lik
bir artig goriilmektedir (Cizelge 2). Siis bitkileri iiretiminde agirlikli olarak kesme ¢igek iiretimleri dikkat ¢ekerken, dis
mekan siis bitkileri iiretimlerindeki bir énceki yila gore artis da dikkat gekmektedir. Yine TUIK verilerine gére siis
bitkisi {iretimi amaciyla iilkemizde genelinde 2011 yilinda ekili alan 11.4 milyon m? iken bu rakamim 2014 y1l1 itibari ile
49 milyon m?’ye ulasmistir (Anonim, 2016a).

Cizelge 2. Tiirkiye’de Siis Bitkileri 2013-2014 Uretim Miktarlari (Anonim, 2016a)

Uretim (Bin adet)
Siis bitkileri 2013  Pay (%) 2014  Pay (%) Degisim (%)
Toplam 1443516 100,0 1553025 100,0 7,6
Kesme c¢icekler (Karanfil, Gerbera, Giil
(kesme), Kasimpati (Krizantem), Fresia,
Lale, Solidago (Altinbagak), Gypsophilla,
Nergiz, Glayol, Lisianthus, Lilyum
(Zambak), Simbiil  (Hyacinth), Sebboy,
Anemon (Manisa Lalesi), Iris, Orkide,
Statice, Diger kesme ¢igekler) 1025 983 71,1 1025 490 66,0 0,0
Diger siis bitkileri 417 533 28,9 527 535 34,0 26,3
Dis mekan siis bitkileri (toplam) 348 426 24,1 456 027 29,4 30,9
Cigek soganlar (toplam) 33012 2,3 30060 19 -8,9
I¢ mekan siis bitkileri (toplam) 36 094 2,5 41 449 2,7 14,8

*Dis mekan siis bitkilerine iliskin verile TUIK tarafindan 2013 yilindan itibaren derlenmeye baslanmistr.

Ulkemiz genelinde dis mekan siis bitkilerinin iiretim ve istatistiki verileri daha ¢cok 2013 yili ve sonrasini
icermekte olup, bu yildan 6nceki verilerde daha ¢ok kesme ¢igek iiretimleri ile soganl bitki tiretimlerinin verilerini
igcermektedir. Mevsimlik digs mekan bitkilerinde tohum verileri ve iretim durumlarma iliskin kayith diizenli veri
bulunmazken kaliteli mevsimlik ¢i¢ek tiretiminde hibrit tohumlar kullanilmakta olup, hibrit tohum konusunda iilekmizin
disa bagimlilig1 bilinen bir gergektir. Hibrit tohumlarin ekimleri neticesinde uzun, dikkatli, masrafli ve zahmetli bir
stirecle elde edilen mevsimlik ¢icekler oldukga etkili goriiniimler sunabilmelerine karsin, mevsim sonunda yok
olmaktadir. Bitkilerin gorsel giizelliklerinin etkili oldugu siireler, vejetasyon periyodunun uzun oldugu yorelerde daha
uzun olurken, vejetasyon periyodunun kisa oldugi soguk iklim y&relerinde ekonomik olamamaktadir.

Bu ¢alisma kapsaminda mevsimlik ¢igekler i¢in farkli bdlgelerde vejetasyon periyodunun yeterliligi ve soguk
iklim bolgelerinde mevsimlik gigeklere alternatif kullanilabilecek bitkiler degerlendirilmistir.
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2. Materyal ve yontem

Calisma kapsaminda mevsimlik ¢iceklerin farkli iklim kosullarinda yeterlilikleri belirlenmistir. Bu amagla,
sicak iklim kosullarinin hakim oldugu ve vejetasyon periyodunun 12 ay oldugu Mersin ili ile soguk iklim kosullar ile
beraber vejetesyon periyodunun 6-8 ay arasinda oldugu Erzurum, Kars ve Sivas kentlerinin mevsimlik gigek tercihleri
degerlendirilmistir. Kentlerin 2013-2014 ve 2015 yillarinda kullandiklart mevsimlik ¢i¢eklerin listeleri incelenirken,
ozellikle soguk iklim bolgelerinde bu ¢igeklere alternatif olabilecek ¢ok yillik bitki tiirleri {izerinde durulmustur.
Mevsimlik ¢iceklere alternatif olarak secilen bitkiler belirlenirken bu bitkilere iligkin daha dnceden farkli amaglar igin
gerceklestirilen arazi calismalarindan, TUBIVES verilerinden ve cesitli literatiir verilerinden (Kutluk ve Aytug, 2004;
Yiicel, 2004; Irmak, 2008; Anonim, 2016b) faydalanilmistir.

Calisma kapsaminda incelenen kentlerden Mersin’in iklim verileri incelendiginde; il genelinde uzun yillar
ortalamasina gore yillik 589 kg/m? yagis diismektedir. ilde uzun yillar ortalama sicakhig1 yaklagik 19 °C’dir. Ortalama
sicakliklar bakimindan en soguk aylar sirasi ile Ocak (10.1 °C), Subat (10.9 °C) ve Aralik (11.7 °C) aylaridir. Kent
genelinde oratalama sicaklik degerleri incelendiginde, bitki biiylime ve gelisme aktivitelerini engelleyecek sicaklik
degerlerinin bulunmadig1 goriilmektedir (Anonim, 2016c¢).

Sivas kenti verileri incelendiginde; 1250 m rakimda, yillik ortalama yagis miktar1 433 kg/m? iken, kentin uzun
yillar ortalama sicakhig1 yaklagik 9 °C’dir. Kent genelinde -34,6 °C ile 40 °C’ ler bugiine kadar goriilmiis en diisiik ve
en yiiksek sicakliklardir. Ortama aylik sicakliklar incelendiginde en diisiik ortalamalar sirasi ile Ocak (-3.2°C), Subat (-
2.1°C) ve Aralik (-0.6°C) aylaridir. Ayrica ortalama aylhk sicakliklar bakimindan 10 °C’nin altinda olan aylar; Ocak,
Subat, Mart, Nisan, Kasim ve Aralik aylaridir (Anonim, 2016c).

Kars kenti verileri incelendiginde; 1768 m rakimda, yillik ortalama yagis miktar1 502 kg/m? iken, kentin uzun
yillar ortalama sicakligi 4.7 °C’dir. Kent genelinde -36.7 °C ve 35.4 °C’ler bugiine kadar goriilmiis en diisiik ve en
yiiksek sicakliklardir. Ortama aylik sicakliklar incelendiginde en diisiik ortalamalar sirasi ile Ocak (-10.5°C), Subat (-
8.9) ve Aralik (-6.9°C) aylaridir. Ayrica ortalama aylhk sicakliklar bakimindan 10 °C’nin altinda olan aylar; Ocak,
Subat, Mart, Nisan, Ekim, Kasim ve Aralik aylaridir (Anonim, 2016c¢).

Ulkemizde en yiiksek yerlesim yerlerinden biri olan Erzurum (1890 m) kenti 403 kg/m? yagis almakta olup,
uzun yillar ortalama sicakligi 5.6 °C’dir. Kentte bugiine kadar goriilmiis en diisiik sicaklik -37.2 °C iken, en yiiksek
sicaklik ise 36.5 °C’dir. Ortama aylik sicakliklar incelendiginde en diisiik ortalamalar sirasi ile Ocak (-9.3 °C), Subat (-
7.9) ve Aralik (-6.1°C) aylaridir. Ayrica ortalama aylik sicakliklar bakimmdan 10 °C’nin altinda olan aylar; Ocak,
Subat, Mart, Nisan, Ekim, Kasim ve Aralik aylaridir (Anonim, 2016¢).

3. Bulgular

Calisma kapsaminda incelenen kentlerin 2013, 2014 ve 2015 yillarinda kent merkezlerinde kullanilan mevsimlik
bitki sayilar1 Cizelge 3’de verilmistir. Elde edilen veriler Erzurum Biiyiiksehir Belediyesi, Kars Belediyesi, Sivas
Belediyesi ve Mersin Biiyiiksehir Belediyesi verileri olup, Mersin’e ait verilerden 2013 ve 2014 yilina ait kayitl veri
temin edilemezken, bu yillardaki verilerin de 2015°deki verilere yakin oldugu tahmin edilmektedir.

Cizelge 3. 2013-2015 yillar1 arasinda Erzurum, Kars, Sivas ve Mersin Belediyelerinin peyzaj amagli kullandiklari
mevsimlik ¢igek miktarlari

iller 2013 2014 2015
Erzurum 180.000 330.000 1.250.000
Kars 50.000 74.700 30.000
Sivas 80.000 80.000 80.000
Mersin Kayith verisi yok Kayith verisi yok 2.711.500

Belediyelerin kullandiklart mevsimlikler incelendiginde; bir kisim mevsimlikleri kendi biinyelerinde,

tohumdan iireterek temin ettikleri, bazen de hazir fide satin aldiklari belirlenmistir. Her durumda hibrit tohumlarin
kullanilmakta olup, kullanilan tiirlerin bilinen ve mevsimlik ¢i¢ek sektoriiniin 6nde gelen ¢igekleri oldugu Cizelge 4’de
goriilmektedir.
Belediyelerin kullandiklar1 mevsimlik ¢igekler ve etkili olduklar1 aylar incelendiginde, soguk iklim sartlarinin hakim
oldugu, Erzurum, Kars ve Sivas kentlerinde en uzun siire etkili olan mevsimlikler Viola tricolor disinda 5 ay ile sinirlt
kalirken, sicak iklim kosullarmin hakim oldugu Mersin ilinde benzer bitkiler 10 ay etkili olabilmektedir. Yine kiglk
donemde etkili olan Brassica oleracea bitkisinin sicak iklim kosullarinin etkili oldugu Mersin ilinde sonbahar ve kig
aylar1 boyunca etkili olurken, Erzurum ve Kars illerinde Ekim ay1 icerisinde veya Kasim ayinda dikilen bitkinin sadece
2-3 ay yasayabildigi, Kasim ay1 sonunda ya kar altinda kaldig1 ya da -10 °C’nin altindaki sicakliklara maruz kalarak
Aralik ay1 igerisinde oldiikleri goriilmiistiir. incelenen bitkilerden Viola tricolor bitkisinin, Erzurum, Kars ve Sivas
kentlerinde 8 ay gibi uzun bir siire ¢igekli kaldig1 tespit edilmistir.
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Cizelge 4. Erzurum, Kars, Sivas ve Mersin Belediyelerinin 2013-2014-2015 yillari arasinda kullandiklar1 bazi

mevsimlik ¢igekler ve etkili oldukalari aylar

iller

Mevsimlik Cicekler

Mevsimlik
Cicekler

Etkili oldug

u aylar

112 |3

Erzurum

Tagetes erecta, Petunia x
hybrida, Salvia splendens,
Zinnia elegans, Celosia
cristata, Begonia
semperflorens, Dahlia
variabilis ponpone mix,
Viola tricolor, Brassica
oleracea

Viola tricolor

Brassica
oleracea

Diger tim
mevsimlikler

Kars

Antirhinum, Tagetes
erecta, Salvia splendens,
Portulaca grandiflora,
Petunia hybrida, Zinnia
elegans, Celosia argentea,
Brassica oleracea

Brassica
oleracea

Diger tim
mevsimlikler

Sivas

Dahlia variabilis, Salvia
splendens, Petunia
hybrida, Gazania rigens,
Tagetes erecta, Viola
tricolor

Viola tricolor

Diger tim
mevsimlikler

Mersin

Viola tricolor, Tagetes
erecta, Calendula
oficinalis, Brassica
oleracea, Petunia  x
hybrida, Catharanthus
roseus, Amaranthus
tricolor, Gomphrena
globosa,  Osteospermum
sp., Bellis  perennis,
Alternanthera bettzickiana,
Alysyum maritimum,
Melampodium paludosum,
Dahlia hybrida, Ageratum
houstonianum,  Begonia
semperflorens,  Gazania
gazoo, Celosia argentea,
Verbena obsession,
Portulaca grandiflora,
Mesembriyanthemum
criniflorum, Pelargonium
X hortorum, Ranunculus
asiaticus, Salvia
splendens, Zinnia elegans,
Primula acaulis

Antirrhinum
majus, Viola
tricolor

Ageratum
houstonianum,
Verbena
obsession,
Tagetes erecta,
Salvia splendens,
Petunia X
hybrida, Zinnia
elegans, Celosia
argentea,

Brassica
oleracea

Ranunculus
asiaticus,
Primula acaulis,
Viola tricolor

Tubives 2016 verilerine gore 264’1 endemik 1392 takson barindiran Erzurum; Antalya (572’si endemik 2126 takson),
Istanbul (61’1 endemik 2048 takson), Mersin (399’u endemik 1724 takson), izmir (132’si endemik 1532 takson),
Ankara (292’si endemik 1455 takson) ve Konya (428’1 endemik 1396 takson)’dan sonra en fazla bitki tiiriinii barindiran
7. il konumundadir (Anonim, 2016b).

Ulkemizin en soguk kentlerinden biri olan Erzurum kenti, dogal bitki gesitliligi bakimmdan da olduk¢a zengin
potansiyeli barindirmaktadir. Bu nedenle soguk iklim yorelerinde peyzaj calismalarinda kullanima uygun bitkilerin
tespitinde, Erzurum kentinde dogal olarak yetisen bitkiler dnemli yol gosterici 6zelliktedirler. Cizelge 5°te il genelinde

yetisebilen ve cesitli peyzaj 6zellikleri nedeni ile mevsimlik bitkilere alternatif olabilecek bitkiler verilmistir.
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Cizelge 5. Soguk iklim bolgelerinde mevsimlik ¢icekler yerine kullanilabilecek dogal cok yillik yer ortiiciiler ve bazi
ozellikleri (Kutluk ve Aytug, 2004; Yiicel, 2004; Irmak, 2008; Anonim, 2016b).

Bitki ismi Dogal Yetisme | Bitki Omrii- Bitki | Onemli Peyzaj Ozelligi
Alanlari Formu
Acantholimon glumaceum (JAUB. ET | Kuru, kirag ve kayalik | Cok yillik-Yuvarlak | Formu ve 7-8. Aylar arasi etkili
SPACH) BOISS. alanlar formlu, ¢alimsi yapida cigekleri
Acantholimon puberulum var. | Kuru, kira¢ ve kayalik | Cok yillik-Yuvarlak | Formu ve 7-8. Aylar aras: etkili
puberulum BOISS. ET BAL. alanlar formlu, ¢calims1 yapida cigekleri
Achillea millefolium L. Kuru, kirag ve kayalik | Cok yillik-Dikine, otsu | Yaz boyunca etkili beyaz ¢igegi
alanlar
Achillea coarctata POIR. Kuru, kirag ve kayalik | Cok yillik-Dikine, otsu | Yaz boyunca etkili sar1 ¢igegi
alanlar
Adonis aestivalis L. Tarla, egimli stepler Tek yillik-dikine | Mayis-Haziranda kirmizi
biiyiiyen, otsu cicekler ve 6bek form
Aethionema membranaceum DC. Kuru kirag ve kayalik | Cok yillik-Obekler | Yaz boyunca etkili olan pembe-
alanlar halinde, otsu beyaz ¢igekleri
Ajuga orientalis L. Cayirlik, egimli stepler | Cok yillik-Dikine, otsu | Nisan ve Temmuz aylar
arasinda etkili mavi-lila gigekler
Alcea spp. Taslik, egimli  ve | Cok yillik-Dikine | Yaz boyunca etkili olan pembe-
kayalik alanlarda gelisen  boylu, yar1 | beyaz-sar gigekleri
odunsu
Allium spp. Taslik, egimli, kuru | Cok yillik- Otsu, hem | Geofit olup, ¢icekleri ile
alanlar veya cayirliklar dikine gelisen hem de | etkilidir, ¢igekleri 1-2 ay
bodur fromlu tiirler etkilidir.
Alyssum tortuosum WILLD. Tashik, egimli, kuru | Obekler halinde, | Yaz boyunca etkili olan beyaz-
alanlar veya ¢ayirliklar | yayilict formda, otsu- | sari ¢igekleri ve yayilict formu
cok yillik
Androsace villosa L. Akint1 alanlarda, kuru, | Cok yillik -Obekler | ilkbahardan baslayarak yaz
taslik ve alpin alanlarda | halinde, yayilict | sonuna kadar etkili ve yogun
formda, otsu cigekleri ve yayilarak yeri
Ortmesi
Anthemis cretica L. Tashik, egimli ve | Cok yillik -Obekler | Yaz boyunca etkili, beyaz renkli
kayalik alanlarda halinde, kok kisminda | ¢igekleri
yar1 odunsu
Anthemis tinctoria L. Tashk, egimli ve | Cok yillik -Obekler | Yaz boyunca etkili, sar1 renkli
kayalik alanlarda halinde, kok kisminda | ¢igekleri
yar1 odunsu
Aquilegia olympica BOISS. Cayirlik, sulak alanlar | Cok  yillik-  Dikine | Haziran ve Temmuz aylarinda
ve su kiyilar gelisen boylu, otsu etkili mavi renkli ¢igekler
Arabis caucasica subsp. caucasica | Tashk, akimnti, egimli, | Cok yillik- Yayilici, | Ilkbahardan yaz sonuna kadar
WILLD. kirag ve kurak alanlarda | Gbekler halinde | ¢ok yogun beyaz ¢icekleri ve
biiyiiyen, otsu yuvarlak formu
Asperula  sintenisii  ASC.  EX | Tashk, egimli ve | Cok willik- Yayilici, | Yaz boyunca etkili pembe
BORNM. kayalik alanlarda obekler halinde | ¢igekleri ve yayilici formu
biiyiiyen, otsu
Astragalus frickii BUNGE Taslik, kirag, kuru | Cok yillikk, yayilici, | Yaz ayinda agan pembe
alanlarda, tarla | 6bekler halinde | ¢igekleri, her sarta dayanikli
kenarlarinda biiyiiyen, otsu yapisi ve erozyon dnleme
Astragalus halicacabus LAM. Tashk, kirag, kuru | Cok yillik, yayilict Cigeklerle birlesik durumdaki
alanlarda, tarla pembe renkli ve yogun olan
kenarlarinda kapsiiller ve yayilici formu
Butomus umbellatus L. Sulak alanlar ve su | Cok  wyilik  dikine | Yaz boyunca etkili ¢igekleri
kiyilarinda biiyiiyen, otsu
Campanula aucheri A. DC. Egimli, taghk, otlak, | Cok yillik, yer ortiicii, | Mavi-lila renkli ve yaz biyunca
akinti ve alpin alanlarda | yayilici, otsu etkili gicekleri
Campanula betulifolia C. KOCH Egimli, tashk, otlak, | Cok yillik, o6bekler | Yaz boyunca etkili, beyaz
akint1 ve alpin alanlarda | seklinde, otsu renkli, ¢can seklindeki ¢igekleri
Campanula choruhensis KIT TAN | Egimli, taslik, otlak, | Cok yillikk, &bekler | Yaz boyunca etkili, beyaz
ET SOR. akint1 ve alpin alanlarda | seklinde, otsu renkli, ¢can seklindeki cigekleri
Campanula glomerata L. Egimli, tashk, otlak, | Cok yillik, obekler | Mavi-lila renkli ve yaz boyunca
akinti ve alpin alanlarda | seklinde, otsu etkili ¢igekleri
Campanula stevenii BIEB. Egimli, taslik, otlak, | Cok yillik, &bekler | Ag¢ik mavi ve yaz boyunca etkili
akint1 ve alpin alanlarda | seklinde, otsu cigekleri
Campanula tridentata SCH. Cayirlik, taslik, egimli | Cok  yillik, Obekler | Mavi-lila renkli ve yaz biyunca
ve alpin alanlarda seklinde, otsu etkili gigekleri
Cerastium spp. Cayirlik, tashik, egimli | Cok  yillik, &bekler | Beyaz ve kisa siireli cigekleri ve
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ve alpin alanlarda

seklinde, otsu

topragi orterek yayilan formu

Consolida orientalis (GAY) SCHROD. | Tarla, cayirlik ve step | Tek  yillikk,  dikine | Yaz boyunca etkili mavi
yamaglarda biiyiiyen, otsu cicekler
Convolvulus calvertii BOISS. Egimli, taglik, akimti | Cok yillikk, &bekler | Yaz boyunca etkili olan beyaz-
alanlarda seklinde, yar1 odunsu pembe cigekleri
Convolvulus lineatus L. Egimli, tashk, akinti | Cok yillik, Obekler | Yaz boyunca etkili olan beyaz-
alanlarda seklinde, yar1 odunsu pembe cigekleri
Coronilla orientalis MILLER Egimli, tashk, akinti, | Cok yillikk, &bekler | Erken ilkbahar ve yaz boyunca
cayirlik alanlarda seklinde, otsu etkili sar1 ¢igekler
Daphne oleoides SCHREBER Cayilik, tashik, yol | Cok yillik  &bekler | Yaz boyunca etkili ve giizel
kenarlari, egimli ve | seklinde 0,5m c¢apli | kokulu beyaz ¢igekleri ve formu
akinti alanlarda bodur ¢ali
Dianthus calocephalus BOISS. Cayilik, tashk, yol | Cok yillik, o6bekler | Yaz boyunca etkili olan pembe
kenarlari, egimli ve | seklinde, otsu cigekleri
akint1 alanlarda
Dianthus orientalis ADAMS Cayilik, tashk, yol | Cok yillik, obekler | Yaz boyunca etkili olan pembe
kenarlari, egimli ve | seklinde, otsu cigekleri
akinti alanlarda
Draba bruniifolia STEV. Egimli, taghk, akiti | Cok yillik, Obekler | Erken ilkbahardan yaz ortasina
alanlarda seklinde, yastik formlu, | kadar etkili sar1 ¢igekleri ve
otsu yastik-yuvarlak formu
Draba rigida WILLD. Egimli, tashk, akinti | Cok yillik, obekler | Kisa siire agan ¢icekleri ve
alanlarda seklinde, yastik formlu, | yayilici-yastik formu
otsu
Draba rosularis BOISS. Egimli, taghk, akiti | Cok yillik, Obekler | Erken ilkbahardan yaz ortasina
alanlarda seklinde, yastik formlu, | kadar etkili sar1 c¢igekleri ve
otsu yastik-yuvarlak formu
Ephedra major HOST Su kenearlari, kayalik | Cok  yillik, o6bekler | Mavimsi yesil yapraklari ve
alanlar, kuru kirag | seklinde, gali ibreli bir ¢aliy1 andiran yapist
alanlar
Erigeron caucasicus STEV. Egimli, tagshk ve step | Cok  yillik, dikine | Yaz boyunca etkili lila-mavi
alanlarda gelisen, otsu cigekleri
Erysimum  pulchellum  (WILLD.) | Egimli, tashk, akinti | Cok yillik, &bekler | Yaz boyunca etkili sar gicekleri
GAY alanlarda seklinde, otsu ve Obek seklindeki formu
Fritillaria spp. Egimli, ¢ayirhk, tarla | Cok  yillik, dikine | Mayis-Haziran arasinda etkili
kenarlari, taslik alanlar biiyiiyen, geofit bitki gigekler
Gentiana verna L. Tashik, egimli, alpin | Cok yillik, yayilici, otsu | Ilkbahardan yaz ortasina kadar
alanlarda etkili mavi giceleri

Geranium tuberosum L.

Tarla kenarlarinda, su
kiyillarinda ve cayirlik
alanmlarda

Cok yillikk, yumrulu,
dikine biiyiiyen, otsu

Ilkbaharda
cigekleri

etkili  lila-pembe

Gladiolus kotschyanus BOISS.

