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Abstract

Algae flora and water quality of Ballikaya creek and pond which near Gebze industrial zone have not been
yet investigated. Therefore, to aims was made to determine of the physicochemical structure of the water and its algae
flora in the creek and pond. This study, trophic level of the river and the external factors affecting it were determined
with the help of various indices due to epilytic diatoms. Between August 2016 and July 2017, water and stone samples
were taken seasonally from a total of 5 stations, 3 from the creek and 2 from the pond. The samples were examined
according to standard techniques and methods.

In this study, 20 species belonging to Bacillariophyta, 3 to Chlorophyta, 1 to Cyanophyta, 3 to Euglenozoa, 1
to Ochrophyta and 1 to Miozoa were identified. Only Bacillariophyta members were found due to the flow of water in
the algal flora of Ballikaya Creek. Chlorophyta, Cyanophyta, Euglenozoa, Ochrophyta and Mioza species were detected
in the algae flora in the pond due to stagnant water. Physicochemical parameters measured in water were found
between respectively pH 7.6-8.2, sulfate 29-25 mg / L, sulfide 0.88-2.44 mg / L, ammonia nitrogen 0.03-0.55 mg / L,
nitrite 0.03- 0.04 mg / L and nitrate 1.16-8.28 mg / L. As a result of the research, TDI 57.55, IPS 3.55, IDG 3.33 and
TIT 2.75 were determined. When Ballikaya Creek and pond were evaluated in terms of diatom indexes and water
quality values, they were exposed to organic pollution and they were found to be close to water quality class I1.

Keywords: Algae, national park, trophic index, Turkey

*

Ballikaya tabiat parki sucul sistemlerinin trofik durumunun belirlenmesi (Kocaeli, Tiirkiye)

Ozet

Gebze sanayi bolgesine yakin olan Ballikaya deresi ve goleti alg florasi ve su kalitesi heniiz arastirilmamigtir.
Bu nedenle dere ve gdletteki suyun fizikokimyasal yapisinin ve alg florasinin belirlenmesi amaclanmistir. Bu ¢alisma,
epilitik diyatomelere bagli olarak gesitli indeksler yardimi ile akarsuyun trofik diizeyini ve etki eden dis faktorleri tespit
etmek amaciyla gergeklestirilmistir. Ayrica epilitik diyatomelere bagl olarak gesitli indeksler yardimu ile akarsuyun
trofik diizeyi ve etki eden dis faktorler tespit edilmistir. Agustos 2016 ile Temmuz 2017 arasinda, dereden 3 ve goletten
2 istasyon olmak tizere toplam 5 istasyondan mevsimsel olarak su ve tas 6rnekleri alinmustir. Alinan 6rnekler, standart
teknik ve yontemlere gore incelenmistir.

Ballikaya dere ve goletinde,fitoplankton ve epilitik alglerden Bacillariophyta (20), Chlorophyta (3),
Euglenozoa (3), Cyanophyta (1), Ochrophyta (1), Miozoa (1) divizyolarina ait toplam 29 tiir tespit edilmistir. Ballikaya
Deresi alg florasinda suyun akisindan dolay1 sadece Bacillariophyta tiyeleri bulunmustur. Havuzdaki alg florasinda ise,
durgun sudan dolay1 Chlorophyta, Cyanophyta, Euglenozoa, Ochrophyta ve Mioza tiirleri belirlenmistir. Suda 6lgiilen
fizikokimyasal parametreler sirasiyla pH 7,6-8,2; siilfat 29-25 mg / L; siilfit 0,88-2,44 mg / L; amonyak azotu 0,03-0,55
mg / L; nitrit 0,03-0,04 mg / L ve nitrat 1,16-8,28 mg / L arasinda bulundu. Arastirma sonucunda TDI 57,55; IPS 3,55;
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© Copyright 2021 by Biological Diversity and Conservation Gelis tarihi: 01.09.2019; Yayin tarihi: 15.12.2021 BioDiCon. 853-0919


http://www.biodicon.com/

352 Biological Diversity and Conservation — 14 / 3 (2021)

IDG 3,33 ve TIT degeri 2,75 olarak belirlenmistir. Ballikaya Deresi ve goleti, diyatome indeksleri ve su kalitesi
degerleri agisindan degerlendirildiginde, organik kirlilige maruz kaldiklar1 ve II. Su kalite smifina yakin olduklar: tespit
edilmistir.

Anahtar kelimeler: Alg, Milli Park, Trofik indeks, Tirkiye
1. Giris

Yasam i¢in, su kaynaklarinin siirdiiriilebilir olmasi ve gevresel etkenlerinin birlikte degerlendirilmesi olduk¢a
dnemlidir. Ozellikle su kaynaklarinda, besin zincirinin &nemli halkasmi mikro algler olusturmaktadir. Diinyada oldukca
farkli ekosistemlerde yayilis gosteren algler, bulunduklari ortamin yapismi yansitan indikator tiirleri icermektedir.
Ayrica, i¢ sularimizda yiiriitiilen tath su balik¢ilig1 faaliyetleri ile besin potansiyelinin daha fazla gelistirilebilmesi i¢in
i¢c sularimizin verimliliginin korunmasi gerekmektedir. Bu nedenle alglerin ve bunlar1 etkileyen ¢evresel faktorlerin
belirlenmesi zorunlu hale gelmistir. Akarsularda yasayan organizmalar birbirleriyle olan karsilikli iliskilerini dengeli bir
sekilde siirdiiriirken ayn1 zamanda kendilerini kugatan ¢evre faktorleri ile bir ekosistem olustururlar. Fitoplanktondan
baslayarak baliga kadar ulasan bu besin zincirinin devamlilig1 sucul ortamlarn verimliliginde olduk¢a 6nemlidir. Besin
zincirindeki organizmalarin miktar ve g¢esitliliginin degisiklie ugramasi1 dogal olarak besin zincirinin st
basamaklarindaki canli gruplarmi etkilemektedir. Yapilan ¢calismalarda algler, su kalitesi, primer prodiiktivite, sistemin
zenginligi ve gelecekteki durumun ne olacagini ortaya koymasi agisindan temel bir parametre olma 6zelligini
stirdiirmektedir [1,2,3].

Akuvatik ortamlarda degigsimin etkisi ilk once fitoplanktonda goriildiigiinden, oncelikle i¢ sularda
fitoplanktonun yap1 ve mevsimsel degisimi ile bu degisime etki eden ¢evre faktorlerinin arastirilmasina yonelik ¢ok
sayida calisma yapilmistir. Durgun sularda, fitoplankton g¢aligmalari agirlikli olarak yer alirken akarsularda akis
nedeniyle fitoplankton gelisimi smirli kaldigindan kiy1 bolgesi alglerinin belirlendigi ¢aligmalar agirhik kazanmstir.
Ulkemiz lotik ve lentik sistemlerinde alg floralarmin belirlenmesine yonelik ¢ok sayida calisma yapilmustir.
Gergeklestirilen bu arastirmalarda, 6zellikle kiy1 bolgesinde sedimanlar {izerinde yasayan ve ¢ogu hareketli epipelik
flora ad1 verilen topluluk ile, suyun i¢indeki tag ve bitkilere baglanarak yasayan epilitik ve epifitik alg topluluklarmnin,
sucul sistemlerin biyogesitliligi ve verimliligi agisindan 6nemli katkilar sagladig: belirlenmistir [1,2,3,4,5].

Ozellikle, bentik algler, akarsularda en 6nemli besin kaynagini olustururlar. Bentik alglerin bir
grubunu olusturan diyatomeler, omurgasizlar ve balik larvalari i¢in besin kaynagi olmakla birlikte, ¢evresel kosullara
kars1 hassasiyetlerinden dolayi, sucul sistemler igin ¢ok iyi indikator tiirler igermektedir. Bu tiirler, akarsu i¢inde
gelisme zamanina bagli olarak sucul gevrenin fiziksel, kimyasal ve biyolojik olaylarina da etki ederler [6].
Aragtirmalarda akarsularin kirliligi, akarsuda yasayan indikator bentik diyatome tiirleri kullanilarak belirlenmektedir
[7]. Diyatomeler gevresel sartlardaki degismelere tepki gostermesi ve ¢ok sayidaki tiiriiniin dar tolerans araligina sahip
olmasindan dolay1 su kalitesini degerlendirmek amactyla kullanilmaktadir. Son yillarda, Avrupa’nin birgok iilkesinde
Su Cergeve Direktifi dogrultusunda, akarsu kirlilik indikatorii olarak bentik diyatomeler kullanilmakta ve bu amagla
gelistirilmis bircok indeks bulunmaktadr [8,6,9,10,11]. Tirkiye’de diyatome indekslerinin akarsularm kalitesini
belirleme c¢aligmalarinda kullanilmasi 2000'li yillarda baglanmistir. Saricay (Mugla, Milas)'m su kalitesi epilitik
diyatomelere gore belirlenmistir [12]. Giirbliz ve Kivrak, Karasu Nehri (Erzurum)min su kalitesimi belirlerken ilk kez
¢ farkli indeks (TDI, SI ve IDG) kullanmigtir [13]. OMNIDIA yazilim programu ise ilk defa Akgay'm su kalitesinin
belirlenmesinde kullanilmigtir [14]. Solak’in yaptigi ¢alismada, Yukari Porsuk Cayi'nda indikatér epilitik diyatomeleri
ve diyatome indekslerini kullanarak su kalitesini belirlemistir [15]. Bati Anadolu da yer alan bazi1 dere ve akarsularda
trofik indeks Tirkiye (TIT) gelistirilmis ve bu degerler tespit edilmistir [16].

Bu arastirmada, Gebze sanayi bolgesinin yaninda bulunan turizm agisindan 6nemli ve ¢esitli sportif
aktivitelerin gerceklestirildigi Ballikaya Deresi ve goletinin fitoplanktonu, bentik komiinitedeki epilitik algler ile suyun
fizikokimyasal 6zelligi incelenerek su kalitesi, su kalitesi {izerindeki etkin cevresel faktorlerin belirlenmesi ve trofik
yapisinin ortaya ¢ikarilmasi amaglanmistir. Bu nedenle, ¢alismada trofik diyatome indeksi (TDI), kirlenme duyarlilik
indeksi (IPS), cins diyatome indeksi (IDG), Trofik indeks Tiirkiye (TIT) degerleri kullanilmigtir. Derenin su kalite
smiflari, Su Kirliligi Kontrolii Yonetmeligi’nde verilen degerlere gore belirlenmistir. Ayrica bu arastirmanm Tiirkiye
alg florasina katk1 saglamasi da amaglanmustir.

2. Materyal ve yontem

Kocaeli'nin Gebze ilgesinde bulunan Ballikaya Tabiat Parki 40° 49' 30-40° 54' 00 kuzey enlemleri ile
29° 30" 00-29° 33' 30 dogu boylamlar1 arasinda yer alan I. derece dogal sit alanidir. Tabiat parkinin alan1 1603 Ha’dur.
Ballikaya deresi, uzunlugu 1.5 km. ve genisligi 40-80 m arasinda degisen kanyon goriiniimlii, dar ve derin bir vadi
icerisinde bulunur. Dere vadi ¢ikisindan sonra ufak bir g6l olusturur, gol ¢ikisimidan sonra Tavsanli dere adini alarak
giineyde Marmara Denizi’'ne dokiiliir. Ballikayalar Tabiat Parki, doga yiirliyiisii yapanlarin ve dagcilarin yanisira
dogasever ve piknikgilerin de ugrak yeridir [17]. Ballikaya deresi ve goletinin alg florasi ve su kalitesini belirlemek
amaciyla dereden 3 ve goletten 2 6rnek alma istasyonu olmak iizere toplam 5 istasyondan Agustos 2016-Temmuz 2017
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arasinda mevsimsel olarak su ve tas 6rnekleri alimmistir. Aragtirma alaninda segilen 6rnek alma istasyonlari, Sekil 1°de
verilmistir.

——

Sekil 1. Arastirma alaninda secilen 6rnek alma istasyonlari

Dereyi temsil etmesi hem de golete yakin olmasi nedeniyle 2. istasyondan mevsimsel olarak alinan yiizey
suyu oOrneklerinde, pH ornek alma esnasinda arazi tipi YSI marka cihazla Olciilmiistiir. Arastirma laboratuvarina
getirilen su 6rneklerinde ayrica nitrit azotu (NO2-N) nitrat azotu (NO3-N), amonyum azotu (NH4-N), siilfat ve siilfit
standart metotlara gore 6lgtilmiistiir [18].

Fitoplanktonun tiir kompozisyonunu belirlemek i¢in 6rnekleme istasyonlarindan 2 litrelik agz1 genis plastik
kaplar ile yiizey suyu Ornekleri almmuistir. Arastirma laboratuvarinda, homojen dagilim saglanmak i¢in plastik siseler
calkalanmig ve por agikligi 55 pm olan Whatman GF/A siizge¢ kagitlarindan su trompu vasitasiyla siiziilerek alglerin
siizge¢ kagidi ilizerinde toplanmasi saglanmustir. Silizge¢ kagitlart hafif sulu vaziyette petri kutularina almarak
buzdolabinda muhafaza edilmistir. Siizge¢ kagid1 lizerinde toplanan alglerin kazinarak %10’ luk gliserinle hazirlanan
gegici preparatlarinda algler teshis edilmistir.

Ornek alma istasyonlarindan her érnek almada ayni miktarda olmasina dikkat edilerek farkl biiyiikliikte tas
ornekleri genis agizli plastik kaplar i¢cinde laboratuvara getirilmistir. Tas 6rnekleri iginde 100 ml saf su bulunan kiigiik
kiivetlere bosaltilmis ve sert bir firgayla firgalanmistir. Bu sayede suya gegen algler 6rnek saklama siselerine almarak
etiketlenmistir. Bu 6rneklerde bulunan diyatomeler disindaki algler %40°lik gliserinle hazirlanan gegici preparatlarda
teshis edilmistir. Diyatomeler ise daimi preparat haline getirilerek her preparatta en az 400-500 diyatome kabugu
sayilmis ve her tiiriin yiizde bolluk derecesi hesaplanmigtir [19].

Diyatomelerin daimi preparatlar1 yapilirken hiicrelerindeki organik maddenin ortamdan uzaklastirilmasi
gerekmektedir. Tas yiizeylerinin kazinmasiyla elde edilen su 6rneklerinden alinip 25 ml’lik beherlere 20’ser ml
konulmustur. Beherlere 1 er ml, 1/1 oranindaki derisik HoSO4 ve HNOj3 karisimindan ilave edilerek karigim 15-20
dakika ¢eker ocakta 105 °C’ de kaynatilmistir. Kaynatilan drneklerin asiditesinin giderilmesi igin bir hafta giinde en az
iki defa saf suda yikanmistir. Daha sonra tizerindeki su sifonlanarak dipte kalan sulu beyaz tortu saklama kaplarina
konulmustur. Kanada balsami ortam maddesi kullanilarak daimi preparat haline getirilmistir [20]. Algler konuyla ilgili
kaynaklardan yararlanilarak teshis edilmistir [21,22,23,24,25,26]. Teshis edilen alg tiirleri algaebase veri tabanindan
yararlanilarak kontrol edilmis ve giincellenmistir [27].

Kirlilik diizeyinin belirlenmesinde kullanilan indekslerden; 6trofikasyonu belirlemek i¢in gelistirilmis olan
trofik diyatome indeksi (TDI) ve iilkemiz, su kiitlelerinin ekolojik kalite durumlart i¢in kullanilan Trofik indeks Tiirkiye
(TIT) degeri hesaplanmustir [28]. Akdeniz interkalibrasyon metrigi icerisinde yer alan kirlenme duyarlilik indeksi (IPS)
ve cins diyatome indeksi (IDG) ise OMNIDIA 6.0 progranu kullanilarak hesaplanmustir [29].

3. Bulgular

Mevsimsel olarak 2. istasyondan alinan su Orneklemelerinde Yyapilan analizlerde en yiiksek ve en diisiik
degerler; pH 8,23-7.62; siilfat 29,01-23,8 mg/L; siilfit 2,44-0,88 mg/L; amonyum azotu 0,55-0,03 mg/L; nitrit azotu
0,08-0,03 mg/L ve nitrat azotu ise 7,45-0,28 mg/L olarak olgiilmiistiir. Baz1 fizikokimyasal parametre degerlerinin
mevsimsel degisimi Tablo 1° de verilmistir.
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Tablo 1. Olgiilen bazi fizikokimyasal parametre degerlerinin mevsimsel degisimi

Mevsimler/Parametreler Siilfat Siilfit ~ Amonyum Nitrit Nitrat
azotu azotu azotu
(mg/L) pH ~ (mg/L) (mg/L)
(mg/L) (mg/L) (mg/L)
iIlkbahar 7,74 2501 2,44 0,03 0,04 0,28
Yaz 8,23 29,01 2,24 0,11 0,06 7,45
Sonbahar 7,62 23,80 1,61 0,55 0,08 6,46
Kis 7,82 22,45 0,88 0,03 0,03 1,16

Ballikaya goleti ve deresi’nin alg florasin1 Bacillariophyta (20), Chlorophyta (3), Euglenozoa (3), Cyanophyta
(1), Ochrophyta (1) ve Miozoa (1) divizyolarma ait 29 tiir olusturmustur. Tespit edilen tiirlerin listesi Tablo 2’de
verilmistir.

Tablo 2. Ballikaya Dere ve Golet’inde tespit edilen taksonlar

Algler Planktonik Epilitik
BACILLARIOPHYTA

Cocconeis pediculus Ehrenb. + +
Cocconeis placentula Ehrenb. + +
Craticula cuspidata (Kiitz.) D.G.Mann + +
Diatoma vulgaris Bory + +
Encyonema ventricosum (C.Agardh) Grunow + +
Gomphonema intricatum Kiitz. + +
Gomphonema minuta P.Fusey - +
Gomphonema olivaceum (Hornem.) Bréb. + +
Melosira varians C.Agardh + +
Meridion circulare (Greville) C.Agardh + +
Navicula cryptocephala Kiitz. - +
Navicula radiosa Kiitz. + +
Navicula sp. + +
Nitzschia filiformis (W.Sm.) Van Heurck - +
Nitzschia linearis W.Sm. - +
Nitzschia recta Hantz. ex Rabenh. - +
Nitzschia sp. - +
Rhoicosphenia abbreviata (C.Agardh) Lange-Bert. - +
Surirella ovalis Bréb. - +
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Tablo 2. Devam ediyor

Ulnaria ulna (Nitzsch) Compére + +
CHLOROPHYTA

Scendesmus dimorphus (Turpin) Kiitz. + -
Pseudopediastrum boryanum (Turpin) E.Hegewald + -
Micractinium pusillum Fresenius + -
CYANOBACTERIA = CYANOPHYTA

Kamptonema formosum (Bory ex Gomont) Strunecky, Komarek & + -
J.Smarda

EUGLENOZOA

Lepocinclis acus (O.F.Miiller) B.Marin & Melkonian + -
Phacus pseudoswirenko Prescott + -
Trachelomonas abrupta Svirenko [Swirenko] + -
OCHROPHYTA

Dinobryon sertularia Ehrenb. + -
MIOZOA

Peridinium sp. + -

Arastirmada elde edilen degerler, Tablo 3’te verilen indeks kriterlerine gore degerlendirilmistir [16,30].

Tablo 3. Diyatome Indeksleri

. Kisaltma ve Kalite simifi Indeks arahg:
Indeks
sayist (Temizden Kirliye dogru su Kalitesi)
Kirlenme duyarlik indeksi (IPS) IPS/5 1 (cok kotii) — 5 (¢ok iyi)
Cins Diyatome indeksi (IDG) IDG/5 1 (¢ok kotit) — 5 (gok iyi)
Trofik Diyatome indeksi (TDI) TDI/100 0 (temiz) — 100 (¢ok kirli)
Trofik Indeks Tiirkiye (TIT) TIT/4 0 (cok iyi) — 4 (¢ok kotii)

Fitobentoza ait trofik diyatome indeksi (TDI) 57,55; kirlenme duyarlilik indeksi (IPS) 3,55; cins diyatome
indeksi (IDG) 3,33 ve trofik indeks Tiirkiye (TIT degeri) 2,75 olarak belirlenmistir.

4. Tartisma ve Sonug

Dogal sucul sistemlerde pH, su kalitesini ve biyolojik cesitliligi farkli sekillerde etkilemektedir. Bu nedenle
pH’m etkisinin belirlenmesi olduk¢a zordur. Suyun pH’1 dlgiilerek, serbest CO2 miktari, ortamin bazik veya asidik
oldugu saptanabilir. Sucul ortamlardaki pH’mn 6,4 - 8,6 arasinda olmasi canli yasammi olumlu etkilemekle birlikte,
alkali sularda verimliligin yiiksek, asidik sularda ise verimliligin diisiik oldugu belirtilmistir [31]. Ballikaya sucul
sisteminin pH degeri 7,62 ile 8,23 arasinda belirlenmis olup, su hafif alkali 6zelliktedir. Bakanligin, Yiizeysel Su
Kalitesi Yonetmeligine gore ise su kalitesi I.ve II. smifina girmektedir [32]. Alkalinite, diyatomeler i¢in sinirlayict bir
faktor olmakla birlikte, hafif alkali sularin, alg tiirlerinin gelismesi i¢in daha uygun ortamlar oldugu, diyatomlardan,
Fragilaria ve Nitzschia'nin alkali sularda yaygin olarak bulundugu bildirilmistir [3,33]. Ballikaya Deresi ve Goleti
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epilitik alg toplulugunda Fragilaria cinsine ait tiirler tespit edilmemis, buna karsin Nitzschia cinsine ait 4 tiir tespit
edilmistir.

Dogal sularda siilfat eksikligi alg gelisimini engellemekte ve bitki biiyiimesini yavaglatmaktadir. Cesitli
endiistri atiklarinin, tarimsal faaliyetlerin, evsel atiklarm ve denizsuyu etkisinin tatlisularda siilfat derigimini arttirdig1
vurgulanmaktadir. Dogal durumu korunan nehirlerde siilfat degerinin 3.20- 15.10 mg/L, bozulmus sularda 3.8-35.5
mg/L arasinda degistigi bildirilmistir [34]. Kirlenmis sularda, siilfat degeri 100-200 mg/L arasinda degismektedir [3].
Ballikaya Deresi ve Goleti’nde siilfat degeri 22,45 — 29,01 mg/L arasinda belirlenmistir. Literatiire gére bozulmus su
kategorisine girmektedir. Bu durumun, Kocaeli bolgesinde, yogun sanayi alan1 olan Dilovasi bdlgesinin, bu gélet ve
dereye yakin olmasi ve hem endiistriyel hemde evsel atik baskisinda olmasindan kaynaklanmis olabilecegi
diigtintilmektedir.

Azot, canlilarin yapisinda ve besinlerinde bulunan temel bir elementtir. Sulardaki azotun ana kaynagi
nitrattir. Ayrica azot sularda ¢6ziinmiis azot, amonyum, nitrit ve organik azot sekillerinde de bulunmaktadir. Su kalitesi
bakimindan amonyum azotu, ¢oziinmiis oksijenin ardinda ikinci 6nemli parametreyi olusturur. Evsel ve endiistriyel atik
sular, akarsulardaki amonyum azotu miktarmi arttirmaktadir. Oksijeni bol olan temiz sularda ¢ok az miktarda amonyum
bulunur. Su ortamlarinin yakmindaki tarim arazilerinde organik ve inorganik azotlu giibreleme, evsel ve endiistriyel atik
sularin desarji sularda amonyum miktarini artirmaktadir [35]. Ballikaya Deresi ve Goleti’nde amomyum azotu miktari
0,03 - 0,55 mg/L olarak belirlenmistir Bu degerler, su kalitesi yonetmeligine gore II. smif su kalitesinine girmektedir.
Dogada bulunan bazi minerallar, azotlu giibreler ile organik maddeler sucul ortamlarda nitrat ve nitritin kaynagmni
olusturmaktadir. Sularda organik maddenin yiiksek miktarda bulunmasi nitrit ve nitrat konsantrasyonunu arttirirken,
¢oziinmiis oksijen degerini diisiirmektedir. Nitritin genellikle igme sularinda bulunmamasi istenmektedir. Incelenen
yiizey sularinda amonyum ve nitritin yiiksek konsantrasyonlarda olmas1 daha ¢ok sulardaki organik kirlenmeyi gosterir.
Ballikaya Deresi ve Goleti’nde nitrit azotu miktar1 0,03 - 0,08 mg/L arasinda belirlenmistir. Bu degerler Su Kalitesi
Yonetmeligine gore I1., II1. ve IV. smnif su kalitesi 6zelliklerini yansitmaktadir. Bu durum, Ballikaya sucul sistemlerinin,
bir ¢ok farkli gevresel etkiler altinda oldugunu gostermektedir. Nitrat, yeralt1 sularinda dogal olarak bulunmakla birlikte,
zirai faaliyet ve meteorolojik olaylar sonucu yiizey sularinda da 6nemli artiglar gostermektedir. Temiz sularda, nitrat
azotu miktar1 ¢ok diistiktiir. Akarsularda nitrat azotu miktar1 yagislarla tarim yapilan arazilerde kullanilan nitrath
giibrelerin yikanmasiyla artabilmektedir. Akarsularda, nitrat azotu miktarinmn 5 mg/L’den fazla olmasi ¢evrede yogun
evlerden veya tarimdan kaynaklanan etkinliklerin oldugunu gostermektedir [35]. Caligmada, nitrat azotu degeri 0,28 —
7,45 mg/L olarak tespit edilmistir. Bu degerin 6zellikle yaz donemi yiiksek tespit edilmesi, yogun ziyaret¢i sonucu
olusan evsel atik yiiklerinden kaynaklandig: diisiiniilmektedir. Bununla birlikte, bu degerler Su Kalitesi Yonetmeligine
gore IL. smuftir.

Ballikaya sucul sisteminin su kalitesi, diyatome indekslerine gore de degerlendirilmigtir. Caligmada, TDI
57,55; IPS 3,55; IDG 3,33 ve TIT degeri, 2,75 olarak belirlenmistir. Indeks sonuglarma gore, derenin organik kirlilige
maruz kaldigi belirlenmistir. Ballikaya Dere ve goletinin piknik alani, doga sporlarma agik bir alan olarak kullanilmasi
ve sanayi bolgesine yakin olmasi, sucul sisteme karisan organik yiikii arttirmaktadir.

Ballikaya Deresi ve Goleti epilitik algleri lizerinde yapilan ¢aligmada, Bacillariophyta grubu’ndan 20 takson
tespit edilmis olup, Ulkemizde kiy1 bdlgesi arastirilan diger akarsularda da Bacillariophyta divizyosu iiyelerinin baskin
oldugu belirtilmistir [1,2,3]. Ballikaya Deresi ve Goéleti fitoplankton drneklerinde, diyatomelerden Melosira, Navicula,
Craticula ve Ulnaria tiirleri yaygin olarak bulunmustur. C. pediculus, C. placentula ve U. ulna taksonlar1 gergek
planktonik tiir olmamalarina ragmen planktonda tespit edilmistir. C. pediculus kirlilige hassas olmakla birlikte, C.
placentula ve U. ulna kirlilige toleransh taksonlardir. Kiy1 blgesinde bulunan sedimanlar ve taglar iizerinde bulunan
alglerin dalga hareketleri ile kiy1 bdlgesinden fitoplanktona karisabilecegi yapilan birgok arastirmada rapor edilmistir
[1,4,6,7]. Dere fitoplanktonunda diyatomeler disinda, Chlorophyta’ dan Scenedesmus dimorphus (Turpin) Kiitz.,
Pseudopediastrum boryanum (Turpin) E. Hegewald, Micractinium pusillum Fresenius, Euglenozoa’dan Lepocinclis
acus (O.F. Miiller) B. Maria & Melkonian, Phacus pseudoswirenko Prescott, Trachelomonas abrupta Swirenko,
Cyanobacteria’dan Kamptonema formosum (Bory ex Gomont) Komarek & J. Smarda, Ochrophyta’dan Dinobryon
sertularia ve Miozoa’dan Peridinium sp., 6zellikle yaz mevsiminde az sayida tespit edilmistir. Bununla birlikte, golet
suyunun durgun ve ¢ok derin olmamasi nedeniyle, gelisme ve biiyiime imkani bulan Chlorophyta, Cyanophyta,
Euglenozoa, Ochrophyta ve Mioza’ya ait tiirler belirlenmistir. Ozellikle, Dinobryon sertularia ve Trachelomonas
abrupta tiirleri yaz Orneklemesinde c¢ok bol olarak tespit edilmistir. Dinobryon tiirlerinin, yaygin olarak, oligo-
mezotrofik 1liman g6l ve goletlerde, Trachelomonas tiirlerinin de demir ve mangan agisindan zengin habitatlarda,
kozmopolit olarak yayilis gosterdigi bildirilmistir [27,36]. Arastrmada belirlenen tiirlerin Ulkemiz, lotik ve lentik
sularinda da yaygin olarak bulundugu bildirilmistir [37, 38].

Sonu¢ olarak, Kocaeli Milli park alaninda bulunan bu sucul sistemin, ¢evresel etkenlerden oldukga
etkilendigi tespit edilmistir. Bu amagla, dogal su kaynagi olan bu alanin verimli ve siirdiiriilebilir olmasi i¢in, kapsamli
¢evre yonetim modelinin uygulanmasi gereklidir. Bu kapsamda, ilgili kurum ve kuruluslarin is birligi ve yerel halkin
¢evre konusunda bilinglendirilmesi 6nem tagimaktadir.
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Abstract

Mediterranean temporary ponds are priority habitat in Mediterranean basin. This habitat described mostly
small and shallow wetlands including annual amphibian plants and unique fauna elements, where seasonal water cycle
occurs. In this study, one of the rare but typical species of Mediterranean temporary pool ecosystem, Crassula vaillantii
(Willdenow) Roth (Damkorugugiller/ Crassulaceae J.St.-Hil.) has been given as a new species record for Turkey. In the
article, description of the species, detailed photographs and distribution are given.

Key words: Crassula, Crassulaceae, new record, flora, Turkey

*

Akdeniz gecici sulak alan habitatlarindan, Tiirkiye Florasi icin yeni bir tiir kaydi: Crassula vaillantii

Ozet

Akdeniz gecici sulak alanlari, Akdeniz havzasi icerisinde korunmasi dncelikli habitatlar arasinda yer
almaktadir. Bu habitat, cogunlukla tek yillik amfibi bitkiler ile, kendine 6zgii fauna elemanlarina sahip, mevsimsel su
dongiisiiniin yagandigy, kiiciik ve s1g sulak alanlardir. Bu ¢caligmada da Akdeniz gegici sulak alanlarina 6zgii nadir
tiirlerden olan Crassula vaillantii. (Willdenow) Roth (Damkorugugiller/ Crassulaceae J.St.-Hil.) tiirii Tiirkiye igin yeni
bir tiir kayd1 olarak verilmektedir. Makalede tiiriin betimi, ayrntili fotograflar1 ve dagilimi verilmistir.

Anahtar kelimeler: Crassula, Crassulaceae, yeni kayit, flora, Tiirkiye
1. Giris

Gilinimiizde Akdeniz havzasi kiiresel dlgekte biyogesitlilige 6nemli katkilar sunmaktadir (Blondel & Amanson,
1999). Yaklasik 30 bin bitki tiirti (Medail ve Quezel, 1997) ile temsil edilen bu havza 6nemli makro-ekosistemlerin
yani sira bu ekosistemler kadar dikkat ¢gekmeyen ancak bolgesel ve kiiresel ¢esitlilige onemli katkilar1 olan ‘gegici sulak
alanlar’ gibi mikro-ekosistemleri de i¢inde barindirir (Oertli et al.,2002; Williams et al, 2004). Gegici sulak alanlar,
cogunlukla tek yillik amfibi bitkiler ile karakterize edilen kiigiik ve s1g sulak alanlardir (Pinto- Cruz et al.,2009).
Akdeniz biyoiklim bdlgesinin en ilging habitatlarindan kabul edilen bu habitat tipi bircok nadir ve izole takson
barindirmaktadir (Braun-Blanquet, 1935; Médail at al, 1998; Médail, 2004; Grillas et al,2004). Bir¢ok iilkede dnemli
tehlike kategorilerinde yer alan egrelti tiirlerinden olan Pilularia minuta Durieu. ve bazi Isoetes spp. ile Crassula
vaillanti Roth gibi tiirler ile karakterize olan bu habitat Natura 2000 Habitat 92/43/AET Direktifi Ek I'e dahil edilmis,
korunmasi oncelikli habitat tipleri arasinda degerlendirilmistir (Avrupa Komisyonu, 2007). Bu ¢aligma 2019 yilinda
Cesme Yarmadasi’na yapilan arazi ¢aligmalar1 esnasmda, Tiirkiye i¢in yeni kayit olarak belirledigimiz, Akdeniz gegici
sulak alanlarina 6zgii nadir bir tiir olan, Crassula vaillantii tizerine odaklanmaktadir. Tiiriin tilkemize en yakin yayilim
alan1 Ege Adalari olarak bildirilmektedir (Flora of Greece web, 2019).

Bu tiirtin bagli bulundugu Damkorugugiller /Crassulaceae J.St.-Hil. familyas:1 tiyeleri 35 cins ve 1400’{in
iizerinde tiirle temsil edilir ve genis bir yayilim alanma sahiptir (Heywood vd, 2017). Giiney Afrika, Madagaskar,
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Himalayalar, Meksika ve Akdeniz Bolgesi familya iiyeleri igin endemizm merkezi olarak bilinirken nemli tropik
bolgeler ile Avustralya (Toelken, 1986) ve Giliney Amerika (Thiede, 1995 ) ise tiir sayis1 bakimindan daha fakirdir
(Thiede ve Eggli, 2007; Heywood vd, 2007; Ham R.C.H.J., Hart 1998).

Ailenin bazi {iyelerinin tibbi bitkiler olarak kullanimlarmm oldugu bilinmektedir. Ayrica diinyanin bir¢cok
yerinde gida maddesi, i¢ ve dis mekan siis bitkileri olarak kullanimlar1 olduk¢a popiilerdir (Plants for a future, 2008;
Arnold vd,2002)

Damkorugugiller familyasi ¢ok yillik otsu, ¢ali ya da agags1 formda olabilen, habitat olarak gogunlukla sicak
bolgeleri, kurak ya da kayalik alanlar1 tercih eden tiirlerden olusur. Ancak familya icerisinde sulak alanlar ile soguk
kosullara uyum saglamis, Crassula cinsi liyelerinin yer almasi ise dikkat ¢ekicidir (Heywood vd.2007).

Cogu cins, tek bir kitada yayilisa sahipken Sedum, Kalanchoe, Rhodiola, Hylotelephium ve yari-sucul Crassula
cinsleri kuslar sayesinde kozmopolit bir yayilisa sahiptirler (Thiede, 1995). Crassula cinsi iiyeleri Giliney Afrika,
Madagaskar, Kuzey Amerika, Hindistan ve Avrupa’ da bulunan 300’lin tizerinde tiire sahip sub-kozmopolit bir cinstir
(Smith ve Estrela 2013). Tiirkiye’de ise bu cins Crassula tillaea Lest.-Garl. adli tek takson ile temsil edilmektedir.
Cinsin Tiirkiye i¢in ikinci tiirii olan Crassula vaillantii (Willd.) Roth, 1827, ilk kez bu makalede Cesme (izmir)’den
verilmistir.

2. Materyal ve yontem

Bu galismanin materyalini 2019 yilinda Cesme-Golobasi gegici sulak alanlarinda yapilan arazi galigmasi
esnasinda toplanan, Crassula vaillantii’ye ait 6rnekler olusturmaktadir. Toplanan drnekler Flora of Turkey and the East
Aegean Islands (Davis, 1965-1988; Giiner vd., 2000) ve Tiirkiye Bitkileri Listesi (Damarli Bitkiler) (Giiner vd., 2012)
kaynaklarma gore teshis edilmeye ¢aligilmig, 6rnegin aile diizeyinde Crassulaceae ailesine, cins diizeyinde ise Crassula
cinsi altinda yer aldig1 belirlenmistir. Ancak Tiirkiye’de cinsin tek tiir ile temsil edilmesi ve toplanan tiiriin bu tiirden
farkli oldugu ve simdiye kadar hicbir kaydinin verilmedigi belirlenmistir. Daha sonra komsu iilke floralardaki cinse ait
tirler incelenmis ve Avrupa florasi kullanilarak toplanan tiiriin Crassula vaillantii (Willd.) Roth, oldugu tespit
edilmistir. Arazi calismalar1 esnasinda toplanan oOrneklerin ayrmntili fotograflar1 cekilmis ve Ege Universitesi
Herbaryumu (EGE) koleksiyonuna dahil edilmistir. Ornekler laboratuvarda Stereo mikroskop altinda incelenmis ve
tilirin betimi igin 10 birey lizerinden Slgimler alinmistir.

3. Bulgular

Crassula vaillantii (Willd.) Roth, Enum. 1: 992 (1827). Syn. Bulliarda pedunculata St.-Lag., B. rosea
Bubani, B. vaillantii (Willd.) DC., B. vaillantii var. subulata Harv., Hydrophila vaillantii (Willd.) House, Tillaea
vaillantii Willd. Tillaeastrum vaillantii (Willd.) Britton (IPN1,2019).

Tiirkce Ismi / Turkish Name: “Su Kirasulast” (Tiirkiye floras1 i¢in yeni kayit olmasi ve yerel bir ismi
olmamasi sebebi ile tiiriin Tiirkge karsiligi olarak bulundugu habitata atfen ‘Su Kirasulasi” ismi dnerilmistir).

Incelenen materyaller /Examined materials: - Holotype: Crassula vaillantii (Willd.) Roth, S. Africa W.
Cape Bei Reitkuil, oberhalb Buffeljagdrivier, Zeyher, Bulliarda vaillantii var. subulata Harv. ( Naturhistoriska
Riksmuseet- 634a!). - Crassula vaillantii (Willd.) Roth, S. Africa, E. Cape, "Valleyen" dicta in campestribus ad flumen
"Zwartkopsrivier" (Uitenhage),  [Ecklon&Zeyher], (Naturhistoriska Riksmuseet-1848!). - Crassula vaillantii (Willd.)
Roth S. Africa, E. Cape Plantae capenses Africa australis, Distr. Uitenhage, im stehenden Wasser am
Zwartkopsrivier, 1:¢ Hohe Ecklon & Zeyher, ( Naturhistoriska Riksmuseet). - izmir: Cesme Golobas1 mevkii, donemsel
sulak alanlar, 38°16'10.95"K, 26°25'57.05"D; 100m., 23.03.2019, leg. Duygu Bozyel, Bahar Pelit, Orsa Yiizbas,
(EGE43223!), (Sekil 2)

Betim: Tek yillik, tiiysiiz, otsu sukkulentler, yatik-yiikselici. Govde 2-4 cm boyunda. Yapraklar 1-5 mm x
0.6-1.5 mm, linear-oblong, ucta obtus. Ci¢ek elemanlar1 4’li, ¢igek durumu diizensiz kimoz, ¢igekler yaprak
koltuklarinda 1-2 adet, ¢iceksaplar1 yapraklardan uzun 2-7 mm. Sepaller 0.6-1 mm x 0.7-1 mm, sinsepal, ugta
licgenimsi ya da obtus, yesil, etli. Petaller 0.6-2 mm x 0.6-1 mm, ovat-lanseolat ugta akut, zarimsi, dipte beyaz uglara
dogru pembe. Petaller sepallerden uzun. Anter ¢ap1 0.14 mm, stamen boyu 1 mm. Disi organ, ayrik karpelli, folikiil 4,
her folikiil 8-12 adet sarims1 tohum igerir (Sekil 1).

Description: Annual, glabrous, succulent, ascending to erect. Stems 2-4 cm. Flowers 1-5 mm x 0.6-1.5 mm,
linear-oblong, obtuse. Flowers 1-2 in the leaf axils, 4-merous, inflorescence irregular cymes, pedicels longer than the
leaves, 2-7 mm. Sepals 1-0.6 mm x 1-0.7 mm, sinsepal, ends triangular or obtuse, green, succulent. Petals, 2-0.6 mm X
1-0.6 mm, ovate-lanceolate ends acute, membranous, white at the bottom and purple-pink towards the ends. Petals
longer than the sepals. Anther diameter 0.14 mm, Stamen length 1mm. Includes 4 follicles, Follicles with 8-10 seeds.
Seeds are rectangular and yellowish.

Habitat: Akdeniz gegici sulak alanlari, frigana, maki i¢i nemli gayirlar.
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Crassula cinsine ait tiir teshis anahtari:
1. Petaller sepallerden kiigiik; folikiiller iki tohumlu; yapraklar ovat, subakut; ¢igekler sesil
tillaea
1. Petaller sepallerden uzun; folikiiller genellikle ikiden fazla tohumlu, yapraklar obtus; ¢igekler kimoz
Vaillantii
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Sekil 1. A. Habitat genel goriiniisii, B-C-E. Bitkinin genel goriiniisii, D-F. Cigek, G. Tohum, H. Dagilim haritasi
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Sekil 2. Herbaryum 6rnegi EGE43223.
4. Sonuglar ve tartisma

Iliman iklim kusaginda yer alan Tiirkiye, farkli iklim, topografya ve jeolojik &zellikleri barindirmasi nedeniyle
biyogesitlilik agisindan olduk¢a zengin bir iilke konumundadir. Ayrica her gecen giin, yeni taksonlar iilke florasina
kazandirilmaktadir (Baskose ve Yaprak, 2016; Hamzaoglu ve Kog, 2018). Calisma ile Tiirkiye’de varligi belirlenen C.
vaillantii tiiriniin yayilis alanina baktigimizda iilkemizin batisinda Ege Adalari’nin tamaminda yayilist sahip oldugu
goriilmektedir (Flora of Grecee Web). Tiiriin tercih ettigi habitat ve habitat igerisindeki eslikgi tiirler (Pilularia minuta,
Isoetes spp.) degerlendirildiginde Adalardaki habitatlarla ayni tip habitatlara tilkemiz bati ucunda da rastlanmasi bir
bakima kagmilmaz olacaktir. Ancak iilkemizde daha dnce bu habitat {izerinde floristik calisma yapilmamis olmast,
ayrica yilin belli donemlerinde su ile dolup bosalan bu habitatlarda vejetasyon doneminin sadece 2-3 ay siirmesi ve
habitatlarin kiigiik ve s1g olmalar1 nedeniyle gézden kagmasinin kolay olmasi, bu alanlara 6zgii Crassula vailantii gibi
bir¢ok amfibik bitki taksonun daha 6nce kesfedilememesine neden olmus olabilir.

Tiirtin fitososyolojik agidan eslikgileri degerlendirildiginde, iilkemiz igin 16 yildir kayip tiir olarak bilinen ve
Senol ve arkadaslarinin (2016) yaptig1 ¢caligma ile yeniden kesfedilen, bir¢ok {ilkede CR kategorisinde yer alan relikt bir
sucul egrelti taksonu olan Pilularia minuta ile ayni1 habitat1 paylastiklari tarafimizca belirlenmistir. Daoud-Bouattour ve
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arkadaglarimin 2009 yilinda yaptiklar1 ¢aligmada da C. vaillanti ve P.minuta tiirlerinin steno-Akdeniz endemigi ve
Akdeniz gecici havuzlarinin en sembolik tiirleri oldugunu bildirmislerdir.

Caligsma ile belirlenen C. vaillantii tiirii Tiirkiye igin yeni bir tiir kaydi olup, bu tiir ile {ilkemiz Crassula
cinsinin tiir sayisi ikiye yiikselmistir..

Tesekkiir
Yapilan arazi ¢alismasinda tiirlin toplanmasi ve fotograflanmasinda destek olan Biyolog Orsa Yiizbas’a
tesekkiir ederiz.
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Abstract

The present study deals with the morphological, anatomical, and palynological properties of Diplotaxis
tenuifolia. The stem cross-sections had a single-layered epidermis, parenchymatous cortex, vascular bundles, and
parenchymatic pith cells. An equifacial mesophyll type was observed in the leaves with multiple-layered palisade tissue,
but the spongy parenchyma was reduced. Vascular bundles were small except for the midrib. The cross-sections of the
fruit had a single exocarp, 3- or 4-layered mesocarp, and single-layered endocarp. Transverse sections of the seed
showed the presence of layers of epidermis, parenchyma, and endosperm.

Key words: anatomy, Brassicaceae, Diplotaxis, palynology, micromorphology

*

Diplotaxis tenuifolia (Brassicaceae) iizerine morfolojik, anatomik, palinolojik ve mikromorfolojik bir arastirma

Ozet

Bu ¢aligmada Diplotaxis tenuifolia tiiriiniin morfolojik, anatomik, palinolojik ve mikromorfolojik 6zellikleri
ele alinmaktadir. Govde enine kesitleri, tek tabakali epidermis, parankimatik korteks, iletim demetleri ve 6z hiicrelerini
icermektedir. Yapraklarda, ¢ok tabakali palizat parankimali ekvifasiyal tip mezofil gozlemlenmis, fakat siinger
parankimas1 indirgenmistir. Tletim demetleri orta damar hari¢ kiigiiktiir. Meyve enine kesitleri tek bir ekzokarp, 3 ya da
4 tabakali mezokarp ve tek tabakali endokarpa sahiptir. Tohum enine kesitleri, epidermis, parankima ve endosperm
tabakalarinin varligmi gostermistir.

Anahtar kelimeler: anatomi, Brassicaceae, Diplotaxis, palinoloji, mikromorfoloji

1. Introduction

Brassicaceae comprises ¢, 338 genera and ¢, 3700 species [1], including Arabidopsis thaliana (L.) Heynh.,
which has been used as the flowering plant model system [2]. In Turkey, Brassicaceae is represented by ¢, 571 species,
with 65 subspecies, 24 varieties, and c, 660 taxa belonging to 91 genera [3, 4]. When the list of Turkish plants was
published, this number was updated by 91 genera and 686 species [5]. The genus, Diplotaxis DC. (Brassicaceae, tribe
Brassiceae), currently comprises 32 species or 34 [1], plus several additional infraspecific taxa, native to Europe, the
Mediterranean Basin, SW Asia (up to the Himalayas), and Macaronesia. The genus Diplotaxis is represented by five
taxa in Turkey [6, 7].

Turkish Diplotaxis species have been the subject of different research areas, such as allergy, germination, and
agricultural studies [8, 9]. The vegetative and generative organs and anatomical traits of the genus Diplotaxis are not
well known [10]. In this study, D. tenuifolia was evaluated using its anatomical characteristics, vegetative organs, fruit,
and seeds, and palynomorphological characteristics.

: Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903322232738; Fax.: +903322232738; E-mail: burcuyilmaz@selcuk.edu.tr
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2. Materials and methods

The plant materials were collected from the Campiis area of Selguk University and surroundings in Konya
Province. The collected materials (B.Citak-283-H.Dural) were identified according to the classification of Hedge (1965)
and the observations herein. Some of the plant materials were transferred to 70% ethyl alcohol during the field
excursion. All of the plant specimens were stored in the KNYA herbarium and the Plant Anatomy Laboratory in the
Biology Department.

2.1. Methods
2.1.1. Anatomical analysis

Parts of the roots, stems, leaves, petals, fruit, and seeds were cut into small pieces and then the paraffin method
was applied, in which they were dehydrated and embedded with paraffin [11]. Paraffin blocks were constructed and the
sections were prepared and stained with safranin-fast green. At least, five sections were investigated which were taken
from five individuals of species. The best sections were chosen and photographed using a Leica DM 1000 light
microscope (Wetzlar, Germany).

2.1.2. Palynological analysis

The methods of both Wodehouse (1935) and Erdtman (1960) were used to investigate the pollen grains [12,
13]. An average of 50 pollen grains were examined and evaluated. The polar and equatorial axes, colpus length and
width, apocolpium, exine and intine thickness, and muri width were measured. The pollen grains were directly placed
on aluminum stabs and photographed using a Zeiss Jeol Evo LS 10 scanning electron microscope (SEM) (Carl Zeiss
NTS GmbH, Oberkochen, Germany). The pollen terminology of Punt et al. (2007) was followed [14].

2.1.3. Micromorphological analysis

In the micromorphological investigations, the mature fruit and seeds were selected under a stereomicroscope
and stored in paper bag. At least 30 samples of the fruit and seeds were measured with regards to several characteristics,
such as the fruit length and width, and seed width and length. Then, the fruit and seeds were transferred to the
aluminum stab, covered with gold, and micro photographed using a Zeiss Jeol Evo LS 10 SEM.

3. Results
3.1. Macro-morphological Results

Perennial, semi-shrubs and herbs up to 120 cm, glabrous or with a few scattered hairs, with a more or less
woody base or much branched. Lower leaves linear-oblong or spathulate, entire, coarsely lobed or pinnatifid, up to 10
cm long, petiolate. Upper leaves entire or with linear lobes. Petals lemon-yellow, 2 times longer than sepals, ¢. 1.5 x 1
mm, broadly obovate. Fruiting pedicels 20-32 mm, erect-spreading. Stamens 10-11 mm, anthers 4 mm. Fruit straight,
20-45 x 1.5-2 mm including a short beak 1-2.5 mm; stipe 1-2 mm; stigma capitate, broader than beak. Seeds smooth,
pale brown, numerous. Fl. 3-5. Roadsides and rocky slopes, 100 m a.s.l (Figure 1).

2 porreal 2

Figure 1. A. The general view of Diplotaxis tenuifolia in nature habitat. B. Flowers in close view
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3.2. Micro-morphological Results
3.2.1. Fruit micromorphology

The fruit were silique, 30-40 x 1.5-2 mm, slender, striate in ornamentation. Ovoid at base, carpels were not
separated, narrowed and acute in the apex (Figs. 2-3).

4 mm

Figure 2. The general view of fruits of Diplotaxis tenuifolia (LM)
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Figure 3. a-b. The ornamentation of fruits of Diplotaxis tenuifolia (SEM)

3.2.2. Seed micromorphology

The seeds of D. tenuifolia were subglobose, dark-brown and shiny, 1.21 x 0.82 mm, the ratio length-width was
1.47, seed outline was oblong, chalazal pole was roundate, micropylar pole was acute, seed surface type was reticulate,
concave, shape of epidermis was tetragonal, seed surface striate, suture was flat, 23.47-39.47 x 15.56-26.97 pm (Figure
4).
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Figure 4. a. General view of the seeds of D. tenuifolia (SEM) b. Ornamentation

3.3. Anatomical Results
3.3.1. Root anatomy

The peridermis, which was characterized as many layered, partly broken, with phellem cells, was the outermost
layer of the roots in D. tenuifolia (Figure 5-a). Cortex cells were parenchymatic, their shape was defined as rectangular-
oval, and they contained starch grains (Figure 5-b). The vascular tissue, composed of phloem and xylem elements, was
well-developed. Trachea cells were measured with a mean value of 47.16 pm. The center of the roots contained only
sclerenchyma cells (Figure 5-b).
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-

Figure 5. The root cross sections of D. tenuifolia. 'A. General view of roots pe: perideris, co: cortex, x: xylem, c:
center of root. B. the close view of roots s: starch grains, ph: phloem.

3.3.2. Herbaceous stem anatomy

The single epidermis layer of the outermost surface of the stem was limited (Figure 6-a,b). The cortex, which
was characterized by parenchymatous cells, was oval-shaped with chloroplasts. Sclerenchyma was covered in a small
area in the stem. Phloem and xylem were well-developed. The pith was composed of oval-shaped parenchymatic cells
(Figure 6-a).

Figure 6. The cross section of herbaceous stem of D. tenuifolia. ep: epidermis, co: cortex parenchyma, sc:
sclerenchyma, ph: phloem, x: xylem, p: parenchyma cell.

3.3.3. Leaf anatomy

The cross-sections of the leaves were clearly composed of 3 main anatomical parts, comprising the epidermis,
mesophyll, and vascular tissue (Figure 7). A single-layer epidermis covered the leaf on both surfaces. Stomata occurred
on both the upper and lower epidermis. Mesophyll tissue was composed of 2 types of cells, comprising palisade and
sponge parenchyma. Central vascular bundle was larger and collateral in type (Figure 7).

Figure 7. The cross sections of leaves of D. tenuifolia. a. General view and midrib of leaf ue: upper epidermis, le: lower
epidermis, me: mesophyll. b. Close view of lamina pp: palisade parenchyma, sp: spongy parenchyma, vb:
vascular bundle
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3.3.4. Fruit and seed anatomy

The transverse sections of the fruit were oval-shaped and the pericarp was composed of a lined exocarp, 3 or 4
rows of mesocarp, and a single-layered endocarp. There are septum and replum in cross sections (Figure 8a). The
vascular bundle was located in the endocarp layer.

The cross-sections of the seed were used to examine the integuments, endosperm, and embryo. The seed cross-
sections showed that there was a single-layered epidermis. Single-layered parenchyma was under the epidermis. The
endosperm layer was composed of rectangular—oval-shaped cells.

N “:".,,.,_. ” J . ! B -
Figure 8. The cross sections of fruit and seed n p: pericarp, s:
septum, r: replum b. Close view of pericarp and seed ex: exocarp, en: endocarp, m: mesocarp, vb: vascular
bundle, sw: seed wall, ep: epidermis, pr: parenchyma, end: endosperm.

|

3.4. Palynomorphological Results

The pollen grains of D. tenuifolia were monad, tricolpate, and isopolar. The polar axis was measured as 22.69—
24.44 pm (mean: 23.77 um), the equatorial axis was measured as 24.37-26.33 pm (mean: 25.21 pm). The P/E ratio was
0.94. Pollen shape was determined as oblate-spheroidal. The length of the colpus was measured as 17.7 um, while the
width of the colpus was measured as 20.07 pum. The exine was semitectate and the sculpture of the exine was
determined as reticulate with smooth-walled, isodiametric-shaped muri. The exine was measured as 2.96-4.16 pm
(mean 3.37 um), intine was 0.6—0.7 pm (mean 0.64 um).

a b ¢

GV RN S )
= A1) (\ .“,'

A v/ L

o j\f’ < " .

2
>
19 um

P i o arEy w2 {ggl iR Sim  onceew = s
Figure 9. The light microscope (LM) and scanning electron microscope photographs of D. tenuifolia. a-d. The general
view of pollen e-f. The sculpturing

4. Conclusions and discussion
The present study was the first report about the anatomical traits of the vegetative organs, fruit, and seeds of D.

tenuifolia in the family Brassicaceae. The morphological measurements and observations of D. tenuifolia were
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congruent with those of the study of Hedge 1965. However, the dimensions and properties of the bracts, ovary, style,
stigma, and stamen were presented for the first time herein, as different from those of previous studies.

In the root cross-section, the root center of D. tenuifolia was filled with xylem elements. Citak and Dural
(2020) reported that some species of the genus Iberis had parenchymatous cells in the root center [15]. The contour of
the stem cross-sections was rounded with collenchymatic ridges that were ovoid or polygonal in the family
Brassicaceae [15-18], while they were rectangular- and irregular-shaped in Diplotaxis harra [10]. The rounded-shaped
cross-section of the stem in D. tenuifolia was observed with the general characteristics of the primary stem.

In Brassicaceae, unifacial, equifacial, and bifacial mesophyll have been reported by some researchers
[15,16,18]. In the genus Diplotaxis, equifacial mesophyll was reported [10]. Accordingly, in the current study, D.
tenuifolia also had equifacial mesophyll in its leaf anatomy, as was also reported in the study of Qader (2018)[10].