Cayirlik alanlarda, su

Cok yillik, yumrulu,

iIkbahar ve yaz boyunca etkili

kiyilarinda, tarla | dikine biiyiiyen, otsu mor-pembe ¢igekleri
kenarlarinda

Hypericum scabrum L. Egimli, taslik ve step | Cok  yillikk, dikine | Yaz boyunca etkili sar1 ¢igekleri
alanlarda biiyiiyen, otsu

Hypericum helianthemoides (SPECH) | Egimli, tashk ve step | Cok  yillikk, dikine | Yaz boyunca etkili sari ¢icekleri

BOISS. alanlarda biiyiiyen, otsu

Iberis taurica DC. Egimli, taslik, akint1 ve | Cok  yillik,  yastik | Ilkbahar ve yaz basinda etkili

alpin alanlarda

formlu biiyiiyen, otsu

cicekleri ve yuvarlak-yastik

formu
Iris sibirica L. Cayirhik alanlar, su | Cok  yillik, dikine | Mayis- Temmuz  arasinda
kenarlari, dere kenarlar1 | biiyiiyen, geofit, otsu cigekleri ile, daha sonra ise
yapraklart ile etkili
Iris spuria L. subsp. musulmanica | Cayirlhik alanlar, su | Cok  yillik, dikine | Mayis- Temmuz  arasinda
(FOUMIN) TAKHT. kenarlari, dere kenarlart | biiyiiyen, geofit, otsu cigekleri ile, daha sonra ise
yapraklart ile etkili
Iris taochia WORONOW EX | Egimli, taslhk, akinti | Cok  yillik, dikine | Mayis-Haziran arasinda
GROSSH. alanlar, kuru steplerde biiyiiyen, geofit, otsu cigekleri ile, daha sonra ise
yapraklari ile etkili
Iris iberica HOFFM. Egimli, tashk, akinti | Cok  yillik, dikine | Mayis-Haziran arasinda
alanlar, tarla kenarlart biiytiyen, geofit, otsu cicekleri ile, daha sonra ise
yapraklari ile etkili
Iris sari SCHOTT EX BAKER Egimli, taslik, akmti | Cok  yillik, dikine | Nisan-Haziran arasinda
alanlar, tarla kenarlart biiytiyen, geofit, otsu cigekleri ile, daha sonra ise

yapraklari ile etkili

Mehmet Akif IRMAK et al., Efficiency of seasonal plants in cold climate zones




164

Biological Diversity and Conservation — 9 / 2 (2016)

Iris caucasica HOFFM.

Egimli, tashik, akinti
alanlar, tarla kenarlari

Cok  yillik, dikine
biiyiiyen, geofit, otsu

Nisan-Haziran arasinda
cicekleri ile, daha sonra ise
yapraklari ile etkili

Kochia prostrata (L.) SCHARD. Kuru, taglik, kumlu | Cok yillik, dikine, | Formu ve Haziran-Agustos arsi

alanlar yuvarlsak formlu, yar | ¢igekleri ile etkili
call

Linaria genistifolia (L.) Egimli, tashk, akinti | Cok  yillik, dikine | Yaz boyunca etkili olan sari
alanlar, tarla kenarlart biiyiiyen, otsu cicekleri

Linaria pyramidata (LAM)) | Egimli, taslik, akinti | Cok  yillik, dikine | Yaz boyunca etkili olan sar1

SPRENGEL alanlar, tarla kenarlari biiyiiyen, otsu cicekleri

Myosotis alpestris F. W. SCHMIDT Egimli, tashk, cayirhk | Cok  yillik,  dikine | Yaz boyunca etkili olan mavi
alanlar ve tarla kenarlart | biiyliyen, otsu cicekleri

Nepeta racemosa LAM. Egimli, taslik, cayirlik | Cok  yillik, dikine | Mayis- Agustos arasinda acan
alanlar ve tarla kenarlar1 | biiyiiyen, otsu cicekleri

Nepeta transcaucasica GROSSH. Egimli, taghk, caywlik | Cok  yillik, dikine | Mayis- Agustos arasinda agan
alanlar ve tarla kenarlar1 | biiyiiyen, otsu cicekleri

Onobrychis cornuta (L.) DESV. Egimli, tashk, cayirlik | Cok  yillik, yumak- | Haziran ve Temmuz aylarinda
alanlar, alpin alanlar yuvarlak formlu, | agan lila ¢icekler ve yuvarlak

calimsi formu

Papaver orientale (L.) Egimli, taglik alanlar ve | Cok  yillik,  dikine | Haziran ve Agustos arasinda
tarla kenarlari biiyiiyen, otsu acan kirmizi ve biiyiik cigekleri

Primula spp. Cayirlik, su kiyilar1 ve | Cok  yillik,  dikine | Mayis-Haziran arasinda etkili
alpin alanlar biiyiiyen, otsu cicekler

Rosa hemisphaerica J. HERRM. Egimli, kurak, taslik | Cok yillik, ¢ali Mayis- Temmuz arasinda etkili
alanlar sar1 ¢igekleri ve formu

Salvia spp. Egimli, taslik alanlar ve | Cok  yillik,  dikine | Mayis-Agustos arasinda

tarla kenarlar1

biiyiiyen, otsu

cigekleri ve 6bek formu

Saponaria prostrata WILLD.

Egimli, taghk alanlar ve

Tek veya ¢ok yillik,

Yaz boyunca pembemsi renkli

tarla kenarlar1 yayilarak, yer Orten, | cigekleri ve yer ortiicii formu
otsu

Saxifraga paniculata MILLER Egimli, kurak, tashk | Cok yillik, yumak- | Mayis- Temmuz arasinda etkili
alanlar yuvarlak formlu, otsu cicekleri ve formu

Sedum spp. Egimli, taghik alanlar, | Cok yillik, yayilici, | Haziran ve Temmuz aylarinda
kaya dipleri sukkulent, otsu cicekleri ile, sonrasinda sert

yapraklart ile
Sempervivum spp. Egimli, tashk alanlar, | Cok yillik, yayilici, | Haziran ve Temmuz aylarinda

kaya dipleri

sukkulent, otsu

cigekleri ile, sonrasinda sert

yapraklart ile

Scutellaria orientalis L.

Egimli, taghk alanlar ve
alpin alanlar

Cok yillik, yayilici, yari
odunsu

Yaz aylarinda etkili ¢igekleri ve
yayili-yerdrtiicii formu

Senecio lorentii HOCHST. Egimli, taslik alanlar ve | Cok  yillik,  dikine | Haziran-Temmuz aylarinda
tarla kenarlar1 biiyiiyen, otsu etkili sar1 ¢igekler

Senecio vernalis WALDST. ET KIT. Egimli, taglik alanlar ve | Cok  yillik,  dikine | Nisan-Temmuz aylarinda etkili
tarla kenarlari biiyiiyen, otsu sar1 ¢icekler ve grimsi yapraklar

Silene vulgaris (MOENCH) | Egimli, taslik alanlar ve | Cok  yillik,  dikine | Yaz boyunca beyaz gigekler

GARCKE tarla kenarlar biiyiiyen, otsu

Tchihatchewia isatidea BOISS. Egimli, taglik ve akint1 | Cok  yillikk, dikine | Haziran ve Temmuz aylarinda
alanlar biiyiiyen, otsu acan biiyiik ¢igcekler

Thymus leucotrichus HAL. Egimli, taglik alanlar ve | Cok  yillik, yumak | Haziran-Temmuz arasinda
daglik, step alanlar seklinde, yar1 odunsu cicekleri, kokusu ve formu

Thymus canoviridis JALAS Egimli, tashik alanlar ve | Cok  yillikk, yumak | Temmuz-Agustos arasinda
daglik, step alanlar seklinde, yar1 odunsu cicekleri, kokusu ve formu

Thypha spp. Su kiyis1 ve su i¢i Cok  yillik, dikine | Mayis sonundan itibaren

biiyiiyen, sucul bitki goriilmeye  baglayan  tiiysi
kahverengi bagaklar

Tulipa spp. Egimli, taslik, akinti, | Cok  yilik  dikine | Nisan-Mayis arast etkili
tarla kenarlari biiyiiyen, geofit bitki cigekler

Vavilovia formosa (STEV.) A. FED. Egimli, tashik alanlar ve | Cok  yillik,  dikine | Haziran ve Agustos arasinda
daglik, alpin alanlar biiyiiyen, otsu etkili cicekler

Veronica orientalis MILLER Egimli, taglik alanlar ve | Cok yillikk, yayilan, | Yaz boyunca etkili, mavi
daglik, alpin alanlar yerortiicii, otsu cicekler

Viola altaica KER.-GAWL. Egimli, daglk, step | Cok yillik, dikine | Mayis-Eylil aras: etkili ¢igekler

alanlar ve alpin alanlar

biiyiiyen, otsu
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4. Sonuglar ve tartisma

Peyzaj ¢alismalarinda kullanilan bitkisel materyallerin fonksiyonel ve estetik agidan islevlerini tam ve istenilen
sekilde yerine getirmeleri, kullanildiklar1 yorelerin ekolojik kosullarina uyumlarina tam olarak bagimlidir. Bu nedenle
vejetasyon periyodunun kisa oldugu alanlarda bu yorelerin ekolojik kosullarina uygun bitkilerin kullanimi1 ekonomik,
estetik ve ekolojik agidan olduk¢a Onemlidir. Dogal bitkilerin kullanimi, peyzaja yoresel bir dokunus imkani
saglamanin yaninda, iklimle barigik, uzun 6miirlii ve daha ekonomik peyzajlar sunmaktadirlar, ayrica doga temelli
turizm dallarindan flora turizmi gibi aktiviteleri de kentlere tasiyabilecek imkanlar sunabilmektedirler (Irmak ve
Yilmaz, 2011; Irmak, 2013).

Erzurum ili ve cevresi soguk ve zorlu iklim kosullarina sahip olmasina ragmen barindirdigr 1392 bitki
taksonunun 264’linii endemik olarak barindirmaktadir ve bu bitkisel ¢esitliligi ile Erzurum, birgok {ilkeden fazla bitki
tiir sayisina sahiptir. Bu bitkiler icerisinde mevsimlik ¢igeklere alternatif olabilecek, peyzaj 6zellikleri dikkat ¢eken 60
civarinda tiir belirlenmistir. Bu bitkilerden bazilarina ait goriiniimler Cizelge 6 igerisinde verilmistir.

Cizelge 6. Erzurum ili ve yakin g¢evresinde tespit edilmis ve soguk iklim ydrelerinde kullanilabilecek ¢ok yillik
yerdrtiiciilerden bazilarina ait goriiniimler

P . 29.05.2006

i? s X A T :
Allium akaka S.G. GMELIN )
Allium akaka S.G. GMELIN Androsace villosa L.

: Ji\g
abis caucasica subsp. caucasica
WILLD.

Asperula  sintenisii  ASC. EX | Campanula tridentata SCH. Campanula tridentata SCH.
BORNM.
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23.06.2006

03.07.2007

Gladiolus kotschyanus BOISS

Iberis taurica DC. Iris sari SCHOTT EX BAKER Iris  taochia WORONOW  EX
GROSSH.
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Linaria genistifolia L. Myosotis  alpestris ~ F.  W. | Onobrychis cornuta (L.) DESV.
SCHMIDT

ol

=04.07.2

Sedum sp. Tulipa sp. Viola altaica KER. GAWL.

Mevsimlik bitkiler, tohum elde edilmesi, tohumdan istenilen ¢igekli bitkinin olusmasi asamalarina kadar
oldukg¢a zahmetli siiregler gerektirmesinin yaninda, sonug olarak oldukga etkili bitkisel sunumlar olusturmaktadirlar.
Bir¢cok mevsimlik bitki kis doneminin 1liman gegtigi yorelerde tiim yil boyunca etkili olurken, sicakligin son baharda
belirgin sekilde diistiigii yorelerde dlmektedirler. Erzurum, Sivas ve Kars kentlerinde mevsimlik bitkilerin etkili oldugu
stireler sinirli kalmakta, bu yorelerde mevsimlik bitkiler i¢in ddenen iicretler ve yapilan bakimlarin karsiligi olacak
stirelerde verim almamamaktadir. Estetik goriiniimlerini, vejetasyon periyodunun yeterli olmamasidan dolay1, uzun
stirelere yayamamaktadirlar. Oysa sicak iklim kosullarinda ve vejetasyon periyodunun yeterli oldugu alanlarda
mevsimlik bitkiler istenilen formlara ¢abuk kavusmakta ve ¢ok daha uzun siire gorsel giizelligini korumaktadirlar.

Diinya genelinde giindemdeki yerini koruyan kiiresel 1sinma ve temiz-kullanilabilir su teminindeki zorluklarin
giderek artmasi nedeni ile daha az bakim isteyen, yore sartlarina uyum saglamis, her yil yenileme gerektirmeyen yerli
tiirlerin kullanimina ilgi artmaktadir. Bu durumun en iyi 6rnegi, ABD’nin Chicago kentindeki Milenyum Parktir. Park
modern peyzaj mimarligimin en son ve en iyi 6rneklerinden biri olarak dikkat ¢ekerken, park genelinde dogal, bakim
gerektirmeyen ve su gereksinimi diisiik bitki kullanimlar1 dikkat ¢gekmektedir.

Soguk iklim kosullarinda dogal olarak yetisen ve herhangi bir bakim gerektirmeyen bu bitkilerin iiretilmesi,
tohum elde edilmesi ve kullanima hazir bitki temini konusunda ¢aligmalar yapilmasi, iilke ve yore ekonomisine katkilar
saglarken, ekolojik ve estetik agidan da istenine durumlar saglanmis olacaktir.
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Isolation and identification of a novel thermo-alkalophilic Anoxybacillus sp. strain KB4 from Kusburnu hot
spring in Turkey

Fatma MATPAN BEKLER ™

! Dicle University, Faculty of Science, Department of Biology, 21280, Diyarbakir, Turkey

Abstract

Thermophiles are able to grow at temperatures up to 110°C and at different pH (thermo-acidophiles and
thermo-alkalophiles) and they are an interesting source of biotechnological applications. The aim of this study was to
isolate thermophilic bacterium from Kusburnu hot water spring in the town of Diyadin in Turkey. The thermophilic
strain KB4 was identified by morphological, physiological, biochemical tests and 16S rRNA gene sequencing. Strain
KB4 was found to be an aerobic, Gram-positive, rod shaped, motile and yellow-pigmented. Optimal growth was
obtained at pH 9.0-10.0, at 55-60 °C, and at 3% (w/v) NaCl. Potantial of different carbon and nitrogen sources
utilization were examined. The strain KB4 was able to utilize some carbon and nitrogen sources, including glucose,
galactose, sucrose, maltose, arabinose, xylose, yeast extract, peptone, tryptone and casamino acids. Phylogenetic
analysis based on 16S rRNA gene sequences showed that isolate KB4 was most closely related to Anoxybacillus
pushchinoensis K1 (T) with a 98.78% sequence similarity. In addition, this study will be a guiding study in determining
the diversity of thermophilic bacteria from geothermal waters of Turkey.

Key words: Anoxybacillus, isolation, identification, thermophilic, 16S rRNA gene

k

Kusburnu sicak su kaynagindan yeni termo-alkalofilik Anoxybacillus sp. KB4 susunun izolasyonu ve
tanimlanmasi

Ozet

Termofiller 110 °C’ye kadar sicakliklarda ve farkli pH’larda (termo-asidofil ve termo-alkalofil) biiyliyebilme
yetenegine sahiptirler ve biyoteknolojik uygulamalarin ilgi ¢eken bir kaynagidirlar. Bu ¢aligmanin amaci, Tiirkiye’deki
Diyadin ilgesi Kusburnu sicak su kaynagindan termofilik bakteri izole etmektir. KB4 susu, morfolojik, fizyolojik,
biyokimyasal testler ve 16S rRNA gen sekanslamayla tanimlanmistir. KB4 susu, aerobik, Gram-pozitif, ¢ubuk
seklinde, hareketli ve sar1 pigmentli olarak bulunmustur. Optimum iireme pH 9.0-10.0’da, 55-60 °C’de ve %3 (w/v)
NaCl konsantrasyonunda elde edilmistir. Farkli karbon ve azot kaynaklarinin kullanimi denendi. KB4 susu, glukoz,
galaktoz, siikkroz, maltoz, arabinoz, ksiloz, yeast ekstrakt, pepton, tripton ve casamino asit gibi bazi karbon ve azot
kaynaklarmi kullanabilmektedir. 16S rRNA gen sekansina bagl filogenetik analizler KB4 susunun %98.78 sekans
benzerligi ile Anoxybacillus pushchinoensis K1(T)’e olduk¢a yakin oldugu goéstermektedir. Ek olarak, bu calisma
Tiirkiyede’ki jeothermal sulardan termofilik bakterilerin gesitliligini belirlemede rehber olacaktir.

Anahtar kelimeler: Anoxybacillus, izolasyon, tanimlama, termofilik, 16S rRNA geni
1. Introduction

Extreme environments, which are extreme conditions of heat or cold, pH, salinity, pressure, and radiation, are
inhabited by diverse populations of microorganisms (Rothschild and Mancinelli, 2001). Extremophilic microorganisms

include members of all three domains of life, the Archaea, Bacteria and Eukarya. It is possible to isolate thermophilic
microorganisms from environments with interval heat, such as soil and compost. Geothermal areas are favourable
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habitats for a diversity of thermophile. Among the geothermally heated habitats are the alkaline, mainly carbonate-
containing hot springs around a neutral pH, and acidic areas including some mud-holes (Canganella and Wiegel, 2014).
Turkey is rich in geothermal sources and there are 140 geothermal sources (Inan et al., 2011). Thermophilic
microorganisms have gained more importance in biotechnology, primarily in industry (enzyme production, secondary
metabolites, bioremediation, etc.). In addition, they have been used for production of renewable energy as well as for
removing heavy metals from waste. Recently, with the latest developments in biotechnology and molecular biology,
many studies aiming at the discovery of new thermophilic bacteria have been conducted.

Termophilic bacteria of the species Anoxybacillus was first described in 2000 by Pikuta et al. To date, there are
26 species and 3 subspecies of Anoxybacillus that have been recognized. These are as follows: Anoxybacillus
pushchinensis DSM 124237 and  Anoxybacillus flavithermus DSM 2641  (Pikuta et al.,  2000)
Anoxybacillus flavithermus subsp. flavithermus (Dai et al., 2011; Pikuta et al., 2000), Anoxybacillus gonensis NCIMB
139337 (Belduz et al., 2003), Anoxybacillus ayderensis NCIMB 139727 and Anoxybacillus kestanbolensis NCIMB
130717 (Dulger et al.,, 2004), Anoxybacillus contaminans DSM 15866 (De Clerck et al., 2004),
Anoxybacillus voinovskiensis NCIMB 13956" (Yumoto et al., 2004) Anoxybacillus amylolyticus DSM 159397 (Poli et
al., 2006), Anoxybacillus kamchatkensis DSM 14988 (Kevbrin et al., 2006), Anoxybacillus tunisiense (Sayeh et al.,
2007), Anoxybacillus kamchatkensis subsp. asacchardens subsp. nov. (Giil-Giiven et al., 2008),
Anoxybacillus bogrovensis DSM 179567 (Atanassova et al., 2008) , Anoxybacillus rupiensis DSM 17127 (Derekova et
al., 2008) , Anoxybacillus kualawohkensis (Bradley, 2009), Anoxybacillus eryuanensis E-1127 (Zhang et al., 2011),
Anoxybacillus flavithermus subsp. yunnanensis  (Dai et al.,, 2011), Anoxybacillus mongoliensis DSM 19169
(Namsaraev et al., 2011), Anoxybacillus salavatliensis DSM 226267 (Cihan et al., 2011), Anoxybacillus tengchongensis
T-117 (Zhang et al., 2011), Anoxybacillus thermarum DSM 17141 (Poli et al., 2011), Anoxybacillus tepidamans DSM
163257 and Anoxybacillus caldiproteolyticus DSM 157307 (Coorevits et al., 2012), Anoxybacillus beppuensis TSSC-1
(Kikani and Sing, 2012) Anoxybacillus vitaminiphilus 3nP4T (Zhang et al., 2013), Anoxybacillus kaynarcensis DSM
217065 (Inan et al., 2013), Anoxybacillus suryakundensis DSM 273747 (Deep et al., 2013) Anoxybacillus calidus DSM
255207 (Cihan et al., 2014) and Anoxybacillus geothermalis (Filippidou et al., 2015).

This is the first study regarding the identification of thermophile Anoxybacillus isolated from Kusburnu hot
spring, in the town of Diyadin in Turkey. Bacterial identification are based on 16S rRNA gene which is evolutionary
unchanged region throughout prokaryotic organisms (Meintanis et al., 2008; Patel, 2001; Woese et al., 1990).
Therefore, we carried out physio-biochemical analysis and 16S rRNA gene sequencing for identification of
thermophilic Anoxybacillus. In addition, this study attaches great importance as Kusburnu hot water was a source not
studied before with regard to bacteria isolation; this will thus be a guiding study in determining the diversity of bacteria
of thermophilic characteristics from geothermal waters of Turkey.

2. Materials and methods

Chemicals

All chemicals were purchased from Sigma (Sigma—Aldrich, St Louis, USA) and were of the highest quality
available unless otherwise stated. All chemicals used were of analytical grade.

Location and sampling

The water samples were obtained from Kusburnu hot spring (39° 26' 46.86" N, 43° 41' 11.2626" E), Agri,
North-Eastern Turkey. The temperature and pH of hot spring water were 70 °C and 7.5, respectively. The water samples
were serially diluted with 1% sterilized water and were streaked and inoculated onto Nutrient Broth (NB) agar plates.
Before the inoculation, all of the samples were treated with heat at 80 °C for 10 min. Heat-resistant spores were able to
survive, while non-spore-forming bacteria died from the heat. After heat treated, all plates were incubated at 55-60 °C
for 2 days. After incubation, different colonies developed in the media were selected and purified by subculturing.
Subsequently, single colonies grown on the agar medium were taken out and inoculated in a new medium, and this step
was repeated at least three times for purification.

Morphological, physiological and biochemical characterizations of isolates: Selected colonies were
phenotypically characterized on the basis of shape, size, colour, surface, aspect, elevation, cell wall, light and
consistency, etc. The cell morphology and matility were studied by the light microscopy of native preparations.

Gram staining was carried out according to Dussault (1955) under light microscopy. The formation of spores
was tested by microscopic observations with malachite green staining. The temperature and pH range for growth were
determined by incubating the isolates in NB liquid medium at different temperature (20 to 80 °C) and different pH (4.0-
11.0). The effect of NaCl on the bacterial growth was examined in NB medium containing 0.5 to 5% (w/v) NaCl.

Different biochemical properties of the selected isolates such as catalase, oxidase, indole, citritase and urease
activity, Methyl red test, Voges—Proskauer test, motility were examined according to Bergey et al. (1989) and Claus and
Berkeley (1986). Utilization of different carbon sources (glucose, galactose, lactose, fructose, maltose, arabinose), and
gelatine, starch, caseine and lipid were tested according to Dulger et al. (2004). The utilization of organic compounds
such as sole carbon and nitrogen sources was tested in basal medium (5 ml) supplemented with 0.5% (w/v)
concentrations of the compounds and incubated at 55 °C. The antibiotic sensitivity of the isolated bacteria was
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determined using different standard antibiotic discs such as, Ampicillin (AMP), Amoxycilin Clawlanic Acide (AMC),
Bacitracin, Chloramphenicol (CAP), Gentamicin (GM), Imipenem (IPM), Netilmicin (NET), Nystatin, Ofloxacin
(OFX) and Rifampicin ®.

DNA isolation: Genomic DNA was isolated using the phenol — chloroform method according to Marmur
(1961).