For the classification and identification of species in the family Brassicaceae, pollen and seed morphological
characteristics can be used. Citak et al. (2016) reported the measurements and descriptions of the pollen grains of D.
tenuifolia using only a light microscope [19]. They additionally conducted scanning electron microscopy investigations
to gain knowledge of the pollen morphology of D. tenuifolia, through which better identification was obtained. D.
tenuifolia exhibited the general pollen characteristics of the family Brassicaceae. The pollen grains of the studied
species were determined as tricolpate, oblate-spheroidal, and reticulate.

The fruit are always siliqua, with considerable variation regarding the position, length, and width, and
proportional size of the parts in the genus Diplotaxis. The anatomy of the fruit and seeds provides important data about
the taxonomy of the family Brassicaceae. In species of Brassicaceae, a living endosperm layer around the embryo plays
an essential role in the regulation of the germination and dormancy of the seeds. A single-layered endosperm
surrounded the embryo of D. tenuifolia, as Lenser et al. (2016) reported in A. arabicum, and Dural and Citak (2020)
reported in Ae. dumanii [20, 21]. In the genus Aethionema, 1- or 2-layered epidermis of the testa were reported by some
researchers [21, 22]. Anatomical, micromorphological, and palynological characteristics might be useful in the
definition of D. tenuifolia. Nevertheless, these characteristics will be more valuable if other species of Diplotaxis are
also investigated. In conclusion, D. tenuifolia was researched in the current work and the anatomical characteristics of
the stem, leaves, fruit, and seeds, and fruit and seed micromorphology were determined for the first time herein.
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Abstract

In this study, Origanum majorana L., Origanum vulgare L. subsp. vulgare, Salvia tomentosa Mill. and
Sideritis athoa Papan. & Kokkini are sold in local bazaars in Edremit-Akgay (Balikesir, Turkey) and used as folk
medicine. They were investigated for their local names and essential oils. Aerial parts of the plants were subjected to
hydrodistillation using a Clevenger type apparatus. Essential oils were analyzed using gas chromatography (GC) and
gas chromatography mass spectrometry (GC / MS). The main constituents of Origanum majorana were carvacrol
(71.8%), y-terpinen (8.9%) and p-simen (8.2%). The major component was identified as carvacrol (76.1%) along with y-
terpinene (6.7%) and p-simen (6.4%) in the oil of Origanum vulgare subsp. vulgare. Camphor (27.3%), a-pinene
(15.3%), 1,8-cineol (12.3%) and S-pinene (7.8%) were found as the major compounds in the oil of Salvia tomentosa.
Carvacrol (33.0%), epicubebole (10.0%) and S-pinene (7.3%) as the major components in the oil of Sideritis athoa. Due
to the main essential oil compounds, carvacrol, cafur, etc. of these plants have potential use in orthodontics,
endodontics, and periodontology in dentistry.

Key words: Lamiacaeae, Salvia, Sideritis, Origanum, essential oil, dentistry

*

Edremit-Akcay (Balikesir-Tiirkiye) Semt pazarlarinda halk ilaci olarak satilan Lamiaceae familyasina ait baz
tibbi ve aromatik bitkilerin yoresel isimleri ve u¢ucu yag bilesikleri

Ozet

Bu ¢alismada Edremit- Ak¢ay (Balikesir)’da semt pazarlarinda satilan ve halk ilaci olarak kullanilan Origanum
majorana L., Origanum vulgare L. subsp. vulgare, Salvia tomentosa Mill. ve Sideritis athoa Papan. & Kokkini’nin yore
halk: arasindaki yerel isimleri ve ugucu yag icerikleri arastirilmistir. Bitkisel materyallerin toprak tistii kisimlarindan su
distilasyonu ile ugucu yaglar edilmistir. Ugucu yaglarin bilesimi gaz kromatografisi (GC) ve gaz kromatografisi kiitle
spektrometresi (GC/MS) kullanilarak belirlenmistir. Origanum majorana ugucu yaginda karvakrol (71.8%), y-terpinen
(8.9%) ve p-simen (8.2%); Origanum vulgare subsp. vulgare ugucu yaginda karvakrol (76.1%), y-terpinen (6.7%) ve p-
simen (6.4%) ana bilesikler olarak belirlenmistir. Salvia tomentosa ugucu yaginin ana bilesenleri kafur (% 27.3), o-
pinen (% 15.3), 1,8-sineol (% 12.3) ve S-pinen (% 7.8), Sideritis athoa’nin ana bilesikleri karvakrol (% 33.0),
epikubebol (% 10.0) ve S-pinen (% 7.3) olarak bulunmustur. Bu bitkiler, karvakrol, kafur vb. ugucu yag ana bilesenleri
nedeni ile dig hekimliginde ortodonti, endodonti ve periodontoloji dallarinda kullanim i¢in 6nerilebilir.

Anahtar kelimeler: Lamiacaeae, Salvia, Sideritis, Origanum, ugucu yag, dis hekimligi
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1. Giris

Lamiaceae familyasi Angiospermlerin altinct biiylik familyas: olup, diinyada 245 cins ve 7.886 adet tiir ile
temsil edilmektedir. Ulkemizde kullanilis1 olan, yerli ve kayitli aromatik bitki sayisinin 120 kadar oldugu ve bunlarin
%40’ Lamiaceae (Labiatae) familyas: i¢inde yer aldigi bilinmektedir [1]. Familyaya ait taksonlar i¢erdigi ugucu
yagdan dolayi, tip, dis hekimligi, eczacilik, kimya, gida (baharat vb.), zirai miicadele, kozmetik, ila¢ ve parflimeri
sanayiinde kullanilmaktadir. Familya iiyeleri antibiyotik kaynakl kullanis1 nedeniyle analjezik ve antiseptik etkisinden
dolay1 halk ilact olarak kullanildigindan etnobotanik agidan da 6nemli bir yere sahiptir. Ayrica familyanin birgok tiirii
siis bitkisi olarak kiiltiire alinmaktadir [1-6].

Bu familyaya ait Origanum L. (Mercankosk, Kekik, Meziis ¢icegi) cinsi lilkemizde 27 tiirle temsil
edilmektedir [7]. Bunlardan bazilar1 tedavi edici ve baharat olarak kullanilmaktadir. Anadolu’da Origanum majorana L
“Mercankosk, Macuranotu, Mercengiis, Goge kekigi, Guy otu, Kahve otu, Kekik otu, Mercan koskii Sebso, Sebzo”’
isimleri ile; Origanum vulgare L. subsp. vulgare “’Karakinik, Giiveyotu, Canter, Canakkale kekigi, Giive otu, Kara
kekik, Kekik, Kekikotu Keklikotu, Tas kekigi, Tas kekik *” isimleri ile bilinmektedir [1, 7, 8]. Tiirkiye’de ticareti yapilan
ve ’Kekik yagi ve Kekik suyu’’ ismi altinda satilan yaglar ve hidrosoller Origanum tiirlerinin ¢igekli dallarindan
(6zellikle O. onites ve O. vulgare) elde edilmektedir. Bu yaglar antiseptik fenol bilesikleri (6zellikle karvakrol) nedeni
ile hakiki kekik yag1 yerine, dahilen safra arttirici ve kurt diisiiriicii, haricen ise antiseptik olarak kullanilmaktadir [1].
Kekik ekstresinin agiz ve dis rahatsizliklarinda veya hijyeninde ve halitoziste antiseptik-antibakteriyel gargara olarak
kullanildigi da bildirilmistir [9].

Origanum majorana L.’ nin kurutulmus ¢igekli dallar1 (Majoranae herba)’nin yatistirici, midevi, idrar arttirici,
gaz soktiiriicti, terletici ve kabiz 6zellikleri vardir [1]. O. vulgare Anadolu’da terletici, idrar arttirici, gaz soktiiriicii ve
yatistirict olarak, infiizyon halinde kullanilir. Kekik yerine baharat olarak da kullanilmaktadir [1]. Antiseptik, kramp
¢oziicl, gogsli yumusatici, balgam soktiiriicii, idrar artiricy, terletici, mideyi kuvvetlendirici ve hazmettirici 6zelliklere
sahiptir. Mercankosk, ¢ay olarak hazirlanip sicak olarak igilirse dis agrisi ve bas agrisina iyi geldigi bildirilmistir [10].
O. majorana ve O. vulgare subsp. vulgare Akgay semt pazarlarinda satilmakta ve c¢ay seklinde halk ilaci olarak
tiiketilmektedir.

Salvia L. ve Sideritis L. tiirlerinin, toprak iistii veya ¢igek durumlar1 ¢ay ve halk ilaci olarak eskiden beri
kullanilmaktadir [1, 11]. Salvia L. (Adacay1) cinsi 99 tiir ile temsil edilmektedir [12]. Ulkemizde Salvia tiirleri halk
arasinda genellikle “’Adagayi, Bosapli, Esekotu, Pamuklu, Salba’’ isimleri ile bilinmekte, toprak iistii veya ¢igek
durumlar ¢ay ve halk ilact olarak eskiden beri kullanilmaktadir [11]. Salvia- tomentosa Miller, farkli yorelerde “Biiyiik
¢icekli adagayi, Adacayi, Borcagla, Boz ot, Boz sabla, Mezar otu, Moskof ¢ay1, Sabla, Salba (Balikesir), Calba,
Hosaflama, Kurtluca otu, Mosaflama, Mosalpa, Mosapla, Yaki calbasi, Yaki otu” adlar1 ile bilinmektedir [1, 8]. S.
tomentosa’nin yapraklarmm tibbi adagay1 (S. officinalis L.) adagay1 yapragi (Salviae officinalis folium) gibi, gaz
soktiiriicli, bogaz ve burun hastaliklarinda antiseptik, kuvvet verici ve uyarici etkileri nedeni ile %1-5 infiizyon veya
gargara halinde kullanildigin1 bildirmistir [1, 8]. Eskisehir Saricakaya ilgesinde yapilan etnobotanik bir ¢aligmada yore
halki tarafindan bu familyaya ait Salvia sclarea L.’nin. “Adacayr’” adi ile nefes darh@ma karsi kullanildig1 tespit
edilmistir [13]. Ayrica bu familyaya ait Salvia miltiorrhiza’dan izole edilen bir aktif bilesen olan salvianolik asit B’nin,
ortodonti alaninda hizli list ¢ene genisletmesi tedavisinde yeni kemik olusumunu hizlandirdig: bildirilmistir [14].

Tiirkiye Florasi’'nda 21 tiirle temsil edilen Sideritis cinsi, halk arasinda genellikle “’Dag cayi, Balbagi, Cay
otu”’olarak adlandirilmaktadir. Tibbi olarak kullanilan tiirler ve bu tiirlere verilen isimler “’Yayla c¢ay1, Esek c¢ayi, Cay
calbasi, Balbasi, Sivri ¢cayi, Sarikiz ¢ayi, Tilki kuyrugu cayi, Fenerli ¢ayi, Sipil ¢cayi, Kirim ¢ayi, Maden ¢ay1i, Amanos
cay1”’ olarak bilinmektedir ve yorelere gore ¢ok degiskenlik gdstermektedir [1, 8, 15]. Sideritis tiirlerinin iilkemizde
halk arasinda ¢icek durumlar1 ve yapraklar inflizyon halinde istah acici, midevi, uyarici, gaz soktiiriicii olarak genis bir
geleneksel kullanimi bulunmaktadir [1, 8]. Halk arasinda Sideritis. athoa Papanikolaou & Kokkini,”Dag ¢ayi, kedi
kuyrugu ¢ay1 Kandil ¢ay1 Kandilli ¢ay” ad1 ile bilinmekte, yaprak ve ¢icek durumlari ¢cay seklinde istah agici1 ve gaz
sOktiirticii olarak kullanilmaktadir [1, 8, 11].

Bu c¢alismada Edremit-Ak¢ay (Balikesir)’da semt pazarlarinda satidlan ve halk ilact olarak kullanilan
Origanum majorana, Origanum vulgare subsp. vulgare Salvia. tomentosa ve Sideritis athoa tiirlerinin yore halki
tarafindan kullanim sekilleri, kullanim amaglari, yoresel isimleri, ugucu yag bilesikleri arastirilmis ve ugucu yaglarin
karvakrol, kafur gibi temel bilesikleri goz oniine alindiginda dis hekimliginde kullanilabilirligi incelenmistir.

2. Materyal ve Yontem
1.1. Bitkisel materyal ve ugucu yag eldesi

Bitkisel materyal Edremit-Akcay semt pazarindan temin edilmistir. Tiirlerin tayinleri, ‘Flora of Turkey and
the East Aegean Islands’a gore yapilmustir [4, 16-18]. Bitkisel materyallerin toprak istii kisimlarinin ugucu yaglar,(3
saat, 40-120 gr) Clevenger apareyinde su distilasyonu ile elde edilmistir. Volumetrik yontemle bitkisel materyalin
icerdigi nem miktar1 belirlenmis ve ugucu yag verimleri kuru baz iizerinden hesaplanmistir. Elde edilen ugucu yaglar es
zamanli olarak GC ve GC/MS sistemi ile degerlendirilmistir.
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1.1. Gaz Kromatografisi (GC) ve Gaz Kromatografisi/Kiitle Spektrometrisi (GC/MS) Analizi

1.1.1 Gaz Kromatografisi/Kiitle Spektrometrisi (GC/MS) Analiz Kosullari.
Sistem: Agilent 5975 GC-MSD sistemi
Kolon: HP-Innowax Silika kapiler (60 m x 0.25 mm @, 0.25 mm film kalinlig1)
Enjektor: 250°C
Sicaklik programi: 60°C de 10 dak // 4°C/dak artisla 220°C ye // 220°C de 10 dak // 1°C/dak
artigla 240°C ye
Tasiyici gaz: Helyum (0.8 ml/dak)
Kiitle araligi: m/z 35-450
Split orani: 40:1
Elektron enerjisi: 70 eV
Kiitiiphane: BASER Ugucu Yag Bilesenleri Kiitiiphanesi, Wiley ve Adams-LIBR (TP)
Kiitiiphane tarama Yazilimlar

1.1.1 Gaz Kromatografisi (GC) Analiz Kogullari:
GC analiz kosullari; es zamanli olarak GC/MS sistemindeki madde ¢ikis zamanlar: ile ayni olacak sekilde
ayarlanmistir (FID 300°C).

3. Bulgular ve Tartiyma

Ulkemiz zengin bitki cesitliligine sahip olmasma karsin maalesef farkli bolgelerde tiiketilen yabani bitkilerin
tanimlanmasi, kullanim amagclar1 ve besin degerlerinin belirlenmesine yonelik sinirli sayida ¢aligma bulunmaktadir [19].
Bu amagcla bu ¢alisma kapsaminda Edremit-Akcay semt pazarina ziyaretler yapilmis, satis1 ve geleneksel kullanimi olan
baz1 bitkilerin kaynak kisilerle goriisiilerek, tiirlerinin bilimsel isimlerini belirlenmesi, bu bitkilerin yore halki tarafindan
kullanim sekilleri, kullanim amaglar1 yoresel isimleri ve ugucu yag bilesikleri belirlenmigtir. Ayrica bu bitkilerin
ekstrelerinin ve temel ugucu yag bilesiklerinin agiz ve dis saglig1 alanindaki kullanim alanlar1 arastirilmistir.

Yapilan ziyaretler sonucunda; kaynak kisiler ve yore halkiyla yapilan gériismelerde Origanum vulgare subsp
vulgare “dag kekigi, deli kekik, yaprak kekik” olarak isimlendirildigi ve Kazdaglari’ndan toplanarak baharat olarak
mide agrilarma kars1 kullanildigi, bronsit ve astim belirtilerini hafiflettigi, idrar yolu enfeksiyonu tedavisine yardimci
oldugu, menapoz sonrasi belirtileri hafifletici etkisi oldugu; Origanum majorana’nin ise yorede “mercankosk,
keklikotu, dag kekigi ve kekik” olarak isimlendirildigi ve toprakiistii kismmin baharat ve ¢ay seklinde grip, soguk
alginhiginda kullanildig1 ve idrar soktiiriicti 6zelliginin oldugu tespit edilmistir. Salvia tomentosa’nin °Mugafla’’ adi ile
bilindigi ve ¢ay olarak mide agrilarina kars1 kullanildig: bilgisine ulagilmustir. Sideritis athoa tiirliniin “’Kazdagi ¢ay1,
Adagay1, Dag ¢ay1’’ adlar1 ile bilindigi ve bogaz ve bademcik agrilarinda kaynatilip, sogutulduktan sonra gargara ya da
cay olarak (keskin tadi nedeni ile kisa siireli ya da az demlenerek) kullanildig: bilgisine ulasilmistir. Ayrica dis eti
iltihabina ve agiz kokusuna karsi agiz ¢alkalama suyu olarak da kullanildig: bilgisi alinmuistir.

Tiirlerin toprak istii kisimlarindan elde edilen ugucu yaglarin, GC ve GC/MS analizleri bulgular1 Tablo 1- 4’de
verilmigtir. Analizler sonucunda, O. majorana’da ugucu yag verimi %4.19, O. vulgare subsp. vulgare’de %3.8, Salvia
tomentosa’da %3.1 ve Sideritis athoa’da %0,1 oraninda elde edilmistir.

Caligmamizda S. athoa ugucu yaginda 31 bilesik belirlenmis ve yagin %95.3’i aydinlatilmigtir. Ugucu yagin
major bilegikleri karvakrol (%33.0), epikubebol (%10.0) ve S-pinen (%7.3) olarak belirlenmistir. S. athoa ugucu yagmin
temel bilesikleri 6nceki bir ¢alismada mirsen, - pinen ve ar-kurkumen olarak bulunmustur [20].

Salvia tomentosa ugucu yaginda 35 bilesik belirlenmis ve yagm % 99.6°s1 aydinlatilmistir. Ugucu yagin temel
bilesikleri kafur (% 27.3), a-pinen (%15.3), 1,8-sineol (%12.3) ve B-pinen (%7.8) olarak belirlenmistir.

Ugucu yag igeriklerinin, 151k, sicaklik gibi fiziksel, edafik, bitki-bitki ve bitki-hayvan etkilesimleri gibi
degiskenlerden etkilenmesi nedeni ile fitokimyasal gruplandirma ile uyumlu sistematik gruplandirma yapilmasi zordur.

Calismamizda O. majorana ugucu yaginda 28 bilesik belirlenmis ve yagin %100°{ aydmlatilmigtir. Ugucu yagin
ana bilesikleri karvakrol (%71,8), y-terpinen (%8,9) ve p-simen (%8.2)’dir. O. vulgare subsp. vulgare ugucu yaginda 30
bilesik belirlenmis ve yagmm %100’ aydmlatilmigtir. Ugucu yaginin da ana bilesikleri karvakrol (%76,1), y-terpinen
(%6,7) ve p-simen (%6,4) olarak bulunmustur.

Mirsen, y-terpinen, a-terpinen, p-simen, borneol, timol, karvakrol, g-karyofillen, limonen, a-pinen, S-pinen,
linalool ve sabinen O. vulgare ve O. majorana ugucu yaglarinda bulunan bilesiklerdir [21]. Misir’da yetisen O.
majorana’nin ugucu yagi Clevenger tipi apereyi ile 4 saat gerceklestirilen hidrodistilasyon sonucunda elde edilmis ve
GC/MS ile ana bilesenleri 1,30-dibromotriakantone (%41.07), 11-trikosan (%15.35) ve 1,38-dibromooktatriakanton
(%9,77) olarak belirlenmistir [22]. Cezayir’de yetisen O. majorana ugucu yagmin hidrodistilasyon ile ve %0,97 verim
ile elde edildigi bir ¢calismada GC-MS kullanilarak ana bilesenler terpinen-4-diol (%34,1), a-terpinen (%19.2) ve
terpineol (%8,9) olarak elde edilmistir [23].
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Hindistan’da yetisen O. majorana’nin agik havada kurutulmus ornekleri, 4 saat Clevenger tipi aperey le
gerceklestirilmis hidrodistilasyon sonucunda elde edilen ugucu yag, GC ve GC/MS ile analiz edilen ugucu yagin ana
bilesenleri terpinen-4-ol %31.15), cis-sabinen hidrat (%15.76) ve sabinen (%6.91) oldugu gosterilmistir [24].

Icel ve Antalya’dan toplanmis O. majorana &rnekleri kullanilarak yapilmis ugucu yag ¢alismasinda Clavenger
apereyi kullanilmig ve ugucu yag verimleri sirasi ile %6.5-%7.7 olarak; GC ve GC/MS kullanilarak ana bilesenleri
karvakrol (%78.27-%79.46), o-terpinen (%4.84-%3.72) ve p-simen (%4.68-%3.72) olarak elde edilmistir [25, 26].
Tabanca ve ark. (2004) Bahikesir, Aydin ve Izmir (iki farkl1 lokaliteden) toplanmis O. majorana érneklerini Clevenger
tipi aperey ile 3 saat hidrodistilasyona tabi tutmuslar ve elde ettikleri ucucu yaglari GC-MS ile analiz ettikleri
caligmada, dort lokaliteden toplanan 6rneklere ait ugucu yaglarin ana bilesenlerini cis-sabinen hidrat, terpinen-4-ol ve
linalil asetat olarak belirlemis ve Balikesir rneklerinin sirast ile %40.9, %14.3 ve %9.6 ile diger lokalitelerden toplanan
orneklere gore daha yiiksek olarak bu bilesenlere sahip oldugunu belirtmiglerdir [27].

Suudi Arabistan’da yetigen O. vulgare’nin kurutulmus toprak {istii kisimlarina 3 saat hidrodistilasyon
uygulanmis ve elde edilen ugucu yag ile hidrosol ucucu yaglari GC/MS ve GC-FID teknikleri kullanilarak analiz
edilmistir. Ana bilesen olan karvakrol, ugucu yag ve hidrosol i¢in sirasi ile %70.2 £ 1.37 ve %92.5 + 0.97 oranlarinda
belirlenmistir [28]. Tunus’ta yetigen O. vulgare subsp. glandulosum taksonunun ii¢ farkl gelisim evresindeki 6rneklerin
kurutulmus toprak iistii kisimlar1 3 saat hidrodistilasyona tabi tutulmus ve elde edilen ugucu yaglarin GC ve GC/MS
analizi gergeklestirilmistir. Ugucu yag ana bilesenleri, vejetatif gelisimin erken déneminde karvakrol (%61.8), p-simen
(%9.87) ve jyterpinen /%6.34); gec gelisim doneminde karvakrol (%67.93), p-simen (%5.4) ve yterpinen (%4.25) ve
¢iceklenme doneminde karvakrol (%83.37), y-terpinen (%4.13) ve p-simen (%3.02) olarak belirlenmistir [29].

Suudi Arabistan’da yetisen O. vulgare bitkisinin yaprak ve govdesi kullanilarak 3 saat gergeklestirilen
hidrodistilasyon ile ugucu yaglari elde edilmistir. Bu ugucu yaglar GC ve GC-MS kullanilarak analiz edilmis ve ugucu
yagin ana bileseni karvakrol (govde: %77.5 + 0.77, yaprak: %72.8 £ 0.21 oranlarinda), y-terpinen (govde: %1.9 +
0.006, yaprak: %6.2 = 0.07) ve p-simen (govde: %1.4 £ 0.07, yaprak: %3.2 £ 0.0) olarak belirlenmistir [30].

Ulkemizde yetisen O. vulgare’nin Anadolu orjinli alt tiirleri ile gergeklestirilmis ¢alismada [31], cicekli toprak
iistl kisimlarmin 3 saat hidrodistilasyonu ile ugucu yaglar1 elde edilmis ve GC ve GC-MS ile analizleri yapilmistir. O.
vulgare subsp. hirtum karvakrol bakimindan en zengin (%70.47) takson olarak belirlenmistir. O. vulgare subsp.
gracile’nin ugucu yagmin ana bilesenleri -karyofillen (%17.54) ve germakren D (%12.75) olarak; subsp. viride ugucu
yagmin ana bilesenleri terpinen-4-ol + B-karyofillen (%20.94) ve germakren D (%17.80) olarak belirlenmistir.

0. majorana, O. vulgare subsp. vulgare ve S. athoa nin ana bileseni olarak saptanan karvakrol, antibakteriyel,
antienflamatuar, antifungal, analjezik, antikanserojen, antiplatelet, antioksidan, anti-apoptotik, antidepresan, anti-iilser
ve rejenerasyon gibi pek ¢ok 6zellige sahip ugucu bir ugucu yag bilesenidir [32, 33].

Dis hekimligi alaninda gerceklestirilen bir hayvan deneyinde, karvakrol ve kalkon igeren topikal jel
uygulamasinin periodontitiste alveoler kemik rezorpsiyonunu azalttigi gosterilmistir [34]. Diger bir arastrmada,
karvakrol igeren topikal jel uygulamasinin alveoler kemik kayb1 izerine olan etkilerinin mikrobiyolojik, histolojik ve
atomik kuvvet mikroskobu incelemesinde; karvakroliin alveoler kemik kaybmi oOnledigi, gingival dokuda
myeloperoksidaz aktivitesini ve periodonsiyumda mikroorganizma sayisini azalttigi bulunmustur [35].

Salvia tomentosa ugucu yagmin temel bilesikleri kafur (%27.3), a-pinen (%15.3), 1,8-sineol (%12.3) ve f-pinen
(%7.8) olarak belirlenmistir. Tepe ve arkadaslar1 Osmaniye: Diizi¢i’nden topladiklar1 S. tomentosa 6rneklerinin toprak
ustii kisimlardan elde ettikleri ugucu yagin ana bilesiklerini S-pinen (%39.7), a-pinen (%10.9) ve kamfor (%9.7)
olarak belirlemislerdir [36]. Ulkemizde yetisen farkli Salvia tiirlerinin ucucu yaglari ile yapilan calismalar ve
ana/karakteristik bilesikleri; o~ ve S-tuyonlar, 1,8 sineol, a-pinen (S. caespitosa Montbret ex Aucher ex Bentham) [37];
Stuyon, a-tuyon ve 1,8 sineol (S. pomifera L.) [38]; 1,8-sineol, kafur, borneol ve bornil asetat (S. cryptantha L.) [39];
trans-pinokarvil asetat, mirtenil asetat (S. euphratica Montbret et Aucher ex Bentham var. euphratica) [40]; kafur ve
1,8-sineol (S. aytachii M. Vural et N. Adigiizel) [41]; germakren D, bisiklogermakren ve a-pinen (S. syriaca L.)’dir
[42].

Calismamizda S. fomentosa 'nin ana bileseni olarak bulunan kafur, aromatik tadi ve keskin kokusu ile karakterize
bir siklik ketondur. Bu madde yiizyillarca topikal kanlandinci, antipiiriritik, abortus yapici ilag, laktasyonu baskilayici,
kontraseptif, afrodiziak, soguk algmligi ilaci ve antiseptik olarak kullanilmistir. Giiniimiizde tipta en ¢ok topikal
antitiissif, anestezik, analjezik ve antipiiriritik ajan olarak kullanilmaktadwr. Kafur geleneksel dis hekimliginde
endodotik tedavide antiseptik olarak kullanilan klorofenole eklenerek kullanildigi, klorofenol'in etki siiresini uzattigi ve
daha az kostik olmasini sagladigi tespit edilmistir [43].

Ayrica Salvia tiirleri geleneksel tipta kirik ve yara travmalarinda yaygin olarak kullanilan etkili bitkilerdir.
Yapilan calismalar bazi Salvia tirlerinin kemik metabolizmasinda etkili ajanlar oldugunu bildirmistir [44, 45].
Ortodonti alaninda yapilan giincel bir c¢aligmada Salvia kaynakli bir bilesenin sicanlarda hizli premaksilla
genisletmesinde yeni kemik olusumunu hizlandirdigi, sutural bolgedeki yeni olusan kemik alaninda, inflamatuar hiicre
yogunlugunda, osteoblast ve osteoklast sayisinda ve ayrica kapiller sayisinda artisa sebep oldugu bildirilmistir [14].
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Tablo 2. Origanum vulgare subsp. vulgare ugucu yagmnin

Tablo 1. Origanum majorana ugucu yaginin bilesimi bilesimi
RRI Bilesikler % TY RRI Bilesikler % TY
1032 a-Pinen 1.1 tr, MS 1032 a-Pinen 0.8 tr, MS
1035 a-Tuyen 0.6 MS 1035 a-Tuyen 0.6 MS
1076 Kamfen 0.3 tr, MS 1076 Kamfen 0.2 tr, MS
1132 Sabinen 0.1 tr, MS 1132 Sabinen 0.1 tr, MS
1159 6-3-Karen 0.1 tr, MS 1159 5-3-Karene e tr, MS
1174 Mirsen 1.6 tr, MS 1174 Mirsen 1.8 tr, MS
1176 o -Fellandren 0.2 tr, MS 1176 o —Fellandren 0.3 tr, MS
1188 a-Terpinen 18 tr, MS 1188 a-Terpinen 15 tr, MS
1203 Limonen 0.3 tr, MS 1203 Limonen 0.3 tr, MS
1210 B -Fellandren 0.2 MS 1210- 3 —Fellandren 0.2 MS
1255 o -Terpinen 8.9 tr, MS 1218
1266 (E)- B -Osimen 0.1 tr, MS 1255 y-Terpinen 6.7 tr, MS
1267 3-Oktanon 0.1 tr, MS 1266 ( E)-B-Osimen 0.1 tr, MS
1280 p-Simen 8.2 tr, MS 1267 3-Oktanon 0.1 tr, MS
1290 Terpinolen 0.2 tr, MS 1280 p-Simen 6.4 tr, MS
1452 1-Okten-3-ol 0.4 tr, MS 1290 Terpinolen 0.2 tr, MS
1474 trans-Sabinen hidrat 0.5 tr, MS 1452 1-Okten-3-ol 0.3 tr, MS
1553 Linalol 0.1 tr, MS 1474 trans-Sabinen hidrat 0.3 tr, MS
1556 cis-Sabinen hidrat 0.3 tr, MS 1553 Linalool 0.2 tr, MS
1611 Terpinen-4-ol e tr, MS 1556 cis-Sabinen hidrat 0.2 tr, MS
1612 B -Karyofillen 18 tr, MS 1612 B-Karyofillen 1.9 tr, MS
1614 Karvakrol metil eter 0.2 tr, MS 1614 Karvakrol metil eter 0.2 tr, MS
1706 a-Terpineol 0.1 tr, MS (=Metil karvakrol)
1719 Borneol 0.7 tr, MS 1687 a-Humulen 0.1 tr, MS
2181 Izotimol e MS 1706 a-Terpineol 0.1 tr, MS
2204 Timol 0.3 tr, MS 1719 Borneol 0.4 tr, MS
2228 Izokarvakrol e tr, MS 1737 B-Bisabolen 0.2 tr, MS
2239 Karvakrol 71.8 tr, MS 2008 Karyofillen oksid 0.2 tr, MS
RRI: Relatif tutunma zamani indisi n-alkan 2181 Isotimol (=2-1sopropyl-4- | 0.1 MS

serisine gore hesaplanmistir; %: FID verilerine methyl phenol)

gore hesaplanmigtir; e: Eser (< %0.1); TY: 2204 Timol 03 tr, MS

tanimlama Yi’)n.teml.; tr: H.P. Inpowax kolonda 2228 Isokarvakrol 01 tr, MS

standart bilesiklerin analizi ile belirlenen =4-1sopropil-2-metil fenol)

tutunma zamanlarina ve spektrumlarina dayali

tamimlama; MS: Kullamlan kiitiphane ve 2239  Karvakrol 76.1 tr, MS

literatiirlerdeki indeksler ve mas spektrumlar ile

karsilagtirmaya dayali tanimlama. RRI: Relatif tutunma zamam indisi n-alkan

serisine gore hesaplanmustir; %: FID verilerine
gore hesaplanmistir; e: Eser (< %0.1); TY:
tamimlama Yontemi; tg: HP Innowax kolonda
standart bilegiklerin analizi ile belirlenen
tutunma zamanlarina ve spektrumlarina dayal
tammlama; MS: Kullanilan kiitiiphane ve
literatiirlerdeki indeksler ve mas spektrumlar ile
karsilastirmaya dayali tanimlama.

Edremit-Ak¢ay (Balikesir-Tiirkiye) Semt pazarlarinda halk ilaci olarak satilan Lamiaceae familyasina ait bazi tibbi ve aromatik bitkilerin yoresel
isimleri ve u¢ucu yag bilesikleri
Sevim KUCUK, Emre KAYALAR, Mine KURKCUOGLU, Itham EROZ POYRAZ



Tablo 3. Salvia tomentosa ugucu yagmm-bilesimi

RRI Bilesikler % TY
1032 o -Pinen 15.3 tr, MS
1076 Kamfen 4.4 tr, MS
1118 B -Pinen 7.8 tr, MS
1174 Mirsen 4.4 tr, MS
1203 Limonen 3.6 tr, MS
1213 1,8-Sineol | 12.3 tr, MS
1255 0-Terpinen e tr, MS
1280 p-Simen 1.8 tr, MS
1451 L, p-Dimetilstiren e MS
(=p-simenen)
1452 1-Okten-3-ol 0.1 tr, MS
1457 B -Tuyon 0.1 MS
1532 Kafur | 27.3 tr, MS
1562 Izopinokamfon | 1.0 tr, MS
1586 Pinokarvon 0.2 MS
1590 Bornil asetat 2.7 tr, MS
1612 B -Karyofillen | 4.5 tr, MS
1628 Aromadendren 0.4 MS
1648 Mirtenal 0.2 MS
1658 trans-Pinokarvil asetat | 0.2 tr, MS
1664 trans-Pinokarveol 0.4 tr, MS
1687 o -Humulen 0.8 tR, MS
1704 Mirtenil asetat | 0.7 tr, MS
1706 o _Terpineo| 0.3 tr, MS
1707 a-Terpinil asetat | 0.2 tr, MS
1719 Borneol 4.0 tr, MS
1797 Mirtenol 1.5 MS
2008 Karyofillen oksit | 0.4 tr, MS
2071 Humulen epoksit-11 0.2 MS
2104 Viridiflorol 0.3 MS
2198 Timol e tr, MS
2239 Karvakrol 2.7 tr, MS
2324 Karyofilladienol |1 0.1 MS
(Karyofilla-2(12),6(13)-
dien-5 o -ol)
2353 Karyofillenol | 0.4 MS
(Karyofilla-2(12),6-dien-5
a -ol)
2392 Karyofillenol 11 0.3 MS
(Karyofilla-2(12),6-dien-5
B -ol)
2676 Manol 1.0 MS

RRI: Relatif tutunma zamami indisi n-alkan
serisine gore hesaplanmustir; %: FID verilerine
gore hesaplanmistir; e: Eser (< %0.1); TY:
tanimlama Yontemi; tg: HP Innowax kolonda
standart bilesiklerin analizi ile Dbelirlenen
tutunma zamanlarina ve spektrumlarima dayali
tanimlama; MS: Kullanilan kiitiiphane ve
literatiirlerdeki indeksler ve mas spektrumlari ile
karsilastirmaya dayali tanimlama.
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Tablo 4. Sideritis athoa ugucu yagmmn-bilesimi
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RRI Bilesikler % TY
1032 o -Pinen 4.1 tr, MS
1035 o -Tuyen 0.7 MS
1118 B -Pinen 7.3 tr, MS
1132 Sabinen 0.9 tr, MS
1159 vy -3-Karen 0.4 tr, MS
1174 Mirsen 4.4 tr, MS
1176 o -Fellandren e tr, MS
1188 | o -Terpinen 2.6 tr, MS
1203 Limonen 15 tr, MS
1210 B -Fellandren 0.6 MS
1255 y -Terpinen 15 tr, MS
1280 p-Simen 3.2 tr, MS
1497 o -Kopaen 0.9 MS
1612 B -Karyofillen 3.8 tr, MS
1678 Epi-zonaren 0.4 MS
1690 | g-Akoradien 0.9 MS
1704 vy -Kurkumen 0.9 MS
1722 Bisikloseskifell 0.9 MS
andren
1755 Bisiklogermakr 0.9 MS
en
1772 d-Kadinen 3.7 1R, MS
1786 | a-p-Kurkumen | 4.2 MS
1900 Epikubebol 10.0 MS
1933 Kubebol 4.2 MS
2008 Karyofillen 15 tr, MS
oksit
2080 Kubenol 1.1 MS
2088 1-epi-Kubenol 1.7 MS
2131 Hekzahidrofarn 04 tr, MS
esil aseton
2144 Spatulenol 0.4 tr, MS
2170 B -Bisabolol 0.8 MS
2209 T-Murolol 14 MS
2239 Karvakrol 33.0 tr, MS

RRI: Relatif tutunma zamam indisi n-alkan
serisine gore hesaplanmistir; %: FID verilerine
gore hesaplanmistir; e: Eser (< %0.1); TY:
tamimlama Yontemi; tg: HP Innowax kolonda
standart bilegiklerin analizi ile belirlenen
tutunma zamanlarina ve spektrumlarina dayal
tanimlama; MS: Kullanilan kiitiiphane ve
literatiirlerdeki indeksler ve mas spektrumlar ile
karsilastirmaya dayali tanimlama.

Bu bitkiler, karvakrol, karfur vb. ugucu yag ana bilesikleri nedeni ile dis hekimliginde ortodonti, endodonti ve

periodontoloji dallarinda kullanim i¢in onerilebilir.
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Abstract

Recent trip in the forest lands of Golciik Natural Park revealed a new earth-boring dung beetle record for Isparta province:
Anoplotrupes stercorosus. Comparative analysis of partial cytochrome oxidase subunit 1 (CO1) displayed with UPGMA dendrogram
confirmed genus Anoplotrupes.

Key words: Geotrupidae, Anoplotrupes stercorosus, new record, UPGMA, Isparta

Anoplotrupes stercorosus (Seriba, 1791) (Coleoptera: Geotrupidae) Tiiriiniin Tiirkiye'deki varhgi, Isparta ili Gélciik Tabiat
Parki'ndan dogrulanmistir

Ozet

Golciik Tabiat Parki'min ormanlik alanlarina yapilan bir gezi sonrasinda, Isparta ili i¢in yeni bir bok bdcegi kaydi
Anoplotrupes stercorosus gergeklestirilmistir. Karsilastirmali kismi sitokrom oksidaz altiinitel (CO1) analizi Anoplotrupes cinsinin
dogrulugunu teyit etmistir. Ayni sonuglar UPGMA dendrogramiyla da ortaya konulmustur.

Anahtar kelimeler: Geotrupidae, Anoplotrupes stercorosus, yeni kayit, UPGMA, Isparta
1. Introduction

This paper treats a new record from Isparta, Turkiye in the Coleopteran family Geotrupidae, A. stercorosus. The family
members of Geotrupidae, earth-boring scarab beetles, as their common name implies, are burrowers in soil and they accommodate
the burrows for their larvae with dung, fungi, humus [1]. Family is moderate-sized about 45 genera and 600 species, including those
commonly called “dor beetles”. They are round or slightly elongate, very convex, and glabrous or hairly. Their coloration is usually
brown or black, more or less metallic, and is occasionally patterned. Body length is from 6 to 30 mm [2]. Dung beetles mainly feed
on mammals excrement. By doing so, they decompose dung, enrich the soil and effectively mix and aerate soil through tunneling in
this way favoring both to pasture and animal health. Dung beetle activity is crucial in nutrient cycles. They compete with some of the
flies and nematodes [3], [4]. Adults dig vertical burrows that are up to 3 m in depth. Adults of many species are nocturnal and are
saprophagous, coprophagous, mycetophagous, or do not feed as adults [1].

The optimal habitat type of the A. stercorosus is reported as fresh forest habitats [5] similar to Gélciik Natural Park habitat
which is a conserved hotspot, as described in [6].

2. Materials and methods

The examined materials of A. stercorosus were either collected by author from Isparta Golciik Natural Park in 2021 or
deposited in Entomological Museum of Isparta, Turkey (EMIT). The classification and nomenclature [7] was followed in here to
identify species. Female and male genitalia drawings (Figure 1 and 2) of species were adopted from [7]. Leica EZ4 binocular stereo
microsope was used to examine samples.

For BLAST [8] analysis, partial cytochrome oxidase subunit 1 (CO1) nucleotide sequences were gathered from NCBI
database, aligned and visualized by CLUSTAL X v. 2.1 [9] programme.
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Figure 1. Female genitalia of A. stercorosus (Scriba)A: Dorsal view of 9™ tergite and pleurite, B: Sagittal drawing of spermatheca
[71.
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I

Figure 2. Male genitalia of A. stercorosus (Scriba), A: Tergite of the genital segment, B: Sternite, C: Pleurotergite, D: Dorsal view of
paramer, E: Ventral view of paramer, F: Dorsal view of fallobase, G: Ventral view of fallobase, H: Median lobe and appandages, [7].

Materials examined:1 & Golciik Natural Park, 28.111.2021 Leg-Det: S. Bilginturan; 3 specimen Egirdir\Isparta 02.VII. 2011 Leg
Ozge O.; 11 specimen Tr Isparta Gélciik 15.X.2009-24.1X.2009 Leg G. Japoshvili.

General Distribution: Albania, Andorra, Austria, Belarus, Belgium, Bosnia and Herzegovina, Britain, Bulgaria, Corsica, Croatia,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Kazakhstan, Latvia, Liechtenstein,
Lithuania, Luxembourg, Macedonia, Moldavia, Norway, Poland, Portugal, Romania, Russia, Sicily, Slovakia, Slovenia, Spain,

Sweden, Switzerland, The Netherlands, Turkey, Ukraine, Yugoslavia [10]

Distribution in Turkey: Kahramanmaras [11].
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3. Results and discussion

The forest dung beetle A. stercorosus (Scriba, 1791) (Figure 3) is a common species encountered in Europe, Caucasus and
Western Siberia [5]; [12]. However, no reliable record of the existence of this species has been found in taxonomic studies and
ecological studies on the scarabeidae fauna of our country; [13], [14], [15], [16], [17]; [18], [19].

Figure 3. From left to right, dorsal and ventral view of A. stercorosus (Photo: Eduard Yakovlevich Berlov [25])

The authors [20] studied 625 Turkish scarab beetles including A. stercorosus from various types of literature, updated the
checklist of the Turkish Scarabacoidae, but authors didn’t provide locality and reference data. Later, [21], [22] provided
bibliographic references on the knowledge of Turkish Scarabaeoidea. Lately, occurance of A. stercorosus was recorded in
Kahramanmaras province for the first time [11]. However, the author didn’t give any information about where the species were
preserved.

In Isparta, [23] determined the coleopteran biodiversity, found one Geotrupidae species; [24] determined the insect fauna
of Kovada Lake National Park and found 2 geotrupid species; [6] studied Golciik Natural Park Coleoptera diversity, found A.
stercorosus but deposited it in EMIT as “Geotrupidae sp.”.

Thus, the first recording of the species from Isparta was realized as a result of this study.

The reason for the complexity in the distinction of G. stercorarius (Linnaeus, 1758) and A. stercorosus (Scriba, 1791) is
that they have very similar morphological structures. However, some morphological structures can be used as a tool to determine the
difference of the species such as ridges out side of the posterior tibia - A. stercorosus have two complete, transverse ridges including
the apical edge of the tibia, while G. stercorarius have posterior tibiae each with three complete, sharp-edged, transverse ridges on
the outer sides (Figure 4).

Figure 4. Two complete, transverse ridges of A. stercorosus (Photo: Dariusz Kowalczyk [26])

Definitely, BLAST analysis of partial CO1 nucleotide sequences of G. stercorarius (GB Accession HQ954132) G. spiniger
(GB Accession KU918910) A. stercorosus (GB Accession KU910154) and Lethrus apterus (GB Accession MW402935) gathered
from NCBI database clearly demonstrated the taxonomic status of species mentioned. Identity rates of nucleotide sequences were as
follows; G. stercorarius and G. spiniger (93%); G. stercorarius and A. stercorosus (88%). Nucleotide sequence of L. apterus was
used as outgroup in UPGMA dendrogram (Figure 5) created by CLUSTAL X v. 2.1.
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HOBEL132 14
G stercorarmus

FU31E310.1
. spiniger

— KLU510154.1
A. stercorosus

MWW402835.1
0.1 L. apterus

Figure 5. UPGMA dendrogram of CO1 nucleotide sequences of species

As a result of the BLAST analysis, nucleotide arrangements of G. stercorarius and G. spiniger were closely related but

arrangement of A. stercorosus was highly differentiated. For this reason, it is appropriate to evaluate the current taxonomic status of
genus Anoplotrupes separately.
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Abstract

Bombus terrestris (L. 1758) is the most common bumblebee species in the Palearctic region. This taxon is
classified in the subgenus Bombus (s.str.). This species is from short-tongued bumblebees and their food preferences are
relatively shallow corolla plants. It is categorized as a highly polylectic species collected from hundreds of different
plants. However, there is relatively little data about Turkey. Within the scope of the study, the nest of Bombus terrestris
species detected in Hacettepe University -Beytepe Campus was examined entomopalynologically. In order to reveal the
plant-pollinator relationship network, the nest material was brought to the laboratory after the excavation was carried
out close to the end of the bee activity and stored at +4 °C. Microscopic slides were prepared using Wodehouse method
from the nest material to determine the plants used as protein source during the season and investigations were made.
Pollens belonging to the Diplotaxis spp., Brassicaceae, Carduus spp., Centaurea spp., Cichorium spp., Eryngium spp.,
Isatis spp., Linaria spp., Lotus spp. Onobrychis spp., Plantago spp. and Trifolium spp. taxa were detected. Knowing the
biology and food preferences of pollinator insects will help us both in the protection of ecosystem diversity and in
agricultural activities. In this context, it is recommended to conduct more detailed studies on the foraging plants of
insects.

Keywords: Bombus terrestris, entomopalynology, systematic
%
Bombus terrestris (L. 1758) (Hymenoptera: Apidae) tiiriiniin beslendigi bitkilerin yuva materyallerinde bulunan
polenler araciligiyla tespit edilmesi

Ozet

Bombus terrestris (L. 1758), bombus arilarinm Palearktik bolgede en ¢ok yayilis gosteren tiiriidiir. Bombus
(s.str.) altcinsi igerisinde smiflandirilan bu tiir, kisa dilli bombus arilarindan olup besin tercihleri de gorece si1g korollali
bitkilerdir. Bombus terrestris yiiksek polilektik bir tiir olarak kategorize edilmektedir. Bugiine kadar yapilan sistematik
calismalarinda cok sayida farkli bitki lizerinden toplandigma dair kayitlar mevcuttur. Ancak Tiirkiye’de yapilan
caligmalar incelendiginde, tiiriin besin tercihleri hakkinda gérece az veri bulundugu goriilmektedir. Calisma kapsaminda
Hacettepe Universitesi Beytepe Yerleskesi icerisinde tespit edilen Bombus terrestris tiiriine ait yuva entomopalinolojik
olarak incelenmistir. Bitki-polinator iligki aginin ortaya konulabilmesi adina arilarin yuvalarinda depoladiklar1 polenler
incelenmistir. Ar1 aktivitesinin bitimine yakin zamanda- ge¢ sonbaharda gergeklestirilen kazi islemi sonrasi, yuva
materyali laboratuvara getirilerek +4 °C’de saklanmigtir. Sezon boyunca besin olarak kullanilan bitkilerin tespiti igin
yuva materyalinden Wodehouse yontemi ile preparatlar hazirlanarak incelemeler yapilmistir. Isik mikroskobu ile
yapilan incelemelerde Diplotaxis spp., Brassicaceae, Carduus spp. , Centaurea spp.,Cichorium spp., Eryngium spp.,
Isatis spp. , Linaria spp., Lotus spp Onobrychis spp., Plantago spp. ve Trifolium spp. taksonlarna ait polenler tespit
edilmistir. Tozlastirici canlilarin biyolojilerinin ve besin tercihlerinin bilinmesi, bizlere hem ekosistem ¢esitliliginin
korunmasinda hem de tarim faaliyetlerinde yardimci olacaktir. Bu kapsamda polinatdr boceklerin beslenme davraniglara
iliskin daha ayrintili calismalari yapilmasi nerilmektedir.

Anahtar kelimeler: Bombus terrestris, entomopalinoloji, sistematik
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1. Giris

Diinyada 250’nin {izerinde tiir ile temsil edilen Bombus cinsi [1], Palaearktik, Nearktik, Oriental ve
Neotropik bolgelerin 6zellikle alpin, subalpin ve arktik kusaklarinda yayilis gosterir [2]. Tirkiye’nin de iginde
bulundugu Bati Palaearktik bolgede 121, Tiirkiye’de ise 45 tiir saptanmustir [3]. Bu tiir gesitliligi ile Bat1 Palaearktik’te
tiir sayis1 bakimindan en zengin iilke konumundadir [4].

Bombus cinsi sistematik olarak 15 altcinse ayrilmustir [5]. Bombus (s.str.) altcinsi, Diinya’da 17 tiir [6],
Tiirkiye’de ise Bombus terrestris (L., 1758), B. lucorum (L., 1761) ve B. cryptarum (Fabricius, 1775) olmak iizere {ig
tir ile temsil edilmektedir [7]. Bombus (s. str.) taksonundaki bombus arilar1 kisa dilli olup, yayilis gosterdikleri
habitatlar daglik ovalar, orman agikliklar1 ve step ¢ayirlar gibi genis bir spektrumu kapsamaktadir [1].

B. terrestris tiirii diinyada en genis yayilis alanina sahip bombus arisidir. Yiiksek polilektik bir tiir olarak da
kategorize edilmektedir. Kitlesel iiretiminin gorece kolayligi ve kolonideki birey sayisinin yogunlugu bombus arilari
icinde yetistiriciligi en fazla yapilan ve polinasyonda en ¢ok kullanilan tiir olmasina sebep olmustur [8-9].

Bombus terrestris (L., 1758) ve B. lucorum (L., 1761) tiirleri toprak altinda daha 6nceden var olan -
genellikle de 6nceden kemirgen yuvasi olarak kullanmig alanlar1 yuva alani olarak tercih ederler [10]. Primitif eusosyal
bi¢imde yasayan bdceklerdir. Tlkbaharda kis uykusundan uyanan kralige yeni bir koloni olusturur. Koloniler, genellikle,
bir yilliktir ve yalnizca kralige dollenmis halde kisi1 gecirir. Uygun yuvayi bulan kralice bu yuvalarm igerisi sap, saman,
yaprak ve benzeri maddelerle kaplar ve kiigiik bir koloni kurar. Tarlaci bireylerin topladigi nektar ve polen, gelismekte
olan koloninin larva ve geng bireyleri i¢in besin kaynagidir. Yuvaya tagman besin, potlar igerisinde depolanir [10].

Entomofilik bitkilerin ¢igeklenme donemleri siiresince tozlastirict arilarla olan etkilesimlerinin gézlenmesi,
tozlagtirict artlarmin ilgili bitki tizerindeki beslenme davraniglarinin ortaya konmasi bitki-polinator iliskisinin ortaya
konulabilmesi agisindan énemlidir.

Bombus arilarmin hangi bitkiler tlizerinden beslendigine dair bilgiler genel anlamda anlik veriler
icermektedir. Yapilan faunistik calismalarm c¢ogunda, armin bitki {izerinde beslenirken goriilmesi, ar1 ile birlikte
bitkinin de 6rneklenmesi ve miize materyali haline getirilen 6rneklemin etiket bilgisi igerigine hangi bitki iizerinden
toplandiginin da eklenmesiyle olusmus bir bilgi birikimi s6z konusudur [3,11, 12, 13, 14].

Yapilan ¢aligma kapsaminda farkli bir yol izlenerek, yuva materyali sezon sonunda incelenmis ve koloninin
belirli bir alan igerisinde- bir jenerasyon siiresince besin tercihleri ortaya konulmustur.

2. Materyal ve yontem

Calisma kapsaminda Beytepe Yerleskesi igerisinde tespit edilen Bombus terrestris tiiriine ait yuva
(39°87°209°°K, 032°73°590°°D; 1030 m) incelenmistir. Erken sonbahar doneminde tarlaci bireylerin girig-¢ikislar1 takip
edilerek yuva yeri tespit edilmistir. Yuvaya gelen bireylerin birden fazla giris deligi kullandiklar1 saptanmustir. Tespit
edilen yuva giris deliklerinden koloni tarafindan en yogun olarak kullanilani tizerinden yuva i¢i materyaline ulasilmaya
calisilmistir. Kazi sirasinda yuva dagildigindan toprak ve yuva i¢i materyali birlikte alinarak incelemeler i¢in Hacettepe
Universitesi Ar1 Uriinleri ve Palinoloji Laboratuvari’na getirilmis ve +4 °C’de saklanmistir.

Kurutma kagid1 lizerine ince bir tabaka olarak yayilan materyal lizerinden 10 farkl alan rastgele secilmis ve
igne ucuna alman bazik fuksinli gliserin jelatinin bu alanlara temasi saglanarak her bir alan icin iicer preparat
hazirlanmustir.

Her 6rnek Wodehouse yontemi ile preparat haline getirilmistir [15]. Preparatlar, olusturulan kodlama sistemi
cergevesinde verilen kod numaralari ile etiketlendirilmistir. Polenlerin teshisleri Nikon Eclipse E400 model mikroskop
ile ¢esitli polen teshis anahtarlar1 kullanmilarak yapilmistir [16, 17, 18]. Polenler, Olympus marka BX70 model
mikroskoba bagli goriintiileme sistemi ile fotograflanmistir.

3. Bulgular

Yuva i¢i materyali ilizerinden alman polen oOrneklerinin bitkisel orijin tespiti sonucunda Asteraceae
familyasindan Carduus spp. Centaurea spp., Cichorium spp, Brassicaceac familyasindan Isatis spp., Apiaceae
familysindan Eryngium spp., Plantaginaceac familyasindan Linaria spp., Plantago spp., Fabaceae familyasindan
Onobrychis spp., Trifolium spp. taksonlar1 bulunmustur (Sekil.1).
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Sekil 1. Yuva materyali igerisinde tespit edilen polenler

4. Sonuglar ve tartisma

Tiirkiye 6zelinde, Bombus terrestris tiiriiniin bitki tercihleri ile ilgili kayitlar incelendiginde Vitex agnus-
castus L. , Arbutus unedo L., Eriobotrya japonica Thunb., Lupinus varius L., Clematis cirrhosa L., Pyrus elaeagrifolia
Pallas, Lotus corniculatus L., Anchusa azurea Miller, Echium angustifolium Miller, Echium italicum L., Arbutus
andrachne L, Coronilla emerus L., Quercus spp., Ptilostemon chamaepeuce (L.) Less, Salvia fruticosa Miller, Carduus
nutans L., Alcea pallida Waldst.& Kit., Salvia virgata Jacq., Hypericum scabrum L., Cephalaria dipsacoides Boiss.&
Balansa, Gonocytisus angulatus L., Delphinium peregrinum L., Echinops ritro (Boiss.) Hall., Anagyris foetida L., Rosa
canina L., Jasminium fruticans L., Fumaria officinalis L., Vicia sativa L., Coronilla varia L., Pterocephalus plumosus
(L.) Coulter, Astragalus tmoleus Boiss., Salvia tomentosa Miller, Medicago sativa L., Sideritis pisidica Boiss.& Heldr.
Apud Bentham, Clematis cirrhosa L., Acer sempervirens L., Styrax officinalis L., Potentilla recta L., Malva sylvestris
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L., Lotus corniculatus L., Convolvulus scammonia L., Rubus sanctus Schreber, Umbilicus erectus DC., Opopanax
hispidus (Friv.) Gris., Rhus coriaria L., Melissa officinalis L., Centaurea solstitialis L., Clematis flammula L., Althaea
cannabina L. [11]; Symphytum asperum Lepechin, Anchusa officinalis L., Echinops orientalis Trautv. [3,18] olarak bir
veri setine ulasilmaktadir.

Bombus terrestris ile yiiriitilmiis kontrollii polinasyon ¢alismalar1 kapsaminda ticari kolonilerin besin
tercihlerinin ortaya konabilmesi i¢in yapilan entomopalinolojik ¢aligmalar bulunmaktadir. Bu kapsamda yiiriitiilen
calismalarda yuvaya donen tarlaci arilarin yakalanmasi, canli aridan polen yiiklerinin alinmasi-serbest birakilmasi [20]
ve ¢iceklenme sonrasinda yuva igindeki polen depolarinin incelenmesi [21] ile polen toplanan bitkilerin tespiti
gergeklestirilmistir. Yapilan ¢aligmalar sonucunda hedef bitki olan Prunus avium ve Lycopersicon esculentum polenleri
tespit edilmistir.

Beytepe Yerleskesi’nde gergeklestirilen ¢aliyma kapsaminda tiiriin yuva materyali sezon sonunda incelenmis
ve belirli bir alan igerisindeki besin tercihleri ortaya konulmustur. Bu kapsamda Asteraceae familyasindan Carduus spp.
Centaurea spp., Cichorium spp, Brassicaceac familyasindan lsatis spp., Apiaceae familysindan Eryngium spp.,
Plantaginaceae familyasindan Linaria spp., Plantago spp., Fabaceae familyasindan Onobrychis spp., Trifolium spp.
taksonlar1 bulunmustur.

Beytepe Yerleskesi sinirlari igerisindeki flora, dogal olarak yayilis gosteren bitkilerden 56 familyaya ait 329
taksa ve peyzaj bitkisi olarak kullanilan 76 taksadan olusmaktadir [22]. Tir &zelinde yapilan gozlemler ve
arastirmalarda, Bombus terrestris’in yuva yakinindaki bitkisel kaynaklardan (yaklagik 50 metre ¢apinda) beslendigi,
kaynak yetersizliginde ise 3000 metre ¢apinda yayilis gosterebildigi belirtilmistir [10]. Calisma sonucunda yuva i¢inde
tespit edilen polenler ile yuva etrafinda yakin ¢evrede yayilis gosteren bitkilerin uyumlu oldugu tespit edilmistir.

Yiiksek polilektik bir takson olan Bombus terrestris tiiriiniin tilkemizdeki genis yayilis alan1 da g6z 6niinde
bulunduruldugunda besin tercihleri ile ilgili olarak daha farkli bitki tiirleri ile de kargilagilacagi agikardir. Bu baglamda
literatiir verisinde bulunmayan Cichorium spp, Isatis spp., Eryngium spp. ve Linaria spp. ve Plantago spp. tiirlerine ait
yeni kayitlarin calisma alaninin da i¢inde bulundugu iran-Turan fitocografik bdlgesinde tiir ile yapilan gérece az sayida
¢alisma bulunmasi ile iliskilendirilebilir.

Tozlastiric1 canlilarin biyolojilerinin ve besin tercihlerinin bilinmesi, bizlere hem ekosistem cesitliliginin
korunmasmda hem de tarimsal faaliyetlerde yardimci olacaktir [23]. Bu kapsamda Bombus terrestris gibi polen
depolama davranislar1 olan polinator boceklerin beslenme davraniglara iliskin, yalnizca anlik verilere degil yuvalari ile
ilgili daha ayrmntili galigmalara yonelmek sistematik anlaminda fayda saglayacaktir.
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Yuva alaninda yapilan caligmalarda yardimci olan arkadaslarima, Hacettepe Universitesi Yapi Isleri ve
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Abstract

Verbascum detersile Boiss. & Heldr is a member of the Verbascum L. (Scrophulariaceae) genus known as
"Sigirkuyrugu". It is an endemic species that grows in Turkey which is a center of endemism for Verbascum species.
Some Verbascum species are used in folk medicine to relieve menstrual pain, rheumatism, ear pain, and to treat
hemorrhoids, arteriosclerosis, lung, diabetes and animal wounds. Today, it is grown for tea, tincture and natural
medicine production. It has been reported to be used against bronchitis, cough, hoarseness, toothache, cramps and
diarrhea in the past. In this study, the anatomical structure of the endemic V. detersile species, which is called " zinemit"
and used as a folk medicine in Anatolia, was illuminated with cross sections taken from the root, stem and leaves.
Key words: Scrophulariaceae, Verbascum detersile, anatomy, endemic

%

} Endemik Verbascum detersile Boiss. & Heldr.’nin (Scrophulariaceae) anatomik 6zellikleri
Ozet

“Sigir kuyrugu” olarak bilinen Verbascum L. (Scrophulariaceae) cinsi i¢inde yer alan Verbascum detersile
Boiss. & Heldr. tiirii iilkemiz igin endemik bir tiirdiir. Tiirkiye, Verbascum cinsi igin bir endemizm merkezidir. Bazi
Verbascum tiirleri halk arasinda adet sancisini, romatizma ve kulak agrilarin1 gidermede, hemoroide karsi, akciger ve
seker hastaliginin tedavisinde, damar sertligine kars1 ve hayvan yaralarini tedavi etmekte kullanildigi, giiniimiizde cay,
tentlir ve dogal ila¢ imalati i¢in 6zel olarak yetistirildigi; gegmiste bronsit, oksiiriik, ses kisilmasi, dis agrisi, kramplar ve
ishale karsi kullanildig1 bildirilmigtir. Bu ¢aligmada Anadolu’da “zinemit’’ olarak adlandirilan ve halk ilac1 olarak
kullanilan endemik V. detersile tiriinin kok, gévde ve yapraklarindan alman enine Kkesitlerle anatomik yapisi
aydmlatilmistir.

Anahtar kelimeler: Scrophulariaceae, Verbascum detersile, anatomi, endemik
1. Giris

Verbascum L. (Sigirkuyrugu) cinsi, Scrophulariaceae (Siracaotugiller) diinya’da yaklasik 360 tiir, Tiirkiye’de
ise 130’u hibrit,13 grup altinda toplam 341 tiir igermektedir. Endemik tiir sayist yaklagik 200, endemizm orant %80°dir
[1-3]. Cins iilkemiz icin gen ve endemizm merkezi olup, genel olarak Dogu, Giiney ve I¢ Anadolu’da yayilis
gostermektedir. Iran-Turan fitocografik bolgesi tiirlerin genel yayilis alanidir [4]. Verbascum cinsi genis yayilis alanina
ve fazla tiir sayisina sahiptir. Bu nedenle taksonomik problemleri olan biiyiik bir cinstir. Verbascum cinsi i¢in 13 farkh
yapay grup olusturulmustur. Tiirkiye’de yayilig gosteren Verbascum cinsi ile ilgili ¢calismalar Huber-Morath [5, 6] ve
Karaveliogullari ve Aytag [7] tarafindan yapilmis ve 10’dan fazla tiir ve 6 melez tiir tanimlanmugtir [8, 9].

Tarihsel siiregte Misirlilar ve Romalilar tarafindan kullanildigi ve dksiiriige, dis agrisina, kramplara, bronsite,
ishale ve ses kisilmasma karsi etkili oldugu kayithidir. Giiniimiizde ¢ay, tentiir ve dogal ilag imalat1 igin yetistirildigi
bilinmektedir. Halk arasinda haricen doku yumusatici ve hafif agr1 kesici, adet sancisini, romatizma, kulak agrilar1 ve
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hemoroit, akciger, diyabet, damar sertligini onleyici ve hayvan yaralarini iyi edici olarak kullanildigi, dahilen balgam
soktiiriicti ve gégiis yamusatici olarak kullanildigi kaydedilmistir [10, 11].

Trakya’da yayilis gosteren V. densiflorum Bertol., Kuzey Anadolu’da yayilis gosteren V. thapsus L. ve
Kuzeybati ve Kuzeydogu Anadolu’da yayilist olan V. phlomoides L. tiirlerinin Avrupa’da da genis kullanimi
bulunmaktadir. Ayrica bu tiirler, Fransiz ve Tiirk kodeksinde kayith olup, kullanilan kisimlar1 gicek ve yapraklardir.
Temmuz-Eyliill aylarinda toplanip, hava akiminin oldugu gdlgede kurutulan ciceklerden “Flores Verbasci’” ve
yapraklardan elde edilen “Folium Verbasci’’ droglar1 saponin, miisilaj, rezin ve aci maddeler igerir [12]. Yapilan
farmakolojik ve biyolojik aktivite caligmalarinda ise, bazi Verbascum tiirlerinin antihistaminik, antimikrobiyal,
sitotoksik ve antioksidan etkili oldugu bildirilmektedir [13-15].

Verbascum detersile Boiss. & Heldr. tiirii iilkemizde “zinemit’” ismi ile bilinmektedir ve Dogu Akdeniz
elementidir [6,1].

Verbascum cinsi igerdigi ¢ok sayidaki tiir sayisi ve ¢ok farkli cografik boliimlerde yayilig gostermesi ve genel
olarak teshis ve taksonomisindeki sorunlardan dolay1 cinse ait tiirlerin morfolojik, anatomik yapilarinin aydinlatilmasi
tiirlin taksonomisine katki saglayacagi diigiiniilmektedir.

Bu amagla bu arastirmada iilkemiz i¢in endemik olan ve halk ilac1 olarak kullanilan V. detersile nin anatomik
ozellikleri aydinlatilmaya ¢alisilmustur.

2. Materyal ve yontem
2.1. Bitkisel Materyal

Aragtirma materyali, 13.05.2008 tarihinde, C3 Antalya: Kemer’den Cirali-Maden aras1 (360 25 20°” N, 300
28’ 72”’E), kizilgam ormanlar1 ve serpantin kayalardan, 50 m’den toplanmustir. Bitkiler numaralandirilip herbiye drnegi
haline getirilerek Anadolu Universitesi Eczacilik Fakiiltesi (ESSE 15085) ve Akdeniz Universitesi Biyoloji Bolimii
Herbaryum’unda (AKDU Goktiirk 6902) saklaniimaktadir.
2.2. Anatomik
%70’lik alkole alinan cigekli bitkilerin kok, gévde ve yapraklarindan elle enine kesitler alimnmistir. Bu kesitler Sartur

Reaktifi ile boyanip, gliserin- jelatin ile sabitlenmistir. Kesitlerin fotograflart Olympus BX 51 trinokuler dijital kamerali
mikroskopta gekilmistir.

vl 1S . . !
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Sekil 1. V. detersile yayilis haritasi Sekil 2. V. detersile habit (Foto: R.S. Gokturk)
3. Bulgular
3.1. Kok

Sekonder gelisme gosteren kok’te, periderma, 5-9 sira diizensiz hiicreli mantar doku ile 4-8 sira felloderma
hiicrelerinden meydana gelmistir. Mantar hiicreleri pargalanmis veya lizerinde yer yer ezilmig primer kortekse ait doku
kalintilarint igermektedir. Sekonder floem peridermanin altinda 4-9 sira, diizensiz sirali, halka seklinde oval sekilsiz
hiicrelerden olugmustur. Kambiyum belirsizdir. Sklerankimatik doku iginde genis bir alan1 kaplayan sekonder ksilem
trakeal elemanlar1 kapsamaktadir. Oz 1gmlar1 2-3 sirahdir. Oz bélgesi parenkimatiktir (Sekil 3a, b).
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Sekil 3 a,b. V. detersile kok
3.2. Govde

Epiderma tek sira, kalin geperli yuvarlak- oval hiicrelerden olugmus, iizeri ince bir kutikula ile ortiilidiir. Alt ve
iist ¢eperleri kalin, yan ¢eperleri incedir. Eglandular tiiyler dallanmis ¢ok hiicreleri gamdan tiiylii, glandular tiiyler 3 tip
olmak iizere; sap 1 bas 1, sap 2 bas 1, sap 2 bas 2 hiicrelidir. Parenkimatik korteks 8-10 hiicre sirasindan olugmaktadir.
Primer korteks kollenkima hiicreleri ile kloroplast ve druz kristalleri iceren oval sekilli parenkima hiicrelerinden
olugmaktadir. Endoderma’y1 olusturan hiicreler basik ve korteks parenkimasmdan zor ayirt edilmektedir. Kambiyum
belirsiz, floemin {izerinde 4-6 sirali sklerankima demetleri gézlenmistir. Floem 3-8 sira, dar halka, ksilem’deki
sklerankima hiicreleri radyal yoneltide diizenli siralanmis genis bir halka halindedir. Oz 1smlar1 1-2 siradir. Oz,
¢eperleri odunlagmis, druz kristalleri tagiyan parenkima hiicrelerinden olugsmustur (Sekil 4a, Sekil 4b).

Sekil 4a,b. V. detersile govde

3.3. Yaprak

Ust ve alt epiderma iizeri kutikulali, tek sira basik, yuvarlak veya oval hiicreli olup indumentum govde ile
aymidir. Amarillis tipi stomalar, yapragin her iki yiiziinde bulunmakla birlikte alt yiizde daha yogundur (amfistomatik),
epiderma hiicrelerinden daha yukar1 seviyededir (higromorf stoma). Mezofil, 2-3 siral1 palizat ve 3-5 hiicre sirali siinger
parenkimalidir (bifasial yaprak). Kolateral iletim demetleri iyi gelismis olup, ice dogru kivrik hilal seklindedir. Ust
epiderma ile iletim dokusu arasinda 1-2 sira kollenkima ve 12-15 sira parenkima hiicreleri, floem ile alt epiderma
arasinda ise 10-20 sira parenkimatik dokusu bulunmaktadir. Ust epidermaya bakan ydénde bulunan ksilem 1smnsal olarak
dizilmis trakeal elemanlardan olusmustur. Floem ksilemin altinda yer alir ve alt epidermaya bakan yondedir. (Sekil 5a,
Sekil 5b).
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Sekil 5a-c. V. detersile yaprak

ae: alt epiderma, e: epiderma, f: floem, fe: felloderma, ko: kollenkima, kp: korteks parenkimasi, ks: ksilem, ku: kutikula, m: mantar, me: mesofil, 6:
0z, Ot: Ortii tiiyii, p: parenkima, pe: periderma, pp: palisat parenkimasi, s: stoma, sf: sekonder floem, sok: sekonder 6z kolu, sk: sklerankima, sks:
sekonder ksilem, sp: siinger parenkimas, st: salgi tiiyii, tk: trakeid, tr: trake, tie: list epiderma.

Sekil 6 a-g. V. detersile 6rtii ve salgi tiiyleri (Govde, Yaprak)

ae: alt epiderma, e: epiderma, f: floem, fe: felloderma, ko: kollenkima, kp: korteks parenkimasi, ks: ksilem, ku: kutikula, m: mantar, me: mesofil, 6:
6z, Ot: Ortil tliyii, p: parenkima, pe: periderma, pp: palisat parenkimasi, s: stoma, sf: sekonder floem, sok: sekonder 6z kolu, sk: sklerankima, sks:
sekonder ksilem, sp: siinger parenkimas, st: salgi tilyil, tk: trakeid, tr: trake, iie: iist epiderma.

4. Sonuglar ve tartisma

Anatomik yapist bu c¢alismada aydmlatilan endemik V. detersile’nin kok anatomik yapisinin sekonder
gelisme gosterdigi ve koruyucu doku peridermanin, isinsal sirast bazi bolgelerde bozulmus mantar doku ile
fellodermadan olustugu gozlenmistir. Oz bolgesi parenkimatiktir. Gévdede floem ve ksilem ise silindir seklinde
devamli dokular halindedir. Yapraklar tiim taksonlarda dorsiventral ve amfistomatiktir. Yaprak amfistomatik 6zellik
tagimaktadir. Yiizeysel kesitte; alt ve iist epiderma iizerindeki stoma hiicreleri ¢ogunlukla 3-4 epiderma hiicresi
tarafindan kusatilmistir. Mezofil tiim iist epidermanin altinda yer alan 2-3 sira halinde dizilmis, bol kloroplasth palizat
parenkimasi ile onun altinda yer alan 3-5 sira siinger parenkimasindan olusmustur (bifasial yaprak). iletim demetleri
kolateraldir. Iyi gelismis olup, ice dogru kivrilan hilal seklindedir. Orta damarim her iki yaninda kalin yan damarlar
ayanin kenarma kadar siralanmis olup, orta damar belirgin olarak disa dogru derin bir ¢ikint1 yapmustir. Ortii ve salgi
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tiiyleri govdedeki gibi olup, her iki epidermada da gozlenmistir. Ortii tiiyleri dallanmis ¢ok hiicreli samdan tiiylerdir.
Salgi tiiyleri 3 tiptir. Bunlar sap1 1 basi 1 hiicreli, sap1 2 bas1 1 hiicreli, sap1 2 bas1 2 hiicreli salg1 tiiyleridir.

Tiire ait anatomik Ozellikler Lersten ve Curtis [16], Metcalfe ve Chalk [17] ’in cins iizerinde belirtilen
bulgulariyla ve daha 6nce yapilmig ¢aligmalarla [13, 18-23] tiirlerin anatomik yapismin genel olarak uyumlu oldugu, bu
tirlerden V. davisianum’da ortii tiiylerinde sadece yildiz tity olmasi, 3 tip (sap1 2 basi 1, sap1 2 basi 2, sap1 3 bagi 2
hiicreli) salgi tiiyii ve gévde parenkima hiicelerinde druz gézlenmesi, V. pycnostachyum tiiriinde ise kokiin 6z bolgesinin
parenkimatik hiicrelerden olugsmasi 1 tip (sap1 2 bast 3) salgi tiiyii ve druzlarin gozlenmesi, govdede kollenkimanin
koselerde daha belirgin gelismis olmasi, ayrica V. bellum ve V. davisianum tirlerinde kokiin 6z bolgesinin
sklerankimatik olmasi diginda cinse ait diger tiirlerle aralarinda belirgin fark olmadig1 gézlemlenmistir.

Tablo 1°de bazi tiirlerin anatomik 6zellikleri karsilagtirmali olarak verilmistir. Ullah ve arkadaglarmin [23]
V. thapsus tiiriine ait yaprak epiderma anatomisi ile ilgili yaptiklar1 bir calismada ortii ve salgi tiiylerinin dendroid ¢ok
tiiylii oldugu belirtilmistir.

Verbascum cinsi igerdigi ¢ok sayidaki tiir sayisi ve ¢ok farkli cografik bolimlerde yayilis gostermesi
bakimindan genel olarak teshis ve taksonomisinde cesitli sorunlarin oldugu bilinen en biiylik cinslerden biridir. Bu
bakimdan cinse ait tiirlerin morfolojik, anatomik yapilarinin aydnlatilmas: tiiriin taksonomisine katki saglayacagi
diigtiniilmektedir.

Endemik bir tiir olan V. detersile iizerinde yapilmis yapist ile ilgili bir ¢alismanin olmayisi, yapilan
aragtirmay1 tiiriin sistematik yonden tanitilmasi ve anatomik &zelliklerinin de teshis anahtarina katkida bulunmasi
bakimindan 6nemli kilmaktadir.

Tablo 1. Verbascum tiirlerinin 6rtii ve salgi titylerinin karsilagtiriimasi

Ortii tiiyleri (Govde ve Yaprak) Salg1 Tiiyleri (Govde ve Yaprak) Kaynak
V. detersile Dallanmus, ¢ok hiicreleri samdan tiiylii Bag1 1 sap1 1
Bas1 1 sap1 2
Bas1 2 sap1 2 hiicreli
V. mucronatum Dallanmis, ¢ok hiicreli samdan tiiylii Bas1 1 sap12 13

Bas1 2 sap1 2
Bag1 3 sap1 2
Basi 1 sap1 3
Bas1 2 sap1 3 hiicreli,

Seffaf salgi tiiylii

V. davisianum Dallanmis, ¢ok hiicreli samdan tiiylii Basi 1 sap12 13
Bas1 2 sap1 2-3 hiicreli;
Seffaf salg1 tiiylii

V.leptocladum Dallanmis, ¢ok hiicreli yildiz tiiyli Bag1 1 sap11,2,3 13

Bag1 2 sap1 1,2,3
Basi 3 sap1 2 hiicreli
V. pestalozae Dallanmis, ¢ok hiicreli samdan ve yildiz Basi 1 sap12 22
tiiyli Bas1 2 sap1 1
Bags1 3 sap1 2
Basi 1 sap1 3
Basi 2 sap1 3 hiicreli

Seffaf salg1 bezli
V. pycnostachyum  Dallanmig, Cok hiicreli samdan ve yildiz Bagi 1 sap11 22
tiyld Basi1 2 sap1 1
Basg1 3 sap1 2 hiicreli (yogun)
V. bellum Dallanmis, ¢ok hiicreli samdan ve yildiz Bas12 sap1 1, 21
tiyli Bas1 1 sap1 2,

Bas1 2 sap1 2,
Bas1 3 sap12
Basi1 1 sap1 3 hiicreli
V. thapsus Dendroid ¢ok hiicreli Dendroid ¢ok hiicreli 23
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Abstract

In this study was determined concentration of Pb, Zn, Cu, Cd, Ni in Salicornia europaea L. and its growing
soil which is naturally distributed in Ayvalik Saltern. Analyses were performed using by Flame Atomic Absorption
Spectrophotometer (FAAS). Sampling took place between the June 2009 and May 2010 intervals on 8 stations that were
determined on the soil barrier surrounding the Saltern. Root, stem and leaves parts of the plant and soil samples
collected from the where plant samples were taken regularly from the each station for 12 months. In the S. europaea, Pb
and Zn accumulation increased depending on the distance from the road, and a clear relationship was not obtained
between Cd, Cu and Ni accumulation.

Key words: Ayvalik Saltern, heavy metal, pollution, Salicornia europaea, Turkey

Ayvalik Tuzlasinda agir metal Kirliligi arastirmasi (Balikesir-Tiirkiye)

Ozet

Bu c¢aligmada, Ayvalik Tuzlasi’ nda dogal olarak yayilig gosteren Salicornia europaea L. tiiriiniin ve onun
yetisme topragindaki Pb, Zn, Cu, Cd, Ni konsantrasyonlar1 belirlenmistir. Analizler Alev Atomik Absorpsiyon
Spektrofotometresi (FAAS) kullanilarak yapilmistir. Ornekleme, Tuzla'y1 gevreleyen toprak bariyeri {izerinde belirlenen
8 istasyonda Haziran 2009 ile Mayis 2010 tarihleri arasinda gergeklestirilmistir. Bitki drneklerinin 12 ay boyunca her
istasyondan diizenli olarak alindig1 bitki drneklerinin kok, govde ve yaprak kisimlari ile toprak drnekleri alinmustir. S.
europaea’ da yoldan uzakliga bagl olarak Pb ve Zn birikimi artmis, Cd, Cu ve Ni birikimi arasinda net bir iligki elde
edilememistir.

Anahtar kelimeler: Ayvalik Tuzlasy, kirlilik, agir metal, Salicornia europaea, Tiirkiye
1. Introduction

Salicornia, also commonly and variably known as picklewed, glasswort, seabeans, sea asparagus, crow’s foot
greens, and samphire is a halophyte, belonging to Amaranthaceae family [1]. The name Salicornia has originated from
the Latin word meaning ‘‘salt’’. Studies report that some species, for example S. europaea show tolerance towards
salinity as high as 3 % NaCl [2]. This fleshy plant is found at the edges of wetlands, marshes, sea shores, and mudflats
actually on most alkaline flats [3].

Salicornia is widely distributed in different geographies such as North America, Asia, Africa and Europe.
This wide distribution contributed to the use of the plant as food. A number of functional nutrients such as fibers,
polyphenols and flavonoids have been identified in Salicornia. These foods caused Salicornia to be used as a “sea
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vegetable”. In addition, medicinal properties such as immunomodulator, lipid-lowering, antiproliferative,
osteoprofective and hypoglycemic have made this saline plant important [4].

The seeds of Salicornia species contain 26-33% crude oil and 30-33% crude protein. The oil obtained from
Salicornia seeds is of good quality compared to other oil plants, unsaturated fatty acid is between 87-88% and saturated
fatty acid is between 12-13% [5].

Halophytic plants contain highly unsaturated fatty acids, carotenoids, vitamins, sterols, essential oils
(terpenes), polysaccharides, glycosides and phenolic compounds. These compounds have medicinal properties such as
antioxidant, antimicrobial, anti-inflammatory and anti-tumor activities used in the treatment of various diseases (cancer,
chronic inflammation, atherosclerosis and cardiovascular disorders, etc.) and aging processes [6].

Salicornia europaea as a halophyte and an accumulator plant [7] was used in this study. Heavy metals differ
from other chemical pollutants because they can be formed from different sources, cause pollution, are resistant to
environmental conditions, affect biological systems and accumulate in the food chain by increasing intensively [8]. The
genus Salicornia (Chenopodiaceae order) is a halophyte, which is common in the saline, coastal habitats of Europe,
North Africa, and near East and Central Asia [7].

Industrial activities, exhaust gases of motor vehicles, mineral deposits and operations, volcanic activities,
fertilizers and pesticides used in agriculture and urban wastes are some of the factors that cause the spread of heavy
metals to the environment [9]. Motor vehicles are responsible for most of the environmental pollution [10]. 60% of Pb
and Ni are added to the gasoline [11]. They also stated that Zn and Cd were released into the atmosphere from exhaust
gases and car tires [12]. Cu has been released into the atmosphere from wear and corrosion in brake pads and engine
alloys [13].

Heavy metals significantly pollute air, soil, plants and water. Thus, it causes great harm to human health
through respiration, food chain and skin contact. Elements such as Mn, Fe, Cu, Zn and Ni are important trace elements
for the metabolic activities of plants [14]. Plants vary from heavy metals, amount of pollutant, distance from source,
exposure time and weather conditions [15]. Plants take heavy metals with their roots and store them in other organs as
well as stomata [16]. When heavy metal accumulation is high in plant tissues, many events such as mineral nutrient
uptake, photosynthesis, enzyme activity, chlorophyll biosynthesis and germination are adversely affected. Physiological
events such as damage to membranes, degradation of hormone balance and alteration of water balance may also be
added to these [17]. In addition, accumulation of heavy metals in plants, with or without micronutrient elements, causes
physiological stress, reduction in growth and development [18]. Heavy metals also affect the enzyme levels of plants
depending on the type and concentration of heavy metals [19].

S. europaea, a local name of “’deniz boriilcesi’’, halophytic, perennial, evergreen. Stems up to 15-20 cm,
succulent and that is edible by the local people and sold in markets and bazaars (Fig. 1). Studies have been done on
heavy metal levels and about the application areas of S. europeae [4, 6, 20], in our country, studies have been carried
out on the pollution of Ayvalik Saltern [21, 22]. Ayvalik Saltern is the second largest saltern after Camalt1 Saltern
(Izmir) in terms of salt production, located adjacent to izmir-Canakkale highway. Approximately 20,000 tons of salt are
produced annually. The salt produced is used in industrial and food industries and snow cleaning works. In the soil dam,
surrounding the saltern, S. europaea, Halimione portulacoides L. Aellen and Suaeda prostrata subsp. prostrata Pall.
such as halophytic plants are spreading abundantly. The Pb, Zn, Cu, Cd and Ni levels of Ayvalik Saltern were
determined by using S. europaea and the soil in which it growth. Furthermore, it is aimed to determine the level of
heavy metal this plant, whether used as food can be safely consumed.

Figure 1. General view of S. europaea (source: the Biolib.)
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2. Materials and methods

The Ayvalik Saltern, which was established in 1980 on an area of 930,000 m?, is located near the Izmir-
Canakkale highway at a distance of 11 km from the district of Ayvalik in Balikesir, Turkey. The highway passed
between the sea and the saltern. The saltern is surrounded by a soil barrier of approximately 1 m of height and a water-
filled drainage trench of 2-3 m of width that restricts it (Fig. 2). The materials of our study consisted S. europaea
(Glasswort) that is abundantly spread on the soil barrier and the soils they grew in. Sampling was carried out on a
monthly intervals from 8 stations on the soil barrier surrounding the saltern between June 2009 and May 2010 (Fig. 2).
The plants were collected without using metal tools, brought to the laboratory and dried for 16 hours in a stove set at
105°C. Each of the dried samples was turned into a powder in a porcelain mortar, 1 gr of the sample was collected by
weighing on a precision scale and put in 250-ml beakers. HCI: HNO3 (3: 1) added onto the samples. The samples were
subjected to a burning process in a fume hood for 2 hours at 150-200°C until approximately 1 ml of white-colored plant
melt remained on the hot plate. After the melt was filtered through blue-grade filter paper, it was filled up to 50 ml with
distilled water. The analysis were carried out by a Perkin Elmer Analyst 700 Model Flame Atomic Absorption
Spectrophotometer (FAAS).

The soil samples were also collected without using metal tools from a depth of approximately 20 cm by
extracting cores for 0,5-kg samples. The soils that were put into plastic bags were brought to the laboratory in iceboxes
and stored at -21°C until the analysis. The soils that were put in a certain amount on petri dishes before the analysis
were dried for 16 hours in a stove set at 105 °C. Each dried sample was turned into powder in a porcelain mortar,
homogenized and filtered through a 160 p sieve. The sieved soil samples were weighed as 0.5 gr on a precision scale,
and HCI: HNO3 (3: 1) was added. They were then subjected to a burning process under a fume hood for 2 hours at
150-200°C until a white-colored melt remained. After the melt was filtered through blue-grade filter paper, the samples
were completed to 25 ml with distilled water [23]. The analysis were carried out by a Perkin EImer Analyst 700 Model
Flame Atomic Absorption Spectrophotometer (FAAS).
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3. Results

Pb, Zn, Cu, Cd and Ni concentrations in S. europaea and growing soil were well below the limit values.
Concentration of metals in soils follows the decreasing trend of Pb> Cu> Zn> Ni>Cd, accumulation levels of heavy
metals in S. europaea respectively Pb> Zn> Cu> Ni> Cd. (Table 1,2,3,4,5).

According to the 12-month average values of each station, the lowest Pb concentrations were found as; 0.883 +
0.23 ppm in the soil (station 4), 0.724 + 0.29 ppm in the root (station 6), 0.709 + 0.28 ppm in the stem (5th station) and
0.722 + 0.35 ppm in the leaves (station 3). Based on the same values, the highest Pb concentrations were found as;
1.176 £ 0.11 ppm in the soil (station 8), 0.987 = 0.49 ppm in the root (station 5), 0.866 + 0.27 ppm in the stem (station
2) and 1.150 £ 0.26 ppm in the leaves (station 8) (Table 1, Fig. 3).
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Table 1. 12-month average Pb concentration values for all stations in S. europaea and its growth soil (dry weight)

Station Pb Soil Root Stem Leaf
No ppm
Mean/SD 0.917+0.14 0.826+0.32 0.836+0.35 0.912+0.31
1 Min-Max 0.725-1.119 0.413-1.557 0.172-1.338 0.512-1.580
Mean/SD 1.069+0.15 0.976+0.47 0.866+0.27 0.897+0.27
2 Min-Max 0.818-1.278 0.109-1.882 0.245-1.390 0.226-1.366
Mean/SD 0.934+0.23 0.807+0.41 0.742+0.40 0.722+0.35
3 Min-Max 0.523-1.400 0.074-1.438 0.097-1.484 0.115-1.245
Mean/SD 0.883+0.23 0.815+0.34 0.824+0.30 0.866+0.27
4 Min-Max 0.602-1.276 0.439-1.543 0.481-1.362 0.526-1.471
Mean/SD 0.949+0.31 0.987+0.49 0.709+0.28 0.949+0.52
5 Min-Max 0.552-1.599 0.187-1.567 0.172-1.161 0.181-1.633
Mean/SD 1.106+0.15 0.7244+0.29 0.781+0.25 0.987+0.29
6 Min-Max 0.959-1.385 0.192-1.140 0.273-1.281 0.312-1.330
Mean/SD 1.142+0.19 0.833+0.40 0.808+0.38 0.839+0.27
7 Min-Max 0.903-1.440 0.305-1.566 0.455-1.684 0.512-1.399
Mean/SD 1.176£0.11 0.812+0.36 0.837+0.14 1.150+£0.26
8 Min-Max 0.980-1.352 0.216-1.331 0.555-1.048 0.696-1.580
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Figure 3. 12-month average Pb concentration values for all stations in S. europaea and its growth soil (dry weight)

According to the 12-month average values of each station, the lowest Zn concentrations were found as; 0.383 +
0.12 ppm in the soil (5th station), 0.244 £ 0.07 ppm in the root (3rd station), 0.220 + 0.06 ppm in the stem (4th station)
and 0.242 + 0.10 ppm in the leaves (station 3). Based on the same values, the highest Zn concentrations were found as;
0.640 £ 0.25 ppm in the soil (station 8), 0.350 = 0.13 ppm in the root (station 7), 0.296 + 0.12 ppm in the stem (station
5) and 0.426 + 0.42 ppm in the leaves (station 7) (Table 2, Fig. 4).

Table 2. 12-month average Zn concentration values for all stations in S. europaea and its growth soil (dry weight)

Station Zn Soil Root Stem Leaf
No ppm
Mean/SD 0.564+0.27 0.306+0.12 0.2554+0.06 0.288+0.09
1 Min-Max 0.143-1.182 0.037-523 0.118-0.367 0.126-0.485
Mean/SD 0.459+0.21 0.286+0.06 0.257+0.07 0.400+0.40
2 Min-Max 0.249-0.959 0.218-0.388 0.151-0.353 0.186-1.637
Mean/SD 0.406+0.13 0.24440.07 0.23440.06 0.24240.10
3 Min-Max 0.241-0.651 0.147-0.356 0.139-0.364 0.115-0.489
Mean/SD 0.507+0.15 0.326+0.34 0.220+0.06 0.286+0.11
4 Min-Max 0.278-0.668 0.175-1.392 0.143-0.304 0.203-0.636
Mean/SD 0.383+0.12 0.275+0.09 0.296+0.12 0.411+0.37
5 Min-Max 0.229-0.614 0.161-0.492 0.127-0.543 0.166-1.573
Mean/SD 0.452+0.11 0.264+0.09 0.267+0.10 0.301+0.10
6 Min-Max 0.225-0.584 0.110-0.391 0.162-0.486 0.170-0.499
Mean/SD 0.633+0.27 0.350+0.13 0.27440.10 0.426+0.42
7 Min-Max 0.391-1.236 0.211-0.608 0.170-0.487 0.203-1.742
Mean/SD 0.640+0.25 0.313+0.12 0.268+0.05 0.272+0.05
8 Min-Max 0.327-1.248 0.136-0.618 0.183-0.352 0.204-0.365
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Figure 4. 12-month average Zn concentration values for all stations in S. europaea and its growth soil (dry weight)

According to the 12-month average values of each station, the lowest Cu concentrations were found as; 0.917 +
0.04 ppm in the soil (station 2), 0.876 + 0.04 ppm in the root (station 7), 0.852 + 0.01 ppm in the stem (station 4) and
0.860 £ 0.01 ppm in the leaves (station 6). Based on the same values, the highest Cu concentrations were found as;
0.986 = 0.07 ppm in the soil (station 8), 0.903 = 0.05 ppm in the root (station 3), 0.882 + 0.02 ppm in the stem (5th
station) and 0.963 + 0.22 ppm in the leaves (5th station) (Table 3, Fig. 5).

Table 3. 12-month average Cu concentration values for all stations in S. europaea and its growth soil (dry weight)

Station Cu Soil Root Stem Leaf
No ppm
Mean/SD 0.953+0.04 0.898+0.05 0.869+0.02 0.920+0.05
1 Min-Max 0.890-1.057 0.848-1.002 0.849-0.906 0.852-1.020
Mean/SD 0.917+0.04 0.889+0.04 0.874+0.02 0.891+0.03
2 Min-Max 0.858-0.989 0.846-0.995 0.850-0.901 0.850-0.956
Mean/SD 0.944+0.03 0.903+0.05 0.873+0.03 0.881+0.03
3 Min-Max 0.862-0.995 0.852-1.040 0.847-0.950 0.842-0.956
Mean/SD 0.924+0.03 0.879+0.02 0.852+0.01 0.870£0.02
4 Min-Max 0.872-0.982 0.853-0.943 0.828-0.876 0.849-0.903
Mean/SD 0.928+0.03 0.896+0.06 0.882+0.02 0.963+0.22
5 Min-Max 0.872-0.984 0.852-1.073 0.849-0.935 0.823-1.670
Mean/SD 0.947+0.04 0.883+0.03 0.881+0.03 0.860+0.01
6 Min-Max 0.898-1.055 0.839-0.980 0.843-0.932 0.832-0.896
Mean/SD 0.948+0.03 0.876+0.04 0.877+0.03 0.872+0.03
7 Min-Max 0.913-1.022 0.842-0.980 0.843-0.928 0.842-0.936
Mean/SD 0.986+0.07 0.877+0.06 0.880+0.03 0.889+0.05
8 Min-Max 0.900-1.111 0.846-1.047 0.848-0.978 0.852-1.050
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Figure 5. 12-month average Cu concentration values for all stations in S. europaea and its growth soil (dry weight)

According to the 12-month average values of each station, the lowest Cd concentrations were found as; in the
so0il 0.072 £ 0.042 ppm (station 8), in the root 0.046 + 0.021 ppm (station 3), in the stem 0.029 £+ 0.013 ppm (station 1)
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and in the leaves 0.033 + 0.013 ppm (station 2), Based on the same values, the highest Cd concentrations were found as;
0.107 £ 0.132 ppm in the soil (station 6), 0.055 + 0.029 ppm in the root (station 7), 0.075 + 0.059 ppm in the stem (5th
station) and 0.071 + 0.020 ppm in the leaves (5th station) (Table 4, Fig. 6).

Table 4. 12-month average Cd concentration values for all stations in S. europaea and its growth soil (dry weight)

Station Cd Soil Root Stem Leaf
No ppm
Mean/SD 0.099+0.110 0.047+£0.019 0.029+0.013 0.054+0.021
1 Min-Max 0.018-0.432 0.015-0.078 0.016-0.056 0.026-0.095
Mean/SD 0.080+0.043 0.049+0.028 0.041+£0.017 0.033+0.013
2 Min-Max 0.013-0.151 0.009-0.108 0.012-0.078 0.016-0.050
Mean/SD 0.077+0.045 0.046+0.021 0.051+0.027 0.045+0.018
3 Min-Max 0.017-0.148 0.015-0.095 0.016-0.113 0.012-0.075
Mean/SD 0.092+0.077 0.055+0.031 0.052+0.027 0.036+0.024
4 Min-Max 0.006-0.298 0.015-0.093 0.011-0.100 0.008-0.085
Mean/SD 0.078+0.037 0.052+0.018 0.075+0.059 0.071+0.020
5 Min-Max 0.017-0.129 0.035-0.091 0.010-0.221 0.040-0.102
Mean/SD 0.107+0.132 0.047+£0.017 0.047+0.026 0.050+0.024
6 Min-Max 0.012-0.505 0.017-0.082 0.008-0.091 0.012-0.084
Mean/SD 0.076+0.030 0.055+0.029 0.052+0.025 0.055+0.032
7 Min-Max 0.029-0.130 0.008-0.106 0.008-0.086 0.013-0.133
Mean/SD 0.072+0.042 0.053+0.019 0.063+0.028 0.054+0.017
8 Min-Max 0.016-0.143 0.026-0.087 0.010-0.108 0.025-0.082
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Figure 6. 12-month average Cd concentration values for all stations in S. europaea and its growth soil (dry weight)

According to the 12-month average values of each station, the lowest Ni concentrations were found as; 0.329 +
0.22 ppm in the soil (station 5), 0.271 = 0.12 ppm in the root (station 4), 0.258 + 0.14 ppm in the stem (station 3) and
0.342 + 0.16 ppm in the leaves (station 3). Based on the same values, the highest Ni concentrations were found as;
0.620 £ 0.29 ppm in the soil (station 1), 0.361 + 0.17 ppm in the root (station 7), 0.355 £+ 0.08 ppm in the stem (station
4) and 0.484 + 0.29 ppm in the leaves (station 4) (Table 5, Fig. 7).

Table 5. 12-month average Ni concentration values for all stations in S. europaea and its growth soil (dry weight)

Station Ni Soil Root Stem Leaf
No ppm
Mean/SD 0.620+0.29 0.316+0.19 0.273+0.15 0.380+0.35
1 Min-Max 0.132-1.057 0.048-0.528 0.099-0.568 0.115-1.123
Mean/SD 0.399+0.13 0.279+0.19 0.308+0.11 0.430+0.26
2 Min-Max 0.043-1.098 0.047-0.653 0.123-0.461 0.136-0.915
Mean/SD 0.389+0.27 0.339+0.20 0.258+0.14 0.342+0.16
3 Min-Max 0.129-0.788 0.075-0.677 0.043-0.559 0.096-0.604
Mean/SD 0.543+0.27 0.271+0.12 0.3554+0.08 0.48440.29
4 Min-Max 0.145-1.094 0.055-0.406 0.222-0.454 0.180-1.145
Mean/SD 0.329+0.22 0.283+0.14 0.297+0.09 0.389+0.14
5 Min-Max 0.112-0.764 0.102-0.601 0.158-0.466 0.212-0.651
Mean/SD 0.491+0.23 0.321+0.18 0.299+0.13 0.456+0.232
6 Min-Max 0.167-0.816 0.026-0.619 0.068-0.441 0.112-0.931
Mean/SD 0.562+ 0.05 0.361+0.17 0.285+0.19 0.436+0.23
7 Min-Max 0.425-0.639 0.046-0.648 0.065-0.510 0.096-0.868
Mean/SD 0.567+0.06 0.292+0.13 0.348+0.10 0.469+0.21
8 Min-Max 0.436-0.691 0.035-0.479 0.167-0.532 0.156-0.875
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Figure 7. 12-month average Ni concentration values for all stations in S. europaea and its growth soil (dry weight)
4. Conclusions and discussion

If heavy metal concentrations in the S. europaea and its growing soil compare with the other studies carried out
as follows;
Pb accumulation; leaf> root> stem
Allen [24], stated that Pb concentrations of 0.05-3.0 ppm were present in the plants in the uncontaminated
environment. In their study, Baskaya and Teksoy [25], found that the Pb value accumulated on the leaves of the
roadside plants was much higher than the limit values accepted by the World Health Organization (10 ppm in dry plant
material). Diiriist et al. [26], reported that Pb is not absolutely necessary for plants, can be found in the soil at a dose of
15-40 ppm, it would not pose a danger to human and plant health unless the Pb concentration in the soil exceeds 150
ppm, but would potentially threaten human health if it exceeds 300 ppm. In this study; Pb levels were found to be range
from 0.074-1.882 ppm in the S. europaea, and 0.523-1.599 ppm in the soil. Considering that Hasimoglu et al. [12],
stated that lead was released into the atmosphere from exhaust gases; the highest Pb concentration in the leaf at the 8th
station, which is the closest to Izmir-Canakkale highway, supports this situation. Looking at the 12-month average
values of each station in the Table 1, it will be seen that the highest Pb in the leaf is 1,150 ppm (8th station) and the
lowest is 0.722 ppm. Tiirkan [27], Haktanir et al. [28], stated that the Pb concentration will decrease as you move away
from the road, showing a parallel result with our study.
Zn accumulation; leaf> root> stem
Ozbek et al. [29], stated that the total concentration of Zn in the soil is between 10-300 ppm and the
concentration of Zn that can be taken by plants varies between 3.6-5.5 ppm, and that the concentration of Zn in plants is
normally between 5-100 ppm, but the toxicities usually start after 400 ppm. In this study; Zn level was found to be
range from 0.037-1.742 ppm in the plant, and 0.143-1.248 ppm in the soil. Considering that Hagimoglu et al. [12],
stated that lead was released into the atmosphere from exhaust gases; the highest Zn concentration in the leaf at the 7th
station, which is the closest to Izmir-Canakkale highway, supports this situation. Looking at the 12-month average
values of each station in the Table 2, it will be seen that the highest Pb in the leaf is 0.426+0.42 ppm (7th station) and
the lowest is 0.242+0.10 ppm (3rd station). Tirkan [27], Haktanir et al. [28], stated that the Zn concentration will
decrease as you move away from the road, showing a parallel result with our study.
Cu accumulation; leaf> root> stem
Chang et al. [30], stated that the maximum limit of 40 ppm in the plant dry matter of the toxic limit of Cu.
Sossé et al. [31], Cu in soil 100 ppm, plant dry matter is reported to be more than 15-30 ppm if toxic effects. In this
study; Cu levels found to be range from 0.823-1.670 ppm in the plant, and 0.858-1.111 ppm in the soil. It will be seen
that the highest Cu concentration in the leaf is 0.963 + 0.22 ppm (5th station) and the lowest is 0.860 £+ 0.01 ppm (6th
station). Accordingly, there is no clear correlation between the distance to the road and the Cu levels of both soil and
plant parts.
Cd accumulation; stem> leaf> root
Allen [24], the Cd value of the plants grown in the uncontaminated environment was found to be 0.01-0.3
ppm. Ozbek et al. [29], Cd 3 ppm in soil, dry plant sample is reported to be toxic when more than 1 ppm. Ece et al. [32]
the maximum amount of Cd in uncontaminated agricultural areas is 1.0 ppm level, in general, this value indicates that
around 0.3 ppm. In this study; Cd levels found to be range from 0.008-0.221 ppm in the plant, and 0.006-0.505 ppm in
the soil. It will be seen that the highest Cd concentration in the leaf is 0.071 £+ 0.020 ppm (5th station) and the lowest is
0.033 + 0.013 ppm (2nd station). Accordingly, it is seen that the Cd level does not show a clear correlation with the
distance to the road.
Ni accumulation; leaf> root> stem
Vergnano and Hunter [33], noted that the Ni value in the range from 0.1 to 5 ppm of dry matter were noted in
plants is normal, some plants that grow on serpentine soils may have level of Ni over 200 ppm, Nickel at this level may
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be toxic to plants that have not adapted to the soils. Mattigod and Page [34], are reported that in the soil, concentration
of Ni is 10-100 ppm to be within normal levels. In this study; Ni levels found to be range from 0.026-1.145 ppm in the
plant and 0.112-1.094 ppm in the soil. It will be seen that the highest Ni concentration in the leaf is 0.484 + 0.29 ppm
(4th station) and the lowest is 0.342 + 0.16 ppm (3rd station). Accordingly, there is a not clear correlation between the
distance to the road and Ni levels of both soil and plant parts.

When the heavy metal levels in the plant parts were examined, it was seen that the highest accumulation was
in the plant leaves (except Cd) in the stations near the hihgway. Indeed, Celik et al. [35], reported that there was a
significant relationship between the distance to the road and heavy metal levels in the plant leaves.

In addition, accumulation levels of heavy metals in S. europaea respectively Pb> Zn> Cu> Ni> Cd.

All heavy metal levels are below the limit values, it shows that Ayvalik Saltern is located in a very clean
area. Salts production in saltern, using significantly in the food industry and where naturally grown plants such as S.
europaea and H. portulacoides are also consumed as food, this uncontaminated position of the Saltern should be
preserve. It is determined that S. europaea is not a danger in terms of heavy metal content and can be consumed as a
safe food. Therefore, it is important that secondary construction and industrialization should not be allowed in the
vicinity of Saltern.

The study will make an important contribution to the literature as the first heavy metal study on S. europaea in

this region.
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Abstract

The genus Quercus L. (Fagaceae) is represented by 461 species worldwide. Its distribution ranges from the
temperate northern hemisphere to Malaysia and Colombia. Quercus bark is rich in tannins and is used as an astringent.
Quercus macranthera subsp. syspirensis (K.Koch) Menitsky is endemic to Turkey and is known as "ispir mesesi". The
plant is a small deciduous tree up to 7 m tall. Leaves obovate with 5-9 short lobes, stipules filiform, primary veins 6-10
and petiole 5-20 mm.

The plant material was collected from Kastamonu-Arag¢ (Turkey). A voucher specimen was deposited in the
Ankara University Faculty of Pharmacy Herbarium (AEF). The samples for anatomical studies were protected in 70%
alcohol. The transverse and surface sections were cut by hand with razor blade into microscopic preparat form. The
Sartur solution was used in microscopic examinations. Leica DM 4000B microscope was used for anatomical analysis
and micro photographing.

According to the results of the anatomical study, the leaf is bifacial. Numerous stellate hairs are found on the
upper and lower epidermis. Stomata are located only on the lower epidermis. The leaf and petiole contain solitary
crystals. The petiole is characterized by a numerous stellate hairs. The sclerenchymatous tissue surrounds the vascular
bundles in the form of a ring.

Keywords: Quercus macranthera subsp. syspirensis, Fagaceae, leaf, anatomy, endemic

*

Quercus macranthera subsp. syspirensis (K.Koch) Menitsky’in yaprak anatomisi

Ozet

Quercus L. (Fagaceae) cinsi diinya genelinde 461 tiir ile temsil edilir. Yayilis alanlar1 iliman kuzey
yarimkiireden Malezya ve Kolombiya'ya kadardir. Quercus gévde kabuklar1 tanen bakimindan zengindir ve astrenjan
olarak kullamilir. Quercus macranthera subsp. syspirensis (K.Koch) Menitsky Tiirkiye igin endemik olup "ispir mesesi"
olarak bilinir. Bitki 7 m boylanan, yaprak doken kiigiik agagtir. Yapraklar 5-9 kisa loblu, obovat, filiform stipulali, 6-10
primer damarli ve 5-20 mm uzunlugunda yaprak saplidir.

Bitki materyali Kastamonu-Arag (Tiirkiye)'tan toplandi. Bir 6rnegi Ankara Universitesi Eczacilik Fakiiltesi
Herbaryumu (AEF)'na kaydedildi. Anatomik ¢aligmalar i¢in numuneler %70 alkolde korundu. Enine ve yiizey kesitleri
el ile jilet kullanilarak mikroskobik preparat haline getirildi. Mikroskobik incelemelerde Sartur soliisyonu kullanildi.
Anatomik analiz ve mikro fotograflama i¢in Leica DM 4000B mikroskobu kullanild.

Anatomik calisma sonucuna gore, yaprak bifasiyaldir. Ust ve alt epidermada ¢ok sayida yildiz tiiy bulunur.
Stomalar sadece alt epidermada yer alir. Yaprak ve yaprak sap1 kristaller igerir. Yaprak sap1 ¢cok sayida yildiz tiiy ile
karakterizedir. Tletim demetlerini sklerenkimatik doku halka seklinde sarmustir.

Anahtar kelimeler: Quercus macranthera subsp. syspirensis, Fagaceae, yaprak, anatomi, endemik

1. Introduction
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Fagaceae Dumort. is a family of evergreen or deciduous trees or shrubs [1]. The family includes 8 accepted
genera (Castanea Mill., Castanopsis (D.Don) Spach, Chrysolepis Hjelmq., Fagus L., Lithocarpus Blume,
Notholithocarpus Manos, Cannon & S.H.Oh, Quercus L., Trigonobalanus Forman) [2]. The genus Quercus is
represented by 461 species worldwide, its distribution ranges from the temperate northern hemisphere to Malaysia and
Colombia [2]. Quercus genus consists of deciduous or evergreen trees, rarely shrubs; the leaves are arranged subsessile
or petiolate, penninerved, serrate, dentate, pinnatifid or lobed; fruit a nut (acorn), subglobose to oblong or cylindrical,
surrounded at base by cupule; pericarp thin or thick, endocarp glabrous or pubescent [1].

Oak bark is rich in tannins and is used as an astringent [3]. Quercus species also known to contain (-)-
epicatechin, (-)-epigallocatechin, (+)-catechin, (+)-gallocatechin, gallic acid, caffeic acid, ferulic acid, ellagic acid [4-9]
and used traditionally in the treatment of dermatitis, burns, hemorrhoids, abscesses, ulcers and toothache [10-14].
Quercus species are medically important and show antibacterial, anticancer, gastroprotective, antiviral, cardioprotective
and hepatoprotective activity [15-24]. In Turkey, Quercus species are traditionally used in the treatment of diabetes,
wounds, respiratory diseases, diarrhea, obesity and fungus [25-33].

32 Quercus taxa (5 endemic) grow naturally in Turkey, Quercus macranthera subsp. syspirensis (K.Koch)
Menitsky is endemic to Turkey and is known as "ispir mesesi" [34]. The plant is a small deciduous tree up to 7 m tall;
leaves obovate with 5-9 short lobes, stipules filiform, primary veins 6-10 and petiole 5-20 mm [1]. Revealing the
anatomical features and differences of organs is of great importance in taxonomically distinguishing species from each
other. There is no comprehensive anatomical study on the Q. macranthera subsp. syspirensis until now. In this study,
the anatomical features of Q. macranthera subsp. syspirensis leaf and petiole were examined in detail.

2. Materials and methods

The plant material was collected from Ara¢ (Kastamonu/Turkey) in 2020 and described by M. Mesud Hiirkul.
A voucher specimen was deposited in the Ankara University Faculty of Pharmacy Herbarium (AEF 30737) in Turkey.
The samples for anatomical studies were protected in 70% alcohol. The transverse and surface sections were cut by
hand with razor blade into microscopic preparation form. The Sartur solution [35] was used in microscopic
examinations. Leica DM 4000B microscope was used for anatomical analysis and micro photographing.

3. Results

In the transverse section of the leaf, the midrib is highly domed in the abaxial side. The upper epidermis layer
consists of square-oval cells and is surrounded by a thick cuticle layer. The outer walls of upper epidermal cells are
sinuous. The base of the epidermis layer is filled with 5-10 rows of parenchymatous cells. In the midrib, the vascular
bundle is completely surrounded by sclerenchymatous cells in a ring. The xylem and phloem is arc-type arranged but
tend to a circle form. The abaxial side of vascular bundle in the midrib is filled with 8-15 rows of parenchymatous cells.
The lower epidermal cells are oval-square shaped, crushed and smaller than the upper epidermal cells. The lower
epidermis is covered with a thick cuticle. Both the upper and lower epidermis include numerous stellate hairs. The
midrib contains sparse solitary crystals (Figure 1).

The transverse section of leaf lamina showed that the leaf was bifacial. The upper epidermis layer consists of a
single layered of square-rectangular epidermal cells. The epidermis layer covered with thick cuticle and many stellate
hairs. The mesophyll is characterized by 3 rows of longitudinal elongated, starch containing palisade parenchyma and
3-8 rows of spongy parenchyma. The lower epidermis layer consists of square cells and the lower epidermal cells are
much smaller than the upper cells. The lower epidermis layer covered by thick cuticle layer and numerous stellate hairs.
The mesophyll contains sparse solitary crystals (Figure 2-a). The leaf surface sections showed stomata only in the lower
epidermis. The stomata is surrounded by 5 subsidiary epidermal cells. Both upper and lower epidermis covered with
numerous stellate hairs (Figure 2-b,2-c).

The transverse section of the petiole is a disc shape. Numerous stellate hairs cover the surface. The epidermis
consists of a single layer, oval cells and is covered by a thick cuticle. The vascular bundle, surrounded by
sclerenchymatous tissue, contains xylem and phloem in a ring form. Between the epidermis and the vascular bundle, 8-
15 rows of parenchymatous tissue are included. The parenchymatous tissue contains numerous solitary crystals (Figure
3).
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parenchyma, ph: phloem, sc: sclerenchyma, scr: solitary crystal, sh:
stellate hair, ue: upper epidermis, xy: xylem)

©) aox |- TR

Figure 2. The anatomical features of leaf lamina (a: transverse section
of lamina, b: surface section of upper epidermis, c: surface section of
lower epidermis, le: lower epidermis, pp: palisade parenchyma, sh:
stellate hair, sp: spongy parenchyma, st: stomata, ue: upper epidermis)
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Figure 3. The transverse section of petiole (e: epidermis, p:
parenchyma, ph: phloem, sc: sclerenchyma, scr: solitary crystal, sh:
stellate hair, xy: xylem)

4. Conclusions and discussion

Quercus species are traditionally used in folk medicine [10-14, 25-33]. The correctly describe and determine of
plants is very important, which are herbal medicine candidates and continue to be used in traditional folk medicine.
Microscopic analysis of the anatomical structures of plants could provide useful information for the taxonomic
classification. Light microscopy analysis is a common and effective method for the identification of medicinal plants
[36].