Amplification of 16S rRNA gene: 16S rDNA sequence was amplified from isolated genomic DNA with the
upstream  primer:  5’-ATTCTAGAGTTTGATCATGGCTTCA-3> and the downstream  primer: 5°-
ATGGTACCGTGTGACGGGCGGTGTTGTA-3’. Amplification of the 16S rDNA gene, and purification of the PCR
product were carried out as described previously (Reiney et al., 1994).

Bioinformatics analysis and phylogenetic tree construction: Purified PCR products were sequenced and
electrophoresed by GATC Biotech (gatc.biotech.com). Obtained sequences were compared using a BLAST search tool
(http://www.ncbi.nlm.nih.gov/blast/) database on NCBI [National Centre of Biotechnology
(http://lwww.ncbi.nlm.nih.gov)]. The 16S rRNA sequence of isolated strain was aligned with reference sequences
showing sequence homology from the NCBI database using the multiple sequence alignment programme. The isolate
was identified using the EzTaxon server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) on the basis of 16S
rRNA sequence data. The results were then presented as a phylogenetic tree. Phylogenetic tree was constructed by the
neighbour-joining method. The stability of the tree obtained from the above cluster analyses was assessed by using
BOOTSTRAP programme in sets of 1,000 resampling (Felsenstein, 1993).

3. Results

In our country, which is quite rich in geothermal sources, there are 140 geothermal sites that are officially
recorded (Ercan Akkaya and Kivang, 2008). In spite of having lots of thermal sources, there are few studies which are
related to the microbial characteristics and biotechnologically important thermophilic microorganism profiles of these
sources. There have been 26 identified species of Anoxybacillus since the recognition of Anoxybacillus by Pikuta et al.
since 2000. Most of species of this genus have been isolated from hot springs. Geobacillus, Anoxybacillus and Bacillus
spp. were isolated from hot springs in Pamukgu, Ilica, Akdag, Sorgun by Adigiizel et al. (2009); Anoxybacillus in
Aydin, Denizli, Izmir, Nevsehir by Cihan ( 2013) and in Balgova by Yavuz et al. (2004) in Turkey. Genc et al. (2015)
and Baltaci et al. (2016) isolated thermophilic bacteria from Diyadin hot water springs and consequently found out that
they were close to A.gonensis ve A. kaynarcensis. Researchers involoved in identification of microorganisms obtained
in thermal sources in Turkey have contributed to literature by getting 6 new species and 1 new sub-species
recognized.These are Anoxybacillus ayderensis NCIMB 13972T (Dulger et al., 2004), Anoxybacillus kestanbolensis
NCIMB 13971T (Dulger et al., 2004), Anoxybacillus calidus DSM 25520T (Cihan et al., 2014), Anoxybacillus
gonensis NCIMB 13933T (Belduz et al., 2003), Anoxybacillus kaynarcensis DSM 217065 (Inan et al., 2013),
Anoxybacillus salavatliensis 22626 T (Cihan et al., 2011) and Anoxybacillus kamchatkensis subsp. asacchardens subsp.
nov. (Giil-Giiven et al., 2008). In this study, the most dominant isolate was isolated and characterized from Kusburnu
hot spring. The obtained isolate was given KB4 code and stored at -80 °C in cryotubes containing glycerol in the stocks
of the Molecular Biology Research Laboratory of Faculty of Sciences at Dicle University. Selected strain, KB4, was
identified by morphological, physiological, biochemical and 16S rRNA gene sequencing. Colony morphology of this
strain was small, circular, smooth, matt and yellow pigmented. The cells of the KB4 appeared to be rod shaped, Gram-
positive, motile and to possess sub;terminal gndospores (Figge_ 1).
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Figure 1. Cells and -\}egatative sporulation of strain KB4 grown at 55 °C on nutrient broth
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In recent studies, the genus Anoxybacillus have represented neutrophilic, obligately thermophilic, motile,
endospore-forming and aerobic (Coorevits et al., 2012; Derekova et al., 2008; Dulger, 2004; Inan et al., 2013; Pikuta et
al., 2000; Poli et al., 2011) or facultatively anaerobic (Atanassova et al., 2008; Cihan et al., 2011; Cihan et al., 2014;
Kevbrin et al., 2006; Namsaraev et al., 2011; Poli et al., 2006; Zhang et al., 2011) bacteria.

Table 1 summarizes data of the species of Anoxybacillus genus, which are most similar in their physiological
and biochemical characteristic to strain KB4, despite some remarkable differences existing between them.

The pH growth range of the strain we obtained was from 6.0 to 11.0 with an optimum at pH 9.0-10.0 (Figure
2). Many members of Anoxybacillus genus are alkalophilic such as A. puschionensis (Pikuta et al. (2003), A. ayderensis
and A. kestanbolensis (Dulger et al., 2004), A. calidus (Cihan et al., 2014), A. gonensis (Beldiiz et al., 2003), A.
salavatliensis (Cihan et al., 2011) and Anoxybacillus tengchongensis (Zhang et al., 2011), but not all of them obligate
alkalophiles.
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Figure 2. Effects of pH on growth of the strain KB4. The cells were incubated at 160 rpm, at different pH, at 55 °C for
24 hours.

Strain KB4 grew well at 40 °C to 70 °C and the optimum temperature was 55-60 °C (Figure 3). As it is known,
the true thermophiles show no growth, or show only very feeble growth from below 40 to 45 °C. Their development
requires temperatures above 50 °C, and some are able to develop at a temperature of 80 °C, though most abundant
growth is shown at 60 to 70 °C (Bergey, 1919). In addition, all of the identified Anoxbacillus species as seen in Table 1
have been found to be thermophilic and with optimum temperatures between 50 and 65 °C. Today, thermophilic
bacteria are vitally important because of their high-temperature resistant enzymes. Therefore, it is industrially of great
importance to reveal the microbial characteristics of thermal sources and study the characteristics of thermophilic
bacillus. The optimum growth time of KB4 was determined to be the 24" h (Figure 4).
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Figure 3. Effects of temperature on growth of the strain KB4. The cells were incubated at 160 rpm, pH 9.0 at different
temperature for 24 hours.
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Strain
Characteristic |KB4 |1 2 3 4 |5 6 7 8 9 (10 |11 |12 |13 (14 |15 |16 |17 |18 |19 [20 |21
Shapeofcells | Rod | Rod | Rod | Rod |Rod| Rod | Rod | Rod | Rod |Rod| Rod | Rod | Rod |Rod|Rod| Rod | Rod |Rod| Rod |Rod| Rod | Rod
Gram staining *) ) *) B | ®H] @ ) *) v o (®] ™ ) B | HI®H] O B ®HH B O *)
Motility () ©) *) B O] ® ) " | ®H ] O *) B | HI®H] O B 1 ®HH B O ¢
Spore formation | (+) ) *) B [ ®H] @ ) (" | ND | (D] (D) *) B | HI®H] O B 1 HH B O *)
Temperature (°C) | 55-60 | 62 | 61 | 50 | 65 [50-55| 60 | 55 | 50 | 55 | 60-65 | 55-60 | 57-62 | 60 | 60 | 55 | 60 |50 | 55 | 65 | 57-60 | 54
pH 9.0-10 [9.5-9.7| 56 |7.5-85|80 [7.5-85| 7.0 |80-85| 70 |80 | 7.0 |7585|6.885| 7.0 |80 |6.0-65|80-9.0|85| 60 |7.2|7.0-75|7.0-80
Lglcelrfzg?go}s *) ) () O |6 ® ©) () B B 6 ©) O EONNONENG: O [ ®H 6 160 M ©)
Relation to Oz A An |AFAn| FAn |FAn| An | A | FAn | FA |FA |A/FAn| FAn | FAn | A |[FAn| SA | FAn |FA| A |SA| SA | FAn
Catalase activity | (-) ¢ *) (+) | ()| ND | (+) ) ORNGORENG ) OO ®H] O B | ®H] ®H [H]| ND | #)
Oxidase () ) ) () |[ND| () ) ® | H | H] O *) O |O®] O B [ ®H 6 6] 06 )
Urease ®) ND [ ND | () || ¢ [ ND| ND | () [ND| () | () | ND |[ND| ()| ND | ND |[ND| ND |[ND| ND | ND
Citritase ®) ND | () | ND [ND| ND [ ND | ND | () [ND| ND | ND | ND [ND|ND| () | ND [ND| (+) [ND| () | &
Indol Production | (-) ND | O | O || @ [ND|ND| () [ND|] O | () | ND|[ND| (| (9 | ND |[ND| ND |[ND| ND | ND(-)
Nitrate reduction | (+) ) () OO ® ©) () " 1O O ¢ B [ ®H6] 06 B 1 ®H] 6 O] 6 [0
Methyl redtest/ | (+)/(-) | ND | (+)/(-) | ()/(-) | ND | ND | (£)/(+) | (+)/(-) | (F)/() | ND | (+)/(-) | ND | (+)/(-) [ND | ND | (-)/() | (-)/() | ND | (H)/(-) | ND | ()/() | (+)
Voges-Proskauer
test
Hyfégzisri]s of ) ¢ ) | ®H] 6O *+) ) ® [ ®H] 6 ) O | HI®] 06 B [ H®H 6] 06 ©)
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Hydcrgslé/isnis of ) O ®» ] O |O|N | ®H | O |ND|H|[ O [ NDO OO 60 [(®HEw| O] 6 )
Hydsrtzlrxéshis of *) B H|H[H®H [ W] ®H | H OO ®H 060 ®H | ®H®6 6006 )
Utilization of
carbon sources
Glucose *) | ®H [N H O | H]|H|HHOHH OO H | OO 6006
Sucrose *) B H|®H OO | H]HNDH®H OO OO0 ®HH®H 00O
Galactose *) () | ® | ND | (| ND| () | () | ) |ND| () | ND | (+) [ND| ()| () [ () [ND| () [ND| (9 )
Lactose *) ) O ® O] 6| ® | ® | @ [ND| N | () () [ND| ()| O () [ND| () |[ND| (9 )
Maltose *) ND | &) | O |®] ® | ND| ND | (#) [IND| ) | ND | ) [ND| ()| #) | ND [ND| ND [ND| ND | (¥
Avrabinose *) ) O ® | ®H] 6 ) () | O [ND| (B | O () [NDI®H) | ) | ) [ND| ) [ND| () | (B
Xylose *) ) O ® 6] 6 )| ® | ®IND| (O | O | O INDI®H| ® | () IND| () |[ND| w +)

Strains: KB4; 1, Anoxybacillus pushchinensis DSM 124237 (Pikuta et al., 2000); 2, Anoxybacillus amylolyticus DSM 159397 (Poli et al., 2006); 3, Anoxybacillus ayderensis
NCIMB 139727 (Dulger et al., 2004); 4, Anoxybacillus bogrovensis DSM 179567 (Atanassova et al., 2008); 5, Anoxybacillus kestanbolensis NCIMB 139717 (Dulger et al.,
2004); 6, Anoxybacillus caldiproteolyticus DSM 157307 (Coorevits et al., 2012); 7, Anoxybacilluscalidus DSM 255207 (Cihan et al., 2014); 8,
Anoxybacillus contaminans DSM 15866" (De Clerck et al., 2004); 9, Anoxybacillus eryuanensis E-112" (Zhang et al., 2011); 10, Anoxybacillus flavithermus DSM 2641
(Pikuta et al., 2000); 11, Anoxybacillus gonensis NCIMB 13933" (Belduz et al., 2003); 12, Anoxybacillus kamchatkensis DSM 14988 (Kevbrin et al., 2006); 13,
Anoxybacillus kaynarcensis DSM 217065 (Inan et al., 2013); 14, Anoxybacillus mongoliensis DSM 19169 (Namsaraev et al., 2011); 15, Anoxybacillus rupiensis DSM 17127
(Derekova et al., 2008); 16, Anoxybacillus salavatliensis 22626 (Cihan et al., 2011); 17, Anoxybacillus tengchongensis T-11T (Zhang et al., 2011); 18,
Anoxybacillus tepidamans DSM 16325 (Coorevits et al., 2012); 19, Anoxybacillus thermarum DSM 17141 (Poli et al., 2011); 20, Anoxybacillus vitaminiphilus 3nP4" (Zhang
et al., 2013); 21, Anoxybacillus voinovskiensis NCIMB 139567 (Yumoto et al., 2004). (+), Positive; w, weakly positive; (-), negative; A, aerobe; AN, anaerobe; FA,
facultative aerobe; FAN, facultative anaerobe; SA, sitrict aerobe; ND, not determined.
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Figure 4. Effects of cultivation time on growth of the strain KB4. The cells were incubated at 160 rpm, pH 9.0, at 55 °C
for 72 hours. The results represent the means of three experiments, and bars indicate + standard deviation. Absence of
bars indicates that errors were smaller than symbols.
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Figure 4. Effects of cultivation time on growth of the strain KB4. The cells were incubated at 160 rpm, pH 9.0, at 55 °C
for 72 hours. The results represent the means of three experiments, and bars indicate + standard deviation. Absence of
bars indicates that errors were smaller than symbols.

Cell Density (x10° cells/mL)

3,5
3
2,5
2
1.5

1

&
0

=]

Control

uy
=

NaCl concentrations (%)

Figure 5. Effects of NaCl concentration on growth of the strain KB4. For this experiment, different concentrations of
NaCl were added into the medium and incubated at 160 rpm, pH 9.0, at 55 °C for 24 hours. The results represent the
means of three experiments, and bars indicate + standard deviation. Absence of bars indicates that errors were smaller

than symbols.
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Growth was observed up to 3% NaCl (w/v) (Figure 5). As it can be seen in Table 1, the identified A.
puschionensis, A. kestanbolensis, A. contaminans, A. eryuanensis, A. kaynarcensis, A. tengchongensis and A.
vitaminopilus species of Anoxbacillus grow in salt concentration up to 3% and have halotolerant characteristics.
Halotolerant bacteria are nonhalophilic microorganisms that can thrive in the absence of salts and can tolerate relatively
high salt concentrations. But, nonhalophilics generally need 100-200 mM NacCl, the slight halophiles are able to grow
up to 1.25 M NaCl, moderately halophilic bacteria can grow in the presence of 3.0 M NacCl, and extreme halophiles can
grow in media containing up to 20-25% salt (Arahal and Ventosa, 2002). KB4 strain, because of these characteristics,
has both thermophilic and moderately halophilic characteristics.

The isolate KB4 was positive for nitrate reduction and starch hydrolysis Methyl red test, while it was negative
for catalase activity, oxidase, urease, indole production, VVoges—Proskauer test, starch and casein hydrolysis (Table 1).
Among carbon and nitrogen sources, the strain KB4 utilized glucose, galactose, sucrose, maltose, arabinose, xylose,
yeast extract, peptone, tryptone and casamino acids (Figure 6a and 6b). Kevbrin et al. (2006) and Namsaraev et al.
(2011) have reported that Anoxybacillus kamchatkensis DSM 14988 and Anoxybacillus mongoliensis DSM 19169 were
able to utilize yeast extract, peptone, tryptone and casamino acids as nitrogen sources.
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Figure 6a. Utilization of carbon sources. For this experiment, different carbon sources were added into the medium at
2.0% (w/v) and incubated at 160 rpm, pH 9.0, at 50 °C for 24 hours. The results represent the means of three
experiments, and bars indicate + standard deviation. Absence of bars indicates that errors were smaller than symbols.
Figure 6b.
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Figure 6b. Utilization of nitrogen sources. For this experiment, different nitrogen sources were added into the medium
at 2.0% (w/v) and incubated at 160 rpm, pH 9.0, at 55 °C for 28 hours. The results represent the means of three
experiments, and bars indicate + standard deviation. Absence of bars indicates that errors were smaller than symbols.
The strain KB4 was resistant to Nystatin and Bacitracin, while it was sensitive to AMP, AMC, CAP, GM, IPM, NET,
OFX and R (Table 2).

Anoxybacillus pushchinensis (Pikuta et al., 2000) is sensitive to Bacidracin, but not to Peniciline, AMP and
CAP. With this aspect, the strain KB4 that we isolated differs from Anoxybacillus pushchinensis. The growth of A.
gonensis (Belduz et al., 2003), A. kestanbolensis (Dulger et al., 2004), A. ayderensis (Dulger et al., 2004), A.
amylolyticus (Poli et al., 2006) and A. rupiensis (Derekova et al., 2008) are inhibited by CAP, AMP, GM, Streptomycin.
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Table 2. Antibiotic test results of strain KB4
Antibiotics Test result
Ampicillin (AMP) S
Amoxycilin Clawlanic Acide (AMC)
Chloramphenicol (CAP)
Gentamicin (GM)
Imipenem (IPM)
Netilmicin (NET)
Ofloxacin (OFX)
Rifampicin (R)
Bacidracin

| Dlonjv ionlunv|(un|n|ln

Nystatin

S, sensitive; R, resistant

Anoxvbacillus vitaminiphilus ( FJ474084)
Anoxybacillus calidus (NR 125532)
Anoxybacillus rupiensis (AIR79076)
Anoxybacillus beppuensis (EUT10556)

Anoxybacillus caldiproteolyticus (116989)
Anoxybacillus tepidamans (NR 116989)

Anoxybacillus amylolvticus (AJ618979)

| Anoxybacillus voinovsiiensis (AB110008)

Anoxybacillus contaminans (AI551330)

Anoxybacillus borgovensis (AM409184)

Anoxybacillus ervuanensis (GQ153549)

Anoxybacillus pushchinensis (NR 037100)
Anoxybacillus sp. KB4 (KU997674)
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Figure 7. Neighbour-joining evolutionary distance phylogenetic relationships on the basis of 16S rRNA gene sequence
data of the thermophilic strain KB4 isolated from Kugburnu hot springs in Turkey and all the representative members of
the genus Anoxybacillus. The accession numbers are given in parentheses. The bar shows 0.1 nucleotide substitutions
per position.

As with other groups of bacteria, studies of 16S rDNA and of DNA have very valuable applications in the
classification of aerobic endospore-formers (Logan, 2002). The 16S rRNA gene is known to be a good molecular clock
as its primary structure is highly conserved, and thus 16S rRNA gene sequencing is one of the widely used standard
techniques in modern bacterial taxonomy by forming the basis of the bacterial phylogeny (Rossell6-Mora, 2005). The
total 16S rRNA gene sequence of the strain KB4 (GenBank accession number is KU997674) falls within the genus
Anoxybacillus and shows high similarity to Anoxybacillus pushchinoensis K1(T) (98.78%). A phylogenetic tree was
constructed using the neighbor-joining method showing the position of the novel isolate KB4 with respect to other
related species of genus Anoxybacillus (Figure 7). As a result, although methods that are not based on culture provide us
with the most accurate information regarding species, the isolation and sustaining of the cultures through classical
methods carry great importance, and the combined use of phenotopic, chemotaxonomic and genetic methods in
identification of microorganisms is thought to be the most appropriate approach (Yiicel Sengiin and Kilig, 2016). A
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DNA-DNA hybridization study in the future needs to be performed to confirm the identity and taxonomic group of
KB4 strain isolated in our study

4. Conclusions and discussion

In this study, termo-alkalophilic Anoxybacillus sp. KB4 obtained from the Kusburnu Hot Spring was isolated
and identified according to morphological, physiological, biochemical, and 16S rRNA analyses. The Anoxybacillus sp.
KB4 strain that was identified is usable in biotechnology due to its termo-alkalophilic characteristics and its ability to
release some enzymes. This study is significant in identification and in getting information about the biodiversity of the
microorganisms obtained from the hot water springs.
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Abstract

This research has been conducted along a 14 km part of Akgakoca coastline. Research findings, which depend
on visual quality assessment criteria, include analysis of the current situation of the research area, and the comparisons
of current visual landscape and proposed improvements, supported with expert and public participation. For visual
quality assessment; the factors determined by Lynch (1960) for his study and Nasar (1992)’s spatial characteristics in
his study, also used by Cake1 (2009), were used to develop a visual criteria modelling process.The main materials of the
research are 17 photographs of the coastline which were selected from 42 photographs depending on expert opinions.
User group, selected from the public, were asked to assess the spatial characteristics of the research area by comparing
the selected photographs and the photographs that represent proposed improvements. Significant data were derived
depending on the analysis results of the methodology used in this research. Levels of order, openness, maintenance and
presence of natural elements were determined by assessing research findings, and the differences between spatial
characteristics were displayed using comparison results of photographs of current landscape and proposed
improvements.

Key words: visual quality assessment, visual quality, landscape quality, coastline landscapes

*

Kentsel kiy1 peyzajlarinin gorsel kalite degerlendirmesi: Akcakoca 6rnegi

Ozet

Bu calisma; Akcakoca kenti kiyr bandinin yaklagik 14 km’lik kismu ve yakin g¢evresinde siirdiiriilmiistiir.
Gorsel kalite degerlendirme 6lgiitlerine bagl olarak yapilan ¢alismada elde edilen bulgular, kiy1 bandinin meveut durum
analizi ile iyilestirilmis hallerinin kiyaslanmasindan olugmakta; uzman grubu ve halkin katilimi ile de
desteklenmektedir. Gorsel kalite degerlendirmesinde; Lynch (1960)’in “kent imgeleri” nin olusturulmasinda belirledigi
etmenlerden ve Cakct (2009)’'nin da c¢alismasinda kullandigi Nasar (1992)’in  caligmasindaki mekansal
karakteristiklerden yararlanilarak bir gorsel olgiit modelleme siireci gelistirilmeye ¢alisilmistir. Kiy1 bandi iizerinde
goriintiilenen 42 adet fotografin, uzman goriisleri dogrultusunda elenmesi ile belirlenen 17 adet fotograf arastirmanin
ana materyalini olusturmaktadir. Halkin igerisinden rastgele se¢ilen kullanici grubundan da bu 17 adet fotograf ve
iyilestirilmis halleri olan kurgu tasar goriintillerinin mekéansal karakteristiklere gore degerlendirilmeleri
istenmistir. Aragtirmada kullanilan yontemin analiz sonuglarina dayanilarak, istatistiksel anlamda anlamli veriler elde
edilmistir. Arastirma bulgularinin degerlendirilmesi sonucu her bir fotografin; diizenlilik, agiklik, bakimlilik ve dogal
elemanlarin varligmin seviyeleri belirlenmis ve mevcut goriintiiler ile kurgu tasar goriintiiler arasindaki mekansal
karakteristikler agisindan farklar ortaya konulmustur.
Anahtar kelimeler: gorsel kalite degerlendirmesi, gorsel kalite, peyzaj kalitesi, kiy1 peyzaji

1. Introduction

Physical changes taking place in urban areas usually result from industrial developments. Touristic events
trigger these changes as the coastlines between the sea and the city are critical transition districts. Arranging the
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environment in order to create new resources for the facilitation of human life lead to some changes in environmental
features and their redefining. The basis of this defining consists of the aging which occurs after usage of long years and
the fact of change as it is replaced with new ones (Kalin, 2014, Jacobs, 1975).

Visual quality studies are important tools which visually examines the changes in the physical environment.
They should be used in planning and designing urban and rural environments (Ak, 2013). They should also be seen as a
guide in the making of some administrative policies (Lothian, 1999).

Common purpose of environmental visual studies is to extend environmental data which are essential for
environment protection and enhancement by improving the processes of visual criterion modelling which can be used in
planning and designing processes. Particular purposes of the study can be sequenced as providing data to determine
development strategies, comparing different environments or detecting visual impact districts of recommended
developments in order to guide the development control decisions, researching the environment’s sensitivity to
changing in terms of the addition of new elements or existing ones. Environmental visual studies oriented with these
purposes can be classified into different environments, studies which detect different people and different groups’
choices, studies which assess environment aesthetic quality and studies of environment image analysis.

Within the scope of this study, shaping problems of today’s urban open areas are scrutinized along with
human-environment relations. With the help of various related studies, a method research which will produce “visual
quality” design principles and bring criteria for such places has been developed.