In this study, leaf and petiole anatomy of Quercus macranthera subsp. syspirensis was studied in detail. In the
leaf transverse section, the midrib is domed abaxially, the epidermal layer is covered with a thick cuticle and numerous
stellate hairs. The vascular bundle is arc-shape arranged, mostly tend to ring shape and confined by sclerenchymatous
tissue. The parenchymatous tissue covers between the epidermis tissue and the vascular bundle. The parenchyma
includes sparse solitary crystals. In the lamina transverse section, the upper epidermis cells are clearly larger than the
lower epidermal cells. The epidermis layer is covered with a thick cuticle and carries many stellate hairs. The mesophyll
is characterized by 3 rows of palisade parenchyma and 3-8 rows of spongy parenchyma, additionally contains abundant
starch grains. In the leaf surface sections, the stomata are located in the lower epidermis with 5 subsidiary cells. The
upper epidermis is free of the stomata. Numerous stellate hairs were observed on both surfaces. The petiole is disc-
shaped in the transverse section. The monolayer epidermis is surrounded by a thick cuticle and contains numerous
stellate hairs. The vascular bundle surrounded by sclerenchyma is embedded in parenchymatous cells. The petiole
contains relatively denser solitary crystals than leaf.

According to the previous study [37] on the anatomical structures of the Fagaceae family, Quercus leaves
include a variety of hair types, such as simple-unicellular, stellate hairs; in several species of Quercus has uniseriate
and/or capitate glands; epidermis composed of cells with straight or sinuous anticlinal walls, sometimes tend to be
papillose on the lower surface; the stomata located on the lower surface as ranunculaceous; the vascular bundle is
surrounded by arcs of sclerenchyma; the vascular system is consisting of a continuous or dissected cylinder. In our
study, stellate hairs were densely detected both on the leaf and on the petiole, and stomata were observed in the lower
epidermis. Simple-unicellular hairs and glandular hairs, noted in the previous study [37], were not observed. The
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epidermal cells with papilla not detected in our study. According to our study, the sclerenchymatous tissue surrounding
the vascular bundles is not in the form of an arc, but in the form of a ring.

* This study was presented as an oral presentation at “Adiyyaman 1. Uluslararast Fen ve Uygulamali Bilimler Kongresi
[Adiyaman 1st International Sciences and Applied Sciences Congress] (13-14 July 2021, Gélbasi, Adiyaman, Turkey) .
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Abstract

Histeridae (Coleoptera) is a worldwide group of about 400 genera and 4500 species. Many family members are
predators of eggs, larvae, and adults of Diptera (Insecta) species. On the other hand, rotting corpses have great
precaution in forensic studies due to their feeding and colonization. The taxonomic characters used in the classification
of Histeridae species are based on morphology. However, the variations in morphological characters cause difficulties
in the determinations that lead to significant errors in the diagnostic process. In this study, seasonal variations of some
Histeridae species used to determine the minimum time of death (PMI) in forensic investigations are evaluated with
geometrical morphometry and the references given for the prevention of errors for identifying species.

Keywords: Histeridae, morphometry, Taxonomic character, Coleoptera, PMI

%

Bazi Histeridae (Insecta: Coleoptera) tiirlerinin karsilastirmali morfolojisi ve morfometrik analizi

Ozet

Histeridae (Coleoptera) diinya ¢apinda yaklasik 400 cins ve 4500 tiir ile temsil edilen bir gruptur. Bir¢ok
Familya tiyesi Diptera (Insecta) tlirlerinin yumurta, larva ve erginleri tizerinde predatérdiir. Diger taraftan ciiriiyen
cesetler tizerinde beslenmeleri ve kolonizasyonlar1 sayesinde adli ¢aligmalarda biiyliik 6neme sahiptir. Histeridae
tiirlerinin smiflandirilmasinda kullanilan taksonomik karakterler morfoloji temellidir. Ancak morfolojik karakterlerdeki
varyasyonlar teshis agsamasinda 6nemli hatalara neden oldugundan tayinlerde zorluk ¢ikarmaktadir. Bu ¢alismada adli
arastirmalarda minimum Glim zamanmm (PMI) belirlenmesi amaciyla kullanilan bazi1 Histeridae tiirlerinin ceset
tizerindeki mevsimsel siiksesyonuna bagli olarak ortaya ¢ikan varyasyonlari, geometrik morfometrik analizlerle ortaya
koyulmus ve tiirlerin teshisinde yapilabilecek hatalarm 6nlenmesi i¢in referans veriler sunulmustur.

Anahtar kelimeler: Histeridae, morfometri, Taksonomik karakter, Coleoptera, PMI
1. Introduction

Histeridae (Clown beetles) belong to the Coleoptera order, including 400 genera and 4500 species [1, 2, 3, 4].
The majority of the Histerids are predators by feeding on the adult, larvae, and eggs of the Diptera species. The species
of the Histeridae are also used as control agents on some of the other insect groups that are both harmful to agriculture
and livestock [5, 6]. It was observed that the many Histerid adults and larvae are necrophilous and play a significant
role in forensic investigations by feeding other Diptera larvae during the active decay and early advanced decay stages
[7, 8, 9], also stated that Histerids are the most abundant Coleoptera species attracting to carcass after Staphylinidae.

Identification of the species accurately is crucial in forensic investigations. In previous studies, it has been
studied on the forensically essential species of the Histaridae [10, 9]. The main problem in these studies was the
specific identification of species, especially of the genus Saprinus. Considering the identification keys, taxonomic
characters can not clearly distinguish the morphological structures of the species [11, 12]. According to Krikken &
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Huijbregts, [13], the reason for intensive use of other necrophilous insects in forensic practices rather than Coleoptera is
probably because of their taxonomic inconvenience. In consequence of variations on the specimens depending on
seasonal and periodical impact, the area on which they were fed on the corpse, and the altitude, the characters presented
in the keys were often referred to by using the terms 'less-than' or by comparing them to one another [12, 14]. These
variations probably cause differences in the morphological characters and complicate to use of identification keys. This
study aims to evaluate the variations with morphometric analyses and contribute to the keys for diagnosing the species.
For this purpose variations in the morphological characters of the four species of Saprinus genus, Saprinus
caerulescens, S. semistiratus, S. planiusculus, and S. Subnitescens, have been determined by statistical methods, for
allowing accurate identifying of the species.

2. Materials and methods

This study examined the four species belonging to the Histeridae family, the Saprinus genus: Saprinus
caerulescens, S. semistiratus, S. planiusculus, and S. subnitescens. Adult specimens were collected on the pig carcasses
in Tandir Village, Eskisehir province, Turkey (Lat.: 39,92159°, Long.: 30,69099°, Elev.: 1280 meter) and were
transferred to the laboratory. This area has been specially selected because it remains between the Sakarya valley, which
is seen as a Mediterranean climate, and the land climates. Specimens were identified according to keys by Secchi, [12]
and Lackner, [11]. Twenty male specimens, known to have variations, were selected. First of all, for morphological
comparing genitalia Six biometric characters determined by Ohara, [15], APW width between anterior angles of
pronotum; EL length of elytron along the sutural line; EW maximal width between outer margins of elytra; PEL length
between anterior angles of pronotum and apices of elytra; PPW width between posterior angles of pronotum and PW
maximal width of propygidium were selected and compared as morphologically and morphometrically. Photographs of
these six characters were taken with Canon D90 (Canon Zoom Lens EF 55-200mm) and measurements acquired by the
ImageJ. The measurements were then evaluated with SPSS (IBM SPSS statistic 24). ANOVA tests were applied to
assessments for displaying variations.

PPW

r APW ———

PEL

— EW

PW

Figure 1. Biometric characters of Saprinus: APW width between anterior angles of pronotum; EL length of elytron
along the sutural line; EW maximal width between outer margins of elytra; PEL length between anterior angles of
pronotum and apices of elytra; PPW width between posterior angles of pronotum and PW maximal width of
propygidium
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3. Results and discussion

The statistical analyses achieved after the morphometric measurements of the six characters show that the
method we used can be used reliably to identify the species. Remarkably, the six characters, whose measurements were
made, within each species were examined. According to the ANOVA test, statistical differences were found between
the measurements of these biometric characters for all species (P<0,05) (Table 1).

Table 1. Statistical comparison of morphometric analyzes of six characters for each species

ANOVA

Species ISum of Squares [df IMean Square  |F ISig.

Saprinus (Saprinus) caerulescens

APW  [Between Groups ,555 3 ,185 3,993 ,015
Within Groups 1,667 36 ,046
Total 2,222 39

PPW  [Between Groups 2,838 3 ,946 4,204 ,012
Within Groups 8,101 36 ,225
Total 10,939 39

PEL  |Between Groups 6,388 3 2,129 7,817 ,000
Within Groups 9,807 36 272
Total 16,195 39

EL Between Groups 4,193 3 1,398 7,090 ,001
Within Groups 7,098 36 ,197
Total 11,291 39

EW Between Groups 2,134 3 711 3,191 ,035
Within Groups 8,024 36 ,223
Total 10,158 39

PW Between Groups 1,998 3 ,666 4,050 ,014
Within Groups 5,920 36 ,164
Total 7,918 39

Saprinus (Saprinus) planiusculus (Hoffmann 1803)

APW  |Between Groups 1339 3 ,113 4,430 ,009
Within Groups ,919 36 ,026
Total 1,259 39

PPW  [Between Groups 1,173 3 ,391 4,715 ,007
Within Groups 2,984 36 ,083
Total 4,157 39

PEL Between Groups 1,053 3 ,351 2,171 ,050
Within Groups 5,824 36 ,162
Total 6,877 39

EL Between Groups ,395 3 ,132 2,788 ,044
Within Groups 1,699 36 ,047
Total 2,093 39

EW Between Groups 1,800 3 ,600 8,148 ,000
\Within Groups 2,650 36 ,074
Total 4,450 39

PW Between Groups ,569 3 ,190 3,099 ,039
Within Groups 2,202 36 ,061
Total 2,771 39

Saprinus (Saprinus) semistriatus (Scriba, 1790)

APW  |Between Groups 510 3 ,170 3,026 ,042
Within Groups 2,023 36 ,056
Total 2,534 39

PPW  Between Groups 706 3 ,235 3,024 ,042
Within Groups 2,802 36 ,078
Total 3,508 39

PEL Between Groups 1,268 3 ,423 2,856 ,031
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Table 1. Continued

Within Groups 5,329 36 ,148
Total 6,597 39

EL Between Groups ,503 3 ,168 2,794 ,044
Within Groups 2,162 36 ,060
Total 2,666 39

EW Between Groups ,952 3 317 2,430 ,041
Within Groups 4,702 36 ,131
Total 5,654 39

PW Between Groups 1,022 3 341 3,340 ,030
Within Groups 3,671 36 ,102
Total 4,692 39

Saprinus subnitescens Bickhardt, 1909

APW  Between Groups ,282 3 ,094 3,387 ,028
Within Groups ,999 36 ,028
Total 1,281 39

PPW  Between Groups 1,458 3 ,486 4,897 ,006
Within Groups 3,573 36 ,099
Total 5,030 39

PEL  |Between Groups 1,288 3 429 2,653 ,063
Within Groups 5,826 36 ,162
Total 7,114 39

EL Between Groups ,533 3 ,178 3,149 ,037
Within Groups 2,030 36 ,056
Total 2,563 39

EW Between Groups 1,422 3 474 3,870 ,017
Within Groups 4,410 36 ,123
Total 5,833 39

PW Between Groups 1,900 3 ,633 9,609 ,000
Within Groups 2,373 36 ,066
Total 4,273 39

* According to the data obtained, there is a significant difference between all biometric characters. (P<0,05)

The measurements of each biometric character on twenty individuals were analyzed with the Tukey test (Table
2). Statistically significant differences were found between the results. In this case, it was also determined that the
length of each biometric character differs between species and therefore these analyzes can be used safely in species
identification.

Table 2. Interspecies comparison of the lengths of biometric parameters

Biometrical  |Lengths (mm)
Parameters Mean + SE*
Saprinus Saprinus Saprinus Saori .
. L aprinus subnitescens
caerulescens planiusculus  [semistriatus
APW** 1,64 +£0,03 a 1,20+ 0,02b 0,95+0,03 ¢ 0,99 + 0,02 d
**
PPW 4.55+0,03 a 3,53+0,04 b 3.0340,03 ¢ 2,89 +0,04d
PEL** 5,73 £0,06 a 4,41 £0,04b [3,80+0,03 ¢ 3,73+£0,02d
EL** 3,19+0,02 a 2,56+0,02b [2,12+0,03 ¢ 2,76 £ 0,06 d
EW** 5,00 £ 0,03 a 3,98+0,03b [3,40+0,03 ¢ 3,19+£0,04d
PW** 3,27+0,03 a 2,49+0,03b [2,10+0,03 ¢ 1,88+0,02d

* Mean and Standard error values

** There is a statistically significant difference between the biological parameter data of the species shown with different letters (a-d) in the same
row. (Anova, Tukey).

F(APW)= 3,993 F(PPW)=4,204 F(PEL)=7,817 F(EL)=7,090 F(EW)=3,191 F(PW)=4,050 df=3,76 P<0,05

Statistically, significant differences were confirmed with the analyzes made between the species. The analyses

of each species on the same morphometric character, which is the study’s supporting element, is given below (Table 3).
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According to the table; D8, D9, D10, and D11, which are the abbreviations of the sample material, are given as
equivalent to June, July, August, and September, respectively, since monthly sampling is done on domestic pigs.
Analysis results in the same column in the table include measurements of different species. As shown in Table 3,
Saprinus species collected from the same pig sample were statistically different when evaluated in terms of each
biometric character.

Table 3. Comparison of measurements of biometric characters within the same species found in different months

MATERIALS
APW D8 D9 D10 D11
Saprinus 1,76 + 0,20a 1,64+021a | 1,76 +0,23a 1,47 +£021a
" caerulescens
w Saprinus 1,30+ 0,11b 126+0,15b | 1,05+0,16bc | 1,18+ 0,20b
8 planiusculus
a Saprinus semistriatus | 0,96 +0,19¢ 1,02 +0,10¢c 0,85 +0,16b 0,97 £ 0,18bc
Saprinus 1,03 = 0,26¢ 0,89 +0,09c | 1,09+ 0,13¢c 0,90 = 0,14c
subnitescens
F (apwd8)=1,748 F (apwd9)=1,595 F(apwd10)=0,858 F(apwd11)=0,844 df=3,76 p<0,05
PPW
Saprinus 5,08 0,262 458+033a | 4,73+047a 435+ 0,60a
" caerulescens
= Saprinus 3,63 £031b 3,824 046b | 3,28 +0,29b 3.57£0.27b
8 planiusculus
o Saprinus semistriatus | 2,97 +0,34c 3,25+0,32¢c 3,08 +0,28b 3,04 £ 0,64bc
Saprinus
= bnitescens 322+£047bc | 2,83£0,17d | 2,98 +0,28b 2,79 £ 0,24c
F (ppwd8)= 1,470 F (ppwd9)= 2,031F(ppwd10)=1,178F(ppwd11)= 4,177 df=3,76 p<0,05
PEL
Saprinus caerulescens
- 6,28 + 0,382 588+040a | 587+0,67a 5,17 +0,58a
O
LDI_J Saprinus planiusculus 4,43 £0,22b 4,60 £0,43b 4,17 £0,46b 4,45 £0,43b
2 Saprinus semistriatus 3,61 £0,36¢ 4,10 £ 0,43c 3,68 +0,32b 3,82 +0,56¢
Saprinus subnitescens | 4,07+ 0,58bc | 3,66+ 0,26c | 3,84 + 0,34b 3,61 +0,35¢
F (peld8)= 2,337 F (peld9)= 1,055F(peld10)= 2,734F(peld11)= 0,600 df=3,76 p<0,05
EL
Saprinus
caerulescens 3,72+0,67a | 3,10 £0,23a 3,06+£03% | 2,86+0,37a
| Saori
G aprinus 2,52+£0,16b | 2,71 +0,29b 244+024a | 2,56+ 0,152
T planiusculus
L] .
7 Saprinus 2,08+0,22b | 2,14+0,24c 2,180,152 | 2,09 +0,36b
semistriatus
Saprinus 2,24+0,33b | 1,99+0,17¢ 500+ 0,47a | 1,94+0,17b
subnitescens
F (eld8)= 1,574 F (eld9)= 0,835F(eld10)= 4,677F(eld11)= 3,245df=3,76 p<0,05
EW
Saprinus
= erulescens 536+0,33a 377+016a | 3,28+032a 3,54 +0,55a
& Saprinus 5,0+ 0,32b 409+039% | 3,52+0,33b 3,13+ 0,18b
5 planiusculus
o _
a Saprinus 5,0+ 0,59¢ 40+0,1,0c | 3,5+0,29bc 3,24 0,18bc
n semistriatus
Saprinus 4,7 +0,57bc 411+£0,26d | 3,34+ 0,62¢ 3,04 £ 0,24c
subnitescens
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Table 2. Continued

F (ewd8)= 2,875 F(ewd9)= 1,694 F(ewd10)= 1,239 F(ewd11)= 3,970 df=3,76 p<0,05 wox
PW Ther
Saprinus e is
caerulescens 3,57 +0,35a 3,22+032a | 3,15+0,52a 2,95+ 0,41a :tati
o oo stica
G aprinus 2,53 +0,18b 2,66+035b | 2,33+0,16b 2,47 +0,25b Iy
T planiusculus sign
& saprinus 2,03 +0,25¢ 2,18+030c | 2,13+021bc | 2,05+ 0,45¢ ifica
semistriatus nt
Saprinus diffe
o bniteseens 231+040bc | 1,78+0,14d | 1,81 +0,22¢ 1,84 +0,19¢ e
F (pwd8)= 2,104 F (pwd9)= 1,880 F(pwd10)= 1,531 F(pwd11)= 3,014 df=3,76 p<0,0 e
bet

ween the biological parameter data of the species shown with different letters (a-d) in the same column. (Anova,
Tukey).

The four Saprinus species were evaluated inter-specific and intra-specific differences. The analyses of variance
(ANOVA) showed a significant difference. Statistical comparisons of morphometric analyzes of six characters for each
species display that all characters differ each except Saprinus subnitescens Bickhardt, 1909 of PEL (P: 0,063).
Interspecies comparison of the lengths of biometric parameters also shows significant differences which is the most
important data, supported the present study. All data varies between species and this is the a fortiori analysis for our
work (P<0.05) and F values followed by F(APW)= 3,993 F(PPW)=4,204 F(PEL)=7,817 F(EL)=7,090 F(EW)=3,191
F(PW)=4,050 df=3,76. Measurement of the biometric characters within the same species found in different months was
also compared. However, APW of only D10 is different in all species while D8, D9, and D11 of Saprinus semistriatus
and Saprinus subnitescens do not Show any differences. PPW shows differences in only D9 and for Saprinus
semistriatus and Saprinus subnitescens, there was no significant D8, D10, and D11. Saprinus caerulescens was the only
different species with measurements of PEL. For EL; Saprinus caerulescens in D8 show a great variability within the
species while D10 does not include any differences. The EW measurements of the species were statistically different in
D9. The biological parameter data of PW in D9 displays an important variation between other measurements in species.

Biometrical characters of four different species of necrophilous beetles (Histeridae) were successfully
measured and analyzed by their morphological characters. In our study, the statistical differences were obtained as a
result of the study; In fact, it reveals the importance of biometric morphometric analyses in preventing errors that may
arise in species identification. Consistent with the literature, this research found that participants who reported using
geometric morphometry also. Zhang et al. [16]; found significant morphological differences in the pronotum or elytron
between any two Lucanidae subfamilies based on geometric morphometric analysis. Their study provides insights into
the morphological variations and evolutionary history of the pronotum and elytron in four subfamilies of stag beetles.
Our results corroborate a great deal of the previous work in Iran; geometric morphometric study of the genus
Erodiontes (Coleoptera: Tenebrionidae) populations of E. pfaundleri showed significant differences in pronotum size
whereas it was similar in size in populations of E. aelleni [17]. In another study, while dealing with the morphological
effects of geographic distance on different populations [18]. Li et al. [19] studied six different biotypes of 4th instar
nymphs in a Hemiptera species, based on the length differences and weights in their taxonomic characters. Increased
attention to geometric morphometry contributes reliability to species identification so that this study corroborates these
earlier findings.

Saprinus is the necrophilous genus that is the colonizer on the corpses and is helpful to calculate time after
death [10]. The four species belonging to the Saprinus genus studied are the most heavily colonized individuals on the
corpse in forensic studies and the most intensively colonized periodically [8, 9, 10]. These colonizers are using to
determine the time of death according to their correct identification. The species may be affected by longitude, latitude,
climate condition, and geographical environment of different provinces. The taxonomic characters used on the members
of the Histeridae family guide by comparing the individuals in the identification keys. When differentiating between the
two species in the identification keys, it was seen that individuals could not be considered individually, and they were
diagnosed by comparing them with other species. The taxonomic characters used to differ the species in the keys by
using 'more or less', ‘'usually’, 'may be' [14]. However, the taxonomic characters used vary according to age,
environmental conditions, and feeding environments. Therefore, our study supported other studies that the difficulties
seen in the identification keys of the studied family can be solved by using morphometric methods. The taxonomic
characters used to distinguish between species may differ according to age and environment, and these taxonomic
characters cause problems in identification keys. Polat & Ocal [20] indicated that some species can be defined as the
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same or inaccurate if they are identified by using conventional methods. As a result of the study, it has been proven that
the biometric characters can be used in the identification keys via conventional methods.
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Abstract

This current and novel approach was designed to occur the production method of Erodium hoefftianum via
direct organogenesis. Lateral meristems obtained from seeds germinated in Murashige and Skoog (MS) basal medium
were preferred as explants. Then, MS medium supplemented with individually 1.0/0.1 mg/L zeatin (ZEA)/indole-3-
butyric acid (IBA), 1.0/0.1 mg/L kinetin (KIN)/IBA, 1.0/0.1 mg/L N6-[2-isopentenil]adenine (2iP)/IBA, 1.0/0.1 mg/L
6- Benzyladenine (6-BA)/IBA, 1.0/0.1 mg/L thidiazuron (TDZ)/IBA and without plant growth regulators (PGRs) were
investigated for the effective shoot multiplication. 1.0/0.1 mg/L 6-BA/ IBA combination was found to be the most
appropriate PGRs in all cases except shoot length. Zeatin/IBA combination was determined to be most ideal for shoot
length with 37.28 mm. The rooting capability was also studied by using MS with IBA, indole-3- butyric acid (IAA), and
1-naphthaleneacetic acid, (NAA) (0.5 mg/L) or without auxin (control). The control group has the highest values in all
cases with the rooting percentage at 100%. Well rooted and healty plantlets were transplanted into rich peat: perlite
(2:1) substrates and subsequently acclimatized carefully under climate room conditions and transfer to the botanical
garden conditions.

Keywords: Erodium hoefftianum, acclimatization, ex situ, in vitro, micropropagation, PGR
*

Erodium hoefftianum (Geraniaceae)’un doku Kiiltiirii yontemleriyle iiretiminin arastirilmasi

Ozet

Bu yeni yaklasim, dogrudan organogenesis yoluyla Erodium hoefftianum'un iiretim yontemini belirlemek i¢in
tasarlanmistir. Eksplant olarak Murashige ve Skoog (MS) besin ortaminda ¢imlenen tohumlardan elde edilen yan
meristemler kullanilmistir. Daha sonra, ayr1 ayri1 1.0/0.1 mg/L zeatin (ZEA)/indol-3- biitirik asit (IBA), 1.0/0.1 mg/L
kinetin (KIN)/IBA, 1.0/0.1 mg/L N6-[2-isopentenil]adenin (2iP)/IBA, 1.0/0.1 mg/L 6- Benziladenin (6-BA)/IBA,
1.0/0.1 mg/L thidiazuron (TDZ)/IBA ve bitki biiyiime diizenleyicisi olmadan desteklenen MS besin ortami etkin siirgiin
¢ogalmasi i¢in arastirilmistir. 1.0/0.1 mg/L 6-BA/IBA kombinasyonu siirgiin uzunlugu hari¢ tiim durumlarda en uygun
bitki biiyiime diizenleyicileri olarak bulundu. Zeatin/IBA kombinasyonu 37.28 mm ile siirgiin uzunlugu i¢in en ideal
olarak belirlendi. Kéklenme kabiliyeti ayrica IBA, indol-3-biitirik asit (IAA) ve 1-naftalen asetik asit (NAA) (0,5 mg/L)
veya oksinsiz (kontrol) ile MS kullanilarak da incelenmistir. Kontrol grubu, %100 koklenme yiizdesi ile tiim
durumlarda en yiiksek degerlere sahiptir. Turba: perlit (2:1) ortamlarina nakledilen koklii bitkicikler daha sonra iklim
odasi1 kosullar1 altinda iklimlendirildi ve botanik bahgesi kosullarina transfer edildi.

Anahtar kelimeler: Erodium hoefftianum, iklimlendirme, ex situ, in vitro, mikrogogaltma, PGR
1. Introduction
This current and novel approach was designed to occur the production method of Erodium hoefftianum via

direct organogenesis. Lateral meristems obtained from seeds germinated in Murashige and Skoog (MS) basal medium
were preferred as explants. Then, MS medium supplemented with individually 1.0/0.1 mg/L zeatin (ZEA)/indole-3-
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butyric acid (IBA), 1.0/0.1 mg/L kinetin (KIN)/IBA, 1.0/0.1 mg/L N6-[2-isopentenil]ladenine (2iP)/IBA, 1.0/0.1 mg/L
6- Benzyladenine (6-BA)/IBA, 1.0/0.1 mg/L thidiazuron (TDZ)/IBA and without plant growth regulators (PGRs) were
investigated for the effective shoot multiplication. 1.0/0.1 mg/L 6-BA/ IBA combination was found to be the most
appropriate PGRs in all cases except shoot length. Zeatin/IBA combination was determined to be most ideal for shoot
length with 37.28 mm. The rooting capability was also studied by using MS with IBA, indole-3- butyric acid (IAA), and
1-naphthaleneacetic acid, (NAA) (0.5 mg/L) or without auxin (control). The control group has the highest values in all
cases with the rooting percentage at 100%. Well rooted and healty plantlets were transplanted into rich peat: perlite
(2:1) substrates and subsequently acclimatized carefully under climate room conditions and transfer to the botanical
garden conditions.

Keywords: Erodium hoefftianum, acclimatization, ex situ, in vitro, micropropagation, PGR
*

Erodium hoefftianum (Geraniaceae)’un Doku Kiiltiirii Yontemleriyle Uretiminin Arastiriimas

Ozet

Bu yeni yaklagim, dogrudan organogenesis yoluyla Erodium hoefftianum'un {iretim yontemini belirlemek i¢in
tasarlanmistir. Eksplant olarak Murashige ve Skoog (MS) besin ortaminda ¢imlenen tohumlardan elde edilen yan
meristemler kullanilmistir. Daha sonra, ayri ayr1 1.0/0.1 mg/L zeatin (ZEA)/indol-3- biitirik asit (IBA), 1.0/0.1 mg/L
kinetin (KIN)/IBA, 1.0/0.1 mg/L N6-[2-isopentenil]adenin (2iP)/IBA, 1.0/0.1 mg/L 6- Benziladenin (6-BA)/IBA,
1.0/0.1 mg/L thidiazuron (TDZ)/IBA ve bitki biiyiime diizenleyicisi olmadan desteklenen MS besin ortami etkin siirgiin
¢ogalmasi i¢in arastirilmistir. 1.0/0.1 mg/L 6-BA/IBA kombinasyonu siirgiin uzunlugu hari¢ tiim durumlarda en uygun
bitki bilyiime diizenleyicileri olarak bulundu. Zeatin/IBA kombinasyonu 37.28 mm ile siirgiin uzunlugu i¢in en ideal
olarak belirlendi. Koklenme kabiliyeti ayrica IBA, indol-3-biitirik asit (IAA) ve 1-naftalen asetik asit (NAA) (0,5 mg/L)
veya oksinsiz (kontrol) ile MS kullanilarak da incelenmistir. Kontrol grubu, %100 kdklenme yiizdesi ile tiim
durumlarda en yiiksek degerlere sahiptir. Turba: perlit (2:1) ortamlarma nakledilen koklii bitkicikler daha sonra iklim
odas1 kogullari altinda iklimlendirildi ve botanik bahgesi kosullarmna transfer edildi.

Anahtar kelimeler: Erodium hoefftianum, iklimlendirme, ex situ, in vitro, mikrogogaltma, PGR
2. Introduction

Plants are natural resources and attract the attention of people all over the world, so phytochemicals in their
structures are frequently used in modern medicine or alternative medicine applications. Studies at the point of reaching
these phytochemicals by collecting them from nature accelerate the endangerment of plants. Erodium L'Herit, one of the
six genera belonging to the Geraniaceae family, spreads all over the world and is represented by 74 species [1-3]. The
biggest share in this diversity is the Mediterranean region with 63 species. Other species are distributed in America (1),
South America (1), Australia (5) and Asia (4) [4, 5]. Turkey occupies a large place in this diversity with 30 taxa, 16 of
which are endemic [6-8]. Erodium hoefftianum C. A. Mey. is one of these taxa. Phytochemicals that are heavily
involved in Erodium species have generally been reported as quinones, tannins, saponins, alkaloids, flavanoids,
coumarins, anthracenosides, mucilages, sterols, triterpenes and phenolic derivatives [9, 10]. Antioxidant, antiviral,
antimicrobial, anticancer, antiallergic, anti-inflammatory, antitumor, antimutagen, anti-gout, insecticidal, antifeedant,
antibiotic and fungicidal effects of these valuable chemicals have been revealed before in modern medicine [11-16]. In
alternative medicine, it is known that species belonging to this genus are used in many applications such as wound
healing, urinary tract infections, eczema, diabetes and skin diseases [17-20].

All endemic taxa are endangered according to the Red Book of Plants of Turkey. Others are predicted to be
endangered in the near future [8, 21]. The Red List extinction data of species are directly related to lower
competitiveness and anthropogenic factors such as uncontrolled collection, overgrazing, big fires, trampling and
fragmentation, as well as other climatic changes created by anthropogenic effects in recent years. It is predicted that the
world will pass into the age of fire due to the great fires experienced especially in our country and all over the world in
recent years. Therefore, populations of many plant species will face extinction in the near future if in situ and/or ex situ
conservation strategies are not activated as soon as possible.

One of the most popular ex situ preservation methods in recent years in tissue culture studies because of the
several advantages such as controlled environment, faster production of difficult growing species, growing disease-free
plants, enabling effective clonal propagation, and shortening the growth cycle as well as rapid mass production of high-
quality planting material [22]. In addition to enabling the production of many new plants similar to the ancestral
characters of medicinally and aromatically valuable plants, tissue culture applications come to the fore as an alternative
application, as it allows the production of biologically active phytochemicals in these plants. Because of all these
factors, this study supports our country's goals of producing its own pharmaceutical raw materials from natural
resources with alternative methods and bringing them into the country's economy. The aim of the present study is to
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develop an efficient in vitro micropropagation protocol for E. hoefftianum and occur ex situ collections. The absence of
any study on tissue cultures of this species in the literature makes the study original and innovative.

2. Materials and methods
2.1. Plant material

E. hoefftianum seeds were collected from indigenous populations of Yagmurdere-Giimiishane (40° 35’ 09" N,
39° 52" 1" E; 1744 m), and followed by storage in darkness at 4 °C until use. Before surface sterilization, seeds were
washed with tap water nearly 30 min, followed by treated with 70% ethanol (EtOH) for 30 seconds. After the removal
of methanol, seeds were disinfected with 20% commercial bleach (Domestos®, Unilever, Istanbul, Turkey), for 10, 11,
12, 13, 14, and 15 min. Disinfected seeds were washed with sterile distilled deionized water 3 times for nearly 15 min in
sterile cabinet (Biohazard SafeFAST Permium 212, Ferrara, Italy) to thoroughly remove chemical residue. Finally, all
sterile seeds cultured on approximately 35 mL nutrient basal media in 98.5 x 59 mm glass containers (Magenta, Sigma-
Aldrich Ltd., St Louis, MI, USA). Cultured seeds were stored in growth chamber until germination.

2.2. Experimental

2.2.1. Seed germination

Murashige and Skoog basal medium (MS, Duchefa Biochemie, Haarlem, The Netherlands) [23] individually
supplemented with two different GAs concentrations (1.0 and 3.0 mg/L) and without PGR (control) were tested to
determine the most ideal culture conditions for seed germination. To support these two different GA3 concentrations in
the same medium, 1.0 mg/L activated charcoral (AC) was individually added to each medium. The cultivated seeds
were stored in the climate chamber for 30 days. The most ideal germination medium was determined by calculating the
germinated seed number and shoot length data in the culture medium. Germinated seeds were subcultured and made
ready for shoot propagation studies.

2.2.2. Shoot proliferation

Nodal segments were excised from the shoots of seedlings and placed on MS basal medium containing 2%
(w/v) sucrose (Duchefa), 0.8% (w/v) phyto agar (Duchefa) supplemented with individually different plant growth
regulators (PGRs), including 1.0 mg/L zeatin (ZEA), 1.0 mg/L 6- Benzyladenine (6-BA), 1.0 mg/L N6-[2-
isopentenil]adenine (2iP), 1.0 mg/L kinetin (KIN), and 1.0 mg/L thidiazuron (TDZ) in combination with 0.1 mg/L
indole-3- butyric acid (IBA). All PGRs used in this study were sourced from Sigma-Aldrich Ltd., St Louis, MI, USA
and were filter-sterilized with 0.22 pm filters and added to the cooled media after autoclaving. For these media, the
sucrose ratio was 2% (w/v, Duchefa) and the agar ratio was 0.8% (w/v, (Duchefa). Stock solution of 1 N HCl or 1 N
NaOH was used to adjust the pH of the media to 5.8 before sterilization process. All cultures were maintained in grooth
room at 24 + 2 °C under a 16 h photoperiod at a photosynthetic flux density of 50 umol m2 s, provided by cool
daylight fluorescent lamps (Philips HO 49W/840, Poland. The subcultures were carried out at 4-week intervals. After
one month, the samples in the trial sets were evaluated in terms of evaluating the number of shoots per explant (fold),
length of shoots (mm), number of leaves (fold), callus (%), and biomass yield based on fresh and dry weight (g) on each
shoot.

2.2.3. Root induction

MS media, each individually supplemented with IBA, Indole-3- acetic acid (IAA) and 1-naphthaleneacetic
acid, (NAA) at a concentration of 0.5 mg/mL and without growth regulators (control), was again selected for root
induction studies. The well-developed healty and sufficiently elongated shoots (> 20 mm) were preferred for rooting
studies. At the end of the four weeks, rooting parameters, which are rooting rate (%), root number (fold), root length
(mm), secondary root number (fold), were calculated to evaluate the rooting success of E. hoefftianum. Each rooting
treatment contained a total of 16 healthy wwll-developed shoots and each experiment was carried out in triplicate.

2.2.4. Acclimatization

The roots of the plantlets were gently treated with running tap water for a while to remove any media residue.
Then these microshoots were transferred in 72 mesh plastic containers containing peat: perlite (2: 1) mixture. These
microshoots transferred to peat: perlite (2:1) (v/v) mixture in 72 mesh plastic containers. The plants were subjected to
the first acclimatization process for four weeks in climate room conditions by gradually decreasing the humidity. All
plantlets were held on at 24 + 2 °C under a 16-h photoperiod at a photosynthetic flux density of 50 pmol m—2 s—1,
provided by cool daylight fluorescent lamps (Philips HO 49W/840, Poland). The survival rates of the plants were
determined at the end of the 4th week and transferred to botanical garden conditions. The healthy plants were kept in
the botanical garden among 30 days, and then they were transfer to a field next to the botanical garden. The survival
successes of the plants were calculated individually in both the botanical garden and field conditions.
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2.3. Statistical analysis

For all germination experiments, five achenes were placed into each Magenta glass containers, and six vessels
were prepared per treatment. For all shoot proliferation experiments, four nodal explants were cultured into each
magenta glass containers and again six vessels were preferred for each treatment. Each rooting treatment contained a
total of 16 healthy shoots. All data were analyzed using SPSS 21.0 (IBM Corp., Armonk, NY, USA). For shoot
multiplication, mean shoot length, mean number of shoots, mean number of leaves, callus percentage rate, mean
number of fresh and dry weight were analyzed using Duncan’s multiple range test from one-way analysis of variance
(ANOVA). Data in tables were given as mean =+ standard deviations (SD). Each treatment was performed in triplicate.

Shoot-forming capacity (SFC) [24] and root-forming capacity (RFC) [25] were also calculated to determine the
percentage of shoots regeneration and root induction as follows:

SFC index = (average number of shoots per regenerating explant) x (% of regenerating explant)/100.

RFC index = (average number of roots per shoot) X (% of multiplying roots)/100.d.

3. Results

3.1. Seed Germination

In seed germination studies, significant data were obtained only in 12, 13 and 14 min sterilization applications
in MS basal medium supplemented with 3.0/1.0 mg/L GAs/AC at the end of the 30th day. The highest germination
percentage was obtained from MS medium supplemented with 3.0/1.0 mg/L GAs/AC at 13 min sterilization time with
55.57%. Germinated shoots obtained from this culture medium and sterilization time had an average shoot length of
14.19 mm and appeared healthy for shoot multiplication studies. These percentages were determined as 34.43% and
17.78% in MS medium supplemented with 3.0/1.0 mg/L GAs/AC at 12 and 14 min sterilization time, respectively.
Although the germination percentage was high in the sterilization time of 12 min, the average length of the germinated
seeds was shorter (10.08 mm), and the stem thickness was weaker compared to the 14 min application. No significant
germination data could be obtained in any of the other sterilization time and germination media.

3.2. Shoot Proliferation

Among the tested five different PGRs; namely ZEA, 6-BA, 2iP, KIN, and TDZ were individually combination
with 0.1 mg/L IBA and compared with basal medium without PGR (control) for this purpose, 1.0/0.1 mg/L ZEA/IBA
and 1.0/0.1 mg/L 6-BA/IBA were detected more convenient for shoot proliferation of this species (Table 1, Figure 1A-
G). Among these two PGRs, 1.0/0.1 mg/L ZEA/IBA was more effective than 1.0/0.1 mg/L 6-BA/IBA only in terms of
shoot length with 37.28 + 2.87 mm. While this efficacy of ZEA was valid for other PGRs, there was no statistical
difference between itself and the control group with an average shoots length of 36.52 + 4.07 mm (P < 0.05). The
lowest data in terms of shoot length was calculated as 19.53 mm, from media containing 1.0/0.1 mg/L TDZ/IBA. The
most effective shoot number was determined in MS medium supplemented with 6-BA as mentioned above, and this
yield was 3.0 + 0.59 per shoot. While this data statistically differentiated 6-BA from other PGRs and control group, the
closest value to 1.0/0.1 mg/L 6-BA/IBA was obtained from MS medium supplemented with 1.0/0.1 mg/L ZEA/IBA,
with an average of 2.5 shoots per shoot (Table 1). Culture media containing 2iP and the control group were less
effective than other PGRs for this parameter with a 1.71 + 0.46 mean shoot number.

The highest leaf number was 13.58 + 1.25 in MS containing 1.0/0.1 mg/L 6-BA/IBA. Among the other all
tested PGRs, 1.0/0.1 mg/L TDZ/IBA gave the other effective mean leaf number per shoot with 11.5 = 1.53. Although
this result creates a statistical difference with 6-BA and other PGRs, the weak leaves of the obtained plantlets do not
make TDZ stand out in terms of healthy leaves (P < 0.05). Table 1 shows that 1.0/0.1 mg/L 2iP/IBA also has a lower
effect on the number of leaves per shoot with 5.71 £ 0.69. In terms of fresh and dry weight, which is especially
important at the point of secondary metabolite production, 1.0/0.1 mg/L 6-BA/IBA gave the highest values with an
average of 1.514 £ 0.039 and 0.086 + 0.002, respectively. There were significant statistical differences between 6-BA
and other PGRs and control group in terms of both fresh and dry weight values (P < 0.05). However, the dry weight per
fresh weight of the shoots obtained from MS medium supplemented with this cytokinin was the lowest with 5.68%. The
highest dry weight per fresh weight was obtained from the control media with 12.65%. Among the PGRs tested, more
callus formation occurred in MS media fortified 1.0/0.1 mg/L TDZ/IBA with 77.8%. Control group did not give a
significant result in terms of this parameter. Based on all these data, it was inevitable that 1.0/0.1 mg/L 6-BA/IBA
would be more effective than other cytokinins and control in terms of shoot forming capacity, and this was achieved
with 2.875 (Table 1).
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Table 1. The effects of different cytokinin in the presence of IBA (0.1 mg/L) combination and control group on shoot
proliferation of E. hoefftianum

. . Shoot

Cytokinin/Auxin Shoot Shoot Length/ Leaf Number/ Fresh Weight/ Dry Weight/ Callus Forming
Number/ Explant Explant Explant -

(mg/L) Explant (%) Capacity

Explant (mm) (@) (9)

(SFC)
CONTROL (0000) 57+ 3652+ 4.07a 831+1.0d 0332+0.034cd  0.042+0.004c nd 0.854
ZEA/IBA (1.0/0.1) 5'55; 37.28+2.87a 9.29+0.95¢  0.292+0.022d  0.030 + 0.002d 30+0.0b 1.875
KIN/IBA (1.0/0.1) éggbz 29.95 + 2.48b 7.5+0.83 0.303+£0.021d  0.028 +0.002¢ 18.1+2.4d 1.451
2IP/IBA (1.0/0.1) Io'fééf 31.21+2.95b 571+0.69f  0.354+0.034c  0.028 = 0.003d 30+0.0b 0.996
6-BA/IBA (1.0/0.1) g'ggz 21.88+1.67¢ 13.58+1.25a  1.514+0.039a  0.086 + 0.002a 278+ 2.4¢ 2.875
TDZ/IBA (1.0/0.1) 2013340* 19534171 115153  1144+0166b  0.071+00100 ~SE24 1.682

Data were recorded 4 weeks after the culture and represents a total of 24 explants per treatment on MS. Each
experiment was performed in triplicates. Values having the same letter(s) in the same column are not significantly
different according to Duncan’s multiple range test at P < 0.05. nd = Not detected, ZEA = Zeatin, 6-BA = 6-
Benzyladenine, 2iP = N6-[2-isopentenil]adenin, KIN = Kinetin, TDZ = Thidiazuron, IBA = Indole-3- butyric acid.

3.3. Root Induction

Enough elongated shoots (> 20 mm) were excised and carefully transferred to MS media individually
supplemented with 0.5 mg/L IBA, 1AA, NAA, and without auxin (control). MS basal media without auxin stimulated
the rooting more efficiently than fortified above mentioned auxins at the end of the four weeks with 100% (Figure 1H).
The first root induction was seen on the 17th day in the control medium. The fact that the first root formation was
earlier in the control group compared to the applied auxins encouraged higher root number, root length, secondary root
number and root forming capacity values at the end of the 4 weeks application period. These values were calculated as
4.75 £ 0.68, 105.02 = 7.49 mm, 6.5 = 0.63 and 4.8 per shoot, respectively. Among the tested auxin groups, the order of
efficiacy of root induction rates was IBA (91.7%) > IAA (81.3%) > NAA (77.1%) (Figure 1I-L). The only parameter
that differed during the effect of auxin applications was the number of root. This result was negatively reflected in the
root forming capacity of the MS medium supplemented with IBA with 3.54. MS media supplemented with IBA reached
a lower root number value of 3.86 + 0.50 per shoot than MS media containing IAA or NAA (Table 2). Root numbers
were calculated as 4.54 + 0.46 and 4.50 + 0.58, respectively, in MS fortified with IAA or NAA, and there were no
statistically differences between them and the control group (P < 0.05). In terms of the second highest root length, the
efficiency of IBA came to the fore with 69.43 + 4.49 mm. The lowest root length success was determined in MS
medium containing NAA with 11.31 £ 1.26 mm, and this created a significant statistical difference with the other test
groups (P < 0.05). The efficiacy of IBA among the auxin groups did not change in terms of the number of secondary
roots, and this value was calculated as 4.93 + 0.57 per shoot (Table 2).

Table 2. The effects of different auxin types (0.5 mg/L) on in vitro rooting of Erodium hoefftianum shoots

Secondary Root

PGRs Rooting rate Root Number Root Length Number Root Forming
(mg/L) (%) (No/Plant) (mm) (No/Plant) Capacity (RFC)
CONTROL 100 £ 0.0a 4.75 £ 0.68a 105.02 + 7.49a 6.5+0.63a 4.8
IBA 91.7 +3.6b 3.86 £ 0.50b 69.43 = 4.49b 4.93 £0.57b 3.54
IAA 81.3+0.0c 4.54 £ 0.46a 64.99 +3.18¢ 4.46 £ 0.64c 3.69
NAA 77.1 £3.6¢ 4.50 £ 0.58a 11.31+£1.26d 2.00+0.37d 3.47

Data were recorded on the four weeks after the culture and represent a total of three replicates of 16 plants per
treatment for root induction. Values having the same letter(s) in the same column are not significantly different
according to Duncan’s multiple range test at P < 0.05. PGRs = Plant Growth Regulators, IBA = Indole-3- butyric acid,
IAA = indole-3- acetic acid, NAA = 1-naphthaleneacetic acid

3.4. Acclimatization and ex situ collection

The well developed and seen healty in vitro rooting plantlets were transferred in plastic containers containing
peat: perlite (2: 1) and covered with plastic bags to provide necessary humidity. These pots were transferred firstly in
climate room conditions to increase the viability of in vitro rooting plantlets in ex vitro (Figure 1M and N). By opening
the mouths of the plastic containers intermittently, the humidity rate was reduced, the plantlets were not rotted and their
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adaptation to the ex vitro condition was facilitated. The viability percentages of seedlings were determined as 90% in
climate room conditions.

At the end of the 4 weeks, acclimatized, well developed, and healthy plants were transferred again in botanical
garden conditions and were obtained about 86.7% survival percentage. After a month, these plants produced fresh
leaves and developed considerably (Figure 10). All plants formed buds, bloomed, and produced seeds within the first
season. The ex situ collection of E. hoefftianum has been established at the end of the spring 2020 and completed in the
same summer of the same year.

4. Conclusions and discussion

Ex situ conservation strategies are particularly important for small plant populations or plant populations with
low seed yield and/or low seed viability. In vitro techniques are among the most successful ex situ conservation
methods beause of the above mention many advantages and used for the reproduction and preservation of such taxa [24,
25]. From this perspective, the production of plants with medicinal, aromatic, and economic value by in vitro techniques
has accelerated [28-31]. A limited number of studies have been carried out on the production of Erodium taxa, which
are valuable in the field of modern and alternative medicine, by tissue cultures [32-34]. But, there is no comprehensive
in vitro production report about E. hoefftianum. Therefore, it is notable to study micropropagation and ex situ
conservation of this species.

In tissue culture studies on Erodium taxa, researchers generally preferred commercial bleach or sodium
hypochlorite (NaOCI) as a sterilization agent. The application that differs in these studies is the chemical agent used for
the pre-sterilization process, the sterilization time, the concentration of the sterilization agent, and explant type [33, 34].
In the study carried out on Erodium somanum H. Pesmen, the researchers applied 5% commercial bleach on the seeds
for 5 min and achieved a 70% germination success at the end of the second week [33].

N : 3 ! o z ;
Figure 1. In vitro micropropagation of E. hoefftianum (A) Shoot proliferation after 4 weeks; (B) on culture medium from nodal explant
on MS free-medium, (C) supplemented with 1.0/0.1 mg/L ZEA/IBA, (D) with 1.0/0.1 mg/L KIN/IBA, (E) with 1.0/0.1 mg/L 2iP/IBA. (F) with
1.0/0.1 mg/L 6-BA/IBA. (H) with 1.0/0.1 mg/L TDZ/IBA. (H) Root induction after 4 weeks; (1) MS free-medium, (J) 0.5 mg/L IBA, (K) 0.5 mg/L

IAA, (L) 0.5 mg/L NAA, (M) flower form, (N) Climate room conditions, (O) Botanical garden conditions, Bars: B, C, D, E, Fand G = 1.47 cm, |, J,
Kand L=5.65cm
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In another study, researchers this time 0.5%, 1%, and 2% concentrations of NaOCI were tested on Erodium
sibthorpianum Boiss. subsp. sibthorpianum seeds for 10 min and determined that 1% NaOCI application was the most
ideal [32]. These researchers achieved germination success between 67% and 28% in their studies. These results show
that species within the same genus differ in terms of sterilization processes and germination percentage in tissue culture
studies. The fact that the highest germination percentage we obtained from the seeds of E. hoefftianum was 55.57 %
with a optimum sterilization time of 13 min is a comparative proof of these results.

Although all PGRs mentioned in our study were used in tissue culture studies of different plant species [30,
35], researchers generally tried different concentrations of 6-BA or KIN, either alone or in combination with any auxin
or GAs, in MS medium for shoot propagation studies of Erodium taxa [32-34]. Researchers have reported that high 6-
BA and low NAA combinations can be effective in their shoot propagation studies on Erodium species [32]. However,
in cytokinins combined with IAA or NAA, it was determined that E. hoefftianum did not form healthy shoots. The
shoots remained weak and did not grow sufficiently. These findings reveal the differences with our study. Another weak
indicator of the difference with our study is that the same researchers obtained an average of 11.33 £ 0.44 shoots per
explant depending on the species difference in these media. On the other hand, the obtained highest mean number of
shoots per explant from Erodium olympicum was 1.42 = 1.54. This result showed the strength of our study. When the
shoot length data obtained from our study were compared with E. sibthorpianum subsp. sibthorpianum, it was
determined that close results supported each other. The highest shoot length was found in MS medium absence of PGRs
with 35.97 + 0.55 [32]. The highest shoot length was found in MS medium absence of PGRs with 35.97 + 0.55 [32].
This result was 3.64% lower than the highest shoot length obtained from E. hoefftianum. The maximum average shoot
length of 2.06 + 0.04 mm in micropropagation studies on Pelargonium graveolens L. belonging to the Geranium genus
supports the low shoot length of these family members in culture studies [36]. The shoot length, leaf number, fresh and
dry weight parameters were not evaluated in other tissue culture studies on Erodium taxa. These data obtained from our
study enrich the content of tissue culture studies on these taxa and shed light on future studies on this genus.

Researchers tested IBA at a concentration of 0, 0.5, 1, 1.5, 2, 2.5, 3 mg/L in MS medium for root induction of
E. olympicum. The most effective results were obtained from MS medium supplemented with 0.5 mg/L IBA with
29.91% [34]. While our preference for 0.5 mg/L auxin concentration is supported by this study, the fact that we
achieved 70% more rooting success according to the researchers reveals the strength of our study. The lower results of
IAA compared to other tested auxins in the reported study were consistent with our study. Various concentrations of
IBA and I1AA (0, 0.5, 1, 1.5, and 2 mg/L) in MS medium and various concentrations of NAA (0, 0.1, 0.5, 1, and 2
mg/L) in modified MS medium (ModMS) have been tested for root induction of E. sibthorpianum subsp.
sibthorpianum. The most influential rooting percentage has been obtained in ModMS media containing 0.1 or 0.5 mg/L
NAA with 100%. When compared in terms of the highest root number and root length, the same researchers reported
the average values 0of 21.17 + 0.43 and 44.03 + 0.58 mm per shoot, respectively [32]. Calculation of these values as 4.75
+ 0.68 and 105.02 £+ 7.49 mm per shoot in our study revealed the strengths and weaknesses of our findings in this study.
These differences can be caused by many factors such as explant source, explant type, explant collection time,
environmental conditions of the explant, media types and culture time, number of subcultures, culture conditions in
tissue culture studies [29, 37].

As a result, this in vitro protocol can be used as an effective protocol in future ex situ conservation studies for
the restoration of plant populations.
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Abstract

Fungi are widely used in the production of many enzymes of industrial importance, mainly because they can grow on
low-cost substrates and secrete large amounts of enzymes extracellularly. The most important reason for choosing
thermostable enzymes in industrial applications is their stability, which provides low activity losses against high temperatures
applied during the pretreatment of raw materials. In this study, industrially important lipase, amylase, cellulase, phytase and
protease enzyme activities were investigated on 6 thermophilic and 57 thermotolerant fungi species. Screening of fungi
producing extracellular lipase, amylase, cellulase, phytase, protease was carried out in petri dishes or tubes using special
nutrient media for different enzymes. As a result, 63 cultures consisting of Humicola insolens, Lichtheimia corymbifera,
Rhizomucor pussillus, Melanocarpus albomyces, Aspergillus fumigatus, Aspergillus flavus, Aspergillus terreus species were
determined to produce 5 different enzymes, and those with positive results from these cultures were determined: 18 for
phytase (28,5%), 63 (100%) for protease, 14 (22%) for amylase, 63 (100%) for lipase, 57 (90%) for cellulase. As a result of
enzyme screening studies, the best phytase producer species R. pusillus and A. terreus, protease producer species A.
fumigatus, amylase producer species A. terreus, L. corymbifera and R. pusillus, lipase producer species A. fumigatus, cellulase
producer species A. fumigatus has been determined. We believe that the determination of the thermophilic and thermotolerant
fungi used in the study that are capable of producing thermostable enzymes such as lipase, amylase, cellulase, protease and
phytase, which have industrial importance, will shed light on the evaluation of these fungi and their enzymes in future studies.

Key words: Thermophilic, thermotolerant, filamentous fungi, enzyme, thermostable

*

Termofilik ve termotolerant filamentli fungus tiirlerinin endiistriyel 6neme sahip enzim aktivitelerinin incelenmesi

Ozet

Funguslar, temel olarak diisiik maliyetli substratlarda biiyiiyebildikleri ve hiicre dis1 olarak biiyiik miktarda enzim
salgiladiklar1 i¢in endiistriyel dneme sahip birgok enzimin iiretiminde yaygin olarak kullanilmaktadir. Termostabil enzimlerin
endiistriyel uygulamalarda seg¢ilmesinin en O6nemli sebebi ham maddelerin 6n islemleri sirasinda uygulanan yiiksek
sicakliklara karsi diisiik aktivite kayiplarmi saglayan stabiliteleridir. Bu ¢aligmada 6 termofilik ve 57 termotolerant fungus tiirii
tizerinde endiistriyel neme sahip olan lipaz, amilaz, seliilaz, fitaz ve proteaz enzim aktiviteleri arastirilmistir. Hiicre dis1 lipaz,
amilaz, seliilaz, fitaz, proteaz iireten funguslarin taranmasi, farkli enzimler i¢in 6zel besin ortamlar1 kullanilarak petri
kaplarinda veya tiiplerinde gergeklestirilmistir. Sonu¢ olarak, Humicola insolens, Lichtheimia corymbifera, Rhizomucor
pussillus, Melanocarpus albomyces, Aspergillus fumigatus, Aspergillus flavus, Aspergillus terreus tiirlerinden olusan 63 adet
kiiltiirin 5 farkli enzimi iiretme potansiyelleri belirlenmistir ve bu kiiltiirlerden pozitif sonug verenler: fitaz igin 18 (%28,5),
proteaz i¢in 63 (%100), amilaz i¢in 14 (%22), lipaz i¢in 63 (%100), seliilaz i¢in 57 (%90) olarak belirlenmistir. Enzim tarama
caligmalar1 sonucunda en iyi fitaz treticisi tiirler R. pusillus ve A. terreus, proteaz iireticisi tir A. fumigatus, amilaz tireticisi
turler A. terreus, L. corymbifera ve R. pusillus, lipaz ireticisi tiir A. fumigatus, seliilaz treticisi tiir A. fumigatus olarak
belirlenmistir. Calismada kullanilan termofilik ve termotolerant funguslar arasindan lipaz, amilaz, seliilaz, proteaz ve fitaz gibi
endiistriyel 6neme sahip olan termostabil enzimleri iiretme yetenegine sahip olanlarin belirlenmesi bu funguslarin ve
enzimlerinin ileriki ¢aligmalarda degerlendirilmesine 151k tutacagi kanaatindeyiz.

Anahtar kelimeler: Termofilik, termotolerant, filamentli fungi, enzim, termostabil
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1. Giris

Termofilik funguslar minimum 20 °C ya da iizeri ve maksimum 61,5 °C biiyiime sicakligina sahipken,
termotolerant formlarin 20 °C’nin altindan yaklasik 55 °C’ye kadar olan genis bir biiyiime sicaklik araligi vardir [1,2].
Termofilik ve termotolerant funguslar biyolojik doniisim prosesinde gorev alirlar ve enzimlerin de dahil oldugu
endiistriyel olarak 6nemli pek ¢ok metaboliti sentezleme yetenegine sahiptirler [3].

Enzimler, biyolojik sistemlerdeki reaksiyonlarin canliliga zarar vermeyecek iliml kosullarda gergeklesmesini
saglayan biyokatalizorler olarak tanimlanirlar [4]. Enzim bazli endiistriyel teknolojiler, minimum atik iiretimi ile veya
hi¢ atik iiretimi olmadan hammaddelerin verimli kullanilmasini vaat ederken, toksik kimyasallarin kullanilmasimi da
onlemektedir. Endiistrilerdeki geleneksel kimyasal temelli {iretim siiregleri ¢ok fazla hammadde, enerji gerektirmekte ve
cevre iizerinde oldukca fazla baski yaratmaktadir. Geleneksel yontemlerin daha temiz ve daha giivenli enzim bazl
yontemlerle degistirilmesi, yalnizca islem siiresi, isletim maliyeti ve enerji tiiketiminden tasarruf saglamakla kalmayip,
ayn1 zamanda cevre iizerinde de en az tehlikeli etkiyi olusturmaktadir [5]. Giinlimiizde, cesitli biyolojik tiretim
stireclerinin pek c¢ogu yiiksek sicakliklarda stabil kalabilen termostabil enzimleri igermektedir [6]. Termostabil
enzimlerin biyoproseslerde sagladigi avantajlar; yiiksek sicakliklara tolerans, genis pH stabilitesi, yiiksek spesifik
aktivite, organik c¢oziiciiler, deterjanlar, katyonlar gibi cesitli potansiyel enzim inhibitdrlerine dayanma yetenegi, oda
kosullarinda uzun siire saklanma, diisiik kontaminasyon riski, kolay karisma, yiiksek substrat ¢oziiniirliigii olarak
sayilabilir [5,6].

Funguslarin pek ¢ok endiistriyel 6neme sahip enzimlerin kaynagi oldugu ve yiiksek miktarlarda ekstraseliiler
(hiicre dis1) enzimleri sentezleme yetenegine sahip oldugu bilinmektedir. Cok ¢esitli endiistri dallarinda mikrobiyal
proteaz, amilaz, seliilaz ve lipazlar kullanilmaktadir [7]. Mikrobiyal kaynaklardan elde edilen amilaz, seliilaz, proteaz ve
lipazlar tekstil, kagit ve deterjan endiistrilerinde yaygin sekilde kullanildiklari ortaya konulmustur [8,9]. Son
zamanlarda, ¢amasir deterjani lirlinlerindeki proteazlar, amilazlar, seliilazlar ve lipazlarin dahil oldugu enzim kokteylleri
6zel bir ivme kazanmigstir [5].

Termofilik kaynaklardan elde edilen amilazlar, proteaz ve lipaz ile baglantili olarak tekstil, bira, deterjan
endiistrisinde kullanimmin yani sira biyoyakit iretimi, fermantasyon endiistrilerinde nisastanin fermente edilebilir
sekerlere doniistiiriilmesi, gida endiistrisinde tathi suruplarin hazirlanmasi, unun diastaz igeriginin arttirilmasi, jole
iiretiminde nisastanin uzaklastirilmas1 ve bebekler i¢in yiyeceklerin modifikasyonu gibi ¢esitli endiistriyel islemlerde
¢ok yonlii uygulama potansiyeli bulmaktadir [10]. Aspergillus cinsinin ¢ok farkli tiirleri endiistriyel amilazlar igin
kaynak teskil ettigi ve nisasta endiistrisinde kullanilan en yaygin termostabil enzimin amilazlar oldugu vurgulanmistir
[7]. Proteazlar ise toplam enzim pazarmin yaklasik %60'mn1 olusturan ve fizyolojik ve endiistriyel alanlarda bir dizi
farkli uygulamaya sahip olan en yaygin hidrolitik enzimlerden biridir [8]. Fitik asidin defosforilasyonunu saglayan
fitazlar, 6zellikle beslenme, cevresel siirdiiriilebilirlik ve insan sagligi agisindan 6nem kazanmiglardir. Termostabil
fitazlar, yem tiretimi, gida isleme, kagit yapimu ve bunlar gibi bir ¢ok endiistriyel proseste gereksinim duyulan enzimler
haline gelmistir [11]. Seliilazlarin yenilenebilir enerji kaynaklari i¢in biiyiik potansiyele sahip olduklar1 bilinmektedir.
Seliilazlar, proteazlardan sonra diinyanin endiistriyel enzim pazarinda ikinci sirada yer almaktadir. Bununla birlikte,
termostabil seliilazlar, yiiksek sicakliklardaki aktiviteleri ile deterjan endiistrisinde renk parlatma ve yumusatmada,
biyoetanol iiretimi i¢in lignoseliilozik biyokiitlenin kullanimi ve kagit endiistrisinde kagit geri doniisiimiine yardimei
olarak kullanilmaktadirlar [12]. Termostabil lipazlar, gida, deterjan, kozmetik, kagit, ilag, deri, biyodizel iiretimi vb.
gibi ¢esitli endistrilerin 6n kosuludur [13]. Fungal lipazlar siit endiistrisi, yag imalati, siirfektanlarin iiretimi ve saf
farmasotiklerin hazirlanmasindaki biyoteknolojik uygulamalarda genis bir kullanim alanina sahiptir [7].

Yeni ve oOzgiin enzim olusturmada mikrobiyal taramalarla rasyonel protein miihendisliginin birlikte
kullanilmas1 gerekmektedir. Diinyada cesitli endiistriyel alanlarda enzimlerin kullanimmnin giin gegtikce artmasi
nedeniyle enzimler bilim ve teknolojinin oldukga ilgilendigi bir alan olmustur. Bu baglamda iyi enzim {ireticisi
funguslarin belirlenmesini ve enzimlerinin taranarak ortaya konmasini igeren ¢aligmalar olduk¢a 6nem arz etmektedir.

Kullanislt enzimleri iiretme yetenegine sahip pek cok patojenik olmayan mikroorganizma arasinda filamentli
funguslar, kolay kiiltiire edilebilmeleri, endiistriyel ©neme sahip ekstraseliiler enzimleri yiiksek miktarlarda
iiretebilmeleri nedenleri ile 6n plana ¢ikmaktadirlar. Enzim teknolojisinin giderek gelismesi, iiriinlerin kullanim
alanlarmin ¢esitliligi ve ekonomik degerinin ¢ok yiiksek olmasi nedeniyle, endiistriyel enzimlere yonelik biyoteknolojik
aragtirmalar daha da onem kazanmaktadir. Bu nedenle endiistriyel enzimleri iiretme agisindan elverisli olan bu
funguslarm belirlenmesi ve enzimlerinin taranarak ortaya konmasini bilimsel olarak 6n plana ¢ikarmustir. Yaptigimiz
caligmada, ¢esitli sicak su kaynaklarindan izole edilmis olan termotolerant ve termofilik funguslarn endiistriyel agidan
olduk¢a 6nemli olan termostabil lipaz, amilaz, seliilaz, proteaz ve fitaz enzimlerini iiretme yeteneklerinin belirlenmesi
amaglanmigtir.
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2. Materyal ve yontem
2.1. Mikroorganizmlar

Cesitli sicak su kaynaklarindan izolasyonlar1 yapilarak termofilik ve termotolerant olduklar1 daha 6nceden
belirlenmis ve laboratuvarimizda stoklanmis halde bulunan 51 straini A. fumigatus, 5 straini A. terreus, 1 straini A.
flavus, 2 straini R. pussillus, 1 straini L. corymbifera, 1 straini M. albomyces ve 2 tanesi de H. insolens dan olusan 63
mikrofungus ¢alismada kullanilmustir.

Enzim tarama caligmalarinda kullanilmak tizere mikrofunguslarin aktiflestirilmesi +4°C’de stoklanmig olan
kiltiirlerinin Sabouraud Dextrose Agar (SDA) (ME063, Himedia) ve Yeast Potato Soluble Starch Agar’a (YPSSA)
(Maya ekstrakt1 4g/L, MgSO4-7H.0 0,5 g/L, KoHPO4 1 g/L, Coziinebilir nigasta 15 g/L, Agar 20 g/L, Ampisilin 0,2
g/L, Rose bengal 0,06 g/L) [14] ekilerek 37°C’de inkiibe edilmeleri ile ger¢eklestirilmistir.

2.2. Enzim iireten tiirlerin kiiltiirel ortamlarda belirlenmesi

2.2.1. Fitaz iiretiminin belirlenmesi

Mikrofunguslar, karbon kaynagi olarak kalsiyum fitat igeren fitaz tarama ortamu (PSM) (D-glikoz 15¢/L,
Kalsiyum fitat 5g/L, (NH4)NOs 5¢/L, MgSO4-7H,0O 0,5¢/L, KCL 0,5 g/L, FeSO4-7H,O 0,01 g/L, MnSOs-4H,0
0,01g/L, pH 5,5) fitaz iiretimi agisindan taranmustir. Bu taramalar yapilirken funguslar PSM ortamina steril kosullarda
tek nokta seklinde ekilmis ve 45 °C’de 7 giin inkiibe edilmislerdir. inkiibasyon sonrasinda fitaz enzimi iireten funguslar,
kalsiyum fitat1 pargalamalari sonucu besiyerindeki beyaz rengin kaybolmasi ile olugan kolonileri etrafindaki seffaf zon
ile aywrt edilmislerdir [15,16].

2.2.2. a-Amilaz tiretiminin belirlenmesi

Mikrofunguslar, amilaz tarama ortamna [Coziinebilir misir nisastast %2, Czapek Dox Agar (105460, Merck)
48.0 g/L] tek nokta seklinde ekimi yapilip 37 °C’de 7 giin inkiibe edilmislerdir. Inkiibasyon sonucunda gelisen fungus
kolonisi uzaklastirilarak, ligol ¢ozeltisi ile kiiltiir ortamlar1 boyanmistir. Amilaz enzimine sahip tiirler besiyerindeki
nisastay1 par¢alamaktadir. Liigol ¢6zeltisi nigasta ile birlestiginde mavi-mor bir renk olusmaktadir. Bu nedenle, boyama
sonras1 enzim {retimini gergeklestiren koloniler renksiz diger yerlerin mavi-mor renkte boyanmasi ile amilaz tiretimi
ayirt edilmistir [17,7].

2.2.3. Lipaz iiretiminin belirlenmesi

Lipaz tiretiminin belirlenmesi i¢in, tiiplerde hazirlanmis olan lipaz tarama ortami [Maya ekstrakti 3g/L, Pepton
5g/L, Tribiitirin %1, Agar 10g/L [18]] lizerinde, YpSSA ortaminda gelistirilen 7 giinliik kiif kolonilerinden 6 mm
capinda kesilerek ¢ikartilmig agar diskleri yerlestirilmistir. Tiipler 37 °C’de 7 giin inkiibe edilmislerdir. Lipaz tiretimi,
gelistirilen fungus kolonilerinin lipaz iiretim diizeylerine bagl olarak besiyerindeki tribiitirini parcalamasi ile tiip
igerisinde olusturduklar: seffaf zonlar ile ayirt edilmistir [19].

2.2.4. Proteaz iiretiminin belirlenmesi

izole edilen funguslarin proteaz aktiviteleri, proteaz tarama besiyerinde (K,HPO,4 0,5¢/L, MgSQ4-7H,0 0,25
g/L, KCL 0,25 g/L, Yagsiz siit tozu %15, Agar 1,5 g/L) belirlenmistir. Tiiplerde hazirlanmis olan proteaz tarama ortami
iizerinde, YpSSA ortaminda gelistirilen 7 giinliik kiif kolonilerinden 6 mm ¢apinda kesilerek ¢ikartilmis agar diskleri
yerlestirilerek 37 °C’de bir hafta inkiibe edilmistir. Gelisen funguslardan tiip icerisinde seffaf zon olusturanlar proteaz
iireticisi olarak belirlenmistir ve zon ¢aplar1 proteaz iiretimi agisinda funguslar1 kargilagtirmak amaci ile kaydedilmistir

[20].

2.2.5. Seliilaz tiretiminin belirlenmesi

Izolatlar, karbon kaynagi olarak iist tabaka halinde seliiloz-azur iceren seliilaz tarama ortaminda (Seliiloz-azur
0,59/L, (NH4)2S04 0,1g/L, KH2PO4 0,1g/L, MgSO.-7H,0 0,02g/L, Agar 1,5 g/L) seliilaz liretimi agisindan taranmistir.
Bu taramalar yapilirken, YpSSA ortaminda gelistirilen 7 giinliik kiif kolonilerinden 6 mm ¢apinda kesilerek g¢ikartilmig
agar diskleri seliiloz-azur igeren tiipler lizerine yerlestirilmistir. Tipler 37 °C’de bir hafta inkiibe edilmistir.
Inkiibasyondan sonra seliilaz iiretme 6zelligine sahip tiirler seliilozu pargalayarak ona bagh olan azur boyasmni serbest
birakmaktadirlar. Funguslarin seliilaz enzimini iiretme yetenegine bagli olarak olugan mavi rengin siddeti 1’den 10’a
kadar derecelendirilerek seliilaz tiretimi degerlendirilmistir [21].

3. Bulgular
Caligmada fitaz, proteaz, amilaz, lipaz ve seliilaz aktivitesi agisindan 57’°si termotolerant, 6’s1 termofilik olmak

lizere 63 adet kiiltiir ayr1 ayr1 taranmustir. Bu taramalar sonucunda, elde edilen sonuglar degerlendirilerek Tablo 1°de
verilmistir.
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Tablo 1. Enzim tarama ¢aligmasi sonuglari

Tiir Fitaz * | Proteaz (cm) Amilaz* | Lipaz (cm) Seliilaz#
Rhizomucor pusillus 1 +++ 0,4 +++ 15 0
Aspergillus terreus 1 ++ 2 ++ 1,9 4
Aspergillus terreus 2 +++ 2 ++ 18 3
Aspergillus fumigatus 1 + 17 - 2,6 3
Aspergillus fumigatus 2 - 23 - 1,6 3
Aspergillus fumigatus 3 - 2,1 - 2,6 4
Aspergillus fumigatus 4 - 2 - 3 4
Aspergillus terreus 3 +++ 2,3 +++ 25 3
Aspergillus fumigatus 5 + 2,3 - 2 2
Aspergillus fumigatus 6 - 2,3 + 1,3 0
Aspergillus fumigatus 7 + 23 - 3,2 2
Aspergillus fumigatus 8 ++ 3 - 15 0
Aspergillus fumigatus 9 + 2,2 - 2,1 7
Aspergillus fumigatus 10 - 2,1 - 3.2 5
Aspergillus fumigatus 11 - 2 - 1,3 3
Aspergillus fumigatus 12 + 2 + 33 3
Aspergillus fumigatus 13 + 19 - 2,7 2
Aspergillus fumigatus 14 - 2 - 1,7 4
Aspergillus fumigatus 15 - 2,9 - 2,7 5
Aspergillus terreus 4 ++ 2,2 ++ 2,2 4
Aspergillus fumigatus 16 - 24 - 14 0
Melanocarpus albomyces - 0,8 ++ 1,6 0
Humicola insolens 1 - 1 - 2 4
Aspergillus fumigatus 17 ++ 1,8 - 2,8 2
Aspergillus fumigatus 18 - 24 - 2,5 1
Aspergillus fumigatus 19 - 15 - 2,4 3
Aspergillus fumigatus 20 - 2 - 17 2
Aspergillus fumigatus 21 - 1,8 - 2 6
Aspergillus fumigatus 22 - 1,7 - 18 2
Humicola insolens 2 - 0,8 - 18 5
Aspergillus fumigatus 23 - 1,7 - 3,5 4
Aspergillus fumigatus 24 - 2 - 2,7 4
Aspergillus fumigatus 25 - 1,2 - 1,8 4
Aspergillus fumigatus 26 - 2,3 - 2 3
Aspergillus fumigatus 27 - 2,1 - 15 7
Aspergillus fumigatus 28 - 1,7 - 2 2
Aspergillus fumigatus 29 - 18 - 2,5 2
Aspergillus fumigatus 30 - 2,2 - 2,3 6
Aspergillus fumigatus 31 - 1,7 - 2 4
Aspergillus fumigatus 32 - 19 - 25 2
Aspergillus fumigatus 33 - 1,7 - 18 2
Aspergillus fumigatus 34 - 18 - 25 6
Aspergillus fumigatus 35 + 1,8 - 2,7 2
Aspergillus fumigatus 36 - 1,9 - 1 2
Aspergillus fumigatus 37 - 2 - 1,7 5
Aspergillus fumigatus 38 - 2,1 - 1,6 7
Aspergillus fumigatus 39 - 18 - 3,8 4
Aspergillus fumigatus 40 - 1,9 - 15 2
Aspergillus fumigatus 41 - 2 - 15 5
Aspergillus fumigatus 42 - 2 - 17 2
Aspergillus fumigatus 43 - 1,9 - 1,7 3
Aspergillus fumigatus 44 - 2,2 - 17 2
Aspergillus fumigatus 45 - 2,1 - 2,5 6
Aspergillus fumigatus 46 + 2,2 - 2,4 3
Aspergillus flavus - 25 + 2 0
Aspergillus fumigatus 47 - 2,2 - 16 2
Aspergillus terreus 5 ++ 2,2 ++ 2 3
Lichtheimia corymbifera - 0,2 +++ 2 4
Rhizomucor pusillus 2 +++ 0,3 +++ 1,6 2
Aspergillus fumigatus 48 - 1,7 + 1,8 3
Aspergillus fumigatus 49 - 2,2 + 3 2
Aspergillus fumigatus 50 + 1,9 - 15 3
Aspergillus fumigatus 51 - 19 - 2,8 7

*[(-): zon yok, (+): seffaf zon<0,3 cm, (++): 0,3<seffaf zon<0,5, (+++): 0,5<seffaf zon] # [10. giinde diflize olan azure renk siddeti]
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Taramas1 gerceklestirilen her enzime 6zel besiyeri ortamlarinda yapilan incelemeler sonucunda, kiiltiirlerin
%28,5’inin fitaz (Sekil 1), az veya ¢ok seviyede olmak iizere biitiin kiiltiirlerin proteaz (Sekil 3), %22’sinin amilaz
(Sekil 2), yine az veya ¢ok seviyede olmak {izere biitiin kiiltiirlerin lipaz (Sekil 3) ve 6 izolat hari¢ diger tiim kiiltiirlerin
ise seliilaz (Sekil 4) tirettigi belirlenmistir.

Yaptigimiz ¢aligmada agirlikli olarak Aspergillus fumigatus’tan olusan 57 termotolerant tiir kullanilmig ve
bunun sonucunda fitaz testi i¢in 16 (%28) tanesi, amilaz testi icin 10 (%]17,5) tanesi, seliilaz testi i¢in 53 (%93) tanesi ve
proteaz ile lipaz testleri iginse tiim 6rnekler pozitif sonug vermistir. Calisilan 6 termofilik tiirden fitaz testi i¢in 2 ([]
%33) tanesi, amilaz testi i¢in 4 ([ %66) tanesi, seliilaz i¢in 4 ([1 %66) tanesi ve proteaz ve lipaz testleri iginse tim
ornekler pozitif sonug vermistir.

Sekil 1. PSM’de fitaz enzimi tarama sonucu goriiniisii Sekil 3. Proteaz ve lipaz tarama besiyerinde proteaz
(sagda) ve lipaz (solda) enzimi tarama sonucu

goruniisi

o Sekil 4. Seliilaz tarama besiyerinde seliilaz enzimi

Sekil 2. Amilaz tarama besiyerinde amilaz enzimi tarama sonucu (sagdan sola renk siddetleri: kontrol, 1,
tarama sonucu gorunisu 2,3,4,5,6,7)

4. Sonuclar ve tartisma

Funguslar GRAS (Generally Regarded As Safe) yani ¢ogunlukla giivenli kabul edildiginden dolayi, enzim
iireticisi olarak kullanilmalar1 olduk¢a giivenlidir [22]. Ayrica iirettikleri enzimlerin genellikle ekstraseliiler olmasi ve
bdylece fermantasyon ortamimdan daha kolay bir sekilde geri kazanilmasi géz oniinde bulunduruldugunda funguslar
enzim {iretiminde pek ¢ok avantaja sahiptirler. Endistriyel uygulamalarda termofiller, termotolerantlar ve bu
funguslarin irettigi termostabil enzimler yiiksek termostabilite gosterdikleri i¢in olduk¢a dnemlidirler [6].

Farkli mikroorganizmalarin lipaz, amilaz, seliilaz, proteaz ve fitaz enzimlerinin taramalarmnin gergeklestirildigi
birgok c¢alisma mevcuttur ancak hem termofilik hem de termotolerant funguslari iceren smnirli sayida g¢alismaya
rastlanmigtir. Calismamiza benzer olarak Afyonkarahisar topraklarindan izole edilen Aspergillus, Alternaria,
Cladosporium ve Penicillium cinsinden 4 mikrofungusa ait 515 6rnek test edilmistir. Bu izolatlardan %25’inde amilaz,
%26’smda proteaz ve %22’sinde lipaz aktiviteleri pozitif olarak bildirilmistir. Arastiricilar Aspergillus cinsinin %75’
inin amilaz aktivitesi i¢in pozitif sonug verirken higbirinin proteaz ve lipaz aktiviteleri i¢in olumlu sonu¢ vermemistir
[23]. Calisma sonuglarimizda Aspergillus izolatlarinin tamami az veya ¢ok proteaz ve lipaz i¢in pozitif sonug verirken
amilaz i¢in negatif sonu¢ vermistir. Caligmamizin aksine Aspergillus izolatlarmimn lipaz igin negatif sonu¢ verdigini
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bildirmiglerdir. Bu farkligin tiir farklihgindan kaynaklanabilecegi diisiiniilmektedir. Arastiricilar tiir diizeyinde
tanimlama bildirmemislerdir.

Zirai topraklardan izole edilen 1558 funginin amilaz, proteaz ve lipaz aktivitesinin incelendigi bir ¢aligmada,
amilaz i¢in izolatlarmm %41 ’nin, proteaz i¢cin %69’nun ve lipaz icin %46’smin pozitif sonu¢ verdigi bildirilmistir.
Caligmada kullanilan Aspergillus tiirlerinin amilaz, proteaz ve lipaz aktivitesine sahip oldugu ortaya konulmustur [20].
Caligmamiza benzer sekilde A. fumigatus tiirlerinin amilaz aktivitesine sahip olmadigini bildirmiglerdir. Proteaz
aktivitesi agisindan baktigimizda ise bulgularimiza benzer sonuglar bildirilmistir.

Sanayi atiklarindan izole edilen funguslarin enzimlerinin taranmasi iizerine yapilan ¢aligmada, incelenen
genuslar icerisinden Aspergillus flavus’un amilaz, lipaz, proteaz ve selillaz enzimlerinin tamamini iyi derecede
sentezledigini bildirmislerdir [24]. Bizim ¢alismamizda ise bu ¢alismanin aksine izole ettigimiz A. flavus tiri seliilaz
iretmemekte ve amilaz enzimini ise minimum diizeyde iiretmektedir. Bu farklilik izolasyon ortamlarmimn degisik
olmasindan dolay1 ortaya ¢ikan sus farkliligindan kaynaklanabilmektedir. Yine ayni ¢alismada Aspergillus genusu
iiyelerinin amilaz iiretme yetenegine sahip oldugu bulunmusken bizim ¢aligmamizda tam tersi bir sonug elde edilmistir.

Cesitli kaynaklardan izole edilen termotolerant ve mezofilik funguslarin endiistriyel olarak énemli enzimlerinin
taranmas1 tizerine yapilmig olan bir ¢aligmada, basta Aspergillus caespitosus ve A. niger olmak tiizere Aspergillus
genusu iyelerinin fitaz iiretimi agisindan olumlu sonuglar verdikleri ortaya koymustur [25]. Bizim ¢aligmamizda ise
Aspergillus tiirlerinden Aspergillus terreus 2 ve A. terreus 3’iin fitaz enzimi taramalarmda belirgin bir iiretim sergiledigi
saptanmigtir. Bu durum bir genus igerisindeki tlirlerin enzim {retimi agisindan farkli profiller sergilediklerini
dogrulamaktadir. Yine ayni ¢alismada Rhizomucor cinsinin farkli tiirleri fitaz {iretimi agisindan basarili sonuglar
vermigtir. Rhizomucor pusillus 1 ve R. pusillus 2’ nin ¢alismamizda en yiiksek fitaz aktivitesi gosteren tiirlerden olmasi
Guimaraes ve ark. [25] calismasini1 destekler niteliktedir. Myceliopthora thermophila [26], Sporotrichum thermophile
[27], Thermomyces lanuginosus [28] and Thermoascus aurantiacus [29] gibi ¢esitli termofilik funguslarla yapilmis olan
calismalarda fitaz enzimi varligi gosterilmistir ancak R. pusillus igin smirli sayida veri bulunmasindan dolay:
¢alismamiz ileriki ¢aligmalara yol gosterici niteliktedir.

Bazi termofilik funguslarin amilaz aktivitelerinin tarandigi ¢alismada R. pusillus amilaz iireticisi olarak
belirlenmistir ve enzim tiretiminin 6. giiniinde maksimum seviyede liretim yaptigi, enzim iiretiminin inkiibasyon siiresi
ile iliskili oldugu ortaya konulmustur [30]. Gergeklestirdigimiz amilaz tarama ¢aligmasinda da zon ¢apma gore en
yiiksek aktivite gosteren tiirler arasinda R. pusillus 1 ve R. pusillus 2 yer almaktadir. 51 piring tanesi drneginden izole
edilen A. terreus ve Lichtheimia corymbifera’nin da aralarinda bulundugu 62 fungal izolat amilaz aktivitesi agisindan
taranmustir. Caligma sonucunda A. terreus’un ¢ok ve Lichtheimia corymbifera’nin ise smirli miktarda amilaz tiretimine
sahip oldugu belirlenmistir [31]. Bizim ¢alismamizda ise hem A. terreus’un hem de Lichtheimia corymbifera’nin amilaz
iiretiminin diger izolatlara gore yiiksek diizeyde oldugu belirlenmistir.

Caligmamizda yapilan seliillaz taramalar1 sonucunda en yiiksek aktivite gosteren tiirler A. fumigatus 9, A.
fumigatus 27, A. fumigatus 38 ve A. fumigatus 51 olarak belirlenmistir. Bu sonuglar ile uyumlu olarak termofilik
funguslarm ligninoseliilozik enzimlerinin tarandig1 bir ¢aligmada en yiiksek seliilaz aktivitesi gosteren tiirlerden bir
tanesi A. fumigatus olmustur [32]. Yine baska bir ¢calismada da seliillaz enzim aktivitesi yoniinden en etkin tiirlerin
Aspergillus genusunda oldugu belirlenmistir [33].

Cesitli yagl tohumlardan Aspergillus sp. tiirleri izole edildikten sonra lipaz aktivitelerinin arastirilmasi
sonucunda enzim aktivitesi a¢isindan en etkili tiirlerden bir tanesi A. fumigatus olarak bulunmustur [34]. Bu ¢alisma ile
paralellik gosterecek sekilde bulgularmmizda en yiiksek lipaz aktivitesi gosteren tiir A. fumigatus 39 olarak
belirlenmistir.

Funguslar pek ¢ok agidan oneme sahip organizmalardir. Gida sektdrii, ilag yapimi, degerli enzimlerin ve
organik maddelerin iiretimi gibi bircok alanda kullanilmaktadirlar. Diinyada ¢esitli endiistriyel alanlarda enzimlerin
kullanimmin giin gegtikge artmasi nedeniyle enzimler bilim ve teknolojinin oldukga ilgilendigi bir alan olmustur.
Endiistriyel siireglerde uygulanan yiiksek sicakliklarda aktivitesini koruyan termostabil enzimlerin elde edilebildigi
funguslar da dolayisiyla biiyiilk 6nem tagimaktadir. Ayrica termostabilite 6zelliginin yaninda termofilik ve termotolerant
funguslarin {iirettikleri enzimler genis pH araligi, yiiksek spesifik aktivite gibi 6zelliklerinden dolay1 da 6n plana
¢ikmaktadir. Bu funguslarin belirlenmesini ve enzimlerinin taranarak ortaya konmasini igeren ¢alismalar olduk¢a 6nem
arz etmektedir. Bu ¢aligma sonucunda, 57’si termotolerant, 6’s1 termofilik olmak {izere 63 adet fungusun fitaz, proteaz,
amilaz, lipaz ve selillaz enzim tiiretme yetenekleri ortaya konmustur. Termofilik ve termotolerant funguslarin lipaz,
amilaz, seliilaz, proteaz ve fitaz enzimlerini liretme yetenegine sahip olanlarmin belirlenmesi, bu funguslarin ve
enzimlerinin ileriki ¢aligmalarda degerlendirilmesi agisindan referans bilgi niteligi tasimaktadwr. Bu anlamda
calismamiz kullanilan funguslar agisindan enzim profillerinin ¢ikartilmasini sagladigi i¢in 6nem tasimaktadir.

Tesekkiir

Bu ¢alisma Anadolu Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan “1101F022”
numarali proje kapsaminda desteklenmistir.

Investigation of industrially important enzyme activities of thermophilic and thermotolerant filamentous fungi
Derya BERIKTEN, Merih KI VANC



Biological Diversity and Conservation — 14 / 3 (2021) 429

Kaynaklar

[1] Rajasekaran, A.K. & Maheshwari, R. (1993). Thermophilic fungi: an assesment of their potential for growth in
Soil. J. Biosci. 18, 345-354.

[2] Maheshwari, R., Bharadwaj, G. & Bhat, M.K. (2000). Thermophilic fungi: their physiology and enzymes.
Microbiology and Molecular Biology Reviews, 64 (3), 461-488.

[3] Mouchacca, J. (2007). Heat tolerant fungi and applied research: Addition to the previously treated group of strictly
thermotolerant species. World J Microbiol Biotechnol, 23, 1755-1770.

[4] Wiseman, A. (1985), Handbook of Enzymes Biotechnology (2nd ed.) Ellis Horwood and John Wiley & Sons

[5] Sharma, S., Vaid, S., Bhat, B., Singh, S., & Bajaj, B.K. (2019). Thermostable enzymes for industrial
biotechnology. Advances in Enzyme Technology, Biomass, Biofuels, Biochemicals, 469-495.
https://doi.org/10.1016/B978-0-444-64114-4.00017-0

[6] Turner, P., Mamo, G. & Karlsson, E.N. (2007). Potential and Utilization of Thermophiles and Thermostable
enzymes in Biorefining. Microbial Cell Factories, 6(9), 1-23.

[7] Prabakaran, M., Thennarasu, V., Mangala, R.A., Bharathidasan, R., Chandrakala, N., & Mohan, N. (2009).
Comparative studies on the enzyme activities of wild and mutant fungal strains isolated from sugarcane field.
Indian Journal of Science and Technology, 2(11), 46-49.

[8] Bajaj, B.K., & Sharma, P. (2011). An alkali-thermotolerant extracellular protease from a newly isolated
Streptomyces sp. DP2, New Biotechnol. 28, 725-732.

[9] Ortakaya, V., & Agiiloglu Fincan, S. (2019). Amylase production of Bacillus subtilis 1solated from soil by SmF
method. Biological Diversity and Conservation, 12(3), 57-64. https://doi.org/10.5505/biodicon.2019.70288

[10] Saini, R., Saini, H.S., & Dahiya, A. (2017). Amylases: characteristics and industrial applications. J. Pharmacogn.
Phytother, 6, 1865-1871.

[11] Corréa, T.L.R., & Aratjo, E.F. (2020). Fungal phytases: from genes to applications. Brazilian Journal of
Microbiology, 51, 1009-1020. https://doi.org/10.1007/s42770-020-00289-y

[12] Sharma, M., & Bajaj, B.K. (2014). Cellulase production from Bacillus subtilis MS 54 and its potential for
saccharification of biphasic-acid-pretreated rice straw. J. Biobased Mater. Bioenergy, 8, 449-456.

[13] Bakir, Z.B., & Metin, K. (2016). Purification and characterization of an alkali-thermostable lipase from
thermophilic Anoxybacillus flavithermus HBB 134. J. Microbiol. Biotechnol. 26, 1087-1097.

[14] Choi, Y., Hyde, K.D., & Ho, W.W.H. (1999). Single spor isolation of fungi. Fungal Diversity, 3, 29-38.

[15] Gulati, H.K., Chadha, B.S., & Saini, H.S. (2007). Production, purification and characterization of thermostable
phytase from thermophilic fungus Thermomyces lanuginosus TL-7. Acta Microbiologica et Immunologica
Hungarica, 54 (2), 121-138.

[16] Chen, J.C. (1998). Novel screening method for extracellular phytase-producing microorganisms.
Biotechnology Techniques, 12, 759-761.

[17] Balkan, B. (2008). Kati substrat fermentasyonu ile ham nisastayr par¢alayan yeni bir fungal amilaz iiretimi
saflastirilmasi ve biyokimyasal ozelliklerinin belirlenmesi, Doktora tezi, Danigman Yrd.Dog¢.Dr. Figen Ertan,
Trakya Universitesi, Fen Bilimleri Enstitiisii, Biyoloji AB.D.

[18] Rapp, P., & Backhaus, S. (1992). Formation of extracellular lipases by filamentous fungi, yeast and bacteria.
Enzyme Microb Technol, 14, 938-943.

[19] Colen G. Junqueira R.G, & Moraes-Santos T. (2006). Isolation and screening of alkaline lipase-producing fungi
from Brazilian savanna soil. World J Microbiol Biotechnol, 22, 881-885.

[20] Topal, S., Pembeci, C., Borcakh, M., Batum, M., & Celtik, O. (2000). Tiirkiye’nin tarimsal mikoflorasmin
endiistriyel oneme sahip bazi enzimatik aktivitelerinin incelenmesi-1: amilaz, proteaz, lipaz, Turk J Biol., 24, 79—
93.

[21] Tan, T.K., Yeoh, H.H., Tan, M.L., & Koh, S.K. (1987). Cellulolytic activities of some filamentous fungi. Journal
of The Singapore National Academy of Science, 16, 11-16.

[22] Mitra P., Chakraverty, R., & Chandra, A. (1996). Productions of proteolytic enzymes by solid state
fermentation. J Sci Ind Res, 55, 439-42.

[23] Korcan E., Ozkara A., Akyil D., Cigerci, I.H., & Konuk M. (2007). Farkh fungus cinslerinde endiistriyel dneme
sahip bazi enzim aktivitelerinin incelenmesi. AKU Fen Bilimleri Dergisi, 7(1), 279-286.

[24] Tan T.K., & Leong W.F. (1986). Screening for extracellular enzymes of fungi from manufacturing wastes. Mircen
journal of applied microbiology and biotechnology, 2, 445-452.

[25] Guimaraes, L.H.S., Peixoto-Nogueira, S.C., Michelin, M., Rizzatti, A.C.S., Sandrim, V.C., Zanoelo, F.F., Aquino,
A.C.M.M., Junior, A.B., & Polizeli, M.L.T.M. (2006). Screening of filamentous fungi for production of enzymes
of biotechnological interest. Brazilian Journal of Microbiology, 37, 474-480.

[26] Mitchell D.B., Vogel K., Weimann B.J., Pasamontes L., & van Loon A.P.G.M. (1997). The phytase subfamily of
histidine acid phosphatase; isolation of genes for two novel phytases from the Aspergillus terreus and
Myceliophthora thermophila. Microbiology, 143, 245-252.

Investigation of industrially important enzyme activities of thermophilic and thermotolerant filamentous fungi
Derya BERIKTEN, Merih KI VANC


https://doi.org/10.1016/B978-0-444-64114-4.00017-0

430

Biological Diversity and Conservation — 14 / 3 (2021)

[27] Singh, B., & Satyanarayana, T. (2012). Production of phytate-hydrolyzing enzymes by thermophilic moulds.

[28]

[29]

[30]

[31]

African Journal of Biotechnology, 11(59), 12314-12324.

Berikten, D., & Kivanc, M. (2014). Optimization of solid state fermentation for phytase production by
Thermomyces lanuginosus using response surface methodology. Preparative Biochemistry and Biotechnology, 44,
834-848, https://doi.org/10.1080/10826068.2013.868357
Nampoothiri K.M., Tomes G.J., Roopesh K., Szakacs G., Nagy V., Soccol C.R.,, & Pandey A. (2004).
Thermostable phytase production by Thermoascus aurantiacus in submerged fermentation. Appl Biochem
Biotechnol, 118(1-3), 205-214.

Olagoke O.A. (2014). Amylase activities of some thermophilic fungi isolated from municipal solid wastes and
palm-kernel stack. American Journal of Microbiology and Biotechnology, 1(2), 64-70.

Idres, M.M.M., Moharram, A.M., Ahmed, M.S., Omar O., Marzouk M.E., & Yasser, M.M. (2021). a-Amylase, L-
asparaginase and arginase enzymes production by fungi 1solated from rice stored under environmental condition
in middle egypt. International Journal on Emerging Technologie, 12(1), 48-58.

[32] Saroj, P., Manasa P., & Narasimhulu, K. (2018) Characterization of thermophilic fungi producing extracellular

[33]

[34]

lignocellulolytic enzymes for lignocellulosic hydrolysis under solid-state fermentation. Bioresour Bioprocess, 5,
31. https://doi.org/10.1186/s40643-018-0216-6

Khokhar 1., Haider M.S., Mushtaq S., & Mukhtar 1. (2012). Isolation and screening of highly cellulolytic
filamentous fungi. J Appl Sci Environ Manag, 16, 223-226.

Hamada, T.A., Abdulkreem, R.S., & Younus, H.M. (2020). Efficiency of Aspergillus Species to Produce the
Lipase Enzyme from Various Types of Qil Seeds. Medico-legal Update, 20(1), 809-813.

Investigation of industrially important enzyme activities of thermophilic and thermotolerant filamentous fungi
Derya BERIKTEN, Merih KI VANC


https://doi.org/10.1186/s40643-018-0216-6

www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online ISSN 1308-5301 Print

Research article/Arastirma makalesi
DOI: 10.46309/biodicon.2021.963174
14/3 (2021) 431-441

Phylogenetic analysis for endemic Fritillaria baskilensis Behget (Liliaceae): Evidence from cpDNA “#rn”
sequences

Pelin YILMAZ SANCAR ™, irmak ICEN TASKIN?, Murat KURSAT? and Omer MUNZUROGLU*
ORCID: 0000-0002-6134-622X; 0000-0002-1612-0563; 0000-0002-0861-4213; 0000-0002-6134-622X

! Department of Biology, Faculty of Science, Firat University, 23119, Elazig, Turkey
2 Department of Molecular Biology and Genetics, Faculty of Science, Inonu University, 44280, Malatya, Turkey
3 Department of Biology, Faculty of Arts and Science, Bitlis Eren University, 13000, Bitlis, Turkey
“ Department of Bioengineering, Faculty of Engineering, Firat University, 23119, Elazig, Turkey

Abstract

Fritillaria baskilensis Behget., which was first collected from Elazig - Baskil district in 1998 and introduced to
the scientific world as a new species, is one of Turkey's endemic inverted tulip species. This study aims to determine the
systematic relationships between Fritillaria baskilensis and other Fritillaria species using molecular techniques. Also;
As a result of this study, we tried to determine for the first time in which subgenus the endemic species in question will
take place.

After the DNA isolation with the CTAB method, the trnT-trnL3' region of 5 samples was amplified by using
trna and trnd primers, and a total of 27 Fritillaria species were analyzed together with 2 outgroups in the MEGA
program, together with other sequence information obtained from NCBI. While our analyzes are consistent with the
literature, the fact that Fritillaria baskilensis is in the same branch as members of the subgenus Fritillaria suggests that
F. baskilensis is included in this subgenus.

This study is very important as it is the first molecular-based study using sequence information from Fritillaria
baskilensis populations, and the new “trn” gene region haplotypes of the mentioned species were determined by us for
the first time and added to the GenBank database.

Key words: Fritillaria, endemic, Turkey, cpDNA, trnT-trnL3’

*

Endemik Fritillaria baskilensis Behget (Liliaceae) icin filogenetik analiz: cpDNA “trn” dizilerinden kamtlarla

Ozet

ik defa 1998 yilinda Elazig’m Baskil ilgesinden toplanan ve bilim diinyasma yeni tiir olarak kazandirilan
Fritillaria baskilensis Behget Tiirkiye’nin endemik ters lale tiirlerinden biridir. Bu ¢aligmanin amaci Fritillaria
baskilensis® in diger Fritillaria tiirleri ile aralarindaki sistematik iliskilerin molekiiler teknikler kullanarak
belirlenmesidir. Ayrica; s6z konusu endemik tiiriin hangi altcinste yer alacagi da bu ¢aligmanin sonucu olarak ilk defa
tarafimizca tespit edilmeye ¢aligilmustir.

CTAB metodu ile manuel olarak gerceklestirilen DNA izolasyonu sonrast trna ve trnd primerleri kullanilarak 5
Ornege ait trnT-trnL3’ bolgesi cogaltilmig, NCBI” dan elde edilen diger sekans bilgileri ile birlikte toplam 27 Fritillaria
tiirii 2 dis grup ile birlikte MEGA programinda analiz edilmigtir. Analizlerimiz literatiirle uyumluluk gosterirken, F.
baskilensis’ in Fritillaria altcinsi iyeleri ile ayn1 kolda yer almasi F. baskilensis’in bu altcinste yer aldigi fikrini
diisiindiirmektedir.

Bu calisma F. baskilensis populasyonlarima ait sekans bilgileri kullanilarak yapilmis ilk molekiiler tabanli
caligma olmasi agisindan olduk¢a Onemlidir ve sozkonusu tiire ait yeni “trn” gen bdlgesi haplotipleri ilk defa
tarafimizca tespit edilerek GenBank veritabanina kazandirilmistir.

Anahtar kelimeler: Fritillaria, endemik, Turkiye, cpDNA, trnT-trnL3’
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1. Introduction

Liliaceae is an important family of mostly geophytic plants represented by about 250 genera and 3500 species in
the world [1]. The Liliaceae family, which has 44 genera and 426 species in Turkey, is cosmopolitan and shows natural
distribution mostly in tropical and temperate regions [2]. Medicinal species from Liliaceae include important
ornamental plants and some species are used as foodstuffs. Liliaceae is a family with a high endemism rate [3]. In our
country (Turkey), 227 species of the family are endemic. Liliaceae family members can be used as ornamental plants
(tulips, hyacinths, lilies, and inverted tulips) and vegetables (onions, leeks, and garlic), as well as medicinal plants due
to the chemicals they contain [4].

Species belonging to the genus Fritillaria are found in very different habitats such as limestone rocks, stony
areas, in-field, field edges, stony fields, meadows, wet meadows, roadsides, Pinus L., Juniperus L., Cedrus Link.
forests, deciduous Quercus L. forests, forest clearings, Quercus coccifera L. scrubs, thickets, mountainous steppe,
Umbelliferae and Astragalus L. steppes, serpentine areas, rocky and sandy areas near the sea, places where snow has
just melted away, and loose slopes. They adapt very well to similar cultural areas. It spreads from sea level to 3500 m.
and flowering time is between February and July [5].

The Fritillaria genus, which is expressed in a total of 165 taxa, 7 subgenus, and 2 sections in the world, spreads
in Europe, the Middle East, Central Asia, and the west of North America [6]. The genus Fritillaria is represented by 48
taxa in Turkey, 27 of these taxa are endemic and the endemism rate is 36.53%. This high rate shows that the Flora of
Turkey may be the center of the genetic diversity of this genus. The species belonging to the genus Fritillaria are of
high agricultural and economic importance [7, 8]. Species belonging to the genus Fritillaria show a wide variation in
terms of their morphological features and physiological adaptation to the environment, and as a result of this variation,
they are widely used as ornamental bulbous plants [9]. Only 2 species of Fritillaria, F. imperialis and F. persica are
allowed to trade in Turkey, and their commercial value is quite high [10]. In addition, some Fritillaria species are used
as antitussives and expectorants in traditional Chinese medicine [11].

Plants belonging to the genus Fritillaria spread between 1200-2000 m altitudes. Fritillaria baskilensis, which
was first collected from Elazig - Baskil district in 1998 and introduced as a new species to the scientific world, is one of
Turkey's endemic inverted tulip species [12]. This is the only known habitat for the type sample from this population so
far. No other records have been found until today. The plant forms natural populations only in the lower parts of two
hills in Selil Mountain in Kulusag: village of Baskil district Elazig province in Turkey, and a single or several
individuals naturally grow together in an area of 20 decares in total [13].

This study aims to determine the systematic relationships between Endemic Fritillaria baskilensis (Liliaceae)
and other Fritillaria species using molecular techniques. Also; As a result of this study, we will try to determine for the
first time, which subgenus the endemic species in question will be. This study is very important as it is the first
molecular-based study to be conducted using sequence information from endemic Fritillaria baskilensis populations,
and the new “trn” gene region haplotypes of the mentioned species were determined by us for the first time and added
to the GenBank database.

2. Materials and methods
2.1. Plant material

In this study, the Turkish endemic populations belonging to Fritillaria baskilensis, which grows only in the
Baskil district of Elazig, were used. Plant samples were collected from their natural habitats by Kursat and Munzuroglu
during their vegetative period between March and May 2015 [13]. The localities where the samples were collected are
given in Table 1. In addition, the flowering state and general view of the plant are shown in Figure 1.

Figure 1: Fritillaria baskilensis general view (A. Flowering view B. Fruity view)
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Table 1. The examined individuals of the F. baskilensis used in the study and detailed localities information

Taxon name Detailed localities of populations

Fritillaria baskilensis 1  B7 Elazig: Baskil, Kulusagi 2 population

Fritillaria baskilensis2 B7 FElazig: Baskil, Sahindere village, Aliaga hamlet (Marh and Munzuroglu
populations)
Fritillaria baskilensis 3  B7 Elazig: Baskil, Hasan Mountain (Haroglu) population

Fritillaria baskilensis 4  B7 Elazig: Baskil, Kulusagi 1 population (The first identified population of the species)
Fritillaria baskilensis5  B7 Elaz1g: Harput, Golliibag population

2.2. DNA isolation, PCR, and Sequence analysis

For DNA isolation, leaf tissue that was collected from the field and kept at -20C for molecular studies was used.
DNA isolation was performed manually, using a modified CTAB method [14]. The concentrations of the isolated
DNAs were adjusted to 20 ng/pl by measuring with a nanodrop spectrophotometer. Stock DNA was stored at -20°C.

In the PCR stage, 2 consecutive regions were amplified with a single primer pair to be used in phylogenetic
analysis. The sequence of the primer set for the trnT-trnL3'(trna-trnd) region is given in Table 2. [15]. For PCR studies
10 pL of buffer, 3 pL of MgCI2, 1 pL of ANTP, from each primer 0.50 pL (forward and reverse), 0.50 uL Taq
polymerase, approximately 6 ng (2.70 pL) template DNA was mixed with dH20 and the final concentration was
adjusted to 50 pL, and the PCR device was repeated for 30 cycles. The content of the PCR cycle was adjusted as
follows; Initial denaturation at 95°C for 2 minutes, denaturation at 95°C for 1 minute, annealing at 55°C for 40 seconds
(trnT-trnL3' region), extension at 72°C for 1 minute, and final extension at 72°C for 5 minutes. The resulting PCR
products were observed on 1% agarose gel.

Table 2: The base sequences of the primers used [15]

Primers Sequence (5°-3°)
trna (Forward): 5" CAT TAC AAATGC GAT GCT CT 3’
trnd (Reverse): 5’ GGG GAT AGA GGACTT GAAC ¥

The PCR products obtained for sequence analysis were sent to Macrogene. Purification and sequencing were
done by Macrogen. Two-way scanning was performed for each sample. Chromatogram data including sequence results
were evaluated using Finch TV version 1.4.

Values such as intra- and inter-species variable regions, genetic distance, nucleotide diversity, molecular
diversity parameters for each dataset were calculated using the MEGA program Version X, and phylogenetic analyzes
were performed [16]. GenBank Accession numbers were obtained by registering with NCBI (Table 3).

3. Results

In this study, the Turkish endemic populations belonging to Fritillaria baskilensis, which grows only in the
Baskil district of Elazig, were used. Sequence information of two different “trn” regions of chloroplast DNA, which are
the continuation of each other, in all individuals examined from populations of Fritillaria baskilensis were used to
determine the systematic relationship of this species. Among the two-way reading sequences sent from Macrogen, the
best quality ones were selected using Version 1 of the Finch TV program. Then, the sequences were aligned using the
"Multiple Alignment Blast System" of Automatic sequencing systems in the MEGA program. Noticeable differences
are fixed manually. As a result of the scans made on NCBI, 12 different species belonging to the genus Fritillaria were
included in our analyzes and the phylogenetic relationship between 29 species, including outgroups, was examined [17-
21]. The GenBank accession numbers of the individuals examined and the samples included in our analysis from NCBI
are given in Table 3.

DNA sequences of trn regions of 29 individuals (2 outgroup) belonging to the genus Fritillaria were statistically
analyzed. By evaluating the sequences of trn regions of the individuals studied, both separately and together, conserved
regions (C), regions with variation (V), parsimony-informative regions (Pi), single base pairs (S), nucleotide
composition, homologous base pairs (ii), transitional base pairs (si), transverse base pairs (sv) and R-value (si / sv) were
calculated and the obtained values are given in Table 4. These parameters determine the distribution of individuals in
the phylogenetic tree and thus give us information about their phylogenetic relationships.
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Table 3. GenBank accession numbers of the individuals examined and the samples included in our analysis from NCBI

[17-21]

Taxa of the genus Fritillaria GenBank Accesion Numbers
F. baskilensis 1 MZ327256
F. baskilensis 2 Mz327257
F. baskilensis 3 MZz327258
F. baskilensis 4 MZ327259
F. baskilensis 5 MZz327260
F. aurea JQ289553
F. caucasica JQ289557
F. imperialis 1 JQ327135
F. imperialis 2 JQ289551
F. imperialis 3 KM435201
F. crassifolia ssp. kurdica JQ289552.1
F. crassifolia ssp. kurdica 2 JQ289552.2
F. latifolia JQ289555
F. michailovskyi 1 JQ289554
F. michailovskyi 2 JQ327136
F. michailovskyi 3 JQ327137
F. minuta JQ289556
F. karelinii MG211821
F. cirrhosa MH593346
F. usuriensis MH593369
F. thunbergii MH593362
F. tortifolia NC037214
F. verticillata NCO037217
F. meleagroides MF947710
F. davidii NC045895
F. maximowiczii NC045894
Lilium lancifolium (outgroup) MH177880
Lilium davidii (outgroup) EU597205

Table 4. Molecular diversity parameters obtained from sequences of the “trn” regions of examined individuals.

Parameters of Molecular Diversity trnT-trnL3’ Region
Total individuals 29
Total band Length ~ 570
The ratio of G-C base pair (%) 33.6
Conserved regions (C) 547
Variation regions (V) 22
Single parts (S) 2
Parsimony informative regions (Pi) 20
Homologous base pairs (ii) 552
Transitional base pairs (si) 2
Transversional base pairs (sv) 2

R value (si/sv) 0.7

When Table 4 is examined, it is seen that individuals are not very different in terms of the ratio of T, C, A, and G
bases. At the same time, when the average values of the base content of the individuals were calculated, it was seen that
the A-T ratio was 66.4% and the G-C ratio was 33.6%, that is, the A-T base pair was richer than the G-C base pair.

To determine the phylogenetic relationships between hoth the F. baskilensis species we studied and the
individuals belonging to other Fritillaria taxa whose sequences we obtained from NCBI, a total of 29 individuals, 2 of
which were outgroups, were examined in the Mega program.

Then, using the Best DNA / Protein step in the Models menu of this program, the methods that can best express
the phylogenetic relationship between individuals were determined, and the lowest BIC (Bayesian Information
Criterion) value in the given list of methods was found in the K2 + G (Kimura-3-parameter) method. According to
K2+G, it was determined that phylogenetic trees can be drawn using any of the methods such as Maximum Parsimony,
Neighbor-Joining, UPGMA, and Maximum Likelihood to see phylogenetic relationships between individuals.

Maximum Likelihood, Neighbor-Joining, UPGMA, and Maximum Parsimony methods were applied separately,
but it was decided that the Maximum Parsimony method was the method that best showed the evolutionary and
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phylogenetic relationships between the individuals studied. In the phylogenetic tree drawing, the trn region of the
chloroplast genome was evaluated together using the X version of the Mega program [16]. In the Maximum Parsimony
method, 100 bootstrap values were entered and phylogenetic trees were obtained for 29 individuals in total, and
comments were made according to the most useful tree (Figure 2).