Within the scope of the topic of the research, the model which Lynch (1960) created and various resources
guided the study. In this respect, by interpreting physical impacts, design principles which are as valuable as a guide
used in the forming of urban open areas were determined.

In another part of the study which consists of the practice, a survey with expert opinions and users was carried
out through the quality criteria determined earlier on the coastline of Ak¢akoca which was chosen as the sample district.

In the result part, an estimate of the situation is done for the coastline which was taken as sample district and a
model which uses the method that can provide visual quality design principles and criteria is suggested. In this sense,
while Ak¢akoca coastline is being assessed in terms of visual quality, data for future designs are gathered and visual
quality design principles are determined.

2. Materials and methods
1.1. Study area

Study area contains a 14km coastline and surrounding places with the city centre of Akgakoca County in
Diizce Province situated in West Blacksea Region. The starting point of the study corridor is at where the river Haciz

flows into Blacksea in the east of the coastline and the endpoint is at the Castle of Genoese in the west of the city centre
(Figure 1).
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Figure 1. Study area
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1.2. Materials

The main material of the study consists of 17 photographs which were taken in the district and determined by
expert opinion. In the determination of the photographs, the main criteria was the factors that Lynch (1960) determined
in making city landmarks. Other materials are programmes such as 3D-Max which is used for simulation with
Photoshop CS2 and SPSS 15.0 to assess the surveys. Another important material of the study is the user and expert
groups on which the surveys are carried out. 10 surveys were carried out in the expert group whereas 100 surveys were
done in the user group within the study. The expert group consists of academicians who did some research on visual
quality assessment earlier and the user group consists of the local community of Akgakoca. Literatures acquired within
the research are also one of the materials of the study.

1.3. Method

Within the study, a process of visual criteria modelling was tried to be developed. For this purpose, we made
use of the factors specified in making of “City Landmarks” by Lynch (1960) and Nasar (1992)’s study named
“Visual preferences in urban street scenes: a cross cultural comparison between Japan and the United States”. Lynch
is sequencing these factors as paths, edges, districts, nodes and landmarks in his study.

Nasar correlated the expert and user survey results with each other. Comparative factors based on spatial
characteristics which Nasar specified in his study are sequenced as existence of natural e lements — absence of natural
elements — existence of vehicles — absence of vehicles, being complex — being regular, being neglected, being well-
kept and being simple, plain, intelligible — being in a various condition.

In this study, spatial characteristics which Nasar used above as part of purpose and content were changed in
Cake1 (2009)’s study and the method of the study was adapted accordingly as seen under the title “Preparation of
Surveys”.

Instead of the whole usages remaining within Akcakoca borders, the coastline was chosen as the sampling
area for visual quality assessment in this research. If we had dealt with the whole urban area, different area usage
types would have emerged, therefore there would have been a need to assess different place typologies. If we had
dealt with different place typologies in the sampling area being researched, survey questions would have been
complex, evaluation process would have extended and as the possibility of absence of common characteristics
increases during the evaluation of different place typologies, there would have been inanities and problems during
the analysis of the survey results and the comparison between choices. For these reasons, limiting the sampling area
only with “the coastline” let the study control better and affected the consistency of “visual quality” results positively
in the wake of the evaluation of research evidences. This result is also supported by the research that Cakci1 (2009)
did on visual landscaping assessment.

Demographic characteristics of the user group is ignored, because these features does not directly affect to
the scope of the study.

1.4. Preparation of surveys

Evaluation of the photographs concerning Akgakoca coastline was made through surveys. So survey was
done with two different groups. The first group is the expert group. First, the researcher took 300 photographs and
they were eliminated to 42 by the researcher and then a pre-survey was prepared to be asked to the expert group. In
the pre-survey study, the expert group was asked to assess the visuals through likert scale. Pre-survey study was
completed by ticking the boxes specified between -3 and +3 according to the existence and clarity of the factors
(Miiderrisoglu et al., 2006; Eroglu and Demir 2016; Lynch, 1960; Daniel, 1983) specified in making of “city
landmarks” in the photographs.

With the surveys which were applied to the expert group individually, each expert was asked to assess the
visuals within the criteria under the title “Method” and in Table 1. Table of weighted point result of each visual
criteria is shown in Table 3.

Table 1. Valuation table of expert group

Paths Min O O 0 0 0 o 0 Max
Edges Min 0 0 [ [ [ 0 0 Max
Districts Min 0 0 N 0 N 0 N Max
Nodes Min 0 0 | 0 | 0 0 Max
Landmarks Min 0 0 | 0 | 0 0 Max
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The researcher prepared simulation visuals on the photographs which the expert group decided on by using
the method of “Virtual Reality Modelling Language (VRML)”. The user group was asked to make evaluation of 34
photographs in a 5-point scale and those photographs were decided by the expert group and the researcher prepared
the simulation of them(one simulation visual for each photograph).

In the survey prepared for the user group, like Nasar (1992)’s study, Cakec1 (2009) sequenced these factors to
clarify as regular — irregular, visible — invisible, well-kept — neglected, simple — complex and dominant natural
elements — dominant structural elements. Within this study, users’ admiration were assessed through these criteria.

While the questions of the user group were being prepared, we scanned so many domestic and foreign
survey forms, used expert opinions and paid attention on the survey’s being intelligible in order to achieve the
purpose. Additionally, user survey was applied to the study area and the subjects around. Half of the surveys were
done in weekdays and the other half were done at the weekend and the forms were filled during face to face
interviews.

Data analyses were done through “chi square tests” and “cross-tables” which compares parameters.
Enhancements keeping in mind the criteria below were made on 17 photographs which were determined through the
result of the survey applied to the expert group.

Botanic enhancements were made and an identity was tried to be assigned to the district.

We paid attention on providing a view of crown base above the eye level in the trees used for botanic
arrangement in the coastline so as not to block the scenery.

Structural enhancements were made and an identity was tried to be assigned to the district (road pavements,
sitting areas, illumination elements, etc.).

Elements which make visual pollution were covered with plantal materials, re-arranged or removed (ruined
buildings, billboards, etc.).

Utility poles were suggested to be removed and transmitted underground so that there was a clearer view.

The number of the survey prepared for the user group was applied to 100 participators which were
calculated through “Simple random sampling method” which is explained below.

A more objective result was provided by distributing total subject numbers to the neighbourhoods with percentages.
n=N/(Nd>+1) = 36944/(36944.0,1)+1 = 99.73

n=Number of people that will take the survey

N=Number of population

d=Tolerance (%10)

In individual surveys that were applied to the user group, each participator was asked to assess the visuals
depending on the criteria explained in 2.2 Method and given in Table 2.

Table 2. Valuation table of occupant group

Regular O O O O Irregular
Visible O O O O O Invisible
Well-kept O O O O O Neglected
Simple O O O 0 0 Complex
Dominant natural elements O O O 0 O Dominant structural elements

3. Results

1.1. Results concerning expert group surveys

With the pre-survey study which was applied to the expert group individually, each expert was asked to
assess the visuals within the criteria under the title “Material and Method” which were specified through the factors
Lynch (1960) created during his study “city landmarks”. Weighted mean of the points given to the criteria was
calculated and according to the result, the photographs with the numbers
7,8,9,11,13,14,16,17,18,19,20,21,22,23,24,25 and 26 got positive valence to be presented in the main survey which
looks like the user survey in Table 3.

1.2. Results concerning user group surveys

17 photographs determined by the pre-survey with expert group were enhanced within the criteria explained in
“Preparation of surveys” part and these photographs were introduced as original and simulation to the users to be
assessed (Figure 2). In the method stage of the research, main survey form was prepared by examining former survey
studies and getting help from expert opinions after deciding on the survey study. This form contains visual quality
assessment conditions of original and simulation of the research’s main material.
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Figure 2. Existing and simulated images
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With the main survey applied to user group, evaluation results of 17 original visuals which make up the main

material of the research and 17 simulations made of these visuals are given in Table 4.

Table 3. Weighted average values of images as the result of preliminary survey

Table 4.

Photo Weighted Photo Weighted Photo Weighted
Number Mean Number Mean Number Mean
Value Value Value
1 -0,84 15 -0,56 29 -0,8
2 -0,98 16 0,74 30 -0,2
3 -0,46 17 0,28 31 -0,24
4 -1,1 18 0,6 32 -0,06
5 -0,12 19 0,6 33 -0,02
6 -0,38 20 0,22 34 -0,32
7 0,16 21 0,56 35 -1,2
8 0,18 22 0,72 36 -1,56
9 0,7 23 0,7 37 -0,72
10 -1,04 24 0,3 38 -1,24
11 0,6 25 0,66 39 -0,54
12 -0,1 26 0,08 40 -0,24
13 0,12 27 -0,54 41 -0,6
14 0,32 28 -0,24 42 -0,76

Assessments of images and simulated images by occupants

Photo Number

Spatial Characteristics

and Type Regular - Vis_ib_le - Well-kept - Simple - Dominant Natural-
Irregular Invisible Neglected Complex Structural Elements
1. Original 3,67 3,38 3,63 3,52 3,67
1.1. Simulated 1,57 2,03 1,66 1,75 1,55
2. Original 3,38 3,13 3,31 3,47 3,64
2.1. Simulated 1,52 1,92 1,71 1,78 1,47
3. Original 3,53 3,19 3,29 3,34 3,81
3.1. Simulated 151 1,63 1,84 2,07 1,52
4. Original 3,46 3,18 3,36 3,58 3,64
4.1. Simulated 1,35 1,95 1,69 1,79 1,48
5. Original 3,64 3,11 3,45 3,57 3,17
5.1. Simulated 1,41 1,78 1,83 2,01 1,44
6. Original 3,08 3,24 3,26 3,67 3,81
6.1. Simulated 1,65 2,42 1,70 1,67 2,18
7. Original 3,35 3,24 3,50 3,74 3,39
7.1. Simulated 1,43 1,73 1,83 1,83 1,53
8. Original 3,36 3,20 3,35 3,55 3,67
8.1. Simulated 1,47 1,83 2,07 1,77 1,59
9. Original 3,90 2,91 3,62 3,77 3,46
9.1. Simulated 1,41 1,89 1,73 1,80 1,54
10. Original 3,31 2,94 3,40 3,59 3,61
10.1. Simulated 1,93 1,62 2,03 1,83 1,69
11. Original 3,91 2,96 3,33 3,95 3,70
11.1. Simulated 1,56 1,79 1,70 1,76 1,66
12. Original 3,87 2,89 4,11 4,05 3,86
12.1. Simulated 1,34 1,87 1,48 1,73 1,45
13. Original 3,56 3,08 3,61 3,64 3,71
13.1. Simulated 1,53 1,81 1,62 1,82 1,64
14. Original 3,99 3,40 3,69 3,95 3,84
14.1. Simulated 1,63 2,12 1,97 1,99 1,87
15. Original 3,34 2,56 3,22 3,24 3,52
15.1. Simulated 1,37 1,66 1,76 1,71 1,63
16. Original 2,26 2,81 1,98 2,79 2,82
16.1. Simulated 1,68 2,09 1,77 1,77 2,05
17. Original 4,10 3,72 3,96 4,09 4,14
17.1. Simulated 1,58 2,24 1,65 1,98 1,61
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According to the results after seeing the Tables;

Subjects decided that all of the simulation visuals have a higher visual quality values than the original ones.
Simulation visual number 12 got the best value with the average rate of 1,574 compared to others. Original visual
number 17 got the worst value with the average rate of 4,002 compared to others in terms of visual quality. When we
examine the visual quality differences between original visuals and their simulations, the difference in photograph 17
got the highest value with 10,95 and the difference in photograph 16 got the lowest with 3,30.

When the criteria are examined one by one, the most regular visual is simulation visual 12 with 1,34 points,
the most irregular visual is photograph 17 with 4,10 points, the most visible visual is simulation visual 10 with 1,62
points, the most invisible visual is photograph 17 with 3,72 points, the most well-kept visual is simulation visual 12
with 1,48 points, the most neglected visual is photograph 12 with 4,11 points, the simplest visual is simulation visual 6
with 1,67 points, the most complex visual is photograph 17 with 4,09 points, the visual in which the most dominant
natural elements are seen is simulation visual 5 with 1,44 points and the visual in which the most dominant structural
elements are seen is photograph 17 with 4,14 points.

4. Conclusions and discussion

Not all the studies can be generalized as the simulation visuals which were produced during the research are
point scenarios but it is thought that quality criteria which are explained in the method process are usable for other
similar researches. Accordingly, validity of this method which is suggested for researches about visual quality has to be
tested by the next researchers examining visual quality issues.

Based on the fact that design-focused researches are relative, this study, which aims to clarify the issue of
“how to research what” that is the common dilemma of such researches, sequenced the criteria that can be used during
the decision and assessment of the environment’s visual quality and a sample method was suggested for researchers at
this juncture.

One of the important issues that the study tries to emphasize is the necessity that the integration of original and
simulation visuals is provided during the design decisions which will be developed for a sample area to be studied on.
So the user, who lives in the sample area being studied on, should be included in the research. This result is also
supported by Pryce (1991) and Oguz (2000)’s studies which examine user satisfaction.

When assessments made on survey results of the user group are examined, it is seen that the subjects liked all
of the simulation visuals more than the original ones. This result shows that the criteria which are taken into
consideration during the preparation of simulation visuals and which are under the title “Preparation of surveys” are
important criteria that should be included in visual quality studies.

One of the important results gained by the user group’s assessing the phorographs is that the difference
between the original and simulation visual of photograph 17 is the highest compared to the other visuals. Original visual
17 is among the least liked visuals (avg=4.002). Simulation visual 17 is among the most liked visuals (avg=1.812).
Simulation visual 17 is the one on which there were more changes compared to the other simulation visuals. This result
is supported with the fact that the original visual of photograph 17 is the most irregular, complex, invisible and has the
most dominant structural elements; simulation visual of the same photograph, on the other hand, is the second most
liked visual.

Another important result gained by the user group’s assessing the photographs is that the difference between
the original and simulation visual of photograph 16 is the lowest compared to the other visuals. This assessment
suggests that simulation visual 16 is the one on which there were fewer changes compared to other simulation visuals.
This result is supported with the fact that the original visual of photograph 16 is the most liked compared to the other
visuals when examined on the assessment table.

Simulation visuals suggested in the research to increase visual quality were produced by making limited
assumptions. Quality criteria in the suggested method construction is one of the constructions that can be developed for
the researches containing the issue of “determination and assessment of visual quality”. Besides, making new quality
groups in which the suggested quality criteria can be increased-decreased or changed, including all or some of the
factors such as the effect of seasonal changes on quality criteria in the researches are so important in terms of
developing and expanding designed-focused researches. This result is also supported with Kalin (2014)’s study.

On the basis of the research results above, results, suggestions and user choices that can guide landscape
architects and local governments during the design of a coastline can be sequenced as follows:

A botanic enhancement should be made in order to create a space identity.

A visual harmony should be provided for the buildings in the coastline and historical structures should be
restored.

Deciduous trees used in the coastline should be organized in a style in which they look like a crown base above
the eye level in order to create scenery harmony.

An enhancement should be made on structural landscaping and an identity should be assigned to the space
(road pavements, sitting areas, illumination elements, etc.).
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Elements which make visual pollution should be covered with plantal materials, re-arranged or removed
(ruined buildings, billboards, etc.).

Utility poles should be removed and suggested to go under the ground so that there is a clearer view.
According to the user survey results, 43% of the subjects chose “neglect” as the first factor for their not liking the
landscape design of the coastline. This factor should be taken into consideration by local governments and a sufficient
importance should be paid on the issue of keep.
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Abstract

In this study, it was determined the chromosome number and karyotype analyses of Iberis attica Jord. This
species belongs to the Brassicaceae that is widely distributed in Turkey. The somatic chromosome number was
determined as 2n = 14 in I. attica. The basic chromosome number was observed as x = 7. The karyotype formula of this
species consists of seven median chromosome pairs. The somatic chromosome length between 1.80-2.63 um. Total
haploid chromosomes length was measured as 14.87 pm. The karyogram and ideogram of this species was illustrated
based on centromeric index and put chromosome pairs in the decreasing size order.

Key words: Iberis attica, chromosome number, karyotype, Turkey

*

Iberis attica Jord. (Brassicaceae) tiiriinde karyolojik bir ¢alisma

Ozet

Bu ¢aligmada Iberis attica Jord.’nin kromozom sayis1 ve karyotip analizi belirlenmistir. Bu tiir, Tiirkiye’de
genis yayilisa sahip olan Brassicaceac familyasina aittir. I. attica’ da somatik kromozom sayist 2n = 14 olarak
belirlenmistir. Temel kromozom sayis1 ise X =7 olarak gdézlenmistir. Bu tiiriin karyotip formiilii 7 ¢ift median kromozom
tipinden olusmaktadir. Somatik kromozom boy uzunlugu 1.80-2.63 um arasindadir. Toplam haploid kromozom boy
uzunlugu ise 14.87 um olarak Ol¢iilmiistiir. Bu tiiriin karyogram ve idiyogrami sentromerik indeks temel alinarak ve
kromozom ¢iftlerinin biiylikten kiictige siralanmasi ile ¢izilmistir.

Anahtar kelimeler: Iberis attica, kromozom sayisi, karyotip, Tiirkiye
1. Introduction

Brassicaceae is represented worldwide by 338 genera and 3700 species and it is stated major scientific and
economic importance as a large family (Bailey et al., 2006). In terms of the number of species of the Brassicaceae
family, Turkey is one of the richest countries in the world, with 607 species, 39 subspecies, 18 varieties, and 226
endemics (Al-Shehbaz et al., 2007; Al-Shehbaz, 2010; Mutlu, 2012; Mutlu and Karakus, 2015). Also it was reported
that this number of species as published new species, belonging to the family Brassicaceae in Turkey has continued to
increase (Mutlu and Karakus, 2015).

Iberis L., a genus belonging to the Brassicaceae family, is known 20 species in Europe (Da Silva and Franco,
1993), 15 species in Flora Iberica (Moreno, 2003), 6 species in Flora Hellenica (Tan, 2002), and 10 species in the Flora
of Turkey and the East Aegean Islands (Hedge, 1965; Yildirimli, 2000; Dirmenci et al., 2005; Vural et al., 2012).

Iberis was arranged firstly by Hedge for Flora of Turkey and the East Aegean Islands (Hedge, 1965). Also Hedge was
stated that the need for revision of this genus in Flora of Turkey. When we look at the studies in the literature, there was
not a lot of study related to the genus Iberis especially with regard to cytological studies. The number of chromosome
between species of Iberis on the distribution in Turkey is the only known Iberis spruneri as 2n = 14. The number of
somatic chromosomes of taxa belonging to different species of Brassicaceae is reported some studies in Turkey recently
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(Y1ldiz and Giicel 2006; Martin et al., 2007; Martin et al., 2011). But there is need for more studies due to complete lack
of knowledge about cytology or karyomorphology of the genus Iberis and other genus in Brassicaceae.
The aim of the present work was to give the numbers of chromosomes and karyotype analyses of Iberis attica.

2. Materials and methods

Iberis attica collected natural habitat from Spil mountain in Manisa at the west of the Turkey in 2011 (Figure
1). Plant material is registered as (D.OSKAY 1359), is dried according to standart herbarium techniques and stored
properly in Biology department of Celal Bayar University. The species was defined according to Flora of Turkey
(Hedge, 1965).

Figure 1. Iberis attica in natural habitat

Root tips were derived from seeds germinated for caryological study. a-monobromonaphthalene is used as the
pretreament agent at room temparature for 2 h. Root tips were fixed with carnoy at room temparature for 1 h. The root
tips removed from carnoy were washed three times with distilled water and excess water has been moved in contact
with the blotting paper. Then the root tips were stained with 2% acetic orcein by heating three times. Squash preparation
method was used for chromosome study in this species. Photographs of slide were taken with digital camera of Nikon
Coolpix 5000 connected to the Nikon SE model light microscope. The ideogram was prepared with measurements taken
on enlarged micrographs of five well spread metaphase plates. The classification of chromosomes, the length of long
and short arm, arm ratio, centromeric index and relative chromosomal length were carried out according to Levan et al.
(1964).

3. Results

The chromosome number of Iberis attica was determined to be 2n = 14 (Figure 2). Measurements and
classification of the chromosome pairs were given Table 1. The species have seven pairs of metacentric chromosomes
in karyotype. Centromeres of all chromosomes were at median region and no satellite was observed. The length of the
chromosomes varies between 1.80 pm to 2.63 pm. Total haploid chromosome length was 14.87 pm (Table 1).
Karyogram and ideogram of this species were arranged in decreasing size length of the chromosomes (Figures 3-4).
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°
e
2 pm
Figure 2. Somatic chromosomes in Iberis attica
Table 1. Measurements and classification of the chromosome pairs in Iberis attica
Chromosome Long Short Total Arm  Relative Centromeric Chromosome
Pair Number arm arm length ratio length Index Morphology
(L) S) (L+S=T) (L/S) (T/H x100) (S/T x100)
1 1,45 1,18 2,63 1,23 17,68 44,86 Median
2 1,33 0,94 2,27 1,41 15,26 41,40 Median
3 1,27 0,93 2,19 1,36 14,72 42,46 Median
4 1,20 0,85 2,04 1,41 13,71 41,66 Median
5 1,20 0,83 2,02 1,44 13,58 41,08 Median
6 1,06 0,86 1,92 1,23 12,91 44,79 Median
7 1,07 0,73 1,80 1,46 12,10 40,55 Median

0 X3 00 32 23 33 38

Figure 3. Karyogram of Iberis attica
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Figure 4. Ideogram of Iberis attica

4, Conclusions and discussion

Considering the studies in the literature, there are not enough data about karyology of Iberis species. It is seen
that the data on the number of chromosomes found in much more flora resources. The reported chromosome numbers
are 2n = 14, 16, 18, 22, 50 in the genus Iberis. (Darlington and Wylie, 1955; Da Silva and Franco, 1993; Moreno, 2003;
Warwick and Al-Shehbaz, 2006). The chromosome number of lberis attica was determined 2n = 14. It is seen that basic
chromosome number x = 7. The findings in this study are consistent with previous studies. lberis attica have seven
pairs of metacentric chromosomes in karyotype. The length of the chromosomes varies between 1.80 um to 2.63 um
while total haploid chromosome length was 14.87 um. In a study by Datta (1974), seven taxa belonging to two species
of Iberis, I. amara L. and |. umbellata L. have been included that it was found the somatic complements of all the
varieties of a species have a remarkable constancy in chromosome number, however, differ in the details of
chromosome morphology. It was found 2n=14 chromosomes in all the varieties of I. amara while it was found 2n=18
chromosomes all the varieties of I. umbellata. Also, it was stated that total haploid chromosome length varies between
17.98 um to 19.96 um in varieties of |. amara while total haploid chromosome length varies between 12.04 pm to 21.28
um in varieties I. umbellata. When we look at the variety of I. amara with chromosome number 14, the length of the
chromosomes varies between 1.98 pm to 2.63 pum and total haploid chromosome length was 17.98 pm. It is observed
that these values are quite compatible with I. attica. And it was suggesting that structural alteration of chromosomes has
also been an important factor in diversification of the genus (Datta, 1974). This shows that studies for identification of
karyological properties would play a positive role in elucidation taxonomic distinction. In the present study the
chromosome number, karyogram and ideogram of I. attica were given for the first time. It will be contribute to the
future karyological studies about the genus Iberis.
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Abstract

This study was carried out to determine the relationship of edge effect on some wild mammals. This study
performed in Burdur-Aglasun district, 7 different land use-cover types consisting of forest-water resource, forest-
shrubbery, forest-agricultural area, forest-settlement, shrubbery-water source, shrubbery-agricultural area and
shrubbery-settlement were based on. It was studied in the 70 sample plots, including 10 pieces of each type. Sign and
track of wild mammals were tracked at field working. In the result of study, European hare (Lepus europaeus L.), Wild
boar (Sus scrofa L.), Badger (Meles meles L.), Beech marten (Martes foina L.) and Red fox (Vulpes vulpes L.) were
identified in sample areas. In the study; first of all, the numbers of individuals belonging to different species in different
land use-cover type distribution of species were determined by means of shannon diversity index. And the second step,
beta diversity of study area was calculated. In addition, the contribution rates of wild mammals and different land use-
cover typies affecting beta diversity were measured. While diversity index was calculated by Past programme, SPSS.20
was used to analyze the most appropriate type of diversity index. As a result of study, higher shannon diversity value
was found to shrubbery-settlement (1,45), lower shannon diversity value was also found with forest-agricultural area
(0,85). Beta diversty of study area was calculated as 0,83. The most contribution to beta diversity was provided by
shrubbery-water source land use-cover type. European hare (51,2) and wild boar (36,1) also contributed to beta
diversity of the study area.