94 Fritillaria michailovskyi JQ327137.1

_E Fritillaria michailovskyi JQ289554.1
29 Fritillaria michailovskyi JQ327136.1

Fritillaria baskilensis1

Fritillaria baskilensis3

58
Fritillaria baskilensis4

21 Fritillaria baskilensis5
Fritillaria baskilensis2

Fritillaria crassifolia ssp kurdica JQ289552.2

36

Fritillaria crassifolia ssp kurdica JQ289552.1
Fritillaria latifolia JQ289555.1

Fritillaria minuta JQ289556.1

w4 Fritillaria caucasica JQ289557.1

| 5
TE Fritillaria aurea JQ289553.1
L

8

Fritillaria karelinii MG211821.1
————————————— Fritillaria cirrhosa MH593346.1

Fritillaria usuriensis MH593369.1
25 34 Fritillaria thunbergii MH593362.1
4 Fritillaria tortifolia NC037214.1
2

Fritillaria verticillata NC037217.1
Fritillaria meleagroides MF947710.1
Fritillaria davidii NC045895.1

24 Fritillaria imperialis KM435201.1
59 Fritillaria imperialis JQ327135.1
88 Fritillariaimperialis JQ289551.1

20 Fritillaria persica MF947709.1

Fritillaria maximowiczii NC045894.1

— Lilium davidii EU597205.1

100 L Lilium lancifolium MH177880.1

Figure 2: Maximum Parsimony tree obtained from the sequences of the “trn” region
4. Discussion

The genus Fritillaria is considered to be a monophyletic genus, the sister group of Lilium and the largest
member of this tribe, in the tribe Lilieae [22,23]. The most accepted classification of the Fritillaria genus, which has
been subjected to many different classifications until today, is the classification made by Rix. Rix conducted extensive
studies on Fritillaria in 1975 and 1979 [24,25]. In the list of Fritillaria species, Fritillaria is classified into subgenus,
sections, and series [6]. Describing 8 subgenera in total, Rix used sections to further group the subgenus. Rix
reorganized both Rhinopetalum and Korolkowia as subgenus, renamed Eufritillaria as Fritillaria, and added the
subgenus Davidii and Japonica. The largest subgenus of the Fritillaria genus, which is characterized by a total of 8
subgenera, is Fritillaria, while Theresia, Korolkowia, and Davidii are defined as monotypic as they contain only one
species. The subgenus, which has the most species in our country, is the Fritillaria subgenus, and the species belonging
to the Rhinopetalum, Liliorhiza, Korolkowia, Davidii, and Japonica subgenus are not found in our country [6-22].

This study aims to try to determine the systematic position of F. baskilensis, which is an endemic species and
whose subgenus has not yet been determined, by making a phylogenetic analysis. In addition, molecular data about this
endemic taxon will be brought to the literature by us for the first time. There are few studies at the molecular level on
Fritillaria species that grow naturally in Turkey. In this study, phylogenetic analysis of 29 Fritillaria taxa (2 outgroup)
based on the cpDNA trn region, (6 of which was by us), was performed. By adding the obtained new sequence data to
the GenBank database, the chloroplast DNA trnT-trnL3' region of F. baskilensis was clarified by us.

Because of the reproducibility of the results, DNA sequencing-based strategies are widely used in identifying
species and resolving phylogenetic relationships [26]. Therefore, both forward and reverse sequencing of our samples
was performed, and the resulting data successfully confirmed each other. To clarify the systematic limits of this species,
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the obtained sequences were compared with the closely related sequences in the database to obtain information about
the phylogenetic position of the endemic taxon we studied. As a result of the scans made by NCBI, the cpDNA regions
of many species could not be included in our research because parallel studies were not conducted with our studies.
However, samples from every subgenus were included in the study as much as possible.

Our phylogenetic analysis revealed that the 27 Fritillaria taxa were divided into 2 main classes. The first class
mostly includes species of the subgenus Fritillaria, which is the largest subgenus of the genus. The phylogenetic tree
we obtained showed a separation, supporting the previous studies of the genus and its phylogeny. According to the
phylogenetic tree, F. maximowiczii, a species belonging to the subgenus Liliorhiza, divided the tree into 2 (Figure 2.). In
the literature, the North American origin Liliorhiza subgenus is separated from all other Eurasia origin subgenus (Figure
3.) [22].

Subgenus Petilium (F. imperialis) is in the same branch as the monotypic Theresia (F. persica), supporting the
idea that the two subgenera are very close to each other. Subgenus Davidii with a group of subgenus Fritillaria
members, on the other hand, is separated from the other group by being in the same arm with these two subgenera. Taxa
belonging to Subgenus Fritillaria showed grouping among themselves, while one group appeared close to Petilium,
Theresia, Davidii, and the other group were in the same branch with Rhinopetalum.

The taxa belonging to the genus F. baskilensis, which is the subject of this study, are in the same branches
together with the Fritillaria taxa grouped with the Rhinopetalum subgenus. This gave us the idea that F. baskilensis
may belong to the subgenus Fritillaria. High bootstrap values also supported our idea.

The development of molecular phylogenetic and cladistic analysis has allowed a better understanding of the
infrageneric relationships of Fritillaria species. Early studies showed that the major infrageneric division is divided into
two classes, North America (class A) and Eurasia (class B) based on biogeographic region. Class A overlapped most
closely with the subgenus Liliorhiza [19].

A: North America

Liliorhiza
—Davidii

Fritillaria 1*

B1 Theresia
Fritillaria Korolkowia
B: Eurasia
L Petilium
Japonica
=2 Rhinopetalum

Fritillaria 2

Figure 3: General classification of the subgenus Fritillaria [22]

Rensted et al. (2005) conducted a study using an expanded pool of taxa of 37 species, including all subgenus and
divisions classified by Rix and extensively analyzed the sequences of the matK gene, rpl16 plastid gene, trnK, and
nuclear ribosomal ITS. Their results confirmed the first division of Fritillaria taxa based on geography (Figure 3.) [22].
Class A corresponds to the California-based subgenus Liliorhiza, but some species are found in Western Asia. These
Asian species form a clad with true North American species, suggesting redistribution after an Asian origin [22]. The
taxa belonging to Fritillaria, the largest subgenus of class B, are divided into two groups and spread to different
branches, suggesting that this subgenus is polyphyletic [15]. The phylogenetic tree we obtained showed a parallel split,
confirming this study.

In addition, the 5S rDNA region sequences of 4 Fritillaria taxa were patented by Sucher et al. [28]. Tiirktas et al.
(2012) performed a phylogenetic analysis based on the cpDNA trnL-F region of 11 different Fritillaria species
collected from their natural habitats. Their results showed that 11 Fritillaria taxa were grouped in 2 branches, strongly
supporting the separation of Fritillaria subgenus from Petilium and Theresia subgenus, while the resolution within
Fritillaria subgenus was not clear [8]. They argued that the phylogeny of the genus Fritillaria should be reanalyzed
using more advanced techniques. In addition, Tiirktag et al. stated that new hybrid species can be produced from
Fritillaria, an ornamental plant, with DNA-based studies [8].

Metin et al. (2013) studied the genetic relationships of 12 Fritillaria taxa collected from different regions of
Turkey with the AFLP method in their research on Fritillaria. Their results supported the classical classification of
Fritillaria [29].
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As a result of this study, original data were obtained for use in new scientific molecular studies, and new trnT-

trnL3' region haplotypes of endemic F. baskilensis were provided for GenBank. In the phylogenetic evolutionary family
tree we created, it is observed that the taxon F. baskilensis is very close to Subgenus Fritillaria, while the polyphyletic
nature of this subgenus brings about the fact that further studies are needed to solve the systematic problems in between.
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Abstract

In this study, Fumana aciphylla, F. laevis, F. procumbens, F. thymifolia and F. paphlagonica which naturally
distributed in Eskisehir and its surroundings, were examined biosystematically. Fumana, one of the important genera of
the Cistaceae family, contains perennial shrubs and xeric plant taxa. The most distinctive features of the Fumana taxa
are woody root and stem, alternate, convoluted stem leaves and 5-lobed yellow petals. Flowering begins in the spring
and the vegetation period lasts until the end of summer. Fumana taxa, which are generally known for their high
adaptation to hot and arid climates, are especially grown in regions where the Mediterranean climate is dominant, but
there are also taxa that can adapt to warmer and colder climates. In this study, 5 Fumana taxa (F. aciphylla, F. laevis, F.
procumbens, F. thymifolia), 1 of which is endemic (F. paphlagonica), distributed in Eskisehir and its environs, were
examined comparatively in terms of morpho-anatomical and palynology for the first time. The aim of this study is to
comparatively reveal the taxonomic, anatomical and palynomorphological features of the naturally distributed Fumana
taxa in Eskisehir/Turkey.

Keywords: Fumana, morphology, systematics, taxonomy, palynology

%

Eskisehir'de dogal yayilis gosteren bazi1 Fumana taksonlar iizerinde biyosistematik cahsmalar

Ozet

Bu ¢aligmada Eskisehir ve ¢evresinde dogal yayilis gosteren Fumana aciphylla, F. laevis, F. procumbens, F.
thymifolia ve F. paphlagonica taksonlar1 biyosistematik agidan incelenmistir. Cistaceae familyasinin onemli
cinslerinden birisi olan Fumana ¢ok yillik ¢ali formlu ve kurakgil bitki taksonlarini biinyesinde barindirmaktadir. Bu
cins taksonlarmin en ayirt edici 6zellikleri odunsu kok ve govdesi, ice kivrik alternat govde yapraklari ve sar1 renkli 5
loblu petalleridir. Cigeklenme bahar aylarinda baglayip, vejetasyon dénemi yaz sonuna kadar siirmektedir. Genelde
sicak ve kurak iklimlere olan yiiksek adaptasyonu ile bilinen Fumana taksonlar1 6zellikle Akdeniz ikliminin hakim
oldugu bolgelerde yetismekle birlikte daha sicak ve daha soguk iklimlere uyum saglayabilmis taksonlarin varligi da
bilinmektedir. Eskisehir ve ¢cevresinde yayilis gosterdigi bilinen 1°i endemik (F. paphlagonica) 5 Fumana (F. aciphylla,
F. laevis, F. procumbens, F. thymifolia) taksonu morfo-anatomik ve palinolojik agidan karsilagtirmali olarak ilk kez bu
caligmada incelenmistir. Bu ¢aligmanin amaci Eskisehir’de dogal yayilis gdsteren Fumana taksonlarinin taksonomik,
anatomik ve palinomorfolojik 6zelliklerini karsilastirmali olarak ortaya koymaktir.

Anahtar kelimeler: Fumana, morfoloji, sistematik, taksonomi, palinoloji
1. Giris

Cistaceae, bitkiler aleminin, tohumlu bitkiler subesinin, ¢ift ¢enekliler sinifinin, giilgiller takiminda yer
alan bitki grubudur. Cistacea familyasimni, bulundugu gruptaki bitkilerden ayiran en temel dzelliklerin baginda serbest
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stamenler ve biitlin iiyelerinde goriilen 5 petal gelmektedir. Bu familya igerisindeki bitkiler, genellikle kurakc¢il ya da
yar1 kurakei1l bitkilerdir. Cistaceae familyasimim 200’e yakin taksonu igersinde hemen hemen biitiin liyeleri Akdeniz
cevresinde yayilis gosterirken, Kuzey ve Giiney Dogu ABD’de nadir yayilis gosteren 6rnekleri bulunmaktadir [1].
Bu familya, yaprak déken calilardan, yar1 ¢alilardan tek yillik ve ¢ok yillik otlardan meydana gelmektedir [2].

Fumana, ¢ok yillik, genelde ¢ali formlu, odunsu kdke bazen de otsu ya da odunsu gévdeye sahip, drenaji
yiiksek topraklarda yetisen, kurakeil bir bitkidir. Akdeniz ve ¢evresinde dogal yayilisa sahip Fumana (Dunal) Spac,
Akdeniz florasinda, yaklagik 25 tiir ile temsil edilmektedir [3, 4, 5, 6]. Fumana taksonlarmin bir¢ogu, kayalik, ¢orak,
tagh veya kumlu toprak yapisina sahip olan bolgelerde yetismektedir. Bati Avrupa ve Dogu Akdeniz olarak iki
tiirlesme merkezine ayrilmistir [7]. Akdeniz ve gevresinde son yillarda yapilan sistematik ¢aligmalarin artigindan
dolay1, Fumana cinsine ait taksonlar oldukga iyi bilinmektedir [8]. Bat1 Akdeniz’de toplam 13 tiir ile birlikte Iber
yarimadasi, Fumana bakimindan en zengin bdlgelerdir. Yaygmn olarak dagilis gosteren tiirler arasinda 4 tiir
endemiktir. Sar1 petalleri, ice kivrik hemen hemen esit boyda gévde yapraklari ve tiiylii govdesi ile Fumana
bulundugu vejetasyondaki bitkilerden daha farklidir. Yakin akrabasi Helianthemum ile ortak pek ¢ok ozellik
gosterse de temelde bariz farklar1 vardir. Anter bulundurmayan stamenler ve gévde yapraklarinin pozisyonlar: en
dikkat cekici farklaridir. Yapilan calismalar, Fumana taksonlarinin basta Akdeniz ve ¢evresi olmak {iizere, Orta
Dogu’dan Anadolu’ya, hatta Kuzey Avrupa’da bulunan belirli bolgelere kadar, giiniimiizde yayilis gosterebildigi
tespit edilmistir. Fumana igin yapilan molekiiler tahminleme ve atalara ait analizler, bu taksonun Kuzeybat1
Akdeniz’de Miyosen donemindeki cesitliligine dair kalintilara rastlanmistir [9]. Fumana iizerine Anadolu bolgesine
ait yapilan ilk revizyon c¢aligmalari, Davis vd. tarafindan 1964 yillarinda, Flora of Turkey eserinde ele alinmustir.
Belirlenen 21 tiiriin 10 tanesi Tiirkiye’de dogal yayilis gostermekte ve yayilis gosteren taksonlarin 3’i iilkemize
endemiktir (F. grandiflora, F. paphlagonica, F. trisperma) [6, 8].

Eskisehir ve ¢evresinde yetistigi belirlenmis olan ve calismada yer verilen Fumana taksonlarmna ait
literatiirde herhangi bir biyosistematik c¢alismaya rastlanmamistir. Bu nedenle literatiir taramalar1 sonucunda
belirlenen bu konu, ¢esitli morfolojik verilerden yararlanarak segilen bitki tiirlerinin yetistikleri bolgedeki sistematik
durumlarma aciklik getirmeyi amaglamaktadir. Eskisehir ¢evresinde yayilis gosteren Fumana taksonlarinin, yaprak,
govde, kok, cigek, tohum, tily, stoma morfolojileri ile birlikte, palinolojik verileri elde edilerek, sistematik durumuna
aciklik getirmektir.

2. Materyal ve Yontem

Calismada kullanilan materyal, 2020 yil1 vejetasyon donemlerinde (bahar, yaz ve sonbahar) yapilan 3
bitki toplama gezilerindeki 6rneklerden olugmaktadir. Toplanan 5 bitki grubu sistematik kurallara uygun bir sekilde
herbaryum materyali haline getirilmis ve Eskisehir Osmangazi Universitesi, Fen Fakiiltesi, Biyoloji Boliimii’nde
inceleme materyali olarak toplanmistir. Asagida bitki toplanan lokaliteler ve enlem-boylam ve rakimlari ile birlikte
verilmistir ayn1 zamanda harita iizerinde isaretlemeleri yapilmistir (Tablo 2.1. ve Sekil 2.1.).

Tablo 2.1. Caligma kapsaminda incelenen Fumana taksonlarmin lokeliteleri.

Takson Lokalite
F. thymifolia Enlem: 39°44'53.41"K — Boylam: 30°28'44.30"D. Rakim: 831m. Eskisehir:
' Odunpazari Kiitahya Karayolu.
F. aciphylla Enlem 39°21'53.58 "N — Boylam: 31°30'8.3 "E. Rakim: 829m. Eskisehir:
' Sivrihisar Asagikepen Afyon Karayolu.
. Enlem 39°15'25.16"N — Boylam: 31°30'44.91"E. Rakim: 829m. Eskisehir:
F. laevis oo S~
Sivrihisar Yesilkoy.
F. paphlagonica Enlem: 39°17'30.07"N — Boylam: 31°29'5.52"E. Rakim: 829m. Eskisehir:
' Sivrihisar Yesilkoy.
F. procumbens Enlem 39°47'45.72"K — Boylam: 31° 4'55.34"D. Rakim: 835m. Eskisehir:
' Alpu Bozan Yolu Sol Stepler.
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Sekil 2.1. Eskisehir bolgesinden toplanan Fumana taksonuna ait lokaliteler (sari: F. thymifolia; mavi: F. procumbens;
yesil: F. paphlagonica; pembe F. laevis; kurmizi: F. aciphylla)

2.1. Morfolojik yontem

Fumana taksonlarinda teshis edilebilmesinde steril anterler, alternat yaprak konumlar1 ve vejetatif organa
dogru gelisen tliylenme anahtar 6zellikler oldugu icin, dig morfolojik gozlemler sadece bu kisimlara bakilarak
yapilmustir. Orneklerin dis morfoloji calismalar1 kok, govde, yaprak, cicek, tohum organlarmin boyutlarinm
belirlenmesi ile gerceklestirilmistir.

Bitkilerin dis morfolojik g¢alismalarinda, Olympos CHK2-F-GS marka stero mikroskop kullanilarak
Olctimleri alinmistir. Organlarin makro 6lgiimleri alinirken cetvel, kumpas gibi 6l¢lim aletlerinden yararlanilmistir.
Makro 6lgtimlerin fotograflanmasinda Nikon D5100 fotograf makinasi kullanilmistir.

Bitkilerin i¢ morfolojik ¢aligmalari i¢in belirlenen Fumana taksonlarmin hepsinde kok, yaprak ve govde
kisimlarindan enine kesit preparatlar hazirlanmistir. Fumana taksonlari i¢in ortaya konulmasi istenen i¢ morfolojik
goriintiileri elde etmek adina jiletle alinan kesitler, liigol ile boyanarak, Nikon eclipse 80i mikroskobu altinda x20,
x10, objektifler kullanilarak incelenmis ve uygun goriintiiler fotograflanmstir.

I¢ morfolojik ¢aligmalarm belirlenmesinde, Nikon eclipse 80i Mikroskobu kameram 21 renkli dijital
mikroskopi programu ile birlikte yapilmistir. Taksonlarin yaprak, kok ve govdelerinden enine kesit alinarak,
polenlerinden ise daimi preparatlar hazirlanmastir.

2.2. Palinolojik yontem

Steril laboratuvar ortaminda titiz bir sekilde pens ile alinan Fumana polenleri, karsilastiriimak iizere
Erdtman (1960) ve Woodhouse (1959) preparat hazirlama teknikleri kullanilarak ¢ok sayida daimi preparat
hazirlanmigtir [10, 11]. Hazirlanan preparatlar, Nikon eclipse 801 Mikroskobu kullanilarak fotograflar1 x100 objektif
kullanilarak ¢ekilmis, olgiimleri yapilmustir. Olgiim yapilirken, farkhi popiilasyonlarda yer alan ornekler dikkate
almmustir,

3. Bulgular
3.1. Morfolojik bulgular

3.1.1. Fumana procumbens (Dun.) Gren. & Godr.

Fumana procumbens, bodur ¢ali formlu bir bitkidir. Cigek saplar1 tiiylidiir ve gévde yapraklar stipul
bulundurmayan alternat konumlu dogrusal yapraklardir. Yapraklar ¢icegin altma dogru 2,54 cm de 10-16 yaprak
olacak sekilde ve dal uglarina dogru azalan ige kivrik yapiya sahiptir. Cigekler birbirinden uzak 10-20mm ¢apinda
cicek sap1 yaprakli saplardan daha uzundur ve tohum taslagi ¢icek tabaninda bulunur. Kapsiiller 8-12 arasi tohum
bulundurur ve 5-6 mm uzunluktadir. Son olarak kapsiil iginde tutulan tohumlar, kaliks ve ¢icek sapi ile birlikte
dokiiliir (Sekil 3.1a.). F. procumbens iilkemizde Adana, Bolu, Istanbul, Kastamonu, Ankara, Artvin, Burdur, Denizli,
Kayseri, Konya, Kiitahya, Trabzon, Kirikkale illerinde yayilis1 vardir (Sekil 3.1b.).
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Sekil 3.1. F. procumbens a) arazi fotografi, b) Tiirkiye haritasindaki dagilim
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3.1.2. Fumana paphlagonica Bornm. & Janchen.

Sadece ¢ali formunda, bodur, kaliks yogun bir sekilde tiylidiir. Yapraklar stipul bulundurmayan, alternat
diziliste ve dogrusal yapidadir. Yapraklar cicegin altma dogru 2,54 cm de yaklasik 9 ila 11 yaprak olacak mesafede
¢icege yaklastikca azalacak sekilde sirali. Cigekler seyrektir, yanal ve tek cigekli ya da yaprakli terminal ¢igek grubu
olusturacak sekilde cigeklenme vardir. 3 kapsiil bulundurur, kapsiil bagina 6-8 tohum bulundurur ve kapsiillerin agzi

aciktir (Sekil 3.2a.). F. paphlagonica iilkemizde Cankiri, Karabiik, Kastamonu, Afyonkarahisar, Ankara, Denizli,
Eskisgehir, Konya illerinde yayilis1 vardir (Sekil 3.2b.).
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Sekil 3.2. F. paphlagonica a) arazi fotografi, b) Tiirkiye haritasindaki dagilimi [12]).

3.1.3. Fumana thymifolia (L.) Verlot.

Dik dallari olan 15-20cm boya kadar yiikselen ¢ali formundadir. Yapraklar stipul bulundurur ve alternat
pozisyondadir. Ancak asagiya dogru opposit pozisyonda yer alir. Dogrusal ve oblong yapida olan yapraklarin
kenarlari, genelde bariz bir sekilde kivriktir. Yapraklar, cigege yaklastikca kiigiiliir. Cigekler, uzun ¢igek saplarinda 3-
8 adet bulunur. Cicek 3 kapsiil bulundurur ve her kapsiilde 4-6 tohum bulunur. Kapsiil agildiktan sonra tohum

kapsiilde kalir (Sekil 3.3a.). F. Thymifolia'nin iilkemizde Karabiik, Antalya, Bilecik, Canakkale, Hatay, Izmir,
Kocaeli, Sakarya illerinde yayilis1 vardir (Sekil 3.3b.).

Sekil 3.3. F. thymifolia a) arazi fotografi, b) Tiirkiye haritasindaki dagilimi [12]).
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3.1.4. Fumana aciphylla Boiss.

Odunsu goévdeye sahip, 30cm kadar uzayabilen, ¢ok yillik ¢igek saplari tiiysiiz, dik ve esnek yapidadir.
Yapraklar: stipul bulundurmayan alternat konumlu, dogrusal sivri yapidadir. Yapraklarin kenarlar tiiyli tipte ve
yukaridaki yapraklarda daha az belirgin. Ust kisimda kalan yapraklar daha kiigiik brakt yapraklara kadar yaklastikga
kiigiliir. Cigeklenme, kok iizerinden uzanan bir dal lizerinde 3-5 gigek seklinde olusur. Her kapsiilde 3 tohum bulunur.
Tohumlar kiit ve dollenmeden sonra ¢igek dokiilene kadar olgunlagsmaya devam eden, fazla gelismis tohumlardir.
Tohumlarin yiizeylerinde yogun olarak ¢ukursu yapilar goriiliir. Sepaller zarimsidir (Sekil 3.4a.). F. aciphylla
iilkemizde Cankiri, Ankara, Burdur, Erzincan, Eskisehir, Konya, Kiitahya, Malatya, Kahramanmaras, Mugla illerinde
yayilisi vardir (Sekil 3.4b.).

0

Sekil 3.4. F. aciphylla a) arazi fotografi, b) Tiirkiye haritasindaki dagilim1 [12])

3.1.5. Fumana laevis (Cav.) Pau.

Cok yillik odunsu govdeye sahip ¢ali formundadir. Gévdeden uzanan dallarin boyutu 25- 30 cm kadar ve
tilystizdiir. Yapraklar, 8-12 mm boyunda, 0,5-1mm eninde, dogrusal, sivri ve sap bulundurmayan, i¢e hafif¢e kivrik
yapida tiiysiizdiir. Ancak yaprak kenarlarinda seyrek tiiyler mevcuttur. Yapraklar, ¢icek sapinda opposit diziliste ve
2.54cm de 6-8 yaprak olacak mesafede ¢icege yakin yapraklarda stipul yok ve ¢igege yaklastikca, yapraklar daha
seyrektir. Koke yaklastikga yapraklar daha siklagir, alternat konuma gelir, yaprak boylar1 kisalir ve stipul olusur.
Ciceklenme merkezi bir daldan ¢ikan paralel ¢icek saplari iizerinde, 4-6 cigek olacak sekilde, 5 adet sar1 petal yaprak
bulundurur. Kapsiil, 4-5mm uzunlugunda kaliks ¢icek sapmin u¢ kisminda ve ¢icek ile birlikte dokiiliir. Tohumlar
kahverengidir ve her kapsiilde yaklagik 6 tohum bulunur (Sekil 3.5a.). F. laevis iilkemizde Cankiri, Bursa, Ankara,
Burdur, Erzincan, Eskisehir, Konya, Kiitahya, Malatya, Kahramanmaras, Mugla illerinde yayilis1 vardir (Sekil 3.5b.).
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Sekil 3.5. F. laevis a) arazi fotografi, b) Tiirkiye haritasindaki dagilimi [12])

3.2. Anatomik bulgular

3.2.1. Fumana procumbens (Dun.) Gren. & Godr.

Govde, dis kisimda tek swrali 15.95x18.15 pum boyutlarinda genel olarak oval sekle sahip, epiderm
hiicrelerinden meydana gelmektedir ve iizeri kutikula tabakasi ile ortiiliidiir. Endoderm 14.19x8.74 pum boyutundaki
yogun kloroplast iceren hiicrelerden meydana gelmektedir. Korteks, enine yassilagsmis hiicreden meydana gelmektedir
ve boyutlart 8.57x20.03 pum dir. Sklerenkima lifleri korteks ve floem arasma gomiilii 5.79x9.28 pum boyutlarindaki
sklerenkima hiicrelerinden meydana gelmektedir. Floem hiicreleri 3.51x3.86 pum boyutlarinda ve daha kiiciik
hiicrelerdir. Floem ile birlikte govdeyi gepecevre saran vaskiiler kambiyum hiicreleri, en kiicliik boyuta sahip
hiicrelerdir. Kambiyum tabakasindan hemen sonra 6.29x7.82 um boyutlardaki ksilem hiicrelerinin meydana getirdigi
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tabaka bulunur. Oz bolgesinin tamami 16.52x18.57 um boyutlarindaki parankimatik hiicrelerden meydana
gelmektedir (Sekil 3.6a.).

Yaprak en dista iizerinde kutikula bulunduran, tek sirali, igerisine stoma hiicreleri gomiilii epidermis
tabakasindan meydana gelmektedir. Epidermis hiicreleri 12.24x13.34 pm boyutlarmdadir. Hemen altinda bol miktarda
kloroplast igeren 12.47x6.12 um boyutlarindaki silindirik yapili hiicrelerden meydana gelen palizat parankimasi yer
almaktadir. Stoma hiicrelerinin altinda denk gelen kisimdaki parankima hiicreleri, daha ige dogru bosluklar
olusturmaktadir. Daha i¢ kisimda yapragm alt yiizeyine dogru yogunlasan kloroplast iceren 7.60x8.30 pm
boylarindaki siinger parankimasi hiicreleri vardir. Parankima hiicreleri 8.17x11.85 pum boyutlarinda, icersinde ksilem
ve floem hiicrelerini barindirmaktadir. Ksilem hiicreleri 2.44x2.33 pm boyutlarinda yapragin iist ylizeyine doniik
gelecek konumda, Floem hiicreleri ise 1.99x2.18 um boyutlarinda ve yapragin alt yiizeyine doniik konumda yer
almaktadir (Sekil 3.6b.).

Kok, en dista tamamen yassilasmig 5.88x15.74 um boyutlarindaki periderma hiicrelerinden meydana
gelmektedir. Periderma’nin hemen altinda korteks hiicreleri bulunur. Bu hiicreler 7.31x925 pum boyutlara sahip
yassilagsmis oval hiicrelerdir. Sklerenkima lifleri, korteks tabakasma gomiili haldeki sklerenkima hiicrelerinden
meydana gelmektedir. Bu hiicreler seyrek bir tabaka halinde bulunur ve boyutlari 6.61x9.40 pm dir. Floem tabakast,
vaskiiler kambiyum tabakasinin hemen {istiinde ve kokii ¢epegevre sarmaktadir. 4.81x5.10 pm boyutlarinda olan
floem hiicreleri, vaskiiler kambiyum hiicrelerinden biraz daha biiyilk olmasi ile kolaylikla ayirt edilir. Vaskiiler
kambiyum hiicreleri, ksileme yapisik halde ince bir tabaka halinde, hiicreyi cepegevre sarmaktadir. Vaskiiler
kambiyum tabakasindan sonra ¢ok sayida hiicreden meydana gelen ve 6z bolgesini tamamen kaplayan ksilem
hiicreleri gelmektedir, ksilem hiicreleri 9.10x6.32 pm boyutlarmdadir (Sekil 3.6c¢.).

Sekil 3.6. F. procumbens a) govde enine kesit, b) yaprak enine kesit, c) kok enine kesit.

F. procumbens yaprak alt ve {ist yiizeylerinden alinan kesitler sonucunda, yapragin iki yiizeyinde de stoma
bulunmasindan dolay, yapraklarda amfistomatik yaprak 6zelligi goriilmektedir. Stomalar anomositik tiptedir. Yaprak
yiizeyinden alinan kesitlerde stomalarin goriinisii Sekil 3.7’da goriilmektedir.

Sekll 3.7.F. procumbens yaprak alt ve st yuzey kesitlerinde stomalarm gOriliniisi (a: {ist yiizey, b alt ylizey).

3.2.2. Fumana paphlagonica Bornm. & Janchen.

Govde, dis kisimda tek sirali 7.59x10.42 pm boyutlarinda genel olarak yassilasmis epidermis hiicrelerinden
meydana gelmektedir ve lizeri kutikula tabakasi ile ortiiliidiir. Endoderm, 4.67x8.41 um boyutlarindaki bol miktarda
kloroplast iceren yine yassilasmig hiicrelerden meydana gelmektedir. Korteks, yer yer kloroplast goriilen yine
yassilagmis hiicrelerden meydana gelmektedir ve boyutlar1 5.77x6.21 um dir. Korteks ve floem arasina gémiilii halde,
2.31x3.69 um boyutlarinda hiicrelerden olusan sklerenkima lifleri bulunmaktadir. Floem hiicreleri 2.00x2.24 um
boyutlarinda daha kiigiik hiicrelerden meydana gelmektedir. Floem ile birlikte govdeyi ¢epegevre saran vaskiiler
kambiyum hiicreleri en kiigiik yapilt hiicrelerdir. Kambiyum tabakasindan hemen sonra 3.23x3.64 um boyutlardaki
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ksilem hiicrelerinin meydana getirdigi tabaka bulunur. Oz bélgesi ise 5.06x10.06 um boyutlarindaki yassilasmis ve
ksilem dokusuna yapigmis haldeki parankimatik hiicrelerden meydana gelmektedir (Sekil 3.8a.).

Yaprak, en dista ilizerinde kutikula bulunduran tek swrali, icerisine stoma hiicreleri gomiilii, epidermis
tabakasmdan meydana gelmektedir. Epidermis hiicreleri 6.02x5.82 um boyutlarindadir. Hemen altinda bol miktarda
kloroplast iceren ve dikey silindirik yapiya sahip 5.31x6.55 pm boyutlarindaki hiicrelerden meydana gelen palizat
parankimasi yer almaktadir. Stoma hiicrelerinin altinda denk gelen kisimdaki parankima hiicreleri, ice dogru bosluklar
olusturmaktadir. Daha i¢ kisimda yapragin alt yilizeyine dogru yogunlasan ve kloroplast iceren 3.89x4.58 pm
boylarindaki slinger parankimasi hiicreleri vardir. Parankima hiicreleri 5.04x6.38 pm boyutlarinda, i¢ersinde ksilem ve
floem hiicrelerini barindirmaktadir. Ksilem hiicreleri 2.28x2.74 um boyutlarinda yapragn {ist yiizeyine doniik gelecek
konumda, Floem hiicreleri ise 1.56x1.71 pum boyutlarinda ve yapragimn alt yiizeyine doniik konumda yer almaktadir
(Sekil 3.8b.).

Kok, en dista tamamen yassilagsmig olan 2.08x4.96 pum boyutlarindaki hiicrelerden olusan periderma
tabakast bulunur. Periderma, hemen altinda korteks hiicreleri bulunur. Bu hiicreler 2.74x3.55 pm boyutlara sahip,
yassilagmig hiicrelerden meydana gelmektedir. Sklerenkima lifleri, korteks tabakasina gomiilii halde seyrek bir tabaka
halinde bulunur ve boyutlar1 2.96x2.80 pm dir. Floem tabakasi vaskiiler kambiyum tabakasinin hemen iistiinde ve
kokii cepegevre sarmaktadir. 1.48x1.90 um boyutlarinda olan floem hiicreleri vaskiiler kambiyum hiicrelerinden biraz
daha biiyiik olmasi ile kolaylikla ayirt edilir. Vaskiiler kambiyum hiicreleri, ksileme yapisik halde ince bir tabaka
olarak, hiicreyi ¢epecevre sarmaktadir. Vaskiiler kambiyum tabakasindan sonra ¢ok sayida hiicreden meydana gelen
ve 0z bolgesini tamamen kaplayan 2.47x2.56 um boyutlarmdaki ksilem hiicreleri gelmektedir (Sekil 3.8c.).

: Y, 10 pm 10 Um
Sekil 3.8. F. paphlagonlca a) gévde enine kesit, b) yaprak enine kesit, ¢) kok enine kesit.

F. paphlagonica, yaprak alt ve iist yiizeylerinden alinan kesitler sonucunda, yapragin iki yiizeyinde de
stoma bulunmasmdan dolay1 yapraklarda amﬁstomatik yaprak 6zelligi gériilmektedir Stomalar anomositik tiptedir.

- A ~ . o _ R4 . & SR
Sekil 3.9. F. paphlagonica yaprak alt ve iist yiizey kesitlerinde stomalarin goriiniisii (a: iist yiizey, b: alt yiizey).

3.2.3. Fumana thymifolia (L.) Verlot.

Govde, dis kisimda tek swrali 13.67x15.35 um boyutlarinda genel sekilleri oval epidermis hiicrelerinden
meydana gelmektedir ve tizeri kutikula yapisi ile ortiiliidiir. Farklilasan epidermis hiicreleri govde ylizeyindeki tiiyleri
olusturmaktadir. Tiyler 43.47x12.80 pm boyutlarinda ve tiim gévde boyunca sik araliklarla goriilir. Endoderm,
7.88x9.91 um boyutlarindaki bol miktarda kloroplast igeren hiicrelerden meydana gelmektedir. Korteks, diizgiin oval
bi¢imli az miktarda kloroplast iceren 10.07x15.68 pm boyutlarindaki hiicrelerden meydana gelmektedir. Korteks ve
floem arasma gomiilii halde bulunan sklerenkima lifleri 6.84x7.75 pm boyutlarindaki hiicrelerden meydana
gelmektedir. Floem hiicreleri 4.85x7.90 um boyutlarinda daha kiigiik hiicrelerden meydana gelmektedir. Govdeyi
¢epecevre saran vaskiiler kambiyum hiicreleri en kiigiik hiicrelerdir. Vaskiiler kambiyum tabakasindan hemen sonra
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8.07x9.25 um boyutlardaki ksilem hiicrelerinin meydana getirdigi tabaka bulunur. Oz bdlgesi ise 13.55x13.21 pm
boyutlarindaki parankimatik hiicrelerden meydana gelmektedir (Sekil 3.10a.).

Yaprak, en dista iizerinde kutikula bulunduran tek sirali igerisine stoma hiicreleri gomiilii halde bulunan
epidermis tabakasindan meydana gelmektedir. Epidermis hiicreleri 12.60x12.20 pm boyutlarindadir ve bu hiicrelerin
farklilagsmas: ile olusan tliylerin boyutlar1 30.09x11.49 um dir. Epidermisin hemen altinda 12.57x4.80 um
boyutlarindaki bol miktarda kloroplast iceren ve silindirik yapili hiicrelerden meydana gelen palizat parankimasi yer
almaktadir. Daha i¢ kisimda yapragm alt yiizeyine dogru yogunlasan ve kloroplast igeren 6.91x6.17 um boylarmdaki
stinger parankimasi hiicreleri vardir. Parankima hiicreleri 12.50x12.39 pm boyutlarinda igersinde ksilem ve floem
hiicrelerini barindirmaktadir. Ksilem hiicreleri 3.05x2.67 pum boyutlarinda yapragin st yiizeyine doniik gelecek
konumda, Floem hiicreleri ise 2.01x2.48 pm boyutlarinda ve yapragin alt yiizeyine doniik konumda yer almaktadir
(Sekil 3.10b.).

Kok en dista tamamen yassilagsmis olan, 2.91x8.07 um boyutlarindaki hiicrelerden olusan periderma
tabakast bulunur. Periderma hemen altinda korteks hiicreleri bulunur. Bu hiicreler 5.88x8.69 um boyutlara sahip
yassilagmis hiicrelerden meydana gelmektedir. Sklerenkima, lifleri korteks tabakasina gomiilii halde seyrek bir tabaka
halinde bulunur ve boyutlar1 3.35x3.88 pum dir. Floem tabakasi, vaskiiler kambiyum tabakasinin hemen iistiinde ve
kokii ¢cepegevre sarmaktadir 2.25x3.73 um boyutlarinda olan floem hiicreleri vaskiiler kambiyum hiicrelerinden biraz
daha biiyiik olmasi ile kolaylikla ayirt edilir ve ksileme yapisik halde ince bir tabaka olarak kokii, ¢epegevre
sarmaktadir. Vaskiiler kambiyum tabakasindan sonra ¢ok sayida hiicreden meydana gelen ve 6z bdlgesini tamamen
kaplayan 3.98x4.90 um boyutlarindaki ksilem hiicreleri gelmektedir (Sekil 3.10c.).

T G N >
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Sekil 3.10. F. thymifolia a) gévde enine kesit, b) yaprak enine kesit, ¢) kok enine kesit.

F. thymifolia, yaprak alt ve iist yiizeylerinden alan kesitler sonucunda yapragin iki yiizeyinde de stoma
bulunmasindan dolayi, yapraklarda amfistomatik yaprak 6zelligi goriilmektedir. Stomalar, anomositik tiptedir. Yaprak
yiizeyinden alinan kesitlerde stomalarin goriiniisii Sekil 3.11°de goriilmektedir.

Sekil 3.11. F. thymifolia yaprak alt ve iist yiizey kesitlerinde stomalarmn goriiniisii (a: iist yiizey, b: alt yiizey).
3.2.4. Fumana aciphylla Boiss.

Govde dis kisimda tek swrali 11.64x11.84 pm boyutlarinda genel olarak yassilasmis epidermis
hiicrelerinden meydana gelmektedir ve {izeri kutikula tabakasi ile ortiiliidiir. Farklilasan epidermis hiicreleri govde
yiizeyindeki tiiyleri olusturmaktadir. Tiiyler 19.15x6.43 pm boyutlarinda ve tiim govde boyunca seyrek araliklarla
goriiliir. Endoderm 7.24x6.51 pm boyutlarindaki kloroplast iceren hiicrelerden meydana gelmektedir. Korteks
geniglemis 10.95x14.76 pum boyutundaki oval yapili hiicrelerden olusmaktadir. Korteks ve floem arasina gomiilii
halde bulunan sklerenkima lifleri 4.04x5.82 pm boyutlarindaki hiicrelerden meydana gelmektedir. Floem hiicreleri
4.02x3.42 pm boyutlarinda daha kiigiik hiicrelerden meydana gelmektedir. Govdeyi g¢epecevre saran vaskiiler
kambiyum hiicreleri en kiigiik hiicrelerdir. Kambiyum tabakasindan hemen sonra 6.53x5.34 um boyutlardaki ksilem
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hiicrelerinin meydana getirdigi tabaka bulunur. Oz bolgesi ise 13.03x15.14 um boyutlarindaki parankimatik
hiicrelerden meydana gelmektedir (Sekil 3.12a.).

Yaprak en dista ilizerinde kutikula bulunduran tek swrali igerisine stoma hiicreleri gomiilii epidermis
tabakasmdan meydana gelmektedir epidermis hiicreleri 8.20x10.52 um boyutlarindadir. Hemen altinda bol miktarda
kloroplast igeren ve dikey silindirik yapiya sahip 10.54x4.46 um boyutlarindaki hiicrelerden meydana gelen palizat
parankimasi yer almaktadir. Stoma hiicrelerinin altinda denk gelen kisimdaki parankima hiicreleri ice dogru bosluklar
olusturmaktadir. Daha i¢ kisimda yapragin alt ylizeyine dogru yogunlasan ve kloroplast iceren 4.70x4.42 pum
boylarindaki siinger parankimasi hiicreleri vardir. Parankima hiicreleri 4.60x4.46 pm boyutlarinda igersinde ksilem ve
floem hiicrelerini barindirmaktadir. Ksilem hiicreleri 2.01x2.38 pm boyutlarinda yapragin {ist yiizeyine doniik gelecek
konumda, Floem hiicreleri ise 1.81x1.99 pm boyutlarinda ve yapragin alt yiizeyine doniik konumda yer almaktadir
(Sekil 3.12b.).

Kok en dista tamamen yassilasmis olan 2.89x9.77 um boyutlarindaki hiicrelerden olusan periderma
tabakast bulunur. Periderma hemen altinda korteks hiicreleri bulunur bu hiicreler 2.64x6.07 pm boyutlara sahip
yassilagmis hiicrelerden meydana gelmektedir. Sklerenkima lifleri korteks tabakasina gomiilii halde seyrek bir tabaka
halinde bulunur ve boyutlar1 2.93x3.93 pm dir. Floem tabakasi vaskiiler kambiyum tabakasinin hemen iistiinde ve
kokii ¢cepegevre sarmaktadir 2.36x2.86 um boyutlarinda olan floem hiicreleri vaskiiler kambiyum hiicrelerinden biraz
daha biiyiik olmasi ile kolaylikla ayirt edilir. Vaskiiler kambiyum hiicreleri ksileme yapisik halde ince bir tabaka
olarak kokii ¢epecevre sarmaktadir. Vaskiiler kambiyum tabakasindan sonra ¢ok sayida hiicreden meydana gelen ve
0z bolgesini tamamen kaplayan 8.62x8.71 pm boyutlarindaki ksilem hiicreleri gelmektedir (Sekil 3.12c.).

- - : ' 10 pm
Sekil 3.12. F. aciphylla a) gévde enine kesit, b) yaprak enine kesit, ¢) kok enine kesit

F. aciphylla yaprak alt ve iist yiizeylerinden alinan kesitler sonucunda yapragin iki yiizeyinde de stoma
bulunmasindan dolay1 yapraklarda amfistomatik yaprak 6zelligi goriilmektedir. Stomalar anomositik tiptedir. Yaprak
yiizeyinden alinan kesitlerde stomalarin goriiniisii Sekil 3.13’de goriilmektedir.
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Sekil 3.13. F. aciphylla yaprak alt ve st yiizey kesitlerinde stomalarin goriiniisii (a: tst yiizey, b: alt yiizey)
3.2.5. Fumana laevis (Cav.) Pau.

Govde dig kisimda tek swrali 14.60x15.33 pm boyutlarinda genel olarak oval sekle sahip epiderm
hiicrelerinden meydana gelmektedir ve iizeri kutikula tabakasi ile ortiiliidiir. Endoderm 10.28x9.02 um boyutundaki
yogun kloroplast igeren hiicrelerden meydana gelmektedir. Korteks 12.09x19.46 pm boyutundaki oval ve karemsi
hiicrelerden meydana gelmektedir. Sklerenkima lifleri korteks ve floem arasina gomiilii 7.21x10.70 pm boyutlarindaki
sklerenkima hiicrelerinden meydana gelmektedir. Floem hiicreleri 4.39x5.07 um boyutlarinda ve daha kiigiik
hiicrelerdir. Floem ile birlikte gdvdeyi ¢epecevre saran vaskiiler kambiyum hiicreleri en kiigiik boyuta sahip
hiicrelerdir. Kambiyum tabakasindan hemen sonra 8.94x8.27 um boyutlardaki ksilem hiicrelerinin meydana getirdigi
tabaka bulunur. Oz bdlgesinin tamami 23.05x23.75 um boyutlarindaki parankimatik hiicrelerden meydana
gelmektedir (Sekil 3.14a.).
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Yaprak en dista iizerinde kutikula bulunduran tek sirali igerisine stoma hiicreleri gomiilii epidermis
tabakasimndan meydana gelmektedir epidermis hiicreleri 16.06x13.20 um boyutlarindadir. Hemen altinda bol miktarda
kloroplast i¢eren ve dikey silindirik yapiya sahip 24.32x6.81 pm boyutlarindaki hiicrelerden meydana gelen palizat
parankimasi yer almaktadir. Stoma hiicrelerinin altinda denk gelen kisimdaki parankima hiicreleri ige dogru bosluklar
olusturmaktadir. Daha i¢ kisimda yapragin alt ylizeyine dogru yogunlasan ve kloroplast igeren 7.90x9.20 pum
boylarindaki siinger parankimasi hiicreleri vardir. Parankima hiicreleri 5.17x7.59 pm boyutlarinda igersinde ksilem ve
floem hiicrelerini barindirmaktadir. Ksilem hiicreleri 2.37x2.55 um boyutlarinda yapragin iist yiizeyine doniik gelecek
konumda, Floem hiicreleri ise 2.88x4.19 um boyutlarinda ve yapragin alt yiizeyine doniik konumda yer almaktadir
(Sekil 3.14b.).

Kok en dista tamamen yassilasmis olan 1.42x4.80 um boyutlarindaki hiicrelerden olusan periderma
tabakas1 bulunur. Periderma hemen altinda korteks hiicreleri bulunur bu hiicreler 2.13x2.75 pm boyutlara sahip
yassilagmig hiicrelerden meydana gelmektedir. Sklerenkima lifleri korteks tabakasina gomiilii halde seyrek bir tabaka
halinde bulunur ve boyutlar1 1.92x2.42 pm dir. Floem tabakasi vaskiiler kambiyum tabakasinin hemen iistiinde ve
kokii ¢epegevre sarmaktadir 1.46x1.73 um boyutlarinda olan floem hiicreleri vaskiiler kambiyum hiicrelerinden biraz
daha biiyiik olmas ile kolaylikla ayirt edilir. Vaskiiler kambiyum hiicreleri ksileme yapisik halde ince bir tabaka
olarak kokii, ¢cepecevre sarmaktadir. Vaskiiler kambiyum tabakasindan sonra ¢ok sayida hiicreden meydana gelen ve
0z bolgesini tamamen kaplayan 3.39x2.41 um boyutlarindaki ksilem hiicreleri gelmektedir (Sekil 3.14c.). F. laevis
yaprak alt ve iist yilizeylerinden alinan kesitler sonucunda yapragm iki yiizeyinde de stoma bulunmasindan dolay1
yapraklarda amfistomatik yaprak ozelligi goriilmektedir. Stomalar anomositik tiptedir. Yaprak yiizeyinden alian
kesitlerde stomalarin goriiniisti Sekil 3.15°de goriilmektedir

Sekil 3.15. F. laevis yaprak. alt ve iist yiizey kesitlerinde stomalarin goriiniisii (a: list zey, b: alt yiizey).

3.3. Palinolojik bulgular

Isik ve taramali elektron mikroskobu (SEM) sonuglarina gore, incelenen taksonlarin polenleri radiyal
simetrik ve tricolporate 6zellik gostermektedir. Polen boyutlari en bityiik F. aciphylla P (33,75w-33,05e), E (31,12w-
31,60¢), polen boyutlar1 en kiigiik F. laevis P (27.82-26.92), E (25.33- 24.79¢) olarak tespit edilmistir.

Calismada ele alinan taksonlarin polenleri Tricolporate 6zellik gostermektedir. Colpus ekvatorda genis
kutuplara yaklastikga daralmaktadir. En uzun Colpus(24.98-25.13 pm) F. procumbens ve en genis (5.10-5.30 pm) F.
laevis ve en kisa (21.10-20.51 um ) F. laevis, en dar (3.19-3.06 um) ile F. paphlagonica taksonunda Colpus uzunlugu
tespit edilmistir.

Por 6zelligine gore bakildiginda en biiyiik por F. thymifolia taksonunda (4.70-4.50 um), en kiigiik por F.
paphlagonica taksonunda (2.08-1.99) olarak tespit edilmistir.
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3.3.1. Fumana procumbens (Dun.) Gren. & Godr.

Polen Tipi: Spherodial

Polen sekli: P/E= 1.00 pm (W); 1.02 pm (E)
Ekzin: Ortalama kalinhik 1.08 pm (E): 1,24 pym (W)
Apertiirler: Tricolporate

Skulptur: Reticulate-Retipilate

Sekil 3.16. F. procumbens, 1sik mikroskobu polen fotograflari a) polar (W), b) polar (E), ¢) ekvatoral (W), d)
ekvatoral goriiniisleri (E); F. procumbens SEM’de ornamentasyonu a) ekvatoral, b) yakindan

Tablo 3.1. F. procumbens tiiriine ait polen 6l¢timleri

‘Woodehouse Yontemi Erdtman Yontemi
M S M S

P 29.93 um +0.66 um 27.66 pm +0.65 um
E 29.91 um +0.48 pm 27.66um +0.40 pm
P/E 1,00 pm 1.00 um

clg 24.98 uym +0.48 um 23.41 pm +0.43 um
clt 4.00 pm +0.33 pm 3.06 um +0.23 pm
plg 2.79 pm +0.29 pm 1.48 um +0.25 pm
plt 3.12 pm +0.33 um 1.99 um +0.20 um
Ex 1.08 pm +0.12 pm 1.17 pm +0.23 pm

3.3.2. Fumana paphlagonica Bornm. & Janchen

Polen Tipi: Oblato spherodial

Polen sekli: P/E= 1.10 pm (W); 1.08 pm (E)
Ekzin: Ortalama kalinhik 1.17 um (W); 1.04 um (E)
Apertiirler: Tricolporate

SKulptur: Reticulate-Retipilate

Sekil 3.17. F. paphlagonica, 1sik mikroskobu polen fotograflar1 a) polar (W), b) polar (E), ¢) ekvatoral (W), d)
ekvatoral goriiniisleri (E); F. paphlagonica SEM’de ornamentasyonu a) ekvatoral, b) yakindan.

Tablo 3.2. F. paphlagonica tiiriine ait polen §lgiimleri

Woodehouse Yontemi Erdtman Yéntemi
M S M S
P 27.95 pm +0.66 um 27.66 pm +0.65 um
E 28.36 um +0.48 um 27.66pum +0.40 um
P/E 0.98 um 1.00 pm
clg 23.55 um +0.48 pm 23.41 um +0.43 pm
clt 3.19 um +0.33 pm 3.06 um +0.23 pm
plg 1.68 um +0.29 pm 1.48 um +0.25 pm
plt 2.08 um +0.33 um 1.99 um +0.20 um
Ex 1.04 pm +0.12 um 1.17 pm +0.23 um
i 1.03 um +0.11 pm - -
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3.3.3. Fumana thymifolia (L.) Verlot.
2 Polen Tipi: Spherodial

Polen sekli: P/E= 1.06 pm (W) 1.00 pm (E)

- Ekzin: Ortalama kalinhk 1.11pm (W): 1.25 um (E)

Apertiirler: Tricolporate

' Skulptur: Reticulate-Retipilate

= -

1 = ’ s
. - -

Sekil 3.18. F. thymifolia, 151k mikroskobu polen fotograflari a) polar (W), b) polar (E), c) ekvatoral (W), d) ekvatoral goriiniisleri
(E); F. thymifolia SEM’de ornamentasyonu a) ekvatoral, b) yakindan

Tablo 3.3. F. thymifolia tiiriine ait polen dlgiimleri

Woodehouse Yontemi Erdtman Yo6ntemi

M S M S
P 30.20 pm +1.67 pm 28.95 um +0.71 um
E 28.43 um +1.23 uym 28.86 um +0.77 um
P/E 1.06 pm 1.00 pm
clg 24.17 pm +1.33 um 2425 pm +0.83 um
clt 5.11 pm +0.53 um 4.54 pm +0.42 pm
plg 3.50 um +0.34 pm 4.70 um +0.61 um
plt 4.70 pm +0.73 um 4.50 um +0.51 um
Ex 1.11 pm +0.17 pm 1.25 pm +0.14 um
i 1.15 pm +0.12 pm - -

3.3.4. Fumana aciphylla Boiss.
Polen Tipi: Prolate spherodial
Polen sekli: P/E= 1.08 pm (W) 1.04 uym (E)
Ekzin: Ortalama kalinhik 1 .34pm (W): 1.19um (E)
Apertiirler: Tricolporate
Skulptur: Reticulate-Retipilate

[ &
Sekil 3.19. F. aciphylla, 151k mikroskobu polen fotograflari a) polar (W), b) polar (E), ¢) ekvatoral (W), d) ekvatoral goriiniisleri
(E); F. aciphylla SEM’de ornamentasyonu a) ekvatoral, b) yakindan

Tablo 3.4. F. aciphylla tiiriine ait polen 6l¢timleri

Woodehouse Yontemi Erdtman Yoéntemi
M S M S
P 33.75 pm + 0.87 um 33.05 um +0.46 um
E 31.12 pm +0.54 um 31.60 pm +0.63 um
P/E 0.6 3um 1.04 um
clg 22.89 um +0.50 pm 23.51 pm +0.62 um
clt 4.02 um +0.56 pm 445 pm +0.37 um
plg 2.78 um +0.21 pm 3.10 pm +0.29 pm
plt 3.95 um +0.49 um 3.94 um +0.44 um
Ex 1.34 pm +0.30 um 1.19 pm +0.26 pm
i 1.24 um +0.20 um - -
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3.3.5. Fumana laevis (Cav.) Pau

Polen Tipi: Prolate spherodial

Polen sekli: P/E= 1,10 ym (W): 1.08 pm (E)
Ekzin: Ortalama kahinhk 1.17 pm (W) 1.25 pm (E)
Apertiirler: Tricolporate

Skulptur: Regulate-Retipilate

Sekil 3.20. F. laevis, 151k mikroskobu polen fotograflar1 a) polar (W), b) polar (E), c) ekvatoral (W), d) ekvatoral
goriiniisleri (E); F. laevis SEM’de ornamentasyonu a) ekvatoral, b) yakindan

Tablo 3.5. F. laevis tiiriine ait polen dl¢iimleri

Woodehouse Yontemi Erdtman Yéntemi
M S M S
P 27.82 ym +0.58 pm 26.92 pm +0.85 um
E 25.33 um +1.17 ym 24.79 uym +1.45 pum
P/E 1.10 pm 1.08 um
clg 21.01 pm +1.02 um 20.51 pm +1.42 um
clt 5.10 um +0.50 um 5.30 um +0.51 um
plg 3.14 um +0.48 um 3.06 um +0.50 um
plt 2.69 um +0.57 pm 4.02 um +0.50 pm
EXx 1.17 pm +0.14 um 1.25 pm +0.15 pm
i 1.17 pm +0.17 pm - -

4. Sonugclar ve tartisma

Tiirkiye bulundugu konum, biinyesinde barmdirdigi cografi sekiller ve farkli bircok etmenin de etkisi ile
¢esitli makro-mikro iklim tiirlerine ev sahipligi yapmaktadir. Bu durum canli gesitliliginde 6zellikle iklime bagimli
canlilar olan bitkilerin gesitliliginde 6nemli rol oynamaktadir.

Eskisehir ortalama 792 m yiikseklige sahip yerylizii sekillerinin biiyiik bir bolimii daglar ve ovalardan
meydana gelen bir bdlgedir. Eskisehir etrafini ¢cevreleyen cografi yapilarin etkisi ve bdlgedeki cesitli iklimlerin bir
araya gelmesi sonucunda karasal iklimin hakim oldugu bir bolgede haline gelmektedir. Bitki Ortiistiniin biiyiik
¢ogunlugunu bozkir ve steplerin olusturdugu Eskisehir yaklasik olarak 1300 bitki tiiriine ev sahipligi yapmaktadir. Bu
cesitlenmede cografi yapilarin ve iklimsel kosullarm etkisi oldukga yiiksektir.

Cistaceae familyasi yogun olarak sicak iklim kusaklarinda yayilis gosteren biinyesinde 8 cins barindiran bir
familyadir. Familyanin en belirgin morfolojik 6zelligi petal sanismin 5 ve yildiz sekilde konumlaniyor olmasidir.
Cistaceae iiyeleri Ozellikle etnobotanik oOzellikleri kullanilan bir bitki olup halk arasinda gesitli taksonlar:
bilinmektedir.

Genelde jipsti ve kumlu drenaji yiiksek topraklarda ve ozellikle sicak-kurak iklimlerde yetisme egilimi
gosteren ¢ok yillik ¢ali formunda, odunsu nadiren otsu kisimlara sahip bir bitkidir. Yetistigi toprak ve iklim goz
oniinde bulunduruldugunda kuraklik sicaklik ve su streslerine karsi dayanikli oldugu sdylenebilir. Fumana cinsi
Cistaceae familyasmin bir liyesidir ve diinya iizerinde 21 takson ile temsil edilir. Bu 21 tiiriin 10 tanesi Tiirkiye’de
dogal yayilis gostermekte ve yayilis gosteren taksonlarin 3’1 {ilkemize endemiktir [13].

Eskisehir cografi yapisi, jeolojik ve iklimsel 6zellikleri sonucunda bitki Ortiistiniin biiyiik bir kismini
bozkirlar olusturmaktadir bu durum Fumana taksonlar1 agisindan elverisli bir bolge olmasini saglamaktadir. Eskisehir
ve cevresinde 1’i endemik olmak iizere toplamda 6 tiir Fumana yetismektedir. Bahar ve yaz aylar1 arasinda devam
eden vejetasyon boyunca Genis agikliklarda bozkirlarda ve kayalik bdlgelerde bu 6 Fumana taksonlarma rastlamak
miimkiindiir.

Yapilan morfolojik ve anatomik incelemeler sonucunda Eskisehir ¢evresinde yetisen Fumanalar hakkinda
yaprak, kok, govde, stoma, tily ve polen gibi kisimlar hakkinda elde edilen veriler gostermektedir ki; anatomik
Olgtimler sonucunda yaprak kalinhiginin en fazla oldugu tir F. laevis iken ne ince yaprak F. aciphylla da
goriilmektedir. Kok kalinligi en fazla F. procumbens de goriiliirken en ince kok F. laevis tiiriinde goriilmektedir.
Govde kalinligi en fazla F. laevis de goriilirken en ince gévde F. paphlagonica tiiriinde goriilmektedir.
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Habitat ozellikleri ve diger morfolojik 6zellikler agisindan kiyaslandiginda en belirgin farklilik ayni tiire ait
Fumana yetistigi farkli bolgelerde cm basina diisen yaprak sayisinin biiyiik oranda artis gosterdigi yoniindedir govde ve
yaprak tiiylerindeki azalma, yaprak eninde goriilen artis, stoma siklig1 Eskisehir ve ¢evresindeki iklim ve ekolojik faktorlerin
etkisinin bir sonucu oldugu diisliniilmektedir.

Palinolojik karakterler, Cistaceae’deki generik ve infragenerik sinirlandirma igin taksonomik Onemini
gostermektedir [2, 14, 15].

Adriyatik havzasinda bulunan Fumana taksonlarinin taksonomisi ve kronolojisi higbir zaman sistematik olarak
calistlmamigtir. Adriyatik adlar1 Hirvat kiyilarinda Kapsamli bir saha arastirmasi ve herbaryum orneklerinin gézden
gegcirilmesi sirasinda, gdzden kagan ve yeterince bilinmeyen iki Fumana tiiriine ait farkli kayitlar ortaya ¢ikmigtir.

Walker’a (1974) gore Tektattan (ags1 graniiller, burusuk, ¢izgili) semitektata (agsi) uzanan olasi bir filogenik
polen dizisi bulunmaktadir. Buna ragmen, bitkilere ait genel morfolojiler buna paralel degildir, 6rnegin ¢ok yillik bitkilerde
agsi polen (daha gelismis) bulunurken, Tek yillik bitkilerde ruguloz poleni goriiliir. Tek yillik reguloz polenine bulunan cins
icinde incelenirken diger tiirlerdeki polenler mikroretikulat egilimi gosterir [16].

Mevcut sonuglara gore polen boyutunun, seklinin, agikliginin ve ekzin ornamentasyonunun degerli karakter
oldugunu gostermistir. Ornegin exine siisleme incelenen taksonlar arasinda ii¢ polen tipinin taninmasinda yararli olmustur.
Mevcut sonuglara gére Ukraintseva’nin (1993) bir biitiin olarak Cistaceae ailesi i¢in sonuglara biiyiik dl¢iide uymaktadir [2].
Misir’daki Fumana taksonlari iki tiir ile temsil edilmektedir F. thymifolia (tip 1) ve F. arabica (alt tip 2B). Bu iki tiir, ekzin
ornamenrtasyonunun tiiriine gore ayirt edildi; Ik tiir, retipilate ornamentasyonuna sahiptir, ancak ikincisi agsi-diizdiir. Ek
olarak, mezokolpiyum ¢ap1 F. arabica (36-38 um) ve F. thymifolia (28.0-31.5 pm) arasinda ayirt edici bir karakter olarak
kullanilabilir. F. arabica, suboblate tanelerinde sahip olmasiyla incelenen diger taksonlardan farklidir. Mevcut sonuglara
gobre, Fumana cinsinin iiyeleri heterojeniktir ve bu Rivas (1979) tarafindan sunulan polen verileriyle uyumludur [14].

Ekzin ornamentasyonu, Fumana’nin taksonlar1 arasinda ayrim yapmak agisindan taksonomik deger tasimaktadir.
Colpus ve porus karakterleri de taksonlar1 ayirt etmede yararhidir. Bu ¢alisma ile iki tip polen yapisinin varligi ortaya
konulmustur. Bu durum taksonlarin ayriminda oldukg¢a 6nem arz etmektedir.

Yapilan bu ¢alisma bize gostermektedir ki Eskisehir ¢cevresinde dogal yayilis gosteren Fumana taksonu iiyeleri
yetistigi iklim kosullarina yiiksek adaptasyon saglamistir. Bu sebeple Fumana’nin yalnizca sistematik degil ilerleyen
zamanlarda diger ¢alismalarinda 6rnek ¢aligma materyali olabilecegi diisiiniilmektedir.
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Abstract

In this study, 780 Cercopidae specimens collected from the Bolkar Mountains between 2005-2007 were
evaluated. As a result of the evaluation, five species belonging to two genera of this family were determined. Dorsal
habitus photographs of the identified species and new distribution maps were prepared according to the current data. In
addition, an identification key of these species distributed in the study area was given.

Keywords: Cercopis distincta, C. intermedia, C. sanguinolenta, C. septemmaculata, Triecphorella geniculata,
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Bolkar Daglari'min Cercopidae Leach, 1815 (Hemiptera: Auchenorrhyncha) faunasina katkilar

Ozet

Bu c¢alismada 2005-2007 yillar1 arasinda Bolkar Daglari'ndan toplanan 780 adet Cercopidae Ornegi
degerlendirilmistir. Degerlendirme sonucunda bu familyanmn iki cinsine ait bes tiir tespit edilmistir. Tespit edilen
tiirlerin dorsal habitus fotograflar1 ve giincel verilere gore yeni yerel dagilim haritalar1 hazirlanmigtir. Ayrica aragtirma
bolgesinde yayilis gosteren bu tiirlere ait bir teshis anahtar1 verilmistir.

Anahtar kelimeler: Cercopidae, Cercopis distincta, C. intermedia, C. sanguinolenta, C. septemmaculata,
Triecphorella geniculata, Tirkiye

1. Giris

Cercopoidea Leach, 1815, diinyadaki en biiyiik ksilem 6zsu emici bocek grubunu olusturur[1]. Cok ¢esitli
bitkilerde oligofag ya da polifag olsalar da biiyiikk ¢ogunlugu otsu monokotlardan aktif olarak bitki 6zsuyunu emerek
beslenme egilimindedir [1]. Yasam dongiileri mevsimsel yagis modellerine bagli olarak univoltine olarak gerceklesir
[1]. Her tiiriin erkek ve disisi ayn1 yone bakacak sekilde yan yana gelerek ciftlesirler [1]. Cercopidler, yumurtalarini
topraga, olii bitki ortiisiine ve govde yiizeylerine birakirlar. Hemimetabol baskalagsima sahip olan bu grubun nimflerinin
erginlige gecisteki son deri degisimi, anormal derecede biiyiik ve kuru kabarciklarla gevrilmis bir hava cebinde (oda)
gergeklesir [1]. Bu cepler kanatlarin geniglemesine ve integiimentin kurumasina izin verir [1]. Yumurtadan yeni ¢ikan
nimfler, uygun bir sulu beslenme yeri bulana kadar konukcu bitki iizerinde dolasirlar [1]. Gelisme siiresi tiirlere ve
iklime gore 4-9 hafta arasinda degisir. Eriskin fazin siiresi ise 1-3 hafta arasinda degismektedir [1]. Cercopoidlerin,
yasaminin fakli dénemlerinde etkili olan dogal diismanlar1 bulunmaktadir. Hymenoptera'nin Eulophidae, Mymaridae ve
Trichogrammatidae familyalari, nematodlar, karincalar, Drosophila larvasi, Pipunculidae ve bir syrphid sinegi olan
Salpingogaster nigra gibi yirticilar yumurta parazitleri arasinda yer alir [1]. Erginlerin popiilasyonu ise soyguncu
sinekler tarafindan (Asilidae) avlanarak ya da mantar entomopatojenlerine bagli gergeklesen Sliimler ile baskilanir [1].
Bununla birlikte erginler ve nimfler avcilarindan korunmaya yonelik farkli adaptasyonlar sergiledikleri bilinmektedir.
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Cercopoidea ist ailesinin (Hemiptera: Auchenorrhyncha) en genis ailesi olan Cercopidae, parlak siyah—
kirmiz1 renkler ve desenlerle karakterize edilir ve biiyiikk miktarda koruyucu kopiik irettikleri igin kopiik bocegi ya da
salya (tiikiiriik) bocegi (spittlebugs, froghopper) olarak adlandirilirlar [1]. Cok sayida Cercopidae tiirli, kirmizi, turuncu
ve sart ile siyahin bir arada oldugu desenlere sahiptir [2]. Cercopidlerin ¢ogu aposematik olarak renklidir ve birgogu
refleks kanamasi sergiler [3]. Cercopidae, Cicadomorpha Evans, 1946'nin (Hemiptera: Auchenorrhyncha) ailelerinden
biri olup, diinyada 173 cins ve yaklagik 1500 tiir ile temsil edilmektedir [2, 4]. Palearktik'te ise simdiye kadar sadece 20
cins ve yaklagik 100 tiirii kaydedilmistir [2, 5, 6]. Bazi siipheli yerel kayitlara ragmen, dnceki ¢alismalar bu familyanin
Tiirkiye'de yedi tiirle temsil edildigini gostermektedir [5, 7, 8, 9, 10].

Tiirkiye'den Cercopidae familyasina ait ilk kayitlarmm yabanci arastirmacilar tarafindan verildigi
goriilmektedir. Bu eserlerin biiyiik ¢ogunlugu grubun morfolojileri, biyolojileri ve ekolojileri [11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21] hakkinda bilgi veren ¢aligmalar olmakla birlikte, aralarinda katalog ve kontrol listelerine [5, 6, 22, 23,
24, 25] ya da az sayida faunistik [26, 27, 28] esere de rastlamak miimkiindiir. Yerli aragtirmacilarin dogrudan bu grupla
ilgili yaptig1 caligma sayisi, yabancilarin yaptiklar ile kiyaslandiginda yok denecek kadar azdir. Mevcut ¢aligmalarin bir
boliimii olarak sunulan Cercopidlere ait veriler bu caligmalarda faunistik bilgiler seklinde yer almaktadir [7, 8, 9, 29, 30,
31, 32, 33]. Simdiye kadar sadece bu taksonun taksonomisi ve morfolojisi ile iligkili li¢ ¢caligmaya rastlanilmistir [10,
34, 35].

Bolkar Daglari'ndan toplanan Cercopidae 6rneklerinin degerlendirildigi bu ¢alisma ile hem Tiirkiye'de bu
alanda yapilan faunistik bilgi birikimini artiran ¢alismalara bir yenisini eklemek hem de Tiirkiye ve yerel faunaya katki
saglanmas1 amaglanmaktadir.

2. Materyal ve yontem

Bu aragtrma, 20052007 yillarmin Nisan-Temmuz aylarinda Adana, Icel, Karaman, Konya ve Nigde il
sinirlar1 igerisinde yer alan Bolkar Daglari'ndan toplanan 780 Cercopidae drnegine dayanmaktadir.

Araziden toplanan Ornekler %70 etanol igeren kavanozlarda oldiirilmiis ve daha sonra laboratuvarda
ignelenerek kurutulmus 6rnekler halinde bocek dolaplarinda muhafaza edilmistir. Morfolojik incelemesi tamamlanan
erkek orneklerin genital yapilart disekte edilmeden dnce ignelenmis kuru 6rnekler nemlendirilmis, daha sonra genital
kapsiilleri Boeco BSZ-405 model stereo mikroskop altinda ¢ikarilarak benmari yontemi ile 15 dakika %10 KOH ile
muamele edilmistir.

Toplanan 6rneklerin teshislerinde ve teyitlerinde Nast (1933), Lallemand (1949), Holzinger ve ark. (2003) ile
Demirel ve Ding (2021)'den faydalanilmistir. Bu tiirler bulgular boliimiinde alfabetik siraya gore verilmistir.

Magellan Explorist model GPS (Global Positioning System)'den alman koordinat bilgilerinin ArcView v3.3
yaziliminda derlenmesi ile yerel, 6nceki ¢aligmalardan toplanan verilerin [5, 6, 7, 8, 9, 21] yine ayni yazilimla
derlenmesi ile tiirlerin Tiirkiye ve Palearktik yayilis haritalar1 olusturulmustur. Teshis edilen tiirlerin habitus fotograflar
Nikon AF-S VR Micro—NIKKOR 105mm f/2.8G IF-ED lensli Nikon D750 fotograf makinesi ile ¢ekilmis ve GIMP
(GNU Image Manipulation Program) yazilimi kullanilarak yaym i¢in son diizenlemeleri yapilmistir. Teshis edilen
ornekler Gazi Universitesi Prof. Dr. Metin Aktas Zooloji Miizesi'nde (ZMGU) muhafaza edilmektedir.

3. Bulgular

Calisma alanindan toplanan Cercopidae drneklerinin degerlendirilmesi sonucu, bdlgede bes tiirliin yayilis
gosterdigi tespit edilmistir. Asagida bu tiirlerin erkek bireylerine ait teshis anahtarina yer verilmistir.

Bolkar Daglari'nin Cercopidae teshis anahtari

1. Tegminanmn anterioriinde kirmizi benek yok ve 7.5 mm'den kiigiik 6rneklerdir...... Triecphorella geniculata

— Tegminanin anteriorii iki kirmizi benekli ve 7.5 mm'den biiyiik drneklerdir ..........ccocovvviiiiiniiiiiiiicnee, 2
2. Bacaklarin tiim segmentleri STYahtir..........ocoiiiiiiiiiiiic i 3
— Femur ve tibialarin yaklasik yarilari, diz boliimleri ile beraber Kirmizidir ...........ccocovcviiiiniiniiiii 4
3. Abdomen ventral plaka konneksivalarmm ortalari siyah beneklidir ......................... Cercopis sanguinolenta
— Abdomen ventral plaka konneksivalar: tiimiiyle Kirmizidir...........cooveveienienincnnce Cercopis distincta
4. Tegminanin posteriorunda yer alan kirmizi serit {i¢ pargalidir..........cccocovevvvinennnn, Cercopis septemmaculata
— Tegminanin posteriorunda yer alan kirmizi serit tamdir............ccoocvviviiniiniiiiiiniinnes Cercopis intermedia
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Sistematikleri

Siiperfamilya: Cercopoidea Leach, 1815
Familya: Cercopidae Leach, 1815
Subfamilya: Cercopinae Leach, 1815
Tribe: Cercorpini Leach, 1815

Genus: Cercopis Fabricius, 1775

Type: Cicada sanguinolenta Scopoli, 1763

Cercopis distincta (Melichar, 1896) (Sekil 1b)
Triecphora distincta Melichar, 1896

incelenen Materyal:

Toplam 6rnek sayisi: 4333, 3799

783, 299, Mersin, Merkez, Gézne—Aslankdy arasi, Kerimler yol ayirmmi, 36° 54' N, 34° 32' E, 648m, 23
Nisan 2006; 633, 799, Mersin, Merkez, Pelitkoyagi Kéyii, 36° 46' N, 34° 25' E, 366m, 19 Mayis 2007; 653, 399,
Mersin, Erdemli, Karayakup Koyii sonrasi, 36° 44' N, 34° 19' E, 354m, 19 Mayis 2007; 633, 392, Mersin, Erdemli,
Camli Koyii, 36° 44' N, 34° 11' E, 723m, 20 May1s 2007; 633, 322, Mersin, Merkez, Findikpmari—Caglarca Yolu,
Caglarca Koyii, 36° 59' N, 34° 26' E, 1200m, 14 Haziran 2007; 533, 392, Mersin, Camliyayla, Sebil girisi, 37° 7' N,
34° 31' E, 640m, 17 Haziran 2005; 583, 69 2Q, Mersin, Merkez, Dogusandal Kdyii girisi, 36° 45' N, 34° 23' E, 166m,
19 Mayis 2007; 233, 299, Mersin, Merkez, Dogusandal Kéyii, 36° 45' N, 34° 24' E, 234m, 19 Mayis 2007; 399,
Mersin, Camliyayla, Sebil-Cehennem Deresi arasi, 37° 12' N, 34° 34' E, 1741m, 10 Haziran 2007; 499, Mersin,
Camliyayla, Cehennem Deresi, 37° 7' N, 34° 31' E, 756m, 10 Haziran 2007 (Sekil 2a).

Palearktik Yayihsi:

Tiirkiye (Sekil 2¢e) [5, 7, 12, 15].

Tiirkiye Yayihsi:

Hatay [10].

Cercopis intermedia Kirschbaum, 1868 (Sekil 1c¢)

Cercopis obliterata Kirschbaum, 1868.

Triecphora intermedia nigra Royer, 1906.

Triecphora intermedia simulans Peneau, 1912.

Cercopis sanguinolenta turkestanica Lindberg, 1923.

Cercopis sanguinolenta intermedia bipunctata Ribaut, 1946.
Cercopis sanguinolenta intermedia quadrimaculata Ribaut, 1946.
Cercopis sanguinolenta intermedia septempunctata Ribaut, 1946.
Cercopis sanguinolenta intermedia sexmaculata Ribaut, 1946.

incelenen Materyal:

Toplam 6rnek sayisi: 17833, 362929

433, 8929, Mersin, Silifke, Kirobasi, 36° 43' N, 33° 51' E, 1400m, 21 Mayis 2005; 783, 622, Nigde,
Ulukisla, Darbogaz Koyii girisi, 37° 28' N, 34° 34' E, 1610m, 15 Haziran 2005; 633, 599, Mersin, Merkez,
Findikpmari Yolu, 36° 57' N, 34° 20' E, 1708m, 20 Mayis 2005; 38'd, 52 9, Nigde, Ulukisla, Darbogaz Kéyii, 37° 28'
N, 34° 35'E, 1631m, 1 Temmuz 2005; 283, 109 {, Nigde, Ulukisla, Darbogaz—Emirler kdyleri arasi, 37° 28' N, 34°
32' E, 1597m, 15 Haziran 2005; 24'3, 69 9, Karaman, Ayranci, Catkdy—Akpmar kdyleri yol ayirimi, Akpinar yolu, 37°
12' N, 33° 51' E, 1486m, 15 Haziran 2005; 233, 829, Karaman, Ayranci, Akpinar—Kayadnii koyleri arasi, 37° 8' N,
33°47'E, 1654m, 15 Haziran 2005; 233, 6Q Q, Mersin, Camliyayla, Sebil girisi, 37° 7' N, 34° 31' E, 640m, 17 Haziran
2005; 433, 2192, Adana, Pozanti, Akgatekir, Karbogazi, Camcukuru, 37° 20' N, 34° 42' E, 1885m, 27 Haziran 2007;
383, 1199, Nigde, Ulukisla, Emirler Kyii ¢ikisi, 37° 28' N, 34° 32' E, 1556m, 26 Haziran 2007; 583, 1099, Adana,
Pozanti, Akgatekir, Karbogazi, 37° 20' N, 34° 41' E, 1561m, 14 Haziran 2007; 433, 622, Adana, Pozanti, Akcatekir,
Karbogazi, Sumakli Dag1, 37° 20' N, 34° 41' E, 1559m, 9 Haziran 2007; 333, 79 9, Nigde, Ulukisla, Darbogaz1 Ko yii,
37° 30' N, 34° 34' E, 1275m, 8 Haziran 2007; 38'J, 622, Mersin, Merkez, Atllar Koyii, 37° 5' N, 34° 25'E, 1452m,
11 Haziran 2007; 333, 622, Mersin, Merkez, Atlilar—Aslankdy yol ayirimma 2 km, 37° 3' N, 34° 25'E, 1388m, 11
Haziran 2007; 533, 59 @, Nigde, Ulukisla, Darbogaz—Maden kdye 4 km kala, 37° 27' N, 34° 37' E, 1972m, 26 Haziran
2007; 333, 829, Nigde, Ulukisla, Maden Koy, 37° 27' N, 34° 38' E, 1637m, 26 Haziran 2007; 53, 8922, Nigde,
Ulukisla, Nigde-Kayseri Yolu, 37° 35' N, 34° 32' E, 1611m, 8 Haziran 2007; 833, 1299, Mersin, Silifke, Kirobasi,
36° 43'N, 33° 51' E, 1399m, 13 Haziran 2007; 283, 1392, Adana, Pozant1 Akgatekir, Karbogazi, Sumakli Dag1, 37°
20' N, 34° 41' E, 1564m, 9 Haziran 2007; 24&, 799, Nigde, Ulukisla, Maden Koy, 37° 30' N, 34° 35' E, 1280m, 9
Haziran 2007; 233, 1599, Mersin, Merkez, Aslankdy, Catak-Findikpinar: arasi, 36° 57' N, 34° 17' E, 1871m, 28
Haziran 2007; 28J, 692, Nigde, Ulukisla, Darbogaz—Pozant1 yol ayrmm, 37° 30' N, 34° 34' E, 1281m, 26 Haziran
2007; 283, 799, Adana, Pozanti, Akgatekir, Karbogazi, Camgukuru, 37° 20' N, 34° 43' E, 1611m, 27 Haziran 2007;
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283, 692, Mersin, Erdemli, Findikpmnari iistii, 36° 56' N, 34° 20' E, 1525m, 28 Haziran 2007; 8% @, Nigde, Ulukisla,
Emirler Koyii Goleti tizeri, 37° 27' N, 34° 29' E, 1627m, 26 Haziran 2007; 699, Mersin, Merkez, Alanyali-Atlilar
Koyl Yolu, 37° 5' N, 34° 25' E, 1457m, 14 Haziran 2007; 69 9, Nigde, Ulukisla, Emirler Koyii girisi, 37° 29' N, 34°
31'E, 1599m, 26 Haziran 2007; 79 @, Mersin, Mut, Comelek Deresi Kopriisii, 36° 43' N, 33° 40' E, 1114m, 13 Haziran
2007; 1643, Nigde, Ulukisla, Maden Koyii, 37° 26' N, 34° 37" E, 1712m, 6 Haziran 2006; 233, 822, Mersin,
Merkez, Catak—Findikpinar1 arasi, 36° 57' N, 34° 17' E, 1903m, 2 Temmuz 2006; 1933, 1599, Nigde, Ulukisla,
Darbogaz Koyii, 37° 28' N, 34° 35' E, 1721m, 6 Haziran 2006; 13, Nigde, Ulukisla, Darbogaz Koyii, 37° 28' N, 34° 34"
E, 1662m, 5 Haziran 2006; 13, Adana, Pozanti, Akgatekir, 37° 22' N, 34° 49' E, 938m, 6 Haziran 2006; 13, 1092,
Nigde, Ulukisla, Darbogaz Koyii, 37° 27' N, 34° 35' E, 1652m, 29 Haziran 2006; 333, 39 @, Nigde, Ulukisla, Maden
Koyii gikisi, 37° 27' N, 34° 39" E, 1526m, 6 Haziran 2006; 13, 79 @, Mersin, Merkez, Athlar Koyii, 37° 5' N, 34° 25'E,
1450m, 8 Haziran 2006; 533, 122 Q, Mersin, Silifke, Kirobasi, 36° 43' N, 33° 51' E, 1398m, 10 Haziran 2006; 333,
199 Q, Nigde, Ulukisla, Darbogaz—Giimiis kdyleri arasi, 37° 28' N, 34° 35' E, 1716m, 30 Haziran 2006; 29 9, Adana,
Pozanti, Akgatekir, Karbogazi, 37° 19' N, 34° 41' E, 1536m, 30 Haziran 2006; 1%, Nigde, Ulukisla, Emirler Koyii
Goleti, 37° 27'N, 34° 29'E, 1633m, 22 Temmuz 2006; 19, Mersin, Erdemli, Giizeloluk, Yagda Koyii, 36° 45' N, 34° 2'
E, 1364m, 10 Haziran 2006; 19, Konya, Halkapmar, Korlii Koyii, 37° 24' N, 34° 16' E, 1296m, 22 Temmuz 2006; 19,
Nigde, Ulukisla, Nigde Yolu 3. km, 37° 35' N, 34° 32' E, 1582m, 30 Haziran 2006; 13, Mersin, Merkez, Gozne—Fatih
Belediyesi, 37° 1' N, 34° 34'E, 1131m, 19 Mayis 2006; 1&, Mersin, Merkez, Findikpinari, 36° 57' N, 34° 23'E, 1268m,
19 Mayis 2006; 13, Mersin, Merkez, Findikpinari, Kocayer, Zeybekler-Tepekdy ayirimi, 36° 52' N, 34°21' E, 1298m,
23 Nisan 2006; 2943, 1822, Mersin, Silifke, Kirobas1, 36° 43' N, 33° 51' E, 1403m, 18 Mayis 2006; 233, 292,
Nigde, Ulukisla, Darbogaz Koyii, 37° 28' N, 34° 34' E, 1614m, 10 Temmuz 2007; 433, Nigde, Ulukisla, Madenkdy,
Meydan Yaylasi, 37° 25' N, 34° 33' E, 2311m, 10 Temmuz 2007; 19, Nigde, Ulukisla, Nigde—Kayseri Yolu, 37° 35' N,
34° 32' E, 1581m, 1 Temmuz 2007; 19, Adana, Pozanti, Akcatekir, Karbogazi, Camgukuru, 37° 20' N, 34° 43' E,
1609m, 11 Temmuz 2007; 19, Adana, Pozanti, Akgatekir, Karbogazi, Sumakli Dagi, 37° 20' N, 34° 41' E, 1567m, 11
Temmuz 2007; 19, Nigde, Ulukisla, Emirler Koyii ¢ikigi, 37° 28' N, 34° 32' E, 1557m, 10 Temmuz 2007; 19, Mersin,
Silifke, Kirobasi, Ogru koyii, 36° 51' N, 33° 43' E, 1785m, 9 Temmuz 2005; 29 ¢, Mersin, Merkez, Catak—Findikpmari
arasi, 36° 57' N, 34° 18'E, 1927m, 8 Temmuz 2005; 299, Adana, Pozanti, Akgatekir, 37° 21' N, 34° 41' E, 1768m, 6
Temmuz 2005; 19, Nigde, Ulukisla, Aktoprak Koyii, 37° 31' N, 34° 28' E, 1620m, 13 Temmuz 2005; 29 9, Mersin,
Erdemli, Giizeloluk, Hacialan1 Yaylasi, 36° 49' N, 34° 14' E, 1632m, 9 Temmuz 2005; 19, Mersin, Merkez,
Giizelyayla, Atlilar Koyii, 37° 6' N, 34° 25'E, 1452m, 8 Temmuz 2005; 39 9, Mersin, Tarsus, Doértler, 37° 7' N, 34° 52"
E, 372m, 22 Nisan 2006; 12, Mersin, Silifke, imamli Kéyii, 36° 27' N, 33° 57'E, 613m, 18 Mayis 2006 (Sekil 2a).

Sekil 1. Arastirma alanindan tespit edilen tiirlerin dorsal habituslar1, a) Cercopis sanguinolenta; b) C. distincta; c) C.
intermedia; d) C. septemmaculata; e) Triecphorella geniculata (6lgekler= 2mm)
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Palearktik Yayihsi:

_ Alma{lya, Arnavutluk, Bulgaristan, Cezayir, Ermenistan, Fas, Fransa, Giircistan, iran, Ispanya, Israil, isvicre,
Italya, Liibnan, Ozbekistan, Portekiz, Rusya (Dagistan), Suriye, Tiirkiye, Tiirkmenistan, Ukrayna, Yunanistan (Sekil 2¢)

[5, 6, 21].
Tiirkiye Yayihsi:

Adiyaman, Aksaray, Amasya, Ankara, Antalya, Artvin, Bahk;:sir, Canakkale, Corum, Diyarbakir, Elaz1g,
Eskigehir, Gaziantep, Giresun, Gilimiishane, Hakkari, Hatay, Isparta, Izmir, Kahramanmarag, Kayseri, Kirikkale,
Kirklareli, Konya, Kiitahya, Mardin, Rize, Samsun, Siirt, Sanlurfa, Tokat, Usak [7, 9, 10, 28, 29, 30, 32, 33, 34].

Cercopis sanguinolenta (Scopoli,1763) (Sekil 1a)
Cicada sanguilolenta Scopoli, 1763.

Cercopis mactata Germar, 1821.

Cercopis panzeri Le Peletier et Serville, 1825.
Cercopis distinguenda Kirschbaum, 1868.

Triecphora mactata basalis Domique, 1892.
Triecphora mactata basalis Melichar, 1896.
Triecphora vulnerata quadripunctata Sabransky, 1912,
Triecphora sanguinolenta reducta Melichar, 1913.
Triecphora mactata egestosa Haupt, 1917.

incelenen Materyal:
Toplam 6rnek sayisi: 633, 49 9

633, 499, Mersin, Silifke, Kargicak, Kdyii (Goksu Nehri iizeri), 36° 26' N, 33° 38' E, 63m, 20 May1s 2007

(Sekil 2a).
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Sekil 2. Tespit edilen tiirlerin arastirma alaninda ve palearktik bolgede yayilislari, a) Tiirlerin ¢aligma alanidaki
yayilisi, b) Triecphorella geniculata; c) Cercopis intermedia; d) C. septemmaculata; ) C. distincta; f) C. sanguinolenta
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Palearktik Yayihsi:

Almanya, Arnavutluk, Avusturya, Azerbaycan, Belgika, Bulgaristan, Cek Cumhuriyeti, Ermenistan, Estonya,
Filistin, Fransa, Giircistan, Hollanda, Hirvatistan, Ingiltere, iran, Ispanya, Isvicre, italya, Japonya, Letonya, Macaristan,
Makedonya, Moldavya, Norveg, Polonya, Portekiz, Romanya, Rus Kafkas Cumbhuriyetleri, Rusya, Sirbistan, Sicilya,
Sina Yarmmadasi (Misir), Slovakya, Slovenya, Suriye, Tiirkiye, Ukrayna, Yugoslavya, Yunanistan (Sekil 2f) [5, 6, 25].

Tiirkiye Yayihsi:

Batman, Bursa, Canakkale, Diyarbakir, Eskisehir, Gaziantep, Giresun, Hakkari, Istanbul, izmir,
Kahramanmaras, Kilis, Kocaeli, Manisa, Mardin, Siirt, Tokat, Sanlurfa [7].

Cercopis septemmaculata (Melichar, 1903) (Sekil 1d)
Triecphora septemmaculata Melichar, 1903.

Incelenen Materyal:

Toplam 6rnek sayist: 2133, 1599

2183, 1599, Mersin, Tarsus, Kurbanli Kdyii yol ayirimi, Tarsus’a 15 km, 37° 1' N, 34° 56' E, 157m, 22
Nisan 2006 (Sekil 2a).

Palearktik Yayihsi:

Israil, Liibnan, Suriye, Tiirkiye, Urdiin (Sekil 2d) [5, 10].

Tiirkiye Yayihsi:

Adana, Hatay, Mardin, Siirt [7, 10].

Sistematikleri

Siiperfamilya: Cercopoidea Leach, 1815
Familya: Cercopidae Leach, 1815
Subfamilya: Cercopinae Leach, 1815
Tribe: Cercorpini Leach, 1815

Genus: Triecphorella Nast, 1933

Type: Cercopis fasciata Kirschbaum, 1868

Triecphorella geniculata (Horvath, 1881) (Sekil 1e)
Triecphora fasciata geniculata Horvath, 1881.

Cercopis fasciata Kirschbaum, 1868.

Cercopis (Triecphora) fasciata punctum Lindberg, 1923.
Triecphorella kirschbaumi Metcalf, 1955.

incelenen Materyal:

Toplam 6rnek sayist: 2953, 8599

383, 429, Mersin, Merkez, Gozne—Aslankdy arasi, Kerimler yol ayirimi, 36° 54' N, 34° 32' E, 648m, 23
Nisan 2006; 283, 3929, Mersin, Merkez, Findikpmari, Kocayer, Zeybekler-Tepekdy ayirimi, 36° 52' N, 34° 21' E,
1298m, 23 Nisan 2006; 333, 42 Q, Mersin, Merkez, Gézne-Fatih Belediyesi, 37° 1' N, 34° 34' E, 1131m, 19 May1s
2006; 283, 299, Mersin, Merkez, Yiiksekoluk Kdyii, 36° 59' N, 34° 26' E, 1210m, 19 Mayis 2006; 333, 299,
Nigde, Ulukisla, Darbogaz Koyii, 37° 28' N, 34° 35' E, 1721m, 6 Haziran 2006; 23 3, 2929, Nigde, Ulukisla, Maden
Koyii ¢ikist, 37° 27' N, 34° 39' E, 1526m, 6 Haziran 2006; 383, 299, Mersin, Camliyayla, Saydibi Yayla Yolu, 37°
11'N, 34° 35' E, 1576m, 10 Haziran 2007; 33J, 39 Q, Mersin, Camliyayla, Sebil-Cehennem Deresi arasi, 37° 12' N,
34° 34' E, 1741m, 10 Haziran 2007; 2383, 1092, Mersin, Merkez, Cehennem Deresi-Alanyali Yolu arasi, 37° 6' N,
34°30'E, 1197m, 11 Haziran 2007; 233, 1099, Adana, Pozanti, Akgatekir, Karbogazi, Camgukuru, 37° 20' N, 34° 42!
E, 1885m, 27 Haziran 2007; 243, 299, Mersin, Merkez, Arslankdy Yolu, Kavaklipmar Koyii, 37° 0' N, 34° 20' E,
1203m, 20 Mayis 2005; 233, 229, Mersin, Erdemli, Kuzucu, Kocayer Yolu, Uziimli yol ayirimi, 36° 49' N, 34° 23'
E, 682m, 20 Mayis 2005; 299, Mersin, Camliyayla, Sebil girisi, 37° 7' N, 34° 31' E, 640m, 17 Haziran 2005; 39 %,
Nigde, Ulukisla, Darbogaz Koy, 37° 28' N, 34° 35'E, 1631m, 1 Temmuz 2005; 29 Q, Mersin, Tarsus, Giilek, Ardigh
Koyii, 37° 12' N, 34° 47" E, 739m, 22 Nisan 2006; 29 9, Mersin, Tarsus, Kurbanli Kdyii yol ayirimi, Tarsus’a 15 km,
37° 1I' N, 34° 56' E, 157m, 22 Nisan 2006; 39 Q, Mersin, Merkez, G6zne yolu 10. km, Isik tepe, 36° 52' N, 34° 33'E,
281m, 22 Nisan 2006; 19, Mersin, Erdeml, Uziimli Koyii, 36° 51' N, 34° 20' E, 588m, 23 Nisan 2006; 69 9, Mersin,
Merkez, Gozne—Fatih Belediyesi, Bogriiegri yol ayirimi, 37° 2' N, 34° 32' E, 838m, 19 Mayis 2006; 299, Mersin,
Tarsus, Camalan—Ayvali Odun Deposu, 37° 12' N, 34° 47' E, 769m, 6 Haziran 2006; 89 @, Mersin, Merkez, Alanyali
Koyii, 37° 6'N, 34° 30' E, 1211m, 8 Haziran 2006; 19, Mersin, Silifke, Uzuncaburg¢ Mesire Alani, 36° 32' N, 33° 56'E,
1051m, 10 Haziran 2006; 29 9, Mersin, Tarsus, Kurtgukuru (Camalan—Camliyayla Yolu), 37° 9'N, 34° 45'E, 626m, 10
Haziran 2007; 19, Mersin, Silifke, Kirobasi, 36° 43' N, 33° 51' E, 1399m, 13 Haziran 2007; 19, Nigde, Ulukisla,
Maden Koy, 37° 27' N, 34° 38' E, 1637m, 26 Haziran 2007; 39 @, Mersin, Merkez, Alanyali Kdyii, Cehennem Deresi
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istii, 37° 6' N, 34° 30' E, 1158m, 28 Haziran 2007; 29 ¢, Mersin, Erdemli, Sira¢ koyii, 36° 45' N, 34° 20' E, 731m, 19
Mayis 2007 (Sekil 2a).

Palearktik Yayihsi:

Israil, Liibnan, Suriye, Tiirkiye, Yugoslavya (Sekil 2b) [5].

Tiirkiye Yayihsi:

Adana, Antalya, Balikesir, Kahramanmarag, Konya, Samsun [7, 31, 32, 34].

4. Sonugclar ve tartisma

Bolkar Daglari'nda yiiriitiilen bu ¢alisma ile bolgeden Cercopidae familyasi i¢in Cercopis distincta, C.
intermedia, C. sanguinolenta, C. septemmaculata ve T. geniculata olmak iizere iki cinse ait toplam bes tiir
belirlenmistir. Bu tiirlerden C. intermedia bolgede en yaygm ve ayni zamanda en fazla 6rnegin de toplandig: tiir olup,
bu tiirii sirasiyla; T. geniculata, C. distincta, C. septemmaculata ve C. sanguinolenta takip etmektedir.

Tiirkiye Cercopidae faunasinda yer alan baz tiirlerin, elde edilen yeni verilerle yayilis alanlari genisletilmis
bulunmaktadir. Arastirma alanindan tespit edilen tiirlerin hepsi, Icel ili i¢in ilk kez kaydedilmistir. Bunun disinda, C.
intermedia ve T. geniculata Nigde ve C. intermedia tiirii ise Adana ve Karaman Illeri igin yine ilk kez kayitlar1 verilen
tiirlerdir. Calisma alanmin nispeten kiiiik bir bdliimiiniin Konya Il sinirlar1 igerisinde yer almasi nedeniyle, bu ilden
sadece C. intermedia'nin kaydi verilebilmistir.

Tiirkiye'ye endemik olan Cercopis distincta ile C. septemmaculata tiirleri tam lokalite verileriyle ikinci kez
kaydedilmistir. Orjinal tanimindan ancak 124 yil sonra yakin zamanda Hatay'dan tespit edilen C. distincta ile C.
septemmaculata tiirlerinin yayilis alanlari, bu ¢ahisma ile igel'e dogru genisletilmistir.

C. septemmaculata ¢alisma alaninin en dogu, C. sanguinolenta ise en bati noktasinda nispeten ayrik ve tek
bir lokasyonda yayilis gosterirlerken, mevcut verilerden anlagildigi kadar1 ile C. distincta, C. intermedia ve
Triecphorella geniculata populasyonlar simpatrik gériiniimiindedirler. Oyleki C. intermedia'nin yayilis noktalarindan
alt1 tanesi T. geniculata ile, bir tanesi ise C. distincta ile tam olarak ¢akismaktadir. Benzer sekilde T. geniculata'nin dort
noktasinin da, yine C. distinctamin yayilis alam ile ortak oldugu anlagilmaktadir. Ancak bu tiirlerin zoocografik
yayilislar1 hakkinda kesin bir yargiya varabilmek i¢in daha genis 6l¢ekte degerlendirilmesi gerekmektedir.
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Abstract

Water shortages and harmful effects of excessive fertilizer use are present in cotton production areas. This
study was carried out in three replications in greenhouse conditions according to split plots in randomized parcels to
examine some growth parameters (plant height, number of leaf, amount of chlorophyll, fresh weight and dry weight) of
different phosphorus doses in cotton under full and restricted irrigation conditions. Flash cultivar of Gossypium
hirsutum L. species was used as plant material. Phosphorus dose of 16, 24, 32 and 40 mg kg was applied to the plants
under 100%, 66% and 33% irrigation conditions. As a result, irrigation levels had a statistically significant effect on all
parameters, whereas phosphorus doses had a statistically significant effect on all parameters except amount of
chlorophyll. In terms of irrigation, it was determined that 33% water shortage did not cause significant decreases in
plant height, number of leaves, chlorophyll amount, dry weight. In addition, it has been determined that irrigation levels
are effective in phosphorus uptake and, water shortage conditions decrease the fresh and dry weights of cotton after P24
phosphorus level, and full irrigation conditions tend to increase these properties, albeit slightly.

Key words: cotton, restricted irrigation, phosphorus, drought stress, plant growth
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Tam ve kisintii sulama kosullarinda fosfor dozlarinin pamuk gelisimine etkisi

Ozet

Pamuk {iretim alanlarinda, su sikintisi ve asir1 giibre kullaniminin zararh etkileri s6z konusudur. Bu ¢aligma,
2012 yilinda, tam ve kisintili sulama kosullarinda farkli fosfor dozlarinin pamukta bazi gelisim parametrelerini (bitki
boyu, yaprak sayisi, klorofil miktari, yas agirhik ve kuru agirlik) incelemek iizere tesadiif parsellerinde boliinmiis
parseller deneme desenine gore sera kosullarinda ii¢ tekerriirlii yiiriitilmiistir. Bitki materyali olarak Gossypium
hirsutum L. tiiriine ait Flash ¢esidi kullanilmugtir. Bitkilere tam sulama ile %66 ve %33 su kisit1 kosullarinda; 16, 24, 32
ve 40 mg kg?! dozlarda fosfor uygulanmustir. Arastirma sonucunda, sulama diizeylerinin tiim parametreler, fosfor
dozlarmin ise klorofil miktar: hari¢ incelenen diger parametreler iizerinde istatistiki 6nemli oldugu gozlemlenmistir.
Sulama yoniinden hafif su kisitinin (% 33) bitki boyu, yaprak sayisi, klorofil miktar1 ve kuru agirlikta 6nemli oranda
azaliglara neden olmadigi tespit edilmistir. Ayrica sulama diizeylerinin fosfor aliminda etkili oldugu, su kisiti
kosullarinin P24 fosfor diizeyinden sonra pamugun yas ve kuru agirliklarmi azalttigi, tam sulama kosullarmin ise bu
ozellikleri az da olsa artirma egiliminde oldugu tespit edilmistir.

Anahtar kelimeler: pamuk, kisintili sulama, fosfor, kuraklik stresi, bitki geligimi
1. Introduction

Cotton is the most important fiber plant produced as a textile raw material source in the world. Cotton widely
grown in the world between latitudes 37 ° North and 35 ° South; has been used in textiles and also the manufacture of a
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number of products such as fishing net, sewing thread, rope, twine, automobile interior upholstery, explosives, plastic
and photographic film with its fiber [1]. In addition, it is an important raw material of the oil industry with its seeds and
the feed industry with its pulp [2]. Nowadays, cotton, which is widely produced in the world and is among the most
important agricultural products, with its wide usage area and the added value it provides, is expected to maintain its
importance in future predictions. Therefore, it is necessary to understand the factors that will hinder sustainability in
cotton production and perhaps put it in a bottleneck.

There are various biotic and abiotic stress factors in plants especially cotton that slow or stop growth and
development [1, 3, 4, 5, 6]. One of the most important of these factors is water restriction. Cotton is very sensitive to
soil moisture. In order to make an economical production, a suitable prepared irrigation program and adequate irrigation
should be performed at appropriate intervals in cotton cultivation. Components such as the climate of the region, soil
conditions of the production area, and root depth, appearance and growing stage of plants are factors that should be
considered in irrigation programs [7]. Optimum irrigation is completely normal conditions; plants are irrigated in a way
that there is no decrease in yield and irrigation water is applied to increase the amount of moisture in the soil up to the
field capacity. In case of limited water supply; considering the water-yield relationships of the plants, restricted
irrigation is required according to the growing periods in which the plants need water the most [8]. Water stress in
plants occurs especially during these periods. Cotton is very sensitive to water shortage during germination, pre-
flowering and post-boll stages [1]. In restricted irrigation, instead of reaching maximum yield in crop production, it is
possible to reduce irrigation water by considering a slight decrease in yield. In this way, it is possible to irrigate more
areas with the same amount of water and to get more income from unit water.

Considering the probable water scarcity for East Mediterranean and the whole world at the present time and
especially in the future, more economical irrigation conditions have been forced. For this reason, researches on limited
irrigation levels and different irrigation methods are carried out in order to keep yield loss in agricultural products to a
minimum. Water restriction of around 30% does not cause a significant decrease in cotton yield [9]. In a study
conducted at Nazilli Cotton Research Institute, two times irrigation at 30-day intervals between the beginning of
flowering and the formation of the boll in Nazilli 84 cultivar resulted in 11% yield reduction compared to normal
irrigation [10]. [11] reported that [12] obtained the highest yield by irrigating 3 times (6 weeks after planting +
flowering + boll formation) for NIAB-78 cotton cultivar and 2 times (6 weeks after planting + flowering period) for
NIAB-86 cultivar. If irrigation can be made only once, it should be at the beginning of flowering [10].

Fertilization plays an important role in the development and productivity of the cotton plant as well as
economically benefiting from irrigation water. However, especially the harmful effects of excessive fertilization should
be avoided. It has been observed in studies that nitrogen, phosphorus and potassium, which are fundamental fertilizers
[13], increase cotton productivity by 20-50% [2]. However, chemical inputs used in agricultural fields causes a
significant environmental and health troubles [14]. Soil and water pollution are at the forefront of these problems, and
industrial wastes, pesticide use and rapid urbanization also cause it [15]. Phosphorus, one of the main nutrients, is the
building block of the cell nucleus and plays a considerable role in cell division and the development of meristematic
tissues, thus increasing the number of flowers and bolls [16]. In addition, phosphorus plays a vital role in photosynthesis
and respiration and is important for plant nutrition in the pre-ripening period in cotton. As the plant matures,
phosphorus is transported from the leaves to the bolls [2]. Seed cotton contains 0.60% phosphorus on average and 52-
62% of total phosphorus is accumulated in seeds. [17], observed that the amount of phosphorus in cotton with restricted
irrigation varied between 0.15% and 0.22%. Cotton takes advantage of the phosphorus in the soil solution depending on
the moisture.

All over the world, there are harmful effects of water shortage and excessive fertilizer use. The aim of this
study was to determine the phosphorus utilization of cotton plants to be grown under restricted irrigation conditions and
the effect of this situation on plant growth.

2. Material and method

The experiment was laid out according to the split plots in randomized parcels under greenhouse conditions
with three replications in 2012. Greenhouse was located in Hatay Mustafa Kemal University. During the growing
period, cotton was grown in 36 pots of 40 liters with a diameter of 44 cm and a height of 36 cm. Irrigation levels were
placed in main plots and phosphorus levels were placed in sub plots. Flash cotton cultivar (Gossypium hirsutum L.) was
used as the plant material. This early maturing, smooth leaf cultivar has broad adaptability to a wide range of soil types
[18]. Cotton seeds were sown in pots in seedbed method in April 15. The test plots were irrigated when 60% of the
available moisture capacity was consumed in the soil. The irrigation levels used in the experiment were given below:

IL100: irrigation water requirement fulfilled

IL66: Slight water restriction, 66% of irrigation water fulfilled

IL33: Severe water restriction, 33% of irrigation water fulfilled

Irrigation times for all treatments was determined according to [19].

Triple super phosphate was used as a phosphorus source. Phosphorus doses were arranged to be 16, 24, 32
and 40 mg kg (P16, P24, P32 and P40). Phosphorus treatments was applied at pre-sowing time.
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The soil material used in the experiment was taken from the first 30 cm layer of the land, one of the most
common samples of the Amik Plain [20], by filling in sacks and brought to the laboratory. After the said soils were
dried in room conditions, they were blended and filled with 10 kg for each pot. In addition, physical properties of soil
such as field capacity, wilting point and bulk density were determined. Fertilizers needed by the plant were given to pot
soil at once at the beginning of the trial. To determine the field capacity; 100 grams of air dry soil was taken into a 50
ml glass cylinder, and then 10 ml of pure water was poured on it and closed so that it could not get air, and after 24
hours the amount of wetted soil was proportioned to the amount of dry soil. After calculating the field capacity, the
wilting point was determined by proportionality over the field capacity value depending on the soil structure. Bulk
density was calculated by the method of proportioning the air dry weights of the soils with a certain volume to the oven
dry weights. The amount of chlorophyll was measured in the boll formation period, a few days before the harvest, with
the chlorophyll meter separately from the lower and upper leaves. After boll formation, the plants were harvested 1 cm
above the soil level. The cotton bolls were not waited to grow and mature, as main goal of this research was to examine
overall biomass growth rather than fiber yield. Plant samples were harvested, washed with distilled water and dried in a
drying cabinet at 65 ° C for 48 hours.

The results obtained from the study were evaluated in a computer program called IBM SPSS Statistics 24
[21] for statistical analysis and subjected to variance analysis. The means of the parameters were grouped by Tukey's
multiple comparison test [22].

3. Results

The effect of different irrigation and phosphorus levels on plant height, leaf number and chlorophyll amount
were given in Table 1. As a result of the research, the differences among the irrigation levels in terms of all three
characteristics did not change according to the phosphorus doses. In other words, no interaction of irrigation levels x
phosphorus doses was found (Table 1).

Table 1. Mean values for plant height, leaf number and chlorophyll content at different irrigation and phosphorus levels

Irrigation Levels Plant Height Leaf Number Chlorophyll Content
(cm) (per plant) (cci)

IL 33 78.00£1.50b 10.92+0.23b 45.75+0.59b

IL 66 82.83+2.03a 12.00+0.37a 47.00+0.64ab

IL 100 85.7542.13a 12.424+0.31a 49.17+0.46a

P Levels

P16 72.78+1.12b 11.56+0.34ab 46.22+0.81

P24 87.44+2 21a 12.22+0.46a 46.89+0.77

P32 83.67+1.08a 12.56+0.29a 47.56+0.67

P40 84.89+1.44a 10.78+0.28b 48.56+0.84

% CV 8.74 10.37 5.05

Fi 26.32™ 25.90™ 15.19"

Fe 41.04™ 9.524™" 2.02m

FiLxp 2.01™ 2.238™ 0.40™

Positive effects of both different irrigation levels and phosphorus levels were observed in terms of plant
height (Table 1). When the effect of irrigation levels on plant height was examined, the highest value was achieved in
irrigation conditions with full irrigation (1L100) with 85.75 cm and slight water restriction (1L66) with 82.83 cm, while
the lowest (78.00 cm) was obtained from plants with severe water restriction. As the water restriction increased, the
plant height decreased (Table 1). It was reported that different irrigation levels were effective on average plant height in
Adana [23] and Aydin conditions [24]. Moreover, the highest plant height was obtained from plants without water
restriction [24]. When the effect of phosphorus applications on plant height was investigated, the highest value was
recorded in P24 (87.44 cm), in addition P40 (84.89 cm) and P32 (83.67 cm) were included in the same statistical group.
The shortest plants were measured in P16 (72.78 cm) application (Table 1). This result was consistent with the studies
that report stunting [25], slowing growth and development [26] in plants in phosphorus deficiency.

Significant effects of different irrigation levels and phosphorus doses on leaf number were observed. When
examined in terms of the effect of irrigation levels, the highest number of leaves was recorded in IL100 (12.42 per
plant) and the lowest in I1L33 (10.92 per plant) applications (Table 1). However, the number of leaves in full irrigation
(1L100) and slight water restriction conditions (IL66) were in the same statistical group. When the effect of phosphorus
levels was examined, the highest value was obtained from P32 (12.56 per plant) application, while the increase in
phosphorus doses up to this point had an increasing effect in terms of leaf number. P32 and P24 did not show a
statistically significant difference. The lowest number of leaves was found with 10.78 per plant in P40. Subsequently,
the lowest value was obtained from P16 (11.56 per plant), that is the lowest phosphorus application. Consistent with
previous studies, the number of leaves decreased in plants as a result of phosphorus deficiency [27, 28]. The effect of
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phosphorus levels applied to cotton on the number of leaves may vary depending on the genotype [28].

In terms of chlorophyll amount, only the effect of irrigation levels was found to be statistically significant. As
the water shortage increased, the amount of chlorophyll decreased. There is an inverse proportion between the water
shortage and the amount of chlorophyll. The highest amount of chlorophyll was found in full irrigation (49.17 cci),
similarly in plant height and leaf number, while the lowest result (45.75 cci) was found under severe water restriction
(IL33). The amount of chlorophyll increased linearly with irrigation. This result indicated that photosynthesis slows
down in plants under drought stress and there is a decline in the transport of photosynthesis products. [29] found
amount of chlorophyll 38.9-50.1 in cotton. [30] reported the same results. The increase in phosphorus levels had an
increasing effect on the amount of chlorophyll, but this increase was found to be statistically insignificant. However, in
plants with phosphorus deficiency, the amount of chlorophyll may increase in some conditions, and in phosphorus
deficiency, the regression of chlorophyll production occurs earlier unlike most other nutrient deficiencies [31].

The effects of different irrigation levels and phosphorus application on fresh weight and dry weight in cotton
were given in Table 2. The fresh weight values of cotton at different irrigation levels were divided into three groups,
while dry weight values were the lowest at the severe water restriction level, and the highest at the slight water
restriction and the full irrigation level. This situation showed that the slight water restriction does not cause a significant
decrease in dry weight. In terms of phosphorus levels, it was observed that fresh and dry weight values increased up to
P24 level and then decreased.

Table 2. Mean values for fresh weight and dry weight at different irrigation and phosphorus levels

Irrigation Levels Fresh Weight Dry Weight
(9 (9)

IL 33 35.55+3.16 ¢ 23.51+091 b

IL 66 41.13+£1.63 b 25.49+0.48 a

IL 100 48.49+1.69 a 25.78+0.52 a

P Levels

P16 34.11£2.19 ¢ 23.71+£0.66 b

P24 48.62+2.06 a 26.73+0.68 a

P32 42.97+2.53 ab 25.79+0.77 a

P40 41.19+£3.69 b 23.47+0.71 b

% CV 22.40 9.86

FiL 50.85™ 11.86"

Fp 12.90™ 9.44™

FiLxp 3.80" 3.73"

The effects of phosphorus applications at different irrigation levels on fresh weight and dry weight were
found to be statistically significant (Table 3).