Key words: edge effect, wildlife, wild mammals, diversity index, land use-cover type

*

Kenar etkisinin Burdur-Aglasun yoresindeki bazi memeli yaban hayvanlari ile iliskisi

Ozet

Bu calisma, kenar etkisi ve memeli yaban hayvanlar1 arasindaki iligkinin tespit edilmesi amaciyla
gerceklestirilmistir. Burdur-Aglasun yoéresinde yiiriitiilen bu ¢alismada orman-su, orman-galilik, orman-ziraat, orman-
iskan, calilik-su, ¢alilik-ziraat ve ¢alilik-iskan yapilarmi kapsayan 7 farkli arazi ortii-kullanim tipi esas alinmigtir. Her
bir tipten 10 adet olmak iizere toplam 70 adet 6rnek alanda calisilmistir. Arazi ¢alismalart esnasinda memeli yaban
hayvanlarina ait iz ve belirtiler taranmigtir. Calisma sonucunda 6rnek alanlarda, Yaban tavsani (Lepus europaeus L.),
Yaban domuzu (Sus scrofa L.), Porsuk (Meles meles L.), Kaya sansar1 (Martes foina L.) ve Tilki (Vulpes vulpes L.)
tiirleri tespit edilmistir. Caligmada ilk olarak, shannon ¢esitlilik indeksiyle farkl: tiirlere ait birey sayilart kullanilarak
memeli yaban hayvanlarinin farkli arazi 6rtii-kullanim tipi tercihleri tespit edilmistir. Ikinci adimda ise ¢alisma alanina
ait beta gesitliligi hesaplanmistir. Buna ek olarak, sirasiyla beta ¢esitliligine etki eden memeli yaban hayvanlar1 ve arazi
ortli-kullanim tiplerinin katki oranlari tespit edilmistir. Cesitlilik indeksi hesaplarinda Past programi kullanilirken, en
ideal c¢esitlilik indeks degerinin belirlenmesi i¢in SPSS.20 paket programi kullanilmistir. Calisma sonucunda, Burdur-
Aglasun yoresinde ¢esitlilik indeksi hesaplariyla, en yiiksek shannon gesitlilik degerinin ¢alilik-iskan (1,45) tipinde
oldugu, en diigiik shannon ¢esitlilik degerinin ise orman-ziraat (0,85) tipinde oldugu bulunmustur. Calisma alanina ait
beta ¢esitliligi 0,83 olarak hesaplanmistir. Beta ¢esitlilik degerine en fazla katkiy1 galilik-su arazi 6rtii-kullanim tipi
saglamistir. Yine beta gesitliligine en yiiksek katkiyr Yaban tavsani (% 51,2) ve Yaban domuzu (% 36,1) tiirlerinin
yaptigi tespit edilmistir.

Anahtar kelimeler: kenar etkisi, yaban hayati, memeli yaban hayvani, gesitlilik indeksi, arazi ortii-kullanim tipi
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1. Giris

Yaban hayati, hem ekonomik hem de ekolojik yonden sayisiz ihtiyaca cevap verebilen yoniiyle, gegmisten
giiniimiize insanoglunun odak noktasi olmustur (Keten, 2013; Siiel, 2014; Kandir, 2015). Yaban hayati kavrami, genel
anlami itibariyle dogal yasam alanlarinda insan miidahalesinden uzakta yasayan bitki ve hayvan topluluklari ile
mantarlarin ve diger organizmalarin olusturduklari hayat birligini ifade etmektedir (Usher, 1986).

Dinamik bir yapiya sahip olan yaban hayati, siirekli bir degisim icerisindedir. Siirekliligini koruyabildigi
stirece saglikli bir ¢evreyi isaret eden yaban hayati, herhangi bir sekteye ugradigi anda igerisinde bulundugu ekosistemi
de bozulmalara siiriiklemektedir (Usher, 1986; Siiel, 2014).

On dokuzuncu yiizyildan itibaren ilerleyen teknojiye paralel artan niifus orani, sanayilesme, hava kirliligi, su
kirliligi, tarla agma istegiyle sebep olunan orman yanginlari, sulak alanlarin kurutulmasi, kullanilan zirai ilag
kimyasallar1 ve beraberinde getirdigi kirlilikler dogal ¢evreyi olumsuz yonde etkilemistir (Fraser ve MacRae 2011;
Ramp vd., 2013; Fox ve Estay; 2016).

Yaban hayat1 kaynaklarin1 biinyesinde barindiran bu dogal ¢evre bugiin de ciddi derecede baski altindadir.
Stirekli olarak devam eden bu baskilar, ¢cok sayida yaban hayvani habitatin1 asir1 derecede tahrip etmis ve burada
yasayan tiirlerin neslini tehdit etmekle birlikte bircogunun tamamen diinya iizerinden silinmesine sebep olmustur (Ramp
vd., 2013). Giderek artan bu problemler, zamanla finansal olarak diizeltilemeyecek boyutta zararlar getirmesinden
dolayi, acil olarak yaban hayati kaynaklarinin korunup gelistirilmesi i¢in birtakim dnlemler alinmasi konusu giindeme
gelmistir (Igircik vd., 2008). Yaban hayatinda, herhangi bir yaban hayvam tiiriiniin korunmasinda en etkili yol, tiirti
icinde bulundugu ortamla birlikte korumaktir. In-situ olarak bilinen bu koruma ydnteminin en biiyiik avantajlarindan
birisi maliyetinin diger koruma yontemleri (ex-Situ ve in-vitro)’ne kiyasla diisiik olmasidir. Diger yandan bu yontemde
dogrudan habitat iizerine miidahaleler oldugu i¢in, koruma merkezli hedef tiir ile birlikte o habitat1 paylasan diger tiir ya
da tiirlerinde bu durumdan olumlu faydalanmasi, bu koruma yonteminin bir bagka giiglii yanidir. Bu koruma yénteminin
basariya ulagmasi ise Oncelikle tiirii iyi tantyarak, tiiriin istekleri ve tercihleri dogrultusunda faaliyetler olusturarak
saglanabilir. Yaban hayvanlarmin habitat kullanim ve tercihlerinde mekan, besin, ortii, su gibi farkli habitat unsurlarinin
bir arada bulundugu yerler farkl: tiirlerin dncelikli tercih alanlaridir. Bu unsurlarin bir arada bulundugu en ideal yerlerin
orman kenarlar1 oldugu tespit edilmistir. Buda tiirlerin kenar kisimlara olan egiliminin artmasina sebep olmaktadir
(Andren ve Angelstam, 1988; Uzun vd., 2012; Siiel, 2014).

Kenar kavrami, iki farkli biyolojik kommiinitenin karsilastigi durumlarda birbirinin &zelliklerini tasiyan
liclincli bir kommiinitenin kendiliginden olustugu alanlar olarak ifade edilmektedir (Bannerman,1998). Kenarlar,
icerisinde komsu olan her iki habitat tipinin de 6zelliklerini barindirmaktadir. Bu 6zelligiyle tekdiize habitatlarda
bulunmayan bir¢ok yaban hayvan tiiriinii biinyesine ¢ekmektedir. Iste bu yiizden kenarlar diger alanlara gore daha fazla
sayida tiire ev sahipligi yapmaktadir. Bu artan gesitlilik “kenar etkisi” olarak bilinmektedir. Bazi kenar alanlarin sahip
oldugu caliliklar yaban hayvanlarina yuva, kulucka, beslenme, yirticisindan saklanma vb. imkani saglarken; bazilari ise
tarim alanlar1 ile ormanlarin kesistigi kenarlarda oldugu gibi tohum, meyve vb. agisindan zengin besin kaynagi
saglamaktadir. Terim anlamiyla ‘kenar etkisi’ ilk olarak yaban hayati ekolojistleri tarafindan, iki ekosistem arasindaki
kenarlarda av tiirlerinin zenginligini anlatmak amaciyla kullanilmig ve bu tiirlerin cesitliligini arttirmak icin orman
kenarlarina odaklanilmistir (Herlin, 2010; Cafaro, 2015).

Yaban hayvanlari, i¢cinde bulunduklar1 dogal ¢evre bozulmadan dnce ormanlik alanlarda mekan, besin, su ve
ortli gereksinimlerini kargilamada sikinti gekmemesine ragmen, dengelerin bozulmasi sonucu bahsedilen gereksinimleri
kargilamak tizere farkli habitatlara yonelmek durumunda kalmiglardir. Gizlenme ve barinma ihtiyaglarini karsiladiklar
ormanlik ve galilik alanlar haricinde bir alternatif bulamayan yaban hayvanlari, mevcut yasama ortamlari igerisinde
yetersiz olan besin ve su ihtiyacglarimi karsilamak amaciyla insanlar tarafindan olusturulan alanlara (havuz, baraj ve su
kanal1 gibi su kaynaklari, ziraat alanlari, iskan) yonelmek zorunda kalmaktadirlar (Uzun vd., 2012; Ogurlu ve Aksan,
2013).

Yapilan bu ¢alismada yukarida bahsedilen nedenlerden dolay1 orman ve ¢alilik alanlarla kenar etkisi olusturan
iskan, ziraat ve su alanlarinin memeli yaban hayvanlar1 agisindan tercih edilme oncelikleri arastirilmistir. Aragtirma
kapsaminda, Burdur-Aglasun yoresindeki bazi memeli yaban hayvanlarin var-yok verileri ile kenar etkisi 6zelligi
gosteren orman, c¢alilik, su, iskan ve ziraat degiskenleri arasindaki iligkiler incelenmistir.

2. Materyal ve yontem

b Calisma, Bati Akdeniz Bélgesinde, Isparta Orman Bolge Miidiirliigii, Burdur Orman Isletme Miidiirliigii,
Aglasun Orman Isletme Sefligi smirlar1 igerisinde gerceklestirilmistir. Yaklasik olarak 55.000 ha olan calisma alani,
Akdeniz Bolgesi’nin Goller Yoresinde, Bati Toroslarin uzantisi olan Akdag’in giiney yamaglarinda yer almaktadir.
Caligma alaninin yiikseltisi 350 ile 2200 m arasinda degisim gostermektedir. Caligma alani cografi konumu itibariyle,
37° 33’ Kuzey enlemi ile 30° 32° Dogu boylami arasindadir (Sekil 1). Calisma alani ve gevresinin, yiiksek daglarla
¢evrili olmasindan dolay1 I¢ Anadolu’nun yayla iklim ile kismen etkisini gosteren Akdeniz iklimi arasinda
dalgalanmalarin oldugu tipik bir gegis iklim tipi gdzlemlenmektedir. Diger bir ifade ile yorede karasal iklimle
kiyaslandiginda daha yumusak fakat genel anlamda sert bir iklimin hakim oldugunu sdylemek miimkiindiir.
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Sekil 1. Burdur-Aglasun ydresinin yer bulduru haritasi
Figure 1. Location map of Aglasun-Burdur district

Calisma siiresince Aglasun yoresini temsil edecek sekilde 70 drnek alanda galisilmistir. Her bir 6rnek alan 200
x 250 m boyutlarinda alinmis olup, her biri lizerinde koordinat verileri, habitat 6zellikleri kaydedilerek hedef tiirlere ait
belirtiler envanter karnelerine islenmistir. Ayrica iki yapinin kesistigi bu 6rnek alanlarda 100 m x 100 m’ lik bir kismin
taranmasi seklinde ve 250 m boyunca bu ydntem uygulanarak sistemli bir sekilde taranarak alan igerisindeki yaban
hayvanlarina ait iz ve belirtiler kaydedilmistir. Bu sayede alanin tamami gezilerek higbir verinin atlanmamasina 6zen
gosterilmistir. Ayrica her alanda GPS vasitasiyla enlem, boylam ve yiikselti (m) dl¢iimleri, pusula yardimiyla baki (°),
egimdlger ile egim (%) Olciimii gergeklestirilmistir.

Arazi ¢aligmalarinin tamamlanmasinin ardindan, ilk olarak tespit edilen memeli yaban hayvani tiirlerinin kenar
etkisi Ozelligine sahip hangi farkli arazi ortii kullanim tipini daha fazla tercih ettigi, istatistiksel degerlendirmeler
asamasinda kullanilan ¢esitlilik indeksleri yardimiyla tespit edilmeye ¢aligilmistir. Cesitlilik indekslerinin se¢iminde
Past programi kullanilirken, degerlendirmelerde kullanilacak en iyi temsil giiciine sahip gesitlilik indeksinin se¢imi
icinde SPSS.20 paket programi kullanilmigtir. Calismanin ikinci asamasi olarak, ¢alisma alanina ait beta gesitliligi
hesaplanmigtir. Ayrica bu beta ¢esitliligine etki eden memeli yaban hayvanlari ve arazi ortii-kullanim tiplerinin katki
oranlari tespit edilmistir.

2.1. Cegsitlilik indeksleri

Caligmada Berger-Parker, Brillouin, Fisher-Alpha, Margalef, Menhinick, Shannon ve Simpson g¢esitlilik
indeksleri kullanilmigtir. Bu indeksler hesaplanirken farkli tiirlerin birey sayilari kullanilmistir. Bu indeksler PAST
programi kullanilarak asagidaki formiiller aracihigi ile hesaplanmigtir. Formiillerde yer alan, Nmax: 0lumsuz bir etken
oraninin en baskin oldugu tiirlerdeki degeri, Nt: toplam birey oranini, N: 6rnek alanlarda yer alan toplam birey sayisini,
n;: tiirtin 1 sayisima denk gelen birey adedini, S: tiir adedini ve pi: tiirlerin oransal degerlerini ifade etmektedir (Fisher
vd., 1943; Shannon ve Weaver, 1949; Simpson, 1949; Margalef, 1957).

Berger-parker ¢esitlilik indeksi (d)

Bu indeks, genellikle asir1 aveilik gibi olumsuz etkilerin zamana bagh olarak tiir ¢esitliligi {izerindeki etkisini
arastirmak amaciyla kullanilmaktadir.

d = Nppay /Nt 1)
formiilii ile ifade edilmektedir (Berger ve Parker, 1970).
Brillouin ¢esitlilik indeksi (HB)

Shannon-Wiener indeksine benzer olarak kullanilabilen bu indeks;

InNI-E7_ Inng!
HE= mn N i=ynm (2)

N
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formiilii ile hesaplanmaktadir (Brillouin, 1956).
Fisher alpha ¢esitlilik indeksi (Fa)

Cesitliligin parametrik bir indeksi olup yaygim bir sekilde kullanilmaktadir ve asagidaki formiil kullanilarak
hesaplanmigtir.

Z 3 M
Fg= & & = = 3
1" 2" 3 n ©)

Formiilde, o degeri, gézlemlenen degerlere en yakin degeri veren cesitliligin bir olgiisii olarak kullanilir.
Burada, 1,2,3,...n bireyler olarak tahmin edilen tiirlerin numarasini verir (Fisher vd., 1943).

Margalef tiir zenginligi indeksi (Dwmg)

Bu indeks alanlarin tiir bakimindan ne kadar zengin ve ¢esitli oldugunu ifade etmektedir. Bu indeks asagidaki
formiil kullanilarak hesaplanmigtir (Margalef, 1957).

Dy = (5—1)/InN (4)
Menhinick indeksi (Dwn)

Dy = S$/VN (®)
formiilii ile hesaplanmaktadir (Menhinick, 1964).

Shannon-Wiener ¢esitlilik indeksi (H)

Bu indeks 6rnek alanlarda tiir zenginligi ile tiirler arasinda birey sayilarinin nasil dagildigini géstermektedir.
Tiir yoniinden zengin ve birey sayilarinin yakin oldugu durumlarda indeks degeri yiiksek c¢ikmaktadir. Bu indeks
asagidaki formiil yardimiyla hesaplanmustir.

H= — EI, i Inp; ()

Oncelikle tiirlerin oransal degerlerinin “In” degerleri alinmakta ve bu deger tiir sayis1 ile ¢arpilmaktadir. Bu
islem tiim tiirlerin kendilerine ait olan tiir sayilar ile carpilarak tekrarlanmaktadir. Daha sonra toplamlarinin negatif
carpim degeri alindiginda Shannon-Wienner (H ) degerini vermektedir (Shannon ve Weaver, 1949)

Simpson cesitlilik indeksi (D)

Simpson tiir ¢esitliligi indeksi, tiir zenginligine ve bireylerin tiirler arasinda ne esit dagilip dagilmadig: gosteren
bir denkliktir. Cok sayida tiirden olusan ancak birey sayisinin tiirler arasindaki dagiliminin dengesiz oldugu durumlarda
diistik degere sahip olurken aksi durumda daha yiiksek degere sahip olmaktadir. Bu indeks asagidaki formiil yardimryla
hesaplanmistir (Simpson, 1949).

D=1-3 3 = F=1p? )

3. Bulgular

Calisma alaninda yiiriitiilen On-etiit ve aragtirmalar kapsaminda, Aglasun yoresinde iz, diski ve belirtilerden
hareketle var-yok taramasi gerceklestirilmistir. iz, disk1 ve belirti taramas1 sonucunda calisma alaninda, Yaban tavsani
(Lepus europaeus L), Yaban domuzu (Sus scrofa L), Porsuk (Meles meles L), Kaya sansar1 (Martes foina L), Tilki
(Vulpes vulpes L) ve Cakal (Canis aureus L) tiirleri tespit edilmistir.

Arazi ¢aligmasi silirecinde taranan toplam 70 6rnek alandan, 42 6rnek alanda 192 adet Yaban tavsanina ait, 55
ornek alanda 167 adet Yaban domuzuna ait, 16 6rnek alanda 31 adet Porsuga ait, 13 &rnek alanda 21 adet Kaya
sansarma ait, 18 drnek alanda 24 adet Tilkiye ait iz ve belirtilere rastlanmistir. Ayrica 6rnek alanda Cakal tiiriine ait
belirtilere rastlanmis olup bu veriler de kayit altina alinmistir. Ancak bu tiirlin yeterli sayida goriilememesi sebebiyle
herhangi bir istatistiksel degerlendirmeye tabi tutulmamasina karar verilmistir.

3.1. Cesitlilik indekslerinin secimi
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Istatistikspl degerlendirilmelere baslanirken 6ncelikle cesitlilik indeksleri arasindaki iliskilerin incelenmesine
karar verilmistir. Ilk agsamada bu degiskenlere pearson korelasyon analizi uygulayarak degerlendirmede kullanacak en
iyi temsil kabiliyetindeki degisken ortaya konulmaya ¢aligilmistir (Tablo 1).

Tablo 1. Pearson korelasyon analizi sonuglar1

Table 1. Results of pearson correlation analysis
Simpson  Shannon  Brillouin

(Shannon | |1 [964 .73 |97 478  |-924 |
(Menhinick | | | 1 [878 299  |-804 |

Menhinick  Margalef Fisher alpha  Berger-Parker

Fisher- 1 =277
alpha

Tablo 1’de goriildiigii tizere, cesitlilik indekslerinin ikili iligkileri incelendiginde bazilar1 arasinda oldukca
yiiksek (0,85’den biiyiik) korelasyon kat sayilari oldugu tespit edilmistir. Yiiksek iligskiye sahip olan bu indeksler
birbirlerini temsil edeceginden dolay1 aralarinda eleme yapilmasi gerektigine karar verilmistir. Bu indeksler arasinda
herhangi bir iligki olup olmadigimi belirlemek ve bunlardan temsil kabiliyeti en yiiksek olan1 segmek i¢in faktor analizi
uygulanmustir. Sonug olarak en yiiksek temsil kabiliyetini Shannon ¢esitlilik indeksi gstermistir (Tablo 2., Tablo 3).

Tablo 2. Faktor analizi sonuglari
Table 2. Results of factor analysis

Bilesen Varyans Varyans % Kiimiilatif % Varyans Varyans % Kiimiilatif %

0,944 11,796 88,376 I R

0,321 4,006 98,824 I R
0,027 0,339 99,879 I R

Tablo 2°de goriildiigii iizere, varyansin 1’den biiyiik ve varyansa katilma orani % 15°ten biiyiik 1 bilesen elde
edilmistir. Elde edilen bu bilesenin varyansa katilma orani %76,58 olarak tespit edilmistir.

Tablo 3. Cesitlilik indekslerine ait bilesen matrisi
Table 3. Component matrix of diversity indices

Bilesen
esitlilik indeksleri 1

0,982

0,838
Fisher-alpha 0,455

Tablo 3 incelendiginde, en yiiksek kat sayiya sahip olan gesitlilik indeksinin Shannon oldugu sonucuna
ulagtlmistir. Elde edilen bu sonugtan hareketle ¢alismanin devaminda yedi ¢esitlilik indeksi i¢inden Shannon ¢esitlilik
indeksinin kullanilmasina karar verilmistir.

3.2. Shannon g¢esitlilik indeksi ile yaban hayvanlarinin tercih ettigi arazi ortii-kullanim tipleri
Caligmanin bu asamasinda memeli yaban hayvanlarinin genel olarak hangi arazi 6rtii-kullanim tipini daha fazla

tercih ettigi lizerine yogunlasilmistir. Bu kapsamda, 6rnek alanlarda her bir arazi ortii-kullanim tipi i¢in kaydedilen
yaban hayvanu tiirlerinin iz, digk1 ve belirti sayilari kullanilarak Shannon ¢esitlilik indeksi hesaplanmistir (Sekil 2.).
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Sekil 2. Shannon ¢esitlilik indeksi ile yaban hayvanlarinin arazi ortii-kullanim tipi tercihi
Figure 2. Shannon diversity index and land use-cover type choice of wild mammals

Shannon ¢esitlilik indeksi sonuglar1 0 ile 5 arasinda degismektedir. Cesitlilik yiikseldikge bu deger 5’e
yaklagirken, ¢esitliligin azalmasi ile bu deger 0’a dogru yaklasir (Jost, 2007; Chiarucci vd., 2011). Sekil 2’ ye
bakildiginda shannon ¢esitlilik indeksi degerlerine gore, Burdur-Aglasun yoresinde bulunan memeli yaban
hayvanlarinin en ¢ok calilik-iskan (1,45) en az olarak orman-ziraat (0,85) yapisindan olusan kenar etkisini tercih ettigi
gorillmiistiir.

3.3. Memeli yaban hayvan tiirlerinin arazi értii-kullanim tiplerine gore onem seviyeleri

Farkli arazi ortii-kullanim tiplerine gore elde edilen memeli yaban hayvani tiirlerinin 6énem seviyeleri Tablo
4’de verilmistir. T tablosunda serbestlik derecesi 10 degerine bakildiginda, %5 6nem seviyesinin 2,23 oldugu,
hesapladigimiz 6nem seviyesi degerlerinin (2,26) bu degerden bilyiik oldugu goriilmiistiir.

Tablo 4. Memeli yaban hayvanlarinin arazi ortii-kullanim tiplerine gére dnem seviyeleri

Table 4. Importance level of wild mammals with reference to land use-cover type
Calilik- Calilik- Orman- Orman-

iskan ziraat Orman-su calilik ziraat

Orman-iskan | Calilik-su

109.7

Tablo 4 incelendiginde, ¢alilik-iskan arazi ortii-kullanim tipi igerisinde, en yiiksek dnem seviyelerinin Yaban
domuzu (66,9) ve Yaban tavsanina (42,9) ait oldugu goriilmektedir. Orman-iskan arazi ortii-kullanim tipi igerisinde, en
yiiksek 6nem seviyeleri Yaban domuzu (66,2) ve Porsuga (51,7) aittir. Calilik-su arazi ortii-kullanim tipi igerisinde en
yiiksek 6nem seviyesiyle Yaban domuzu (79,6) ve Tilki (60,2); ¢alilik-ziraat arazi ortii-kullanim tipi igerisinde en
yiiksek Yaban tavsani (81,5) ve Tilki (50,4) oldugu goriilmektedir. Orman-su arazi ortii-kullanim tipi igerisinde, en
yiiksek 6nem seviyesi ile Yaban domuzunu (65,6) ve Yaban tavsani (62,6); orman-galilik arazi ortii-kullanim  tipi
igerisinde, dnem seviyeleri ile Yaban tavsami (81,5) ve Tilki (72,7) oldugu goriilmektedir. Orman-ziraat arazi Ortii-
kullanim tipi igerisinde ise, Yaban tavsani (109,7) ve Yaban domuzu (49,5) en yiiksek 6nem seviyesine sahiptir.

3.4. Arazi ortii-kullanim tiplerinin beta ¢esitliliginin hesaplanmasi

Bu asamada, memeli yaban hayvani sayilar1 kullanilarak c¢alisma alanina ait beta cesitlilik degeri
hesaplanmistir. Yapilan hesaplamayla, caligma alaninin beta gesitlilik degeri 0,83 olarak bulunmustur. Daha sonra arazi
ortii-kullanim tipleri ve memeli yaban hayvani tiirlerinin bu gesitlilige yaptiklar: katki oranlari belirlenmistir. Arazi
ortii-kullanim tiplerinin beta cesitliligine katki oranlari (Sekil 3) ve memeli yaban hayvanlarinin beta ¢esitliligine katki
oranlari (Sekil4 ) hesaplanmustir.
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Sekil 3. Arazi ortii-kullanim tiplerinin beta gesitliligine katki oranlar1
Figure 3. Content rates of land use-cover types on the beta diversity

Sekil 3’de elde edilen bu degerler yoluyla, arazi ortii-kullanim tiplerinin beta gesitliligine yaptig1 katkiy1
kiyaslamak miimkiin hale gelmistir. Buna gore beta ¢esitliligine en yiiksek katkiy1 ¢alilik-su (%40,4) tipinin, daha sonra
sirastyla; calilik-ziraat (%22,7), orman-ziraat (%19,5), orman-iskan (%8,3), calilik-iskan (%5,0), orman-calilik (%3,2)
ve orman-su (%0,9) tiplerinin yaptig1 tespit edilmistir.
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Sekil 4. Memeli yaban hayvanlarinin beta cesitliligine katki oranlar
Figure 4. Content rates of wild mammals on the beta diversity

Sekil 4’de elde edilen sonuglara gore, memeli yaban hayvanlarinin beta ¢esitliligine yaptig1 katki oranlarini
gormek miimkiin hale gelmistir. Buna gore beta ¢esitliligine en yiiksek katkiyr Yaban tavsani (%51,2), daha sonra
Yaban domuzu (%36,1), Tilki (%7,1), Porsuk (%4,1) ve Kaya sansarinin (%1,6) yaptig1 gorillmiistiir.

4. Sonuglar ve tartisma

Bu caligma, Burdur-Aglasun yoresinde tespit edilen bazi memeli yaban hayvanlari ile farkli yapilarin
olusturdugu kenar etkisinin iligkisini ortaya koymak amaciyla gergeklestirilmistir. Orman-su, orman-calilik, orman-
ziraat, orman-iskan, c¢alilik-su, ¢alilik-ziraat ve calilik-iskan tiplerini kapsayan yedi farkli arazi ortii-kullanim tipinde
memeli yaban hayvanlarina ait iz, digki1 ve belirti taramas1 yapilmis ve her tipten 10 adet olmak iizere toplam 70 adet
ornek alanda galigmalar yiritilmistiir. Tim 6rnek alanlar igerisinde 6 farkli memeli yaban hayvam tiirliniin tespiti
yapilmigtir. Ancak bir tiire sadece 1 6rnek alanda rastlandigi i¢in hesaplamalarda 5 tiir dikkate alinmistir. Yapilan
degerlendirmeler sonucunda farkli arazi ortii-kullanim tiplerinin memeli yaban hayvam tiirlerinin dagilimi itizerinde
etkili oldugu sonucuna varilmstir.

Caligma kapsaminda kenar etkisinin memeli yaban hayvanlarinin dagilim ile iligkilerini incelemek tizere yedi
farkli arazi ortii-kullanim tipi i¢in shannon ¢esitlilik indeksi, beta ¢esitliligi ve bunlara etki eden memeli yaban hayvani
tiirlerinin 6nem seviyeleri hesaplanmistir. istatistiksel degerlendirmelerde farkli arazi drtii-kullanim tipleri ile tek tek
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yaban hayvani tiirleri degil, 6rnek alanlarda goriilen biitiin tiirlerin birey sayilart baz alinmustir. Yani farkli arazi ortii-
kullanim tipleri ile yaban hayati ¢esitliligi arasindaki iligkiler degerlendirilmistir.

Hesaplanan shannon g¢esitlilik indeksi sonuglarma gore farkli arazi ortii-kullanim tipleri arasinda yiiksek
cesitlilik farkliliklarin olmadig goriilmistiir. Elde edilen degerlere gore en yiiksek shannon cesitlilik degeri galilik ve
iskan (1,45) tiplerinin yan yana gelmesi ile olusan kenar etkisinde tespit edilmistir. Diger bir ifade ile memeli yaban
hayvanlart i¢in bu alanlarin 6ncelikli tercih alanlart oldugunu sdylemek miimkiin olacaktir. Literatiirde yapilan
calismalar incelendiginde ¢alilik alanlarin yiiksek bitki tiirii ¢esitliligine sahip olmasi, yine kiicliik memeli tiirlerin ve
kemirgenlerin bu alanlari saklanmak ve besin amagli kullanmalari, dolayisiyla da av-avcr iligkisi sebebiyle diger
karnivor tiirleri lizerlerine ¢ekmeleri etken olarak tespit edilmistir (Stiel vd., 2013; Ogurlu ve Aksan, 2013; Siiel, 2014;
Aksan vd., 2014) . Bu etkinin yani sira iskan alanlarinda bulunan kolay yiyecek temini (tarim alanlari, meyve agaglari,
¢opler) nedeni ile yaban hayvanlarinin bu kenar etkisine sahip alani daha fazlaca tercih etmelerine sebep olmustur
(Ogurlu, 2004; Bayrak, 2013; Aksan vd., 2014). Ayrica 6rnek alinan yerlesim yerlerinde ki niifusun az olmasimin da
bunda etkisi oldugu diistiniilmektedir. Bu caligmadan elde edilen sonuglarin ilgili literatiir ile benzerlik gosterdigi
anlagilmaktadir.

En diistik shannon ¢esitlilik degerinin orman ve ziraat (0,85) tiplerinin yan yana gelmesi ile olusan kenar
etkisinde oldugu goriilmiistiir. Bu alanlarin az tercih edilmesinde, avcilik gibi insan kaynakli faaliyetlerin etken oldugu
diistiiniilmektedir. Arazide bu tip igin alinan 6rnek alanlarin ¢ogunda bos fisege rastlanmistir. Yaban hayvanlarinin bu
alanlar1 neden tercih etmedikleri agik¢a ortadadir. Ayrica yaban hayvanlarinin, kapaliligin yiiksek oldugu ormanlik
alanlardan ziyade kapaligin az oldugu ya da hi¢ olmadig1 ¢alilik alanlar1 6ncelikli olarak tercih etikleri litatiirde yer alan
bilgiler arasindadir (Aksan vd., 2014). Calisma kapsaminda bu vasiflari tasiyan kenar etkisi 6zelligine sahip arazi ortii-
kullanim tipinde yaban hayvanlarinin iz ve belirtilerine az rastlanmasi bu bilgilerle eslesmektedir.

Shannon g¢esitlilik degerlerinin farkli arazi ortii-kullanim tiplerinden dordii i¢in yaban domuzunun en fazla
etkiyi gosterdigi, geri kalan ii¢li i¢in ise yaban tavsaninin en fazla etkiyi gosterdigi goriilmiistiir. Yaban tavsani ve
Yaban domuzunun en etkili iki tiir ¢ikmasindaki neden, diger tiirlere gore ¢ok daha fazla sayida ve ornek alanda
rastlanmis olmasidir. Memeli yaban hayvanlari {izerine yapilan ¢aligmalara bakildiginda da en yogun olarak bu iki tiire
rastlandig1 goriilmiistiir (Ogurlu ve Aksan, 2013; Siiel, 2014).

Calisma kapsaminda yapilan bir baska degerlendirme de, farkli arazi o6rtii-kullanim tiplerinin beta ¢esitliligini
hesaplamak ve bu cesitlilige etki eden memeli yaban hayvanlarinin belirlenmesidir.

Calisma alanmin beta gesitlilik degeri 0,83 olarak hesaplanmistir. Literatiirde bu alana ait memeli yaban
hayvanlari i¢in hesaplanmis herhangi bir beta gesitlilik degerine rastlanamamistir. Bu nedenle elde edilen sonuca gore
kiyaslamali bir degerlendirme yapmak miimkiin olmamistir. Bu alan i¢in sonraki zamanlarda yapilacak olan
calismalardan elde edilecek beta gesitlilik degeri ile bu galigmada elde edilen sonucun kiyaslanmast miimkiin olacaktir.
Yaban hayatinin korunmasi ve gelistirilmesi igin beta gesitlilik degerinin belirli zaman araliklar1 ile hesaplanmasinin
yaban hayati durumunun izlenmesi agisindan 6nemli oldugu diistiniilmektedir.

Beta ¢esitliligine en yiiksek katkiy1 ¢alilik-su tiplerinin yan yana gelmesi ile olusan kenar etkisi yapmugtir. Tiir
cesitliligi ve tiir zenginliginin en ¢ok bu tipi iceren ornek alanlarda oldugu tespit edilmistir. Yani bu alanlar yaban
hayvanlarmin ihtiyaglarint optimal diizeyde karsilayabilecek alanlardir. Elde edilen sonuglara gére memeli yaban
hayvanlarinin mevcut habitatlarindan ¢iktiklarinda ilk 6nce bu alanlari ziyaret ettikleri diisiiniilmektedir. Calisma
sonucunda elde edilen beta gesitliligine katkida bulunan farkli arazi ortii-kullanim tiplerinin oranlar1 bu tiirlerin
herhangi bir tehdit ya da besin kithg durumunda ziyaret edecekleri alanlarin siralamasim verdigi disiintilmektedir.
Calismada tespit edilen tiirlerin habitat isteklerinden hareketle ¢ikan sonucu yorumlayacak olursak; calilik tipi ile yan
yana gelen su ve ziraat tipinin beta ¢esitlilige en yliksek katkiy1 yapan iki arazi ortli-kullanim tipi oldugu goriilmiistiir.
Bu tiplere bakildigi zaman memeli yaban hayvanlarmim mekan, besin, 6rtii ve su ihtiyaglarin1 karsilayacak biitiin
Ozelliklere sahiptir. Fakat tiirlerin ciisselerine ve beslenme sekillerine gore habitat tercihleri degisiklik
gosterebilmektedir. Yaban domuzu sayismin fazla olmasi ve ortii ihtiyaci i¢in ormanlik alanlari, besin ihtiyaci igin
ziraat alanlarini segmesi nedeni ile orman-ziraat tipinin beta ¢esitliligini arttirdig1 diisiintilmektedir.

Beta cesitliligine en yiiksek katkiy1 yapan memeli yaban hayvanlarmin yaptig1 katki oranlarinin bulgu sayilari

ile iligkili oldugu goriilmiistiir. Bu nedenle Yaban tavsani ve Yaban domuzunun katki orani yiiksek ¢ikmistir. Alanda
daha fazla sayida tiirin ve bu tiirlere ait birey sayilarinin tespit edilmesi durumunda beta c¢esitlilik degeri de
yiikselecektir. Bunun i¢inde koruma calismalarina 6ncelik verilmesi gerekmektedir. Biyolojik cesitlilige katki yapan
yaban hayatmin gerektigi hallerde desteklenmesi ve zenginlestirilmesi ig¢in gerekli tedbirlerin alinmasi mutlak bir
zorunluluk olmalidir.
Bu calismadan yola c¢ikilarak ileride memeli yaban hayvanlarinin tercih ve isteklerini belirlemek amaciyla
gerceklestirilecek olan ¢alismalarda i) ormanlik alanlarin farkh tiir, ¢ag ve sinif yapilarma ayrilmasi, ii) arazi yiiziiniin
kayalik, taslik ve toprak olarak ayrilmasi, iii) alanin farkli egime siniflarina ayrilmasi, iv) ziraat alanlariin meyvecilik
ve kuru tarim olarak ayrilmasi, v) yaban hayvanlarinda strese neden olacak yol, maden ocag gibi alanlarin ayrilmasinin
daha saglikli sonuglara ulasilmasini saglayacagi ongoriilmektedir. Bu tipler ile yaban hayvanlari arasindaki iligkilerin
modellenerek haritalanmasiyla tiir bazinda ve yaban hayati bazinda planlarin yapiminda kullanilacak énemli bir bilgi
kaynagi elde edilmis olacaktir.
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A new genus record (Tephroderma) for the Turkish mycota
Ertugrul SESLI ™, Aysegiil TOPCU SESLI?

! Karadeniz Teknik Universitesi, Biyoloji Egitimi Anabilim Dali, Trabzon, Tiirkiye
2IMKB Mesleki ve Teknik Anadolu Lisesi, Yenicuma Mah., Adres Sokak, Ortahisar, Trabzon, Tiirkiye

Abstract

The basidiomata of Tephroderma fuscopallens Musumeci & Contu were collected for the first time from
Turkey. Descriptions were made according to the morphological, ecological and molecular characteristics and, given
with macroslides and microscopic illustrations. Tephroderma Musumeci & Contu is thus far collected only from
northern France and the East Black Sea coast of Turkey.

Key words: Tephroderma fuscopallens, new record, Trabzon

%

Tiirkiye mikotasi i¢in yeni bir cins (Tephroderma) kaydi

Ozet

Tephroderma fuscopallens Musumeci & Contu’nun bazidiyokarplar1 Tiirkiye’den ilk kez toplanmigtir.
Betimler morfolojik, ekolojik ve molekiiler karakterlere gore yapilarak arazi ve mikroskopik resimleri ile birlikte
verilmigtir. Tephroderma Musumeci & Contu simdiye kadar sadece Fransa’nmin Kuzeyinden ve Dogu Karadeniz
sahilinden toplanmustir.

Anahtar kelimeler: Tephroderma fuscopallens, yeni kayit, Trabzon
1. Giris

Son yillarda Tiirkiye makromantarlarina 6nemli katkilar yapilmistir (Kasik vd., 2011; Akata vd., 2014; Acar
vd., 2015; Kaya ve Uzun, 2015; Dogan ve Kurt, 2016).

Gymnopus trabzonensis Vizzini, Antonin, E. Sesli & Contu (Vizzini vd., 2015) ve Clitolyophyllum
akacaabatense E. Sesli, Vizzini & Contu (Sesli vd, 2016) tiirleri bilim diinyast i¢in ilk kez tanimlanmustir.

Mevcut ¢alismanin konusu olan Tephroderma Contu & Musumeci, Agaricales takimina bagli bir cins olarak
ilk kez Fransa’min Kuzeyi’nden toplanan bazidiyokarplara dayandirilarak betimlenmis ve bu cinse bagli olarak
tanimlanan ilk tiire Tephroderma fuscopallens Musumeci & Contu ad1 verilmistir (Musumeci ve Contu, 2014).

Mantar Tiirkiye’de Karadeniz Teknik Universitesi Kanuni Yerleskesindeki ¢am agaclar altindan toplanmustir.
Yetisme alan1 Avrupa-Sibirya Fitocografik Bolgesi’nin Kolsik Kesimi’nde kalmakta ve tipik olarak Karadeniz iklimi
ozelligi gostermektedir. Mantarin yetistigi saha cam agaclart ile kapli, her mevsim yagisl, yazlari serin ve kiglari 1lik
olup bol miktarda bitkisel atiklar icermektedir.

Tephroderma cinsi morfolojik yapis1 yoniinden Clitocybe cinsine benzer goriinse de, sekans analizleri sonucu
genetik yonden Clitocybeae ailesinden oldukg¢a farkli oldugu; Tricholomatace, Entolomataceae ve Lyophyllaceae
ailelerine daha yakin oldugu saptanmistir (Musumeci ve Contu, 2014).

2. Materyal ve yontem )
Calismanin materyali, Karadeniz Teknik Universitesi Kanuni Kampiisii icerisindeki agaclik alanlara 2015 yilt
Sonbahar aylarinda gerceklestirilen arazi gezileri sirasinda toplanmistir. Materyalin  biitin  kisimlarimi
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goriintiileyebilmek igin, yetisme yerindeki otlar temizlenmis, bazidiyokarplar kiiciik saksi kiiregi ile sokiilerek, sapka
yiizeyi, lamel ve sap kisimlar1 yukariya bakacak bigimde dizilmis ve makro objektifli Canon 600D fotograf makinesi ile
cekim yapilmistir. Tat, koku, renk, biiyiiklik vb. 6zellikler not edilmis ve yeterli sayida (5-15 arasi) olgun ve geng
bazidiyokarp toplanarak kese kagitlari icerisinde laboratuvara getirilmistir. Kurutma islemi i¢in yag 1sitma sistemli,
elektrikli seyyar bir radyatoér kullanilmigtir. Kuru materyalden yaklasik 200 mg alinarak standart yontemlerle DNA
izolasyonu, PCR ve ITS analiz ¢aligmalar1 yapilmistir (White vd., 1990). Mikroskopik ¢aligmalar igin sapka ylizeyi,
lamel ve saptan kesitler alinarak iizerlerine dncelikle %10’luk seyreltik amonyak ¢ozeltisi, daha sonra Kongo Kirmizisi
damlatilmis ve bir siire beklendikten sonra boyanin fazlasi kurutma kagidi ile uzaklastirilmigtir. Bazidiyumlar, sapka ve
sap hifleri Zeiss Axio Imager A2 aragtirma mikroskobu iizerine monte edilmis Axiocam 105 renkli kamera yardimiyla
goriintiilenmis ve Imager yazilim programi sayesinde analiz edilmistir. Spor yapilarinin goriintiilenmesi ve mikroskopik
Olgtimleri icin spor izleri kullanilmistir. Mikroskopik caligsmalarin seyrinde Clémengon (2009)’dan esinlenilmistir.
Tiirtin teshisi hem morfolojik karakterlere hem de molekiiler analiz sonuglarina gére yapilmistir (Musumeci ve Contu
(2014).
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3. Bulgular

3.1. Tephroderma Contu & Musumeci

Cinsin Tiirkce ismi ve etimolojisi: Yapilan arastirmada halkimizin bu mantar1 tanimadig1 ve dolayist ile herhangi bir
Tiirk¢e isminin olmadig1 saptanmistir. Tiirkiye’de yeni saptanan bu cinse “Tugrul mantar’” adi verilmistir. “Tugrul
mantar1” ismi materyal toplama c¢alismalarina yardimet olan oglumuz Tugrul Sesli’nin onuruna verilmistir.

3.1.1. Tephroderma fuscopallens Musumeci & Contu (Sekil 1-3)
Tiiriin Tiirkce ismi ve etimolojisi: Tiirkiye’de yeni saptanan bu tiire “Gri Tugrul” adi verilmistir. “Gri Tugrul” ismi
bazidiyokarplarin rengine izafeten verilmistir.

Sapka; 20—50 mm, baslangicta yar1 kiiremsi veya konveks, olgunlastik¢a diiz; merkezi az veya ¢ok ¢ukurlasmis olup
huni veya borazani andirir. Kenarlar1 diizensiz veya dalgali olup, yaklasik {igte birine yakin yiizey kismi ¢izgilidir.
Yiizeyi diiz, higroskopik, siyahimsi kahverengi veya grimsi kiil renginde ve zamanla daha koyu olur. Lameller orta
derecede sik, esnek, kalin, farkli uzunlukta, fazlasiyla dekiirrent, genc¢ iiyelerde beyazimsi gri, zamanla grimsi
kahverengi ve kenarlar1 genellikle diizdiir. Sap; 20—65 x 3—7 mm kalinlikta, sert, elastik, sapkadan daha agik renkli, diiz
yiizeyli, parlak, bazen yukar1 kisminda beyazimzi-gri kiigiik hiflerle kapli, silindik, bazen yassilasmis, egri ve tabanda
beyaz miselyum ile kaplanmustir. Sapka igerigi elastik, grimsi kahverengi, kokusu baglangigta belirgin olmayip;
¢ignendigi zaman iticidir ve muhtemelen yenmez. Bazidiyosporlar, 6.5—8.5 x 4—6 pm, seffaf, inamiloyid, elipsoit veya
yuvarlagimsi elipsoit, ince geperli, gogunlukla birbirine yapigik ve belirgin bir apikulusa sahiptir. Bazidiyumlar 20-28
x 4—6 mikron, 2-4 sporlu (¢cogunlukla 4 sporlu), comak seklinde ve bazal kancalara sahiptir. Himeniyum hifleri
silindirik, kalin, diizenli veya diizensiz olarak siralanmistir. Sapka yiizeyi gri-kahverengi pigmentler igeren uzun
hiflerden olusur. Sap derisi seffaf, paralel, kalin ve bazen nodiillii hiflerden olugsmustur. Biitiin hiicrelerde kanca
olusumu izlenmistir. Molekiiler ¢calismalar kapsaminda tarafimizdan saptanan DNA analiz sonuglar asagidaki tabloda
gosterilmistir (Cizelge 1) (115920 _F7_F7+6530_1F+ ITS4).

Cizelge 1. Tiirkiye’den toplanan Tephroderma fuscopallens niimunelerine ait DNA analiz sonuglari

1 | GGACGGGGAA | CCTACCTGAT | TTGAGGTCAA | ATGTCAAGTGA | TTGTCCATAA | GACGATTAGA 60
61 | AGCCAAACCT | CTTATAAAGC | TGCTTCCCAA | ATGGCGTAGA TAATTATCAC | ACCAGATATG | 120
121 | GTCAGCAAAG | GTCTTGCTAA | TGCATTTAAG | GAGAGCCGAC TTCTGAGAAG | CCCGCAACCC 180
181 | CCACTATCCA | AGCCCAACTA | ACTAATAAAA | GCAAGAAAGG | TTGAGAATTT | AATGACACTC | 240
241 | AAACAGGCAT | GCTCCTCGGA | ATACCAAGGA | GCGCAAGGTG CGTTCAAAAA | TTCGATGATT 300
301 | CACTGAATTC | TGCAATTCAC | ATTACTTATC | GCATTTCGCT GCGTTCTTCA | TCGATGCGAG | 360
361 | AGCCAAGAGA | TCCGTTGTTG | AAAGTTGTAT | TTAATTTAAA GGCACTAGAC | CTATTTAATG 420
421 | ACATTCTGTT | ACATTCTTAG | AGTATAATAA | AGACATAGGC CAGAAATGTA | AGGAAAGCCA | 480
481 | GCTTGCGCAC | GGCAGTCCTC | AAACCAAAAG | GTATCCAGGC CTACAAAGGG | TGCACAGGTG | 540
541 | GTAAAATTGG | TGCCAGGCGT | GCACATGCTC | ATGAAGCCAG CAGCAACCCA | ACCAAATTTA 600
601 | TTCAATAATG | ATCCTTCCGC | AGGTTCACCT | ACGGAAACCT TGTTACGACT | TTTACTTCCT 660
661 | CAAAATGAAA | CCAAGGAAAA | AAAAAA 686

incelenen materyal: Trabzon, Karadeniz Teknik Universitesi Kanuni Yerleskesi, Elektronik Miihendisligi
Bolimii’niin 100 metre giineydogusu, 40°59'36.09"K, 39°46'22.84"D, 97 m yiikseklik, 01 Kasim 2015, tek tek veya
gruplar halinde ¢am agaglari altinda, T. Sesli, Fatih Egitim Fakiiltesi Kisisel Fungaryumu 3638.

4. Sonuglar ve tartisma

Tephroderma Contu & Musumeci cinsinin Tiirkiye i¢in yeni kayit oldugu Sesli ve Denchev (2014) ve Solak
vd. (2015)’e gore belirlenmistir.

Tephroderma fuscopallens’e ait bazidiyokarplar toplama sirasinda morfolojik yonden bir miktar Clitocybe
cinsine benzetilmekle birlikte, lastiksi bir yapiya sahip olmasi, parlak gri-siyahimst ve zamanla daha da koyulagan
renginden dolay1 farkli bir cins olabilecegi izlenimi vermistir.

Yeni kaydin 6zellikle sapka hiflerinin ¢eper yapilarinin kalin olusu onu Clitocybe cinsinden ayiran 6énemli bir
ozelliktir (Musumeci ve Contu, 2014). ALVALAB’1n yardimu ile gergeklestirilen DNA analizi, PCR ve sekanslama
sonuglart Gen Bankasi ile karsilastirildiginda daha 6nce Musumeci ve Contu (2014) (KJ701326) tarafindan holotipten
izole edilen tek bir gen dizisi ile %100 oraninda uyumlu oldugu saptanmustir.
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Sekil 2. Tephroderma fuscopallens: a. bazidiyosporlar, b. sapka derisi hifleri, c. sap derisi hifleri (6l¢ek ¢ubuklari:
a—c=10 pm).

Holotip ile Tiirkiye drnegi makroskopik olarak karsilastirildiginda, yeni kaydin sapka ve sap boyutlarinin
yaklagik 1 cm daha kii¢lik oldugu goriilmiistiir. Bu durumun, Tiirkiye 6rneginin biraz geng; Fransa 6rneginin ise daha
yasl iken toplanmis olmasindan kaynaklandigi sonucuna varilmustir. Tiirkiye’den toplanan materyal ile Fransa’dan
toplanan holotipin mikroskopileri birbirine olduk¢a yakindir. Oyleki; iki farkli rnegin bazidiyum boyutlar1 hemen
hemen ayni olarak 6l¢iilmiis olmasina ragmen (Tiirkiye 6rmegi 20—28 x 4—6 pm ve Fransa 6rnegi 20—30 x 4-6 um),
spor boyutlarinda bir miktar farklilik oldugu (Fransa 6rnegi 5.5—7 x 3.5—4.5 um iken, Tiirkiye ornegi 6.5-8.5 x 4-6
pm) saptanmustir. Yapilan degerlendirmeler sonucunda, her iki toplama sahasinin da Avrupa-Sibirya Fitocografik
Bolgesi’nde yer almasina ragmen bu farkin ekolojik kosullardan veya 6l¢iim hatalarindan veyahut da heniiz bilinmeyen
neden veya nedenlerden kaynaklanmis olabilecegi diistiniilmektedir.

Tesekkiir
Bu arastirmanin finansmam Karadeniz Teknik Universitesi Bilimsel Arastirma Projeleri Birimince (BAP No:
11300) saglanmustir. Tephroderma cinsini ilk kez tanimlayan yazarlardan birisi olan, ilgili literatiiri bize génderen Dr.
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Sekil 3. Tephroderma fuscopallens: a—c. Bazidiyumlar ve bazidiyoller (6l¢ek ¢ubuklari: a—c= 10 pm).
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Abstract

A total of 288 actinomycete strains, isolated from 35 soil samples collected from western Turkey, were tested
against pre- and post-harvest fungal pathogens such as Aspergillus niger (ATCC-1094), A. parasiticus (NRRL-465),
Fusarium moniliforme (NRRL 1866), F. solani (NRRL-13414), Penicillium chrysogenum (NRRL 807), A. fumigatus,
Alternaria citri, Al. tenuissima, Athelia rolfsii, F. acuminatum, F. aveneceum, F. clamydosporium, F. culmarum, F.
equiseti, F. oxysporum, F. semitectum, F. subglutanas, Fusarium sp., Gaeumannomyces graminis, Mycosphaerella
rabiei, P. citrinum and P. piceum. During primary screening, 30.55% of the strains showed inhibition potential against
the test pathogen fungi. Of the effective isolates, seven strains were selected for secondary screening with four different
fermentation media based on their high inhibition potential in primary screening. The cell-free supernatant of
fermentation B medium showed broad-spectrum and high inhibition potential against the test fungi. After extraction
with ethyl acetate, XF, BF, AM3.1, 9M and 14M from the selected seven strains exhibited antifungal activity against
particularly some members of Fusarium and Aspergillus genera. These results indicate that the tested five actinomycete
strains have potential activity against pre- and post-harvest pathogens, and their antagonist compounds can be produced
and obtained without the loss of antifungal effects, which could be useful for the protection of agricultural products.

Key words: actinomycete, antifungal activity, plant pathogens, soil, screening

*

Toprak kaynakh aktinomisetlerin antifungal aktivitesinin taranmasi

Ozet

Tiirkiye’nin batisindan toplanan 35 toprak orneginden izole edilen toplam 288 aktinomiset susu Aspergillus
niger (ATCC-1094), A. parasiticus (NRRL-465), Fusarium moniliforme (NRRL 1866), F. solani (NRRL-13414),
Penicillium chrysogenum (NRRL 807), A. fumigatus, Alternaria citri, Al. tenuissima, Athelia rolfsii, F. acuminatum, F.
aveneceum, F. clamydosporium, F. culmarum, F. equiseti, F. oxysporum, F. semitectum, F. subglutanas, Fusarium sp.,
Gaeumannomyces graminis, Mycosphaerella rabiei, P. citrinum ve P. piceum gibi hasat dncesi ve sonrasi fungal
patojenlere karsi test edilmistir. Birinci taramada, test edilen suslarin % 30,55’i fungal patojenlere karsi inhibisyon
potansiyeli gostermistir. Etkin izolatlardan 7 sus birinci taramada yiiksek inhibisyon potansiyellerine dayali olarak dort
farkli fermantasyon ortamu ile ikinci tarama igin secilmistir. Fermantasyon B ortaminin hiicresiz siipernatanti test
funguslarma kars1 genis spectrum ve yiiksek inhibisyon potansiyeli gostermistir. Etil asetat ile ektraksiyondan sonra,
secilen yedi sustan XF, BF, AM3.1, 9M ve 14M ozellikle baz1 Aspergillus ve Fusarium fiyelerine karsi antifungal
aktivite gostermislerdir. Bu sonuglar; test edilen bes aktinomiset susunun hasat dncesi ve sonrasi fungal patojenlere
kargi potansiyel aktiviteye sahip oldugunu, zirai iriinlerin korunmasi igin kullanigli olabilecek antagonistik
bilesiklerinin iiretilebilir ve antifungal aktivitelerini kaybetmeden elde edilebilir oldugunu isaret etmektedir.

Anahtar kelimeler: aktinomiset, antifungal aktivite, bitki patojenleri, toprak, tarama

1. Introduction
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Fungi are a commonly diverse group with a wide range of habitats and have several functions, ranging from
the decomposition of organic materials to pre- and post-harvest pathogenesis of food products as well as the production
of mycotoxins (Demirel et al., 2013; Asan, 2015). In particular, fungal phytopathogens have a worldwide distribution
with large economic and health effects on human, animal and plant life (Oksay, 2009; Samson et al., 2014; Visagie et
al., 2014). Conventional approaches such as chemical fungicides have been used for the control of fungi; however, these
chemicals have toxic effects for living organisms and lead to environmental pollution (Oksay, 2009; Sengiin and Yiicel,
2015). Hence, natural compounds are indicated for reducing the development of pathogenic fungi and for controlling
pollution (Kumar et al., 2012; Sen and Batra, 2012). Actinomycetes are one of the most attractive sources of several
types of bioactive metabolites such as antibiotics (Nurkanto et al., 2012; Saxena et al., 2013; Sharma et al., 2014; Kaur
et al., 2015). Their antifungal antibiotics have a significant role in the control of fungal pathogens. Therefore,
actinomycete-based biocontrol approaches are one alternative way to control plant infections of agrochemicals (Oksay,
2009; Saxena et al., 2013; Kaur et al. 2015).

Only a limited number of antifungal agents are presently available against fungal pathogens (Sharma et al.,
2014). The search for new, safe and broad-spectrum antifungal agents has become important not only for agricultural
protection but also for human health. Accordingly, the objectives of the present study were the isolation of
actinomycetes from soil habitats, screening their antifungal activity against pre- and post-harvest fungal pathogens and
assessing the possibility of the extraction of antifungal metabolites from potential actinomycetes.

2. Materials and methods
1.1. Test microorganisms

Some standard test fungi such as Aspergillus niger (ATCC-1094), A. parasiticus (NRRL-465), Fusarium
moniliforme (NRRL 1866), F. solani (NRRL-13414) and Penicillium chrysogenum (NRRL 807) and wild-type test
fungi such as A. fumigatus, Alternaria citri, Al. tenuissima, Athelia rolfsii, F. acuminatum, F. aveneceum, F.
clamydosporium, F. culmarum, F. equiseti, F. oxysporum, F. semitectum, F. subglutanas, Fusarium sp.,
Gaeumannomyces graminis, Mycosphaerella rabiei, P. citrinum and P. piceum were used as test microorganisms. The
common feature of the tested microorganisms is that they are all pre- and post-harvest pathogen fungi.

1.2. Collection of soil samples

A total of 35 soil samples from Central Anatolia [Ankara (7 samples), Eskisehir (10 samples; 2 of them from
boron fabric area)], North Anatolia [Bolu (3 samples), Diizce (6 samples), Samsun (1 sample)], Northwest Anatolia
[Balikesir (2 samples)], South Anatolia [Antalya (1 sample), Burdur (1 sample), Isparta (1 sample)], West Anatolia
[Afyon (1 sample), Mugla (2 samples)] and the Turkish Republic of Northern Cyprus (TRNC) (1 sample) were
collected according to Kitouni et al. (2005). Samples were stored at 4°C until analysis.

1.3. Isolation of actinomycetes from soil

The soil samples were mixed with 0.1 g CaCOs3 and air-dried at 28°C for 1 week. Then, about 10 g of soil
sample was transferred to 90 ml physiological saline solution (NaCl 9 g I). The soil suspension was further diluted to
1075 dilution level. For inoculation of soil samples, pour plate technique (Murray et al., 1995) was implemented on
nutrient agar (NA) and glycerol yeast agar (GYA) media. After incubation at 28°C for 5 days, the colonies of
actinomycetes were recognised according to their macroscopic characteristic and then picked out and purified by
repeated streaking on NA or GYA according to their growing medium. The pure cultures of actinomycetes were
preserved at 4°C.

1.4. Screening of antifungal activity

Primary screening: Preliminary screening for antifungal activity was performed with conventional spot
inoculation method (Yamamura et al., 2003), with some modifications. Pure actinomycete strains were spot inoculated
with about 1 cm diameter in the centre of yeast malt extract agar (YMA) medium. After incubation at 28°C for 5 days,
6-mm plugs of 5-day-old cultures of test fungi were cross plugged 30 mm away on either side to the original plug of
actinomycete isolates. The control plates were also maintained with each of the test fungi. All the plates were incubated
at 28°C for 5 days and then the zones of inhibition of fungal growth were measured. From preliminary screening,
strains of high antifungal activity were selected for secondary screening.

Secondary screening: The selected actinomycete isolates were further tested in secondary screening under
submerged fermentation conditions by agar well method (Murray et al., 1995). Selected isolates were grown on four
different liquid media, yeast-malt broth (YMB) (yeast extract 4 g I't, malt extract 10 g 1'%, glucose 4 g I'%, pH 7.3),
fermentation medium A (NaCl 0.8 g I'Y, NH,Cl 1 g I}, KCI 0.1 g I'Y, KH;PO4 0.1 g I}, MgS04.7H,0 0.2 g I,
CaCl.2H,0 0.04 g I'%, glucose 2 g I'%, yeast extract 3 g I'%, pH 7.3), fermentation medium B (glucose 10 g I,
bacteriological peptone 5 g I"%, malt extract 5 g I'%, NaCl 5 g I'%, pH 6.5-7.0) and fermentation medium C (soya flour
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extract 5 g I"* (obtained by boiling 20 g soya flour in 100 ml distilled water for 1 h and filtered using a cheese strainer),
glucose 5 g 1%, bacteriological peptone 2.5 g I'2, NaCl 2.5 g I in tap water, pH 7.0).

Initially, pure actinomycete isolates were inoculated in 10 ml fermentation medium to obtain vaccine culture.
This vaccine culture was incubated at 28°C under shaking at 200 rpm for 48 h. After incubation, 2.5 ml of prepared
vaccine culture was transferred to 50 ml of the same fermentation medium and incubated at 28°C under shaking at 200
rpm for 48 h. To obtain the cell-free supernatant, the culture broth was centrifuged at 4000 rpm for 15 min at 4°C.

For screening of antifungal activity of the cell-free supernatant, each of the test fungi was inoculated into 50 ml
YMA medium, with addition of 1 ml of 10°® spore suspension, mixed well and then poured into sterile Petri dishes.
About 5 ml of the inoculated YMA medium was kept in an Erlenmeyer flask for control of tested fungi. After drying
the inoculated YMA plates, the agar wells (6 mm diameter) were cut using a sterile cork borer and then 50 pl of clear
fermented broth was loaded into each well. The diameter of the zone of inhibition for each fungus was recorded after
incubation at 28°C for 72 h. The strains and media of high antifungal activity were selected.

1.5. Extraction of antifungal metabolites

The selected isolates and fermentation media were used for extraction of antifungal metabolites. To this end, 1
L culture broth was prepared as above. The total cell-free supernatant, with pH adjusted to 4.0, was used for solvent
extraction with ethyl acetate. A volume of cell-free supernatant and solvent (1:1 v/v) was taken in a separating funnel
and shaken vigorously. Extraction was continued for up to three times. Subsequently, the organic layer was collected
and the solvent was evaporated using a vacuum rotary evaporator at 40°C (Duraipandiyan et al., 2010).

1.6. Bioautographic method using thin-layer chromatography

The ethyl acetate extract was spotted onto thin-layer chromatography (TLC) plates coated with silica gel (60
F2s4, Fluka). The chromatogram was developed in methanol. The plates were run in duplicate; one of them was used as
a reference plate and the other plate was used for bioautography. After development, the fluorescent compounds were
observed at 365 nm in an ultraviolet chamber. For bioautography, the TLC plate was placed on YMA Petri dish and 5
ml top agar was poured, including the test fungi with 200 uL of 10° spore suspensions. After incubation at 28°C for 5
days, the zones of inhibition were investigated by using the reference plate (Selvameenal et al., 2009).

3. Results

Plant and plant product diseases caused by fungi are one of the primary concerns of agricultural production.
The use of microorganisms or some of their metabolites for protection of plants and their products is a common
biological control method against fungal pathogens. Therefore, discovering bioactive agents from different habitats has
become an important approach (Kathiresan et al., 2005; Oskay, 2009; Nurkanto and Julistiono, 2014). Actinomycetes
are the primary source for antifungal agents and are also well known as biocontrol agents, such as members of
Streptomyces genus. The major habitat for obtaining bioactive actinomycetes is soil (Nurkanto et al., 2012; Sharma et
al., 2014). Therefore, in the present study, we focused on soilborne actinomycetes and their antifungal activities.
A total of 288 strains were obtained from six different regions of Turkey. The maximum number of isolates and active
isolates obtained achieved from Central Anatolia region, followed by North Anatolia, Northwest Anatolia, West
Anatolia and South Anatolia, corresponding to the number of investigated soil samples. From the TRNC, we could not
obtain actinomycetes (Figure 1).
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Figure 1. The number of total and active isolates according to regions
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The results of primary antifungal screening assay showed that 88 of the 288 tested actinomycetes (30.55%) had some
antagonist activity against filamentous fungi, including pre- and post-harvest product pathogens (Figure 1). Of the 88
active isolates, about 12% were effective against F. solani (NRRL-13414) and about 11% were antagonist against F.
culmorum. Only 10% of active strains were effective against F. moniliforme (NRRL 1866) (10%), followed by other
tested filamentous fungi (0-8%) (Figures 2 and 3). Of the effective isolates, only seven strains, five (BF, BB, 9M, 14M,
34M) from Central Anatolia (Eskisehir; boron soil), one (XY) from North Anatolia (Samsun) and the other one
(AM3.1) from Northwest Anatolia (Balikesir), were selected for secondary screening based on their high inhibition
potential. Several studies have been conducted regarding the screening of antimicrobial activity of actinomycetes
isolated from different types of soil samples and sediments. One of the interesting results of these studies is that
industrially polluted sites showed the highest incidence of antagonist actinomycetes (Walker and Colwell, 1975;
Kathiresan et al., 2005). Based on the primary screening, numerous antifungal actinomycetes were isolated from
Eskisehir boron fabric area at Central Anatolia. On the other hand, boron is toxic for living cells when present above a
certain level. Hence, only boron-tolerant microorganisms can survive in this kind of natural environment, and such
microorganisms comprise potential genetic sources for boron resistance and protection of agricultural products in

naturally boron-contaminated area (Yoon et al., 2010).
P. citrinuin ‘_A. niger
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Figure 2. Primary screening results of actinomycetes isolated from soil samples

Figure 3. Antifungal activity of one of the actinomycete on tested pathogen fungi
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The antifungal activity of the seven strains from the liquid culture of four different media was tested against Al.
citri, Al. tenuissima, A. niger (ATCC-1094), A. parasiticus, At. rolfsii, F. culmorum, F. moliniforme (NRRL 1866), F.
solani (NRRL-13414), G. graminis, P. chrysogenum, P. piceum and M. rabiei. The obtained broad-spectrum and high
inhibition potentials were recorded on fermentation B medium that had the highest glucose content (Table 1) (Figure 4).
However, the strains were less active or non-active on YMB fermentation A and C media that contained low glucose
content than fermentation B medium and some extracts, inorganic compounds, soya flour extract, respectively.
Kathiresan et al. (2005) have assessed the effect of carbon and nitrogen source on antifungal activity and reported that
glucose was the best source.

Table 1. Antifungal activity of selected actinomycetes in the secondary screening (Fermentation medium B) (mm)

Isolates Al. citri Al. tenuissima A. niger A. parasiticus | At. rolfsii | F. culmorum
BF 0 0 0 0 0 0
AM3.1 0 0 0 0 0 0
34M 0 7 0 0 3 6
14M 0 0 0 0 0 3

BB 0 0 0 0 0 1
oM 2 1 3 2 4 4
XY 4 6 2 2 6 4
Isolates | F. moliniforme F. solani G. graminis | P. chrysogenum | P. piceum M. rabiei
BF 0 5 0 0 0 1
AM3.1 0 1 0 0 0 0
34M 5 10 2 5 1 3
14M 0 6 0 0 0 2

BB 0 4 2 0 2 2

oM 3 6 4 2 2 1
XY 4 8 4 5 4 8

Figure 4. Antifungal activity against Penicillium chrysogenum (a) and Fusarium moliniforme (b) of cell free supernatant
of fermentation B medium

The antifungal metabolites from the cell-free supernatant of fermentation B medium were extracted by using
ethyl acetate, which is one of the favoured organic solvents (Duraipandiyan et al., 2010), and tested against F.
culmorum, F. moliniforme (NRRL 1866), F. solani (NRRL-13414) and A. parasiticus by using bioautographic method.
For this purpose, antifungal activity of crude extracts was determined, which showed that XF, BF, AM3.1, 9M and 14M
from selected strains had antifungal activity against the tested filamentous fungi (Figure 5). In particular, crude extract
of AM3.1 strain achieved broad-spectrum inhibition potential. The crude extracts of XF and BF strains were effective
against F. culmorum, F. moliniforme and F. solani. The crude extracts of 9M and 14M exhibited antifungal activity
against only A. parasiticus.

Rasime DEMIREL et al., Screening the antifungal activity of soilborne actinomycetes



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

F. culmorum
F. solani
B F. moliniforme

W 4, parasiticus

14M IM

Figure 5. Antifungal activity of crude extracts against tested filamentous fungi

XF BF AM3.1

One-third of the total losses because of plant diseases is due to fungal infections (Oskay, 2009). The top 10
plant pathogen fungi have been listed as (1) Magnaporthe oryzae; (2) Botrytis cinerea; (3) Puccinia spp.; (4) Fusarium
graminearum; (5) Fusarium oxysporum; (6) Blumeria graminis; (7) Mycosphaerella graminicola; (8) Colletotrichum
spp.; (9) Ustilago maydis and (10) Melampsora lini by Dean et al. (2012). In addition, some members of Penicillium,
Aspergillus, Alternaria, Athelia and Gaeumannomyces genera are very important for both pre-harvest and post-harvest
infections and mycotoxin production (Samson et al., 2014; Visagie et al., 2014). Due to the increasing world population,
it is necessary to control fungal diseases that reduce the agricultural crop yield. There are some conventional approaches
such as chemical fungicides, but they have damaging effects on humans and other non-target organisms due to their
toxicity (Oksay, 2009). Therefore, discovery of natural bioactive organisms and metabolites has become more important
for use in non-offensive agrochemicals. This study showed that the tested five actinomycetes have a potential activity
against pre- and post-harvest fungal pathogens, and their antagonist compounds can be produced and obtained without
the loss of antifungal effects, which could be useful for several applications such as the protection of plant and plant
products and discovery of new preparations.
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Abstract

In this study, leaf and peduncle anatomy of four Turkish endemic taxa of the genus Onobrychis from sect.
Onobrychis, including Onobrychis quadrijuga, sect. Heliobrychis including Onobrychis argyrea subsp. argyrea, and
sect. Hymenobrychis including Onobrychis tournefortii, and Onobrychis albiflora were investigated for the first time.
Numerous quantitative and qualitative characters in the leaf and peduncle cross sections were determined and studied.
Results showed that, for the leaves quantitative characteristics and for the peduncle qualitative characteristics are more
distinctive between examined taxa. As the main, while in the leaf, mesophyll thickness, stomata and epidermis cells
features, in the peduncle, especially, the contour of the peduncle and location of cavities in cross section, and density of
papillae on hair surface were represented considerably variation between examined taxa.

Key words: anatomy; endemic; leaf; Onobrychis; peduncle; Turkey

*

Tiirkiye endemigi olan dort Onobrychis Mill. taksonunun Kkarsilagtirmali yaprak ve pediinkiil anatomisi

Ozet

Bu calismada, Tiirkiye’de yayilis gésteren Onobrychis cinsine dahil olan, sect. Onobrychis’e ait O. quadrijuga,
sect. Heliobrychis’e ait O. argyrea subsp. argyrea, sect. Hymenobrychis’e ait O. tournefortii ve O. albiflora
taksonlariin yaprak ve pediinkiil anatomisi ilk defa incelenmistir. Yaprak ve pediinkiil enine kesitleri tizerinden birgok
nitel (kalitatif) ve nicel (kantitatif) karakterler tespit edilerek ¢alisilmustir. Sonuglara gore yapraklar igin nicel, pediinkiil
icin ise nitel karakterler, taksonlar arasindaki ayirt edici Ozellikler agisindan onemlidir. Temel olarak, yapraktaki
mezofil tabakasi kalinligi, stoma ve epidermis hiicrelerinin &zellikleri, pediinkiilde ise 6zellikle enine kesit sekli, tiy
yiizeyindeki papilla yogunlugu, bosluklarin konumlari gibi 6zellikler incelenen taksonlar arasinda dikkate deger sekilde
varyasyon gostermektedir.

Anahtar kelimeler: anatomi; endemik; Onobrychis; pediinkiil; Tiirkiye; yaprak
1. Introduction

The Fabaceae is one of the largest dicot family, represented by 730 genera and about 19.500 species, having
usually economically important plants (Simpson, 2006). Onobrychis is one of the huge genus of Fabaceae family, tribe
Hedysareae, subfamily Faboideae. The genus Onobrychis has 170 species which densely distributed in the Anatolia-
Iran-Caucasian triangle, South West Asia, Mediterranean region and in temperate Europe and Asia in the world
(Cronquist, 1981; Zohary, 1987; Aktoklu, 2001). There are only, 23 species of Onobrychis are listed in The Flora
Europaea (Ball, 1968), while the main diversification center ranges from Central Asia to Iran, so the number of species
is increased to 56 species, 27 of which are endemic (lldis, 2005).

In Turkey, Onobrychis genus is divided into five sections and is represented by 55 species, 28 of them are
endemics (Hedge, 1970; Davis et al., 1988; Duman and Vural, 1990; Aktoklu, 2001; Yildirimli, 2004). The species of
Onobrychis (sainfoin) are economically important plants that are grown to produce high-protein food for many animals.
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As these species can fix atmospheric nitrogen, they are important not only for farm animal nourishment but also for soil
fertility. In addition, Onobrychis species have a great potential for pasture and meadow improvement, land conservation
and rehabilitation and have importance as genetic sources for breeding (Cavallarin et al., 2005; Ozaslan Parlak and
Parlak, 2008). There were lots of studies about palynology, taxonomy, karyology and cytotaxonomy of some
Onobrychis taxa in the literature. Pinar et al. (2009) have suggested that pollen micromorphological characteristics have
a great importance in the taxonomy of sect. Onobrychoidei. A cytotaxonomic study of some Onobrychis (Fabaceae)
species and populations in Iran that determined the karyology of 20 taxa (45 populations) of the genus Onobrychis from
different geographic locations (Hezaji et al., 2010).

Based on our bibliographical observations the anatomical characteristics of Onobrychis were not studied well
enough. Karamian et al. (2012) were investigated some quantitative and qualitative characteristics of peduncle anatomy
of 20 Iranian Onobrychis species from sect. Heliobrychis Bunge. Nodal anatomy of Onobrychis grandis Lipsky and
anatomy of Onobrychis cornuta (L.) Desv. were determined (Zhogoleva, 1976; 1980). Amirabadizadeh et al. (2015)
were studied morphological, anatomical and palynological characteristics of 8 perennial Onobrychis taxa growing in
Northeast Iran. However, there is no study on the leaf and peduncle anatomy of Onobrychis taxa in Turkey. According
to Red Data Book of Turkish Plants, by considering IUCN criterions, treat category of O. albiflora Hub.-Mor. is
critically endangered (CR); O. quadrijuga Hedge et Hub.-Mor. is endangered (EN); O. argyrea Boiss. subsp. argyrea
and O. tournefortii (Willd.) Desv. have the same threat category which is lower risk/conservation dependent (LR/cd)
(Ekim et al., 2000). Within these endemic taxa, O. quadrijuga and O. albiflora are also known only type locality from
Sivas province whereas; O. argyrea subsp. argyrea and O. tournefortii are grown in other some cities especially Inner
Anatolia of Turkey (Hedge, 1970; Davis et al., 1988). The root and stem anatomy of these endemic Onobrychis taxa
were studied by Tekin and Yilmaz (2015).

The aim of this study is the determination of the leaf and peduncle anatomical characteristics of Turkish
endemic taxa, O. quadrijuga, O. argyrea subsp. argyrea, O. tournefortii, O. albiflora for the first time and its usage of
contribution to the genus taxonomy.

2. Materials and methods

The specimens of four Onobrychis taxa were gathered from natural habitats in Sivas province (Turkey).
Localities of investigated specimens of Onobrychis taxa were given in Table 1. Some specimens were prepared as
herbarium material and were stored in the Herbarium of Cumhuriyet University, Faculty of Science (CUFH). Some
selected specimens were fixed and conserved in 70% ethyl alcohol for later anatomical studies. The hand sections were
taken by razor blade, from leaves and peduncle of each taxa. For double staining, Alcian blue (Sigma) and Safranine O
(Sigma) were used in ratio 3/2 as a dye (Yilmaz and Tekin, 2013). The hand sections of each taxa were waited about
five minutes in dye mixture. While, Alcian blue were stained the pectic components of the sections to blue, Safranin
were stained the lignin components to red of each sections and, thus good contrast was obtained. The permanent
preparates were prepared from selected good stained sections by using glycerin-gelatine (Jensen, 1962). The
measurements were made by using Olympus BX22 optical microscopy. For microphotographs, Olympus BX51 light
microscopy and fitted Olympus DP70 camera were used. Stomatal index was calculated according to study of Meidner
and Mansifield (1968).

Table 1. The collection data of the studied Onobrychis taxa

Collector and
Taxon Locality Date
collector number

B6 Sivas: Kangal-Giiriin road 8. km, 1530 m, N 21.06.2012

O. quadrijuga o N e o4 ,, M. Tekin, 1250
39°07'52.2" E37°14'33.4 30.06.2012
M. Tekin, 1284
O. argyrea subsp.  B6 Sivas: Ulas, Ziyarettepe, 1406 m, N 39° 33' 30.06.2012
argyrea 08.9" E37°01'12.1" o M. Tekin 1287

B6 Sivas: Sivas to Hafik, Emre village, 1317 m, N

39° 49' 375" E 37° 17'05.1" 08.07.2012 M. Tekin, 1290

O. tournefortii

B6 Sivas: Sincan to Kangal, 5. km, 1220 m, N 39°

O. alblﬂora 28| 01.9” E 370 50' 34_5"

08.07.2012 M. Tekin, 1291
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3. Results
3.1. Leaf anatomy

The leaves are surrounded by single layered epidermis on the upper and lower surfaces in all examined taxa.
Upper epidermis consists of rectangular oval, square or occasionally irregular shaped cells in O. quadrijuga; square,
rectangular, occasionally oval or irregular shaped cells in O. argyrea subsp. argyrea; oval, rectangular occasionally
irregular shaped cells in O. tournefortii; depressed rectangular or occasionally irregular shaped cells in O. albiflora.
Lower epidermis consists of rectangular oval, occasionally square shaped cells in O. quadrijuga; square, rectangular,
occasionally oval shaped cells in O. argyrea subsp. argyrea; oval, rectangular oval, occasionally square shaped cells in
O. tournefortii; depressed rectangular oval shaped cells in O. albiflora. In both epidermises, there are eglandular
unbranched trichomes in all examined taxa except for O. albiflora (Figure 1).The leaves are amphistomatic, the stomata
are anomocytic type and the mesophyll is isobilateral in all examined taxa (Figure 2). For all examined taxa, stomatal
index was calculated and stomata dimensions are given in Table 2.

Underneath of upper epidermis, there are palisade parenchyma cells. Palisade parenchyma is 6—7 layered and
cells are cylindrical or rectangular oval shaped in O. quadrijuga; 6-8 layered and cells are usually cylindrical,
occasionally rectangular oval or irregular shaped in O. argyrea subsp. argyrea; 7-9 layered and cells are cylindrical or
rectangular occasionally oval or irregular shaped in O. tournefortii; 5-6 layered and cells are cylindrical or irregular
shaped in O. albiflora. Under upper epidermis, between palisade parenchyma cells there are voluminous cylindrical
shaped secretory cells in all examined taxa. Spongy parenchyma cells are cylindrical, oval or circular shaped in all taxa.
Spongy parenchyma consists of 2—-3 cell layers in O. quadrijuga, 3—4 cell layer in O. argyrea subsp. argerea, 2-3 cell
layers in O. tournefortii and 4-5 cell layered in O. albiflora. Under the lower epidermis, there are small secretory cells
in all examined taxa. These secretory cells are circular or oval shaped in O. quadrijuga; circular, oval or occasionally
irregular shaped in O. argyrea subsp. argyrea; circular, oval or occasionally irregular shaped in O. tournefortii and
circular or oval shaped in O. albiflora (Figure 1; Table 3).

Table 2. The stomatal index and stomata measurements of the leaf adaxial (Ad) and abaxial (Ab) epidermis of examined
Onobrychis taxa (min: minimum; max: maximum)

0. quadrijuga 0. argyrea 0. - O
subsp. argyrea  tournefortii  albiflora
mean mean mean mean
Number of stomata Ad 352 238 185 348
(1 mm?) Ab 316 288 228 284
Number of epidermis Ad 2602 1742 948 1834
cells (1 mm?) Ab 2648 1916 954 1682
Stomatal index Ad 11.916 12.020 16.328 15.948
Ab 10.661 13.067 19.289 14.445
min—-max min-max min—-max min-—max
Ad 16 - 22 2328 25-30 17 -27
Stoma length (km) Ab 1922 2229 26-31  22-30
Stoma width (jum) Ad 15-19 19-23 17-22 17-20
Ab 16 -19 19-25 17-20 18-22

3.2. Peduncle anatomy

When transverse sections of peduncle were investigated, it is determined that the shape of peduncle is
hexagonal in O. quadrijuga and in O. argyrea subsp. argyrea, +circular in O. tournefortii and circular in O. albiflora.
The epidermis consists of rectangular cells in O. quadrijuga, square, rectangular or rectangular oval cells in O. argyrea
subsp. argyrea, O. tournefortii and very depressed rectangular cells in O. albiflora. There are unicellular unbranched
eglandular hairs on epidermis in all taxa except for O. albiflora. Hair surface is densely papillose in O. quadrijuga,
papillose in O. argyrea subsp. argyrea and smooth or loosely papillose in O. tournefortii. Beneath the epidermis, there
is continuous single cell layered collenchyma. The collenchyma is discontinuous and multilayered, between epidermis
and phloem sclerenchyma in cortex area of all taxa. Collenchyma is 5-7 cell layered in O. quadrijuga, 6-9 cell layered
in O. argyrea subsp. argyrea, 67 cell layered in O. tournefortii and 6-8 cell layered in O. albiflora. Cortex is made of
parenchyma cells in all examined taxa and is 4-5 cell layered in O. quadrijuga, 5-8 cell layered in O. argyrea subsp.
argyrea 6-8 cell layered in O. tournefortii and 79 cell layered in O. albiflora. There are secretory cells in cortex in all
taxa except for O. quadrijuga. Assimilation cells of cortex are oval or circular and 3-6 layered in O. quadrijuga, 4-9
layered in O. albiflora; generally cylindrical, occasionally oval or circular and 5-9 layered in O. argyrea subsp.
argyrea,; cylindrical or circular and 4-9 layered in O. tournefortii.
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Figure 1. Microphotographs of leaf transverse sections of examined Onobrychis taxa: A. O. quadrijuga; B. O. argyrea
subsp. argyrea; C. O. tournefortii; D. O. albiflora (cl: collenchyma; eh: eglandular hair; le: lower epidermis; ph:
phloem; phs: phloem sclerenchyma; pp: palisade parenchyma; sc: secretory cell; sf: sclerenchymatic fibers; st: stoma;
ue: upper epidermis; xy: xylem).

C B&_ D_@

Figure 2. The illustration of epidermal cells and stomata from leaf lower surface-section of examined Onobrychis taxa:
A. O. quadrijuga; B. O. argyrea subsp. argyrea; C. O. tournefortii; D. O. albiflora (Scale bars: 25 pm).
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There are phloem sclerenchyma fibers which is 3-5 layered in O. quadrijuga, 9-12 layered in O. argyrea subsp.
argyrea, 10-15 layered in O. tournefortii and 7-9 layered in O. albiflora. Cambium is distinguishable in all taxa and
consists of 2-3 layered, depressed rectangular or square shaped cells in O. quadrijuga, 1-2 layered, very depressed
rectangular shaped cells in O. argyrea subsp. argyrea, 2-4 layered, generally depressed rectangular, occasionally
irregular shaped cells in O. tournefortii, 1-3 layered, rectangular, depressed rectangular or occasionally square shaped
cells in O. tournefortii and 2-3 layered, occasionally depressed rectangular shaped in O. albiflora. Pith cells are
parenchymatous and oval or circular shaped in all examined taxa (Table 3; Figure 3).

Table 3. The measurements of length (L) and width (W) of cells (um) and cell layer number of some tissues in leaf and
peduncle of examined Onobrychis taxa (min: minimum, max: maximum).

O. argyrea

O. quadrijuga O. tournefortii O. albiflora
subsp. argyrea
min max min max min max min max
LEAF
. . L 10 41 17 52 17 51 10 43
Upper epidermis cells
w 10 18 7 20 6 25 7 26
. L 25 58 20 61 17 54 5 63
Palisade parenchyma cells
w 10 16 10 23 12 26 5 30
Palisade parenchyma cell layers 6 7 6 8 7 9 5 6
Spongy parenchyma cell layers 2 3 3 4 2 3 4 5
Mesophyll thickness 250 320 420 510 350 450 510 600
. . L 7 38 5 36 5 36 8 43
Lower epidermis cell
w 5 13 4 13 4 18 9 16
PEDUNCLE
. . L 36 3 20 4 28 7 36
Epidermis cells
w 6 15 3 8 5 15 3 13
L 10 30 7 30 7 33 10 30
Cortex cells
w 7 7 20 6 25 7 20
Cortex cell layers 3 6 5 9 4 8 4 9
Collenchyma cell layers 5 7 6 9 6 7 6 8
Phloem sclerenchyma cell layers 3 5 9 12 10 15 7 9
. L 5 13 5 11 5 15 4 16
Cambium cells
w 2 7 2 5 1 5 1 5
Cambium cell layer 2 3 1 2 2 4 2 3
Vascular bundle number 7 8 7 8 13 14 9 9
. L 10 48 22 132 20 106 20 154
Pith cells
w 8 40 22 127 20 102 18 142

4. Conclusions and discussion

In the literature, although there are lots of studies about morphology and anatomy of some endemic plants for
Turkey (Yilmaz, 2014; Tekin and Meri¢, 2013) there is no enough study on the leaf and peduncle anatomy of
Onobrychis taxa.

In our previous study, anatomical properties of roots and stems of O. quadrijuga, O. argyrea subsp. argyrea, O.
tournefortii and O. albiflora were determined (Tekin and Yilmaz, 2015). When root sections were compared within
each other some differences were noted: there was not sclerenchymatous tissue in periderm in the examined species,
except O. quadrijuga; O. quadrijuga had the largest secondary phloem among the Onobrychis taxa in the study; the
amount of sclerenchymatic fibers in O. albiflora was more than in the other species. When stem sections were
compared with each other, the differences determined were as follows: there were single-celled eglandular hairs on the
epidermis in all examined species except O. albiflora; phloem sclerenchyma was larger in O. tournefortii and O.
albiflora than in the other species; in pith region, as distinct from other three taxa, some parenchymatous cells turned
into stone cells in O. quadrijuga.

In examined taxa, in terms of morphological characteristics, O. quadrijuga is a little more different than other
taxa. In terms of morphology of leaf anatomy, O. quadrijuga has significant differences from the other examined taxa.
While mesophyll thickness varies between 350-600 pum in all other taxa, O. quadrijuga has thinner mesophyll within
the limits of 250-320 pum. Additionally, in terms of stomata features, O. quadrijuga is very different from the other
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taxa. Stomata length and stomata width is the smallest in O. quadrijuga on the both surfaces of the leaf. Stomata
number and epidermis cell number in a square millimeters area are significantly greater than the other species (Table 2).
There is no information found that stoma index study on taxa of Onobrychis genus in the literature. Amirabadizadeh et.
al. (2015) were studied leaf anatomy of eight taxa and grouped in two according to the existence of continuous or
discontinuous vascular leaf bundle. According to their study, O. arnacantha, Bunge. ex Boiss. O. amoena Pop & Vved
subsp. amoena and O. chorassanica Bunge has continuous vascular leaf bundle whereas, O. cornuta (L.) Desv., O.
verae Sirj var. varae, O. varae var. rechingeri Sirj, O. ptycophylla Sirj & Rech. f. and O. amoena subsp. meshhedensis
Sirj & Rech. f. has discontinuous vascular leaf bundle. In present study, we were determined that, all examined taxa
have discontinuous vascular leaf bundle. Midrib is almost circular shaped in all taxa. In O. quadrijuga midrib is small
while in other three taxa it is large.

50.0 pm

B et 3 ' £oe o -, ® 92
Figure 3. Microphotographs of the peduncle transverse sections of examined Onobrychis taxa: 1. O. quadrijuga; 2. O.
argyrea subsp. argyrea; 3. O. tournefortii; 4. O. albiflora. A. general view; B. enlargement showing of internal
structure; C. hair (ca: cambium; cl: collenchyma; co: cortex parenchyma; e: epidermis; eh: eglandular hair; en:
endodermis; pt: pith; ph: phloem; phs: phloem sclerenchyma; sc: secretory cell; xy: xylem; xyp: xylem parenchyma;
xys: xylem sclerenchyma).
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There was a study about peduncle anatomy of four groups of Onobrychis taxa in Iran. In that study, some cavities were
determined in cortex parenchyma and also around pericyclic fibers (Karamian et al., 2012). In our study, cavities were observed too
in transverse section of the leaf and peduncle (Figure 1, 3). In the study of Karamian et al. (2012) on peduncle anatomy of
Onobrychis taxa in Iran; O. szovitsii Boiss., O. aurea Ranjbar, Amirabadizadeh & Ghahremani, O. atropatana Boiss., O. andalanica
Bornm., O. scrobiculata Boiss., O. buhseana Bunge ex Boiss., O. heterophylla C.A. Mey., O. gaubae Bornm., and O. psoraleifolia
Boiss. var. psoraleifolia were represented a circular shape in peduncle outlines and covered with hairs which were loosely papillose
or rarely smooth on their surfaces; O. lunata Boiss., O. melanotricha Boiss. var. melanotricha, O. kermanensis (Sirj. & Rech. f.)
Rech. f., and O. sojakii Rech. f. showed elliptic shape in peduncle outlines and covered with hairs which were densely papillose on
their surfaces; O. oxyptera Boiss. and O. plantago Bornm. showed pentagonal shape in peduncle outlines covered with hairs which
were densely papillose on their surfaces; O. haussknechtii Boiss. and O. gypsicola Rech. f. showed pentagonal or hexagonal shapes
in peduncle outlines and covered with hairs which were loosely papillose on their surfaces (Karamian et al., 2012).

In our study, it was found that the shape of peduncle was hexagonal in O. quadrijuga, £circular in O. tournefortii and circular
in O. albiflora. Hair surface was densely papillose in O. quadrijuga and papillose in O. argyrea subsp. argyrea, smooth or loosely
papillose in O. tournefortii. In peduncle anatomy, there are some important differences for O. quadrijuga from the other taxa. The
number of phloem syclerenchyma cell layer varies in range 3-5 in O. quadrijuga, for other taxa it changes in range 7-15. Also, in
terms of peduncle anatomy O. quadrijuga has the smallest pith cells with dimensions varying 10-48 x 8-40 um (Table 3; Figure 3).

As a conclusion, anatomical characteristics of leaf and peduncle of Turkish endemics, O. quadrijuga, O. argyrea subsp.
argyrea, O. tournefortii, and O. albiflora, were determined in details for the first time. In addition, some remarkable anatomical
differences such as peduncle transverse section shape, presence and density of papillae on peduncle hair surface, thickness of leaf,
stomata dimensions and stomatal index were studied of examined taxa..
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Abstract

A thomisid spider species, Thomisus unidentatus Dippenaar-Schoeman and van Harten, 2007 is recorded for
the first time from Iraq. Photographys of habitus, palpal organ and epigyne of the species are presented. Description and
collecting datas of this species are also given.

Key words: Thomisus, new record, Iraq

k

Irak’tan Thomisus Walckenaer, 1805 (Araneae: Thomisidae) Cinsine ait Yeni Bir Oriimcek Kaydi

Ozet

) Bir Yenge¢ Oriimcegi olan Thomisus unidentatus Dippenaar-Schoeman and van Harten, 2007 tiirii Irak
Oriimcek Faunasi icin ilk kez kaydedilmistir. Tiire ait habitus, palpal organ ve epijin fotograflar1 sunulmustur. Tiirtin
deskripsiyonu ve lokaliteler ayrica ¢alismada verilmistir.

Anahtar kelimeler: Thomisus, yeni kayit, Irak
1. Introduction

The spider fauna of Iraq are poorly studied and the arachnological investigations are still poor. There is no
scientific report on the crab-spider fauna of the country (Samir and Sherman, 2012). Thomisidae is one of the largest
spider families including 2153 species in 175 genera in the world (World Spider Catalog, 2016). A total 365 thomisid
spider species in 69 genera are known from the Afrotropical Region (Dippenaar-Schoeman and van Harten, 2007).

Thomisidae are commonly called crab-spiders as they extend their legs in a crab-like fashion and are able to
move forwards, backwards as well as sideways. The member of this family commonly inhabit the flowers of the grasses
and shrubs and the body coloration can adapt its living environment (Yang et al., 2005).

The genus Thomisus are large genus countaning about 82 species is known from the Palaearctic, Afrotropical
and Oriental Regions (Dippenaar-Schoeman and van Harten, 2007). They are commomly found on flowers and usually
coloured in white, yellow and pink. Until now, no member of this genus has been recorded from Irag.

The aim of this paper is to present the thomisid spider Thomisus unidentatus Dippenaar-Schoeman & van
Harten, 2007 as a new record for the araneofauna of Irag.

2. Materials and methods

In this study, the specimens were obtained by manual collection and from under stones in surrounding of
Basrah, Irag. The specimens were preserved in 70% ethanol. Examined specimens are deposited in the NUAM (Nigde
University Arachnology Museum). The identification and photos were made by means of a SZ61 Olympus
stereomicroscope. In the identification of this species, the works of Dippenaar-Schoeman and van Harten (2007) were
consulted.

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903882254029; Fax.: +903882252072; E-mail: ozyptila@gmail.com
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Figure 1. Collecting localities of Thomisus unidentatus Dippenaar-Schoeman and van Harten, 2007. 1- Shat-Alarab, 2-
Abu-Alkhaseeb, 3- Al-Hwair

3. Results

Thomisus unidentatus Dippenaar-Schoeman & van Harten, 2007

Material examined: lrag, Basrah, Shat-Alarab (1033, 69%) Abu-Alkhaseeb (1243, 99 9), Al-Hwair (19).
All specimens were deposited in Nigde University Arachnology Museum (NUAM THO 0001-38) (Fig.2).

Identification and description: See Dippenaar-Schoeman & van Harten, (2007)

World distribution. Yemen (World Spider Catalog, 2016) and Iraq (this study)

Osman SEYYAR et al., A new spider record of the genus Thomisus Walckenaer, 1805 (Araneae: Thomisidae) from Iraq
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Figure 2. General habitus: A- Male, B- Female; Male Palp: C-Prolateral, D- Dorsal; Epigyne: E-Dorsal, F- Ventral
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