Table 3. Interaction of irrigation and phosphorus levels on fresh weight and dry weight
Irrigation Levels (%)

IL33 IL66 IL100 P Levels Avg+SE
P16 28.27+1.39Cc  32.574042Bb  41.50+3.13 Ab 34.11+2.19
£ E b Levels (mg kg?) P24 51.00£547 Aa  44.77+1.88Ba  50.10+2.48 Aa 48.62+2.06
g2 9K9Y) P32 347043.40Cb  43.73+1.12Ba  50.47+1.13 Aa 42.97+2.53
L= P40 28.22+1.78 Cc  43.47+2.02Ba  51.90+3.49 Aa 41.19+3.69

IL Avg+SE 35.5543.16 41.13+1.63 48.49+1.69

= P16 21.97+0.68 Bc  23.17+0.38 Bb  26.00£0.53 Ab 23.71+0.66
2 P Levels (mg kg P24 27.40£1.74 Aa  27.20£0.65Aa  25.60+1.04 Bb 26.73+0.68
= P32 23.60£1.54Cb  25.90+036Ba  27.87+0.18 Aa 25.79+0.77
z P40 21.07£0.69 Cc  25.67#0.45Aa  23.67+0.26 Bc 23.47+0.71

IL Avg+SE 23.51+£0.91 25.49+0.48 25.78+0.52

Capital letters represent irrigation levels for each dose of phosphorus, lowercase letters represent phosphorus doses for
each irrigation level. While the highest fresh weight value was determined at P24 phosphorus level in severe water
restriction, it was observed that fresh weights decreased in other high dose phosphorus applications (P32 and P40). Also
under slight water restriction conditions, the highest fresh weight was detected at the P24 dose, but the downward trend
after this dose was observed to be less than in severe water restriction conditions. Under full irrigation conditions, at
higher doses compared to P16 dose, there was a linear increase in fresh weight, albeit slightly, with the increase in
phosphorus dose (Figure 1). The same situation appeared in terms of dry weight, although it was not obvious. This
results indicated that irrigation levels were effective in phosphorus intake. This effect may also vary depending on the
genotype [28].
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Figure 1. Effects of phosphorus applications at different irrigation levels on fresh weight and dry weight
4. Conclusion and discussion

In this research which the effects of different phosphorus doses on cotton growth under full and restricted
irrigation conditions, it has been observed that irrigation levels had statistically significant effects on plant height, leaf
number, chlorophyll amount, fresh weight and dry weight. On the other hand, phosphorus doses had an effect on
parameters other than chlorophyll content, while the interaction of the two factors in terms of dry weight and fresh
weight was found to be statistically significant.

In terms of plant height, number of leaves and chlorophyll amount, the values obtained when 66% of the
plant water need was met, showed statistically similarity with the results obtained under full irrigation conditions. When
the irrigation level was reduced to 33%, the values obtained from these parameters, contained a significant difference
considering other irrigation levels. Decrease in the water amount of the soil reduces the efficiency of phosphorus use
[26].

While P16 application gave the lowest plant height result, a difference among the phosphorus doses higher
than P16 was not detected. The lowest result in terms of the number of leaves was achieved in the P40 application.

It has been clearly demonstrated that cotton is highly sensitive to water stress and phosphorus doses up to
boll formation. It has been reported that cotton is susceptible to water stress before flowering [32] and during the boll
formation period [33]. However, according to [33], the effects of this stress vary according to the genotype of the plant.

When all these results were evaluated, determination and development of cultivars that are tolerant to water
restriction in cotton, especially in early phenological periods; it is deemed necessary to carry out researches in order to
reduce drought stress in plants in a sustainable way in limited irrigation conditions.

It should be taken into consideration that the results may represent similar soil and climatic conditions,
because the research was conducted in greenhouse conditions with the soil taken from Amik Plain and Flash cotton
cultivar.
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Abstract

Promachus leoninus Loew 1848 is known to be distributed just in the western part of Anatolia for a very long
time. In the present study additional information is given about the distribution of this species with a new and previous
localities map. Assessment of new populations evaluated phylogenetically with the COI and NADH, gene regions. As a
result of this analysis the new populations are grouped into 3 different diverging populations. Genital features and
habitus of the male specimen are photographed.

Keywords: Asilidae, phylogeny, new locality, COI, NADH; Turkey

Promachus leoninus Loew 1848 (Diptera: Asilidae) Tiiriiniin COI ve NADH: gen bélgeleri ile degerlendirilmesi
ve Anadolu'da yeni lokalite kayitlari

Ozet

Promachus leoninus Loew 1848'un ¢ok uzun zamandan beri Anadolu'nun sadece batisinda yayilig gosterdigi
bilinmektedir. Bu ¢alismada, yeni ve eski yerlesim haritasi ile bu tiiriin yayilislar1 hakkinda ek bilgi verilmektedir. Elde
edilen yeni popiilasyonlar COl ve NADH, gen bdlgeleri ile birlikte filogenetik olarak degerlendirilmistir. Analizler
sonucunda yeni populasyonlarin birbirinden farklilagmakta olan 3 populasyon seklinde gruplandigi gériillmistiir. Erkek
bireyin genital 6zellikleri ve habitusu fotograflanmustir.

Anahtar kelimeler: Asilidae, filogeni, yeni lokalite, COl, NADH, Tiirkiye
1. Introduction

Ecological balance is known as a state of dynamic equilibrium within a community of organisms. The balance
should be in the number of each species in an ecosystem. Predator groups are very important because of their stabilize
feature on the specimen number in a community.

Asilidae is one of the essential groups of these predators, in controlling numerous insect groups many of which
are harmful. This family represents 7104 described species and 776 genera in the world [1], 1688 species in Palearctic
and nearly 241 species and 9 subspecies are reported from Anatolia [2].

There are many taxonomical and ecological studies about Turkish robber flies (e.g. [3; 4; 5]). However, despite
the increasing number of phylogenetic studies about Asilidae in the world ([6; 7; 8; 9]) there is no study in Anatolia
about the phylogeny of this group. Therefore, it is important to study the phylogeny of taxa belonging to Asilidae in our
country.
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Promachus genus, which has 223 species worldwide, is infrequent for Turkish Asilidae fauna since five
species of this genus are known from Anatolia; Promachus canus canus (Wiedemann, 1818), Promachus canus
leontochlaenus Loew, 1871, Promachus leoninus Loew, 1848, Promachus microlabis Loew, 1857, Promachus mustela
Loew, 1854 [1]. Among these the Promachus leoninus is distributed in Azerbaijan, Bosnhia-Herzegovina, Croatia,
Greece, India, Iran, Israel, Myanmar (Burma), Romania, Russia, Slovenia, Turkey on Palearctic ([10; 11; 12]). The
species is known to be distributed in the western part of Anatolia on following provinces; Balikesir, Aydin, Mugla,
Ankara, Adana, Adiyaman, Afyon, Antalya, Denizli, Isparta, Mersin, Canakkale, Eskisehir [13].

So, in the present study we aimed; (i) to provide a new data about the distribution of P. leoninus. (ii) to present
illustration of its morphological and genital features (iii) make phylogenetic assessment with COl and NADH, gene
regions (iv) Enter the gene bank first gene region records from Anatolia about the Asilidae.

2. Material and methods
2.1. Sampling and identification

This study is based on 21 specimens collected from 12 localities of 6 provinces in June and July on 2018
(Table 1; Figure 1). The specimens are identified with the [14] literature. Habitus and genital features were
photographed with Leica DFC 490 camera, attached to a Leica MZ 16 microscope. Specimens are deposited in the

Entomology collection, Department of Biology, Eskisehir Osmangazi University.

Table 1. Study site information of P. leoninus specimens

S;:igy Province Locality Date Coordinate Altitude
Latitude (N) Longitude (E)
1 Amasya Yesiloz 26.06.2018 40°33'0.06" 36°8'56.31" 855 m
2 Erzurum Gelinalan village 29.06.2018 40° 7'59.29" 42°33"26.62" 1472 m
3 Erzurum Horasan 29.06.2018 40° 1'56.84" 42°7'41.07" 1560 m
4 Erzurum Mercimekli 30.06.2018 40° 3"26.58" 41°49'33.04" 1860 m
5 Erzurum Samikale village 30.06.2018 40°23'32.36" 41°55'58.66" 1506 m
6 Erzurum Oltu village 30.06.2018 40°31'0.99" 41°57'49.70" 1322 m
7 Erzurum Oltu village 2 30.06.2018 40°34"26.56" 42°1'9.94" 1244 m
8 Erzurum Korucuk village 30.06.2018 40°30'29.18" 41°49'53.91" 1538 m
9 Sivas Todiirge village 03.07.2018 39°51'46.09" 37°36'56.01" 1338 m
10 Yozgat Alicik village 03.07.2018 39°47'8.77" 35°58'35.92" 1302 m
Stiphan
11 Bitlis mountain/Kiskillt 24.07.2018 38°54'55.59" 42°54'38.71" 2250
village
12 Edirne Aslihanlar Village 19.06.2018 41°25'0.54" 26°47'53.96" 73m
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Figure 1. General view of colleting site
2.2. Molecular taxonomy

In this study we studied the two gene regions of mitochondrial DNA; Cytochrome c oxidase subunit | (COl) gene region
and NADH subunit 2 (NADH:) (Table-2). Total DNA was extracted with the Thermo Scientific GeneJET Genomic DNA
Purification kit. The primer sequencing was gathered from [15].

COIl: 1490: 5'- GGTCAACAAATCATAAAGATATTGG-3'-
3014:5-TCCAATGCACTAATCTGCCATATTA-3".

NADH:: N2L-J210: 5'-AATTAAGCTAATGGGTTCATACCC-3'-
TW-N1284: 5' AYAGCTTTGAARGYTATTAGTTT-3'

Table 2. Phylogenetic study information of specimens

Accession Accession

Locality | Province Date COlI codes NADH:codes | codes-

codes-COl

NADH;
Yesiloz Amasya | 26.06.2018 | 1CamayesPrl | OL415109 | INamayesPrl | OL462856
Gelinalan village | Erzurum |29.06.2018 3NerzgelPrl | OL462855
Gelinalan village | Erzurum |29.06.2018 | 4CerzgelPrl | OL415106 | 4NerzgelPrl | OL462854
Gelinalan village | Erzurum |29.06.2018 5NerzgelPrl | OL462853
Horasan Erzurum |29.06.2018 | 6CerzhorPrl | OL415105 | 6NerzhorPrl | OL462852
Horasan Erzurum | 29.06.2018 7NerzhorPrl | OL462851
Mercimekli Erzurum | 30.06.2018 | 8CerzmerPrl | OL415104 | 8NerzmerPrl | OL462850

Samikale village | Erzurum |30.06.2018 | 9CerzsamPrl | OL415103 | 9NerzsamPrl | OL462849
Samikale village | Erzurum | 30.06.2018 | 10CerzsamPrl | OL415102 | 10NerzsamPrl | OL462848
Oltu village Erzurum |30.06.2018 | 11CerzolPrl | OL415101 | 11NerzolPrl |OL462847
Oltu village Erzurum |30.06.2018 | 12CerzolPrl | OL415100 | 12NerzolPrl | OL462846
Oltu village 2 Erzurum |30.06.2018 | 13CerzolPrl | OL415099 | 13NerzolPrl | OL462845

Oltu village 2 Erzurum | 30.06.2018 14NerzolPrl | OL462844
Kiigiik Korucuk | Erzurum |30.06.2018 | 15CerzkucPrl | OL415098 | 15NerzkucPrl | OL462843
Todiirge village Sivas 03.07.2018 16NsivtodPrl | OL462842

Assessment the Promachus leoninus Loew 1848 (Diptera: Asilidae) Species, with COl and NADH2 Gene Regions, with New Locality Records in
Anatolia
Ebru Ceren FIDAN, Hakan CALISKAN, Adem ARSLAN, Davut Umit SIRIN



Biological Diversity and Conservation — 14 / 3 (2021) 473

Alicik village Yozgat |03.07.2018 | 17CyozaliPrl | OL415097 | 17NyozaliPrl | OL462841
Af};ﬁ:géar Edime | 19.06.2018| 20CedasPrl | OL415096 | 20NedasPrl | OL462840
A\Sllilllll:géar Edirme | 19.06.2018| 21CedasPrl | OL415095| 21NedasPrl | OL462839

Polymerase chain reaction (PCR) was made in 50 pl volume; 0,2 ul from primers (100 pm), 1 pul dNTP mix
(10 mM), 4 ul 150 mM MgCI2 (25 mM), 5 ml Standard Taq reaction Buffer 10X [containing 10 mM Tris—HCI (pH
8.3), 50 mM KCI], 0.25 TagDNA polymerase (New England Bio labs), and 3 pl of sample DNA. PCR cycling
parameters; denaturation at 95°C for 30 sec, 35 cycles of 95°C for 20 sec., annealing at 41°C for 30 sec, elongation 72°C
for Imin 40 sec. and final extension 72°C 5 min. Results were viewed with agarose gel electrophoresis by running 3 pl
of PCR product. DNA purification step and Sanger sequence analysis were carried out by Macrogen Europe
(Amsterdam, the Netherlands).

2.3. Data analysis

We used 13 COI and 18 NADH; sequences of Promachus leoninus for analyses. Two outgroups are used for COI
dataset; Leptogaster cylindrica (Accession code: OL415107) and Dysmachus bifurcus (Accession code: OL415108)
(our own samples) and one outgroup is gathered from NCBI for NADH; dataset (Accession code: EF216223.1)
Drosophila guanche. All of the sequences were checked manually with SEQUENCER v. 4.1 (Gene Codes
Corporation). The alignment was made with MEGA v.7 [15] and the program was used for calculating the conservative,
variable and parsimony-informative sites. Haplotypes and their frequency were determined with DnaSP v.5 [17].
Sequences are deposited in the Genbank database (accession number can be seen at Table 2). The best fit evolutionary
model for the data matrix was estimated by jModelTest v.0.1.1 [18].

Sequences were analyzed with three different phylogenetic methods; (i) Maximum parsimony (MP) by PAUP
Version 4.0b10 [19], with 100 random additions, with nearest neighbor interchange (NNI) algorithm and heuristic
search approach. (ii) Maximum Likelihood (ML) with raxmIGUIversion 1.5 [20] with ML-rapid 1000 bootstrap option.
(iii) Bayesian phylogenetic inference (BI) analyses with MrBayes v.3.1.2 [21] program, four simulations of Markov
chains, 10 M generations and sampling every 100" generations and with the program the 1000 trees were discarded as
burn-in.

We applied to the COI matrix two different analyses to test species limits. DNA sequence-based analysis TCS
[22] and Automatic Barcode Gap Discovery (ABGD) programs were applied to the dataset to make species delimitation
test.

3. Results
3.1. Plot summary of morphology

Body; slender with a dense hair, the color of the body is dark metallic which is bright to pale, with yellow to
orange bands, with these colors the species reminds bees. Thorax; pronotum with hairs. Wings are transparent and clear
(Figure 2b), legs are strong and also covered with striped with black and yellow dense hair (Figure 2a). Head; typically
slender with big black dichoptic eyes (varies to green blue), antenna's 3rd segment is elongated thinning at the end
(Figure 2c). Mouthparts are black and very strong. The aedeagus is conspicuously long and can be seen at the end of the
abdomen (Figure 2d-f). Gonocoxites are not fused. Dististylus broad, curved with a pointed end and with setae at the
ventral margin. Hypandrium short, with rounded sides and laterally short setae.
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Figure 2. a-i. A male Promachus leoninus Loew 1848. a-lateral view of specimen b-wing c-dorsal sight of the head with
antennae d-last abdominal segment with aedeagus e-epandrium f-lateral view of aedeagus g-gonocoxite and dististylus
h-hypandrium i- proctiger

3.2. Molecular assessment with mtDNA gene regions

The sequences of Promachus leoninus (13 COI and 18 NADH,) were checked with BLAST program after
alignment. Data set for COl with 15 sequences (with two outgroups) and 1222 base pairs and for NADH, with 19
sequences (with one outgroup) and 1001 base pairs were obtained. The tables can be checked for detailed information
(Table-3 about data sets and Table-4 for haplotypes for two gene regions).

Table 3. Sequence and haplotype informations of COI and NADH, gene regions

Number of Total . Pars- Number of Hapl
Sl;qubeenc(; Numper Conserved Variable |a|11fS H:pk?ti/pzs Da:f)/eorts)i/tp;e
of Sites
Col 15 1222 901 321 117 13 0,9810
NADH; 19 1001 715 286 31 10 0,7836
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Table 4. Detailed information about Haplotypes
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COl gene region NADH; gene region
Number of ) )
haplotypes h: 13 Number of haplotypes h:10
Haplotype diversity Hd: 0,9810 Haplotype diversity Hd: 0,7836
Hap 1:1 21CedasPrl Hap_1:1 21NedasPrl
Hap 2:1 20CedasPrl Hap 2:1 20NedasPrl
Hap 3:1 17CyozaliPrl Hap_3:1 17NyozaliPrl
Hap_4:2 15CerzkucPrl Hap_4:1 .
13CerzolPrl 16NsivtodPrl
15NerzkucPrl
13NerzolPrl 9NerzsamPrl
Hap 5:1 12CerzolPrl Hap 5:9 8NerzmerPrl 7NerzhorPrl
6NerzhorPrl 5NerzgelPrl
4NerzgelPrl 3NerzgelPrl
Hap_6:1 11CerzolPrl Hap_6:2 14NerzolPrl 11NerzolPrl
Hap 7:1 10CerzsamPrl Hap 7:1 12NerzolPrl
9CerzsamPrl EF216223.1_Drosophil
Hap_8: 2 Hap 8:1 —
= 6CerzhorPrl P Outgroup
Hap 9:1 8CerzmerPrl Hap 9:1 10NerzsamPrl
Hap_10: 1 4CerzgelPrl Hap_10:1 1NamayesPrl
llckirder
Hap_11:1
- Outgroup
1dbkirkof
Hap 12:1
ap_ Outgroup
Hap_13:1 1CamayesPrl
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3.3. COlI gene region results

The dataset file was converted into different formats with Mesquite and Alter programs for use in phylogenetic
analysis. Haplotype diversity was calculated as 0, 9810 for COIl with DnaSP v.5. There is no haplotype sharing; all the
haplotypes are unique sequences except haplotypes 4 and 8 (Table-4). The jModelTest v.0.1.1 suggested the
evolutionary model as GTR+G according to AIC (Akaike Information Criterion), with p-inv = 0.2571 gamma shape =
0.4450.

Maximum likelihood, Maximum parsimony, Bayesian Phylogenetic inference analyses are result in a
resembling tree topology, therefore all results are shown on Bl tree (Figure 3). Haplotypes of individuals were grouped
(with strong branch node values) according to population structure as expected. The Edirne, Erzurum and Yozgat-
Amasya populations are branched as ingroups. The network analysis is also consistent with the phylogenetic analysis
results (Figure 4). We can also observe same the population ingroups in this analysis. TCS (%90) Species delimitation
test suggested two different species while TCS (%95) test suggested three populations as three different species, but
morphological differences were not observed among the individuals of the population. Also, ABGD test is suggesting
that all of the haplotypes belong to single species. Therefore, these populations can be considered as diverging
populations and not as separate species.
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Figure 3. ML, MP, Bl analyses results of COI gene region. Bootstrap values (MP-ML) and posterior probability values
(BI) are shown. Respectively; Black is for BI, red is for MP and blue is for ML. (*) indicates 50% and below values or
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not supported by the respective analyses. ABGD and TCS Species delimitation tests are mapped on the tree.
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Figure 4. Network analysis results of COI gene region

3.4. NADH; gene region results

Haplotype diversity was calculated as 0, 7836 for NADH, with DnaSP v.5. There is no haplotype sharing; all
the haplotypes are unique sequences except haplotype 8 (Table-4). The jModelTest v.0.1.1 suggested the evolutionary

model as GTR+G according to AIC (Akaike Information Criterion), with p-inv = 0.5140 gamma shape = 100.0000.

All the analyses (ML, MP and BI) are resulted in the same tree topology, shown on MP tree (Figure 5). As
seen in the phylogenetic analyses made with the COIl gene region, the haplotypes are branched according to the
populations, but the branch support values are lower. The branch support value (BI: »50, ML: 54, MP: 70) at the branch
node of the Edirne and Yozgat-Amasya populations seems to be quite low (Figure 5). We can observe the same result
on network analysis. Network analyses resulted in same way as in phylogenetic analyses. We can see the haplotypes are
grouped in three different populations (Yozgat-Amasya population, Edirne population and Erzurum population) (Figure

6).
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TCS (%95) Species delimitation test suggested two different species but morphological differences were not
observed among the individuals of the population. All of the haplotypes are belong to single species according to TCS

(%90) and ABGD tests.
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Figure 5. ML, MP, BI analyses results of NADH: gene region. Bootstrap values (MP-ML) and posterior probability
values (BI) are shown. Respectively; Black is for BI, red is for MP and blue is for ML. (*) indicates 50% and below
values or not supported by the respective analyses. ABGD and TCS Species delimitation tests are mapped on the tree.
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Figure 6. Network analysis results of NADH, gene region

4. Conclusions and discussions

The distributional area of P. leoninus was known from South and West part of Anatolia. 21 specimens (14
male and 7 female) are collected from east part of Anatolia, Middle Black Sea and the Trace region (Figure 7). The
specimens examined here present a new distribution record for P. leoninus, which is considerably enlarging the
distributional area to east part of Anatolia and the Trace region.
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Figure 7. Previous and new locality records of Promachus leoninus

Therefore, there is known from our records that these species are active at 10:00 am in the morning to 8:00 pm
on the sunset. The optimal temperature for their activity is between 21- 37 °C degrees, based on our observations.
Further studies are needed to do for determining the host preference of P. leoninus.

This is the first study conducted in our country on the phylogeny of this group. The new distribution regions of
P. leoninus are grouped into 3 different populations. Phylogenetic analyses were carried out with the COl and NADH,
gene regions. The analyses performed similar results in both gene regions. Haplotypes belonging to the same
populations branched together in the phylogenetic trees. While this branching in the COI gene region is supported by
high branch support values, it has been observed that these values are lower in NADH..

Similar results were obtained in the haplotype Network analysis as in the phylogenetic analyses for both gene
regions. In some of the species delimitation tests; populations were proposed as different species. However, individuals
belonging to these populations were morphologically examined once again and it was seen that all individuals share the
same morphological characters, herewith we can use the term “diverging populations” instead of “different species”.

In order to reveal the systematic and phylogenetic status of the species more clearly, a broader evaluation with
the Balkan and Caucasian populations is required. More gene regions or next generation sequencing methods can be
studied.
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Abstract

This study was carried out in 2016 in Selguk University at the Faculty of Agriculture Greenhouse and
Laboratory Research and Application for the determination of the agronomic characteristics of cool climates cereals
in order to investigate the yield and some technological properties of cool climate cereal grass water. In this paper,
registered seeds of four different genus of grains were used as material which obtained from Bahri Dagdas International
Agricultural Research Institute from Republic of Turkey Ministry of Agticulture and Forest and Department of Field
Crops from Selguk University at Faculty of Agriculture. The lawn was harvested in grass period as were grown varieties
of four different cereal genus (Konya-2002, Aslim-95, Larende and Seydisehir) in controlled greenhouse conditions.
The amount of wet grass water was accounted thanks to these seed used. The highest value of fresh grass were produced
by a total of 770g weight barley and 200g the lowest rye. Moreover, grass water yield was obtained the highest volume
of 590¢g barley and the lowest point of 150g rye. Oat chlorophyll-a 4.96 mg/L and chlorophyll-b 8.25 mg /L content
were emerged tremendously in grass waters. In contrast wheat, chlorophyll-a amount 1.83 mg / L and chlorophyll-b
amount 3.25 mg /L as were found to be the lowest value detected. Indeed, in the crude protein ratio, the highest ratio
was obtained from rye 0.56% the genus whereas the lowest crude protein ratio is if 0.51% detected. The total amount of
flavonoids in grass water, wheat grass water with 17.21 mg/g reached the highest value, while the lowest value of rye
grass water was determined as 0.22 mg/g. Total amount of flavonoids in wheat grass water was found to be highest with
17.21mg/g as opposed to rye grass water has the lowest value with 0.22 mg/g. In terms of the total amount of phenol,
rye grass water has the highest value of 34.79mg/g but barley and wheat grass waters were found to be equal to
15.70mg/g and as well the lowest amount. As regards antioxidant activity rye grass water (12.75 mg /g) was found to be
the highest value.

Keywords: Grass, grass water, cool climate grains, chlorophyl, antioxidant activity
Serin iklim tahillan ¢im sularinin verim ve baz teknolojik 6zelliklerin arastirilmasi

Ozet

Bu calisma, serin iklim tahillar1 ¢im sularinin verim ve bazi teknolojik 6zelliklerin arastirilmas: amaciyla 2016
yilinda Selguk Universitesi Ziraat Fakiiltesi Arastrma ve Uygulama Seras1 ve laboratuvarlarnda yiiriitiilmiistiir. Bu
caligmada materyal olarak dort farkli tahil cinsine ait tescilli ¢esitli tohumlar kullanilmistir. Bu materyaller, Selguk
Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii ile T.C. Tarim ve Orman Bakanligi, Bahri Dagdas Uluslararasi
Tarimsal Arastirma Enstitiisii Miidiirligiinden temin edilmistir. Kontrollii sera kosullarinda dort farkl tahil cinsine ait;
bugday (Konya-2002), ¢avdar (Ashim-95), arpa (Larende) ve yulaf (Seydisehir) ¢esitleri yetistirilerek iiretilen ¢im
sularmda agronomik ¢alismalar yiirtitiilmiistiir. Tahil ¢esitlerine ait en yiiksek taze ¢im agirlig1 arpadan (toplam 770 g)
ve en diisiik ¢avdardan (200 g ) elde edilmistir. En yiiksek ¢im suyu verimi ise arpa gesidinden 590 g ve en diisiik 150g
cavdar ¢esidinden elde edilmistir. Cim sularindan yulaf ¢esidinin klorofil-a ve klorofil-b igerigi (sirastyla 4,96 mg/L ve
8,25 mg/L) igerigi bakimindan en yiiksek miktarda bulunmustur. Bugday ¢esidinin klorofil-a ve klorofil b igerigi
(swrastyla 1.83 mg/L ve 3.25 mg/L) olarak en diigiik miktarda bulunmustur. Ham protein miktarinda ise en yiiksek oran
9%0.56 ile cavdar ¢esidinden elde edilmistir. En diisiik ham protein oran1 ise %0.51 ile arpa ¢esidinden elde edilmistir.
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Cim sularindaki toplam flavonoid miktari, bugday ¢im suyunda 17.21 mg/g ile en yilksek miktarda elde edilirken, en
diisiik miktar ¢avdar ¢im suyunda 0.22 mg/g olarak tespit edilmistir. Tahillarda ¢im suyu ekstreleri toplam fenolik
madde miktar1 bakimmdan ¢avdar ¢im suyu ekstresi 34.79 mg/g ile en yiiksek miktarda tespit edilmistir. Arpa ve
bugday ¢im sular1 ise 15.70 mg/g ile esit ve diisiik miktarlarda bulunmustur. Antioksidan aktivitesi yoniinden ise ¢avdar
¢im suyu (12.75 mg/g) en yiiksek miktarda bulunmustur.

Anahtar Kelimeler: Cim, ¢im suyu, serin iklim tahillari, klorofil, antioksidan aktivite
1. Giris

Giliniimiizde tiiketicilerinin saglik konusundaki duyarliligi artmasi ile tiiketim egilimlerinde biiyiik oranda
degisime sebep olmustur. Saglikli beslenme, hastaliklarin tedavisi ve bir¢ok alanda 6nemli bir yere sahip olmasindan
dolay1 tahil ve tahil iiriinleri vazgecilmez bir yere sahiptir. Tahil iriinlerinin yogun olarak tiiketildigi iilkemizde
tahillardan ¢im suyu ve ekstrelerinin iiretimi ve tiiketimi kolay, ticari potansiyeli yiiksek olmasi ve ¢esitli konularda
saghga faydalar1 yoniiyle bircok yonden avantajli gidalardir. Tahillardan hareketle yeni teknolojik fonksiyonel {iriin
gelistirilmesi bakimindan ¢im suyu &nemli bir yere sahiptir. Insanlarin giinliik enerji ihtiyaglarini karsilamak igin
fonksiyonel gida kaynaklarina ihtiya¢ bulunmaktadir. Bu besin ihtiyacinin karsilanmasinda tahillarm 6nemli yeri
bulunmaktadir. Tirkiye bir tahil iilkesi olmasma ragmen, tahillarin ekmek, makarna, bulgur ve diger unlu mamuller
formundaki gibi kullanimlarinin diginda kullanimlar1 yeterince yayginlagamamigtir. Tahillarin danelerin diginda kalan
yaprak, sap gibi organlarinin da besin kaynagi olarak kullanimlart s6z konusudur. Farkli serin iklim tahillarindan elde
edilen ¢cimlerden hareketle gelistirilecek farkli igerikli ¢im sularinin fonksiyonel gida olarak kullanim degerleri yiiksek
iriinlerdir. Tahil ¢imlerinin insan sagligina faydal 6zellikleri nedeni ile gida olarak kullanim diisiincesi yeni degildir.
Bugday, arpa, piring, yulaf gibi tahil ¢imleri 1930 ‘lu yillardan beri gida takviyesi olarak kullanilmaktadir [1]. Tahil
danelerinin ¢imlendirilmesi ile icerisinde yer alan antioksidan &zellikli fenolik bilesiklerin miktarinin arttig1 ve bu
fenolik bilesiklerin viicutta olugan serbest radikalleri digar1 atmada rol oynadig1 yapilan caligmalarda tespit edildigi
belirtilmistir [2]. Cim suyu; i¢ermis oldugu klorofil, protein, fenolik ve flavonoidler gibi fitokimyasal etkili bilesiklerin
miktarlarina bagli olarak bazi 6nemli antioksidan aktiviteleri, hastaliklarin olusumunu 6nleyen ve bagisik sistemini
giiglendirici etkiye sahiptir. Cim suyunun bu giiglii etkisi ayn1 zamanda icerisindeki E ve C vitaminleri ve biyoaktif
bilesikleri bakimindan zengin olmasindan dolayidir [1]. Insanlarin giinliik beslenme programu igerisinde, klorofil
kaynagi yesil yaprakl bitkilerin yer almasi dengeli besin maddesi alimina yardimei olan 6nemli destek {iriiniidiir. Arpa,
bugday, ¢avdar ve yulaf gibi tahil ¢imlerinin yapraklar1 antioksidan bakimindan zengin olmalar1 nedeni ile oldukca
sagliklidir. Bu sebeple son zamanlarda dogal ila¢ hammaddesi olarak diinyada oldukea fazla ilgi gormektedirler [3].

Tiirkiye, Poaceae (Bugdaygiller) familyas: iiyelerini de icine alan oldukca genis bir bitki tiirli zenginligi
gostermektedir. Bugdaygiller familyasindan bugday (Triticumspp.), arpa (Hordeumspp.) yulaf (Avenaspp.) ve ¢avdar
(Secale spp.), tilkemizin genis alanlarda yetistirilen, tek yillik otsu ve serin iklim tahil bitkilerdir. Bugday; tilkemizde
yaygin olarak un, yem gibi temel bir besin kaynagi olarak kullanilan bir hammaddedir. Bugday bitkisinin yaygin olarak
kullanilan kisimlari, kuru dane ve saplaridir. Bununla birlikte bugday bitkisinin yesil aksam kullanimi Tiirkiye’de
yaygin olmayip, diinyada baz1 Avrupa iilkelerinde son yillarda saglikli fonksiyonel insan gidasi olarak kullanimi dikkat
¢ekmektedir. Bugday ¢imi “biitiin besin maddelerini biinyesinde bulunduran tam gida” olarak tanimlanmaktadir.
Bugday ¢im suyu protein, vitamin A, C, E kaynag1 olmasi yani sira, 6zellikle B grubu vitaminler bakimmdan da ¢ok
zengindir. Insan viicudunun temel metabolizma faaliyetleri, beyin ve kemik gelisimi igin bu vitaminlerin énemli katkis
$6z konusudur. Bugday ¢iminin icerdigi; B karoten, ferulik asit ve valinik asit oranlar1 ¢imlenme siiresi ile birlikte
konsantrasyonlar1 artar [4]. Bugday ¢im suyu Onemli biyoaktif bilesiklerden klorofili %70 civarmnda igermektedir.
Klorofil ise viicuttaki kan basmncinin ayarlanmasindan, kanda demir baglamaya kadar c¢ok oOnemli metabolik
fonksiyonlar1 olan bir pigmenttir. Bugday ¢imi, bugday danelerine oranla daha yiiksek vitamin igerir. Buna ilaveten
daha fazla fenolik madde miktari, aromatik aminoasitler, coklu doymamus yag asitleri igermektedir [5].

Arpa; besin lif olarak kullamlan B-glukon icerigine sahiptir. Iceriginde yiiksek miktarda protein bulunduran
arpa bunun yam sira malt ve ¢im suyu olarak kullanilmaktadir [6]. Arpa son yillarda bazi geligsmis iilkelerde
cimlendirilerek filiz halinde veya suyu ¢ikarilarak besin takviyesi olarak tiiketilmeye baslanmistir. Arpada ¢imlenme ile
birlikte kuru maddedeki trigliserit ve enerji miktar1 azalmakta; kiil, ham lif, digliserit, bazi aminoasit ve mineral madde
miktarlar1 ise artmaktadir [7]. Arpa ¢imi bugday ¢iminde oldugu gibi icermis oldugu 6nemli biyoaktif maddelerden
dolay1 6nemli antioksidan kaynagidir. Diinyanin farkli tilkelerinde yiiriitiilen arastirmalarda arpa ¢imlerinden elde edilen
ekstraktlarin; obezite, diyabet, kan dolasim sistemi bozukluklari, anemi, eklem iltihabi, yiiksek kolesterol seviyesi,
bobrek hastaliklar1 ve kanser gibi birgok hastaligin tedavisinde yararli oldugu ispatlanmstir [8].

Yulaf danesindeki avenin maddesi nedeniyle beslenmede 6nemli bir yeri vardir [9]. Yulaf tanesi ¢imlenme ile
birlikte bilesenleri degisiklige ugrar. Bu degisimlerden biriside p —glukanaz enziminin artmasiyla, B — glukan oraninda
ciddi derecede artig olmaktadir [5].

Cavdar Asya iilkelerinde insan tiiketimi i¢in tohum filizleri yiizyillarca yemeklerde degerlendirilmektedir [10].

Bu aragtirmada; iilkemizde &zelliklede I¢ Anadolu bélgesinde yetistirilen serin iklim tahillarindan; bugday
“Konya -2002”, Arpa ‘“Larende”, ¢avdar “Aslim-95” ve yulaf olarak yetistirilen“Seydigehir” ¢esitlerinin elde edilen
¢im sularinin verimleri ve bazi1 6nemli kimyasal igerikleri ve teknolojik 6zelliklerinin belirlenmesi amaglanmstir.
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2. Materyal ve yontem

Bu aragtirmada serin iklim tahillarinin cinslere ait Bugday (Triticuma aestivum L.)’un Konya -2002 ¢esidi,
Arpa (Hordeum vulgare L.)’in Larende ¢esidi, Cavdar (Secale cereale L.)’m Ashm-95 ¢esidi, Yulaf (Avena sativa
L.)’m Seydisehir ¢esidi kullanilmustir. Cesitler Selcuk Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Bolimii ile T.C.
Tarim ve Orman Bakanlig1, Bahri Dagdas Uluslararas1 Tarimsal Aragtirma Enstitiisii Miidiirliigiinden temin edilmistir.

Bu arastirmada kullanilan yontemler; tohum materyalinden ¢im ve ¢im suyu tretilmesi, ¢im sular1 ekstraktinin
elde edilmesi, ¢im sular1 ile ¢im sular1 ekstraktinin analizleri ve biyoaktivite deneyinde kullanilan yontemler olmak
lizere dort ana baslikta toplanmistir. Cimlendirme kabi olarak 30x50%7 cm ¢apindaki plastik kiivetler kullanilmistir.
Arastirma tesadiif parselleri deneme desenine gore 3 tekerriirlii olarak yapilmistir. Cim yetistirme siiresi boyunca
diizenli olarak giinliik sulama ve diger bakim islemleri yapilmistir. 4 farkli tahila ait tohumlar yetistirilip hasat
olgunluguna gelmesiyle hasat edilen ¢imlerden ¢im suyu sikma makinasi ile ¢im sular1 elde edilmistir. Cim sularinin
muhafazasi i¢in ise cam kavanozlar kullanilmistir. Serin iklim tahillarindan elde edilen ¢im sularindan liyofilizasyon
yontemiyle toz ekstreleri elde edilmistir [11].

Cim verimi; kok bolgesinden 1 cm yiikseklikte hasat edilen ¢imler hassas terazide tartilarak elde edilen miktar
yetistirme alanina oranlanarak hesaplanmustir. Cim suyu verimi; hasat edilen ¢imler ¢im suyu sikma makinesinden
sikilarak elde edilen ¢im suyu hassas terazide tartilarak, ¢im suyu verimleri hesaplanmigtir [12].

2.1. Klorofil Analizi(mg/L)

Selcuk Universitesi, Ziraat Fakiiltesi, Toprak Boliimii Arastirma Laboratuvarmmdaki spektrofotometre cihazinda
yapilmistir. Klorofil igerikleri analiz igin UV-VIS spektrofotometre kullanilmistir. Klorofil a igin 663 nm dalga
boyunda, klorofil-b i¢in 645 nm dalga boyunda 6l¢iim yapilmistir. Fotosentetik pigmentlerin miktarlar1 da mg/L olarak
verilmistir.

Klorofil a, klorofil b ve klorofil (a+b) asagidaki formiil ile hesaplanmistur.
Klorofil a (mg/L) = (12,7x663nm) — (2.7x645nm), Klorofil b (mg/L) = (22.9x645nm) — (4.7x663nm)

2.2. Ham Protein Miktar: (%)

Kjeldahl yontemine gore yapilmistir. Ham protein sonucunu hesaplanmasi i¢in kullanilan formiil ise; % N
=((mlx1.4x0.08) / 0.05)x6,25"dir.

2.3. Cim Suyu Ekstrelerinde Antioksidan Aktivitenin Belirlenmesi

2,2-Difenil-1-pikrilhidrazil (DPPH) Serbest Radikal Siipiiriicii Aktivite Tayini ile Antioksidan aktivite tayini
gergeklestirilmistir. Ekstrelerin ve saf maddelerin DPPH serbest radikal siipiiriicii aktivitesi, 2,2-difenil-1,2-pikril
hidrazil (DPPH) (Sigma-Aldrich Chemie, Steinheim, Almanya) radikaline karsi, koyu-viyole renkten agik-sar1 renge
doniistimiin UV/goriiniir bdlgede 517 nm dalga boyunda spektrofotometrik olarak olclilmesiyle tayin edilmistir.
Orneklerin DPPH serbest radikaline karst % inhibisyonlar1 asagida verilen formiile gore hesaplanmistir. Her 6rnek 3
paralel olarak calisilmig ve sonuglar 3 paralelin ortalama % siipiiriicii etkisi seklinde standart sapma hesaplanarak
verilmistir.
% Inhibisyon = [(A1 — A2) / A1] x 100
Al = DPPH stok ¢ozeltisinin 517 nm dalga boyundaki absorbansi
A2 = Ornek ¢ozeltilerinin 517 nm dalga boyundaki absorbansi

2.4. Ekstrelerde Toplam Flavonoid Miktar Tayini(mg/g)

Toplam flavonoid miktarmi tayin etmek i¢in Woisky ve Salatino (1998), gelistirdigi aliiminyum kloriir (AlCls)
kolorimetrik yontemi uygulanmistir. Kuersetin kalibrasyon ¢ozeltileri yardimiyla hazirlanan kalibrasyon egrisine gore,
total flavonoid konsantrasyonu kuersetin esdegeri olarak hesaplanmig ve ekstrenin toplam flavonoid miktart mg/g ekstre
+ standart sapma olarak verilmistir[13].

2.5. Ekstrelerde Toplam Fenolik Madde Miktar Tayini (mg/g)

Toplam fenolik madde miktarii tayin etmek i¢in Singleton ve Rosi, (1965)modifiye ettigi Folin-Ciocalteau
yontemi kullanilmigtir. Gallik asit kalibrasyon ¢ozeltileri yardimiyla hazirlanan kalibrasyon egrisine gore, toplam fenol
konsantrasyonu gallik asit esdegeri olarak hesaplanmig ve ekstrenin toplam fenolik madde miktar1 mg/g ekstre + (GAE)
standart sapma olarak verilmistir[14].
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3. Bulgular

Bu c¢alismada farkli serin iklim tahillarindan elde edilen ¢im sularina ait verimler ve yapilan laboratuar
caligmalarindan elde edilen teknolojik 6zelliklere ait veriler agagida verilmistir.

3.1.Cim ve Cim Suyu Verimi (g)

Farkli serin iklim elde edilen ¢im suyu verimleri Tablo.1’de verilmistir. Cimlerin bi¢im yiiksekligine
gelmesiyle 12., 20. ve 30. giinlerde bigim islemi yapilmistir. Cim suyu elde etmek amaciyla bigilen kisimlar ayr1 ayri
terazide tartilarak, agirliklar1 gram (g) cinsinden bulunmustur. Cimler ¢im suyu makinesi sikilarak ¢im sulari elde
edilmistir. Ayrica her bigimden elde edilen ¢imlerin ¢im suyu sikma makinast ile ¢im suyu ve posasi ¢ikarilarak,
miktarlar Tablo.1’de verilmistir. Cim suyu elde edilebilirlik veriminin hesaplanmasi i¢in ¢imlenen bitkilerden elde
edilen yesil aksam agirliginin ¢im suyu sikma makinasindan gegirilmesi ile elde edilen ¢im sularina orani (yesil aksam
(g) / ¢im suyu (ml)) formiilii ile hesaplanmustir [15]. Tartimlar1 yapilan ¢im sular1 analiz igin, bir kism1 ¢im suyu olarak,
bir kismui da liyofilize edilerek analizler i¢in muhafaza edilmistir.

Her bir tahil cinsinden elde edilen ¢imler, ¢im verimleri agisindan degerlendirildiginde arpa ¢imi (771.48 g),
bugday ¢imi (688,67 g), yulaf ¢imi (660,22 g) ve ¢avdar ¢imi (200,69 g) olarak siralanmistir. Her bir tahil cinslerine ait
gesitlerin ekimi igin 1000 gram tohum kullanilmigstir. Tahil cinslerine ait en yiiksek ¢im miktar: ve ¢im suyu miktari
arpadan elde edilirken, en diigiik ¢im miktar1 ve ¢im suyu miktari ise ¢avdardan elde edilmistir ( Tablo.1).

Tablo 1. Aragtirmada kullanilan farkli tahil cinslerinin ¢im, ¢im suyu, posa miktarlari ve ham protein miktarina ait
ortalama degerler

Cim Cim Suyu . Ham
Tahil Cesitleri Miktari(g) Miktari(g) Posa Miktari(g) protein(%)
X+5 X+5 X+5 X+5
Bugday(Konya 2002) | 688,67+1,85° | 439,57+0,40° | 250,476+0,532 0,5240,052
Arpa (Larende) 771,48+0,48% | 590,71+1,992 180,48+0,25°¢ 0,51+0,092
Yulaf (Seydisehir) 660,224+0,55° | 430,86+1,48° 229.9240,17° 0,53+0,0052
Cavdar (Aslim 95) 200,69+0,37% | 150,55+0,11¢ 49,975+0,18¢ 0,56+0,022
a, b, ¢: P<0.01

Tahil cinsleri ¢im suyu miktarlar1 bakimindan degerlendirildiginde ise, yine en yiiksek miktar arpadan (590,71
g) elde edilmistir. Bugday ve yulaftan sirasiyla 439,57 g; 430,86 g ¢im suyu elde edilirken,en diisiik ¢im suyu ise ¢gavdar
dan (150,55 @) elde edilmistir.Yine Cizelge 3.1.incelendiginde posa miktar1 bakimindan, en yiiksek posa miktari
bugdaydan (250,476 g) elde edilmesine karsmn en diisiik posa miktar1 ¢cavdardan (49,975 g) elde edilmistir. (Cizelge
3.1).

Yapilan bu calismada ¢im verimleri bakimindan arpa bitkisinin digerlerine gore daha iistiin oldugu buna bagh
olarak ¢im suyu veriminin yine arpa ¢im suyunda daha yiiksek oldugu dikkat ¢ekmektedir.Bunun sebepleri arasinda
arpa tohumlarmin daha ge¢ ¢imlenmesi, kok gelisiminin daha az olmasmdan dolayi yesil aksam agirligmin fazla olmasi
olabilecegi diistiniilmektedir. Yapilan ¢aligmalarda da [15] tahil cinsleri arasinda arpa en yiiksek ¢im suyu miktar
verdigi bugday ve yulaf arasinda onemsenecek Olgiide farklilik goriilmedigi tespit edilerek arastirma sonuglarimizi
destekleyen veriler elde edilmistir.

3.2. Klorofil Icerigi

Aragtirmada kullanilan farkli tahil cinslerine ait ¢im sularmda klorofil a ve klorofil b miktarlar1 (mg/L) Tablo
2°de verilmistir.

Tablo 2. Aragtirmada Kullanilan Farkli Tahil Cinslerine Ait Cim Sularinda Klorofil A ve Klorofil B Miktarlar1 (mg/L)

Tahil Cesidi Klorofil A (mg/L) Klorofil B (mg/L)
Bugday(Konya 2002) 1.8306 mg/L 3.2508 mg/L
Arpa (Larende) 2.3400 mg/L 4.2588 mg/L
Yulaf (Seydisehir) 4.9656 mg/L 8.2586 mg/L
Cavdar (Aslim 95) 4.3954 mg/L 7.944 mg/L

Farkli tahil cinslerine ait ¢im sularinda yapilan klorofil a ve klorofil b igerikleri degerlendirildiginde; klorofil a
icerigi en yiiksek yulaf (Seydisehir) ¢im sularindan (4.9656mg/L) elde edilirken, ayni sekilde klorofil b miktar1 da en
yiiksek yine yulaf ¢im sularmdan (8.2586mg/L) elde edilmistir. Klorofil a ve klorofil b igerigi sirasi ile (1.8306 mg/L)
ve (3.2508 mg/L) en diisiik bugday (Konya2002) ¢im sularindan elde edilmistir. Yulaf ¢im sularindan sonra en yiiksek
klorofil a ve klorofil b igerigi sirasiyla; (4.3954 mg/L) ve b (7.944 mg/L) ¢avdar (Aslim 95) ¢im sularindan elde
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edilmistir. Arpa (Larende) ¢im sularinda ise klorofil igerigi klorofil a ve b igerigi swrasiyla (2.3400 mg/L), (4.2588
mg/L) olarak elde edilmistir (Cizelge 4.7.). Yapilan diger bir aragtirmada ¢aliymaya gore, en yiiksek klorofil a igerigi
2.22 mg/1 ile bugday cinsinden elde edilmis. Bunu sirastyla; 0.97mg/l ve 0.82mg/1 ile yulaf ve bugday cinsleri izledigi
belirtilmistir. En diigiik klorofil a igerigi 0.86mg/1 ile 10 cm ¢im boyunda bigilen cinslerde oldugu belirtilmistir [15].
Diger taraftan yapilan bir ¢aligmada, farkli sulama uygulamalarinin klorofil-a, klorofil-b, iizerine etkisi istatistiksel
olarak 6nemli bulunmustur[16]. Klorofil igerigindeki farkliliklar sulama araliklarinda ise sik araliklarla sulanan bitki
yaprak klorofil icerigi degerleri daha yiiksek bulunmus. Sulama araligi arttikga yaprak klorofil iceriginde azalma
gozlemlendigi belirtilmistir. Yapilan bu ¢alismada da tahil cinslerine ait farkli cinslerin bugday ¢im sularmin klorofil a
(1.8306mg/L) ve b (3.2508mg/L) icerikleri birbirinden olduk¢a farklilik gostermektedir. Bu arastirmada klorofil
igeriklerindeki bu farkliligin denemelerde kullanilan tahil cinslerine ait gesitlerin 6zelliklerinden kaynakli olabildigi gibi
ayn1 zamanda yetistirme ortamindaki torf ve 151k, nem gibi diger faktorlerden de kaynakli olabilecegi ifade edilebilir.

3.3.Ham Protein Miktar1 (%)

Farkli tahil cinslerine ait ¢im sularindaki ham protein oranlar1 degerlendirildiginde zaman birbirine yakin
degerde ham protein oranlari elde edilmesine ragmen, en yiiksek ham protein orani %0.56 oraninda ¢avdar ¢im
sularmdan elde edilirken, en diisliik deger ise %0.51 ile arpa ¢im sularindan elde edilmistir. [8]  tarafindan yapilan
arastirma sonuglarina gore, protein, diyet lif, N ve Cu igerikleri bakimindan bugday ve arpa ¢im suyu 6n plana ¢iktigini
belirtmistir. Bu ¢alismada ham protein igerigi bakimindan ¢avdar ve yulafin 6n plana ¢ikmasi materyal olarak kullanilan
gesit ve yetistirme ortamnin etkili olabileceginin yani swra verim kalite iliskisinden de kaynakli olabilecegi
sOylenebilir.

3.4.Toplam Fenolik Madde Miktari(mg/g ekstre + S.S. GAE)

Fenolik maddeler bitkisel kaynakli besinlerin lezzetine 6zellikle agizda buruk bir tat birakma yoniinde ve
rengine etki eden, meyve ve sebzelerde genellikle ¢ok az miktarlarda bulunmakla birlikte dnemli olan bir madde
grubudur. Fenolik maddeler aromatik halkasinda bir veya daha fazla hidroksil grubu iceren bilesiklerdir. Bitkisel
gidalardaki fenolik maddeler; lignanlar, fenolik asitler, stilbenler ve flavonoidler gibi alt gruplara ayrilmaktadir.
Bunlardan antioksidan olarak onem tasiyanlar, fenolik asitler ve flavonoidlerdir. Antioksidan 6zelliginden dolay1
flavonoidler, diyetteki en 6nemli antikarsinojenlerden biridir [17]. Son zamanlarda dogal fenolik bilesiklerin miktar1 ve
biyolojik 6zellikleri ile iliskili pek ¢ok ¢aligma bulunmaktadir [18].

Tablo 3. Arastirmada Kullanilan Tahil Cinslerinin Cim Suyu Ektrelerinde Toplam Flavonoid Miktari, Toplam Fenolik
Madde Miktar1 ve Antioksidan Aktivitesi

Toplam Flavonoid .
DF.)PH S"erpe§t . Miktar Tayini Lc()jplamkFenollk_ .
ANALIZ ORNEKLERI Radikal Stipiiriicil (mglg ekstre Madde Miktar Tayini
(%S Etki SS kesretin (m?/g§k§tr¢fslélk
0Siiplirme+S.S.) esdeeritS. S ) asit esdegeri+S.S.)
(Kcﬁ:;gad;goz) 6.80+1.08 17.2143.49 15.70+1.91
Arpa
Toz ekstre (Larende) - 4.76+1.33 15.70+0.96
(Liyofilizasyon) Yu]af . ] 0.8440.06 28.0343.66
(Seydigehir)
Cavdar
(Aslim 95) 12.75+1.03 0.22+0.08 34.79+2.24

Yapilan bu ¢alismada, toplam fenolik madde miktar1 a¢isindan degerlendirildiginde, en yiiksek 34.79 mg/g ile
cavdar ¢im suyu ekstresinden elde edilirken; en diisiik toplam fenolik madde miktar1 15.70 mg/g ile arpa ¢im suyu ve
bugday ¢im suyu ekstresinden elde edilmistir. Yulafta ¢im suyu ekstrelerinde ise 28.03 mg/g fenolik madde tespit
edilmigtir (Tablo 3). Cavdar1 diger tahil cinslerinden ayiran en 6nemli farklilik antosiyanin bakimindan zengin
olmasidir.

Tahil ¢imlerinin fenol miktar1 ve antioksidan bilesikleri, DPPH radikal siipiirme yontemiyle tespit edilmis ve
farkl tahil ¢imi ekstraktlarinin toplam fenolik ve toplam flavonoid bilesik miktarlarinda UV cihaziyla spektrofometrik
olarak tayin edilebilir. Yapilan bir ¢aliymada, en yiiksek toplam fenolik madde igerigi Gerek-79’un (31.23 + 1.81 mg
GAE/gr), en yiiksek flavonoid madde igerigi ise Demir-2000’in (84.00 + 6.01mg KE/gr) tuz stresi altindaki gruplarinda
belirlenmistir [20]. En iyi antioksidan aktivite, en diigiik IC50 (13.98 + 0.25 mg/L) degeriyle tuz stresi altindaki Demir-
2000°de gorilmiis. Demir-2000’in tuz stresi altinda ¢imlendirilmesiyle antioksidan aktivitesinin anlamli bir sekilde
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artmasit, bu cesidin tuz stresi altinda antioksidan savunma mekanizmasini diger bugday c¢esitlerinden daha etkin
kullandig: seklinde belirlenmistir.

3.5.Toplam Flavonoid Madde Miktar: (mg/g ekstre £ S.S. KE)

Bugday, arpa, yulaf, ¢avdar ¢im sularinin ekstrelerinde toplam flavonoid miktar1 Woisky ve Salatino’nun
(1998) gelistirdigi aliiminyum kloriir (AICl3) kolorimetrik yontemi ile belirlenmistir. Cizelge 3.4‘da arastirmada
kullanilan tahil cinslerinin ¢im suyu ektrelerinde toplam flavonoid miktarina ait standart sapmalar hesaplanmig ve
sonuglar mg/g ekstre + standart sapma olarak verilmistir.Bu arastirma sonucuna gore, toplam flavonoid igerigi 17.21
mg/g ekstre ile en yiiksek bugday ¢im suyundan elde edilirken, en diisiiktoplam flavonoid igerigi ise 0.22 mg/g ile
cavdar ¢im suyundan elde edilmistir (Tablo 3). Bir baska ¢aligmada, bugday (Triticum aestivum L.) yapraklarmm
HPLC-ESI — MS teknikleri ile ¢aligmalari sonucu toplamda 40 fenolik ve flavonoid bilesik oldugu belirtilmistir[19].

Bu yapilan ¢alismada da tahil cinslerine ait farkl cinslerin ¢im sularinin toplam flavonoid madde miktar
igeriklerindeki farkliligin denemelerde kullanilan tahil cinslerine ait gesitlerin 6zelliklerinden kaynakli olabildigi gibi
ayn1 zamanda yetistirme ortamindaki torf, 151k ve nem gibi diger faktorlerden de kaynakli olabilecegi ifade edilebilir.

3.6. Antioksidan Aktivitesi

Bitkisel kaynakli bir¢ok gida, en giiglii antioksidan olan fenolik fitokimyasallar1 igerdigi gibi oksidatif zararlara
kars1 da viicut savunmasina katkida bulunmaktadir. Tahil ¢im sularinda klorofil 6nemli fenolik maddelerdendir. Bu
bilesikler gidalar1 bozulmalara karst korudugu gibi tiiketilmeleri sonucu da viicudumuza antioksidan madde
saglamaktadirlar. Antioksidan aktivite 6zelligi gosteren bazi fenolik maddeler ¢im sularinda oldugu bilinmektedir. Bir
diger arastirmaya gore, flavonoid, fenolik asit ve antosiyanin gibi maddelerin biyosentezi ve bitki biinyesinde birikimi,
bitki materyalinin antioksidan aktivitesini gii¢clendirmektedir[20].

Bugday(Triticum aestivum L.), arpa (Hordeum vulgare L.), yulaf(Avena sativa L.) ve ¢avdar (Secale cereale
L.) ¢im sularma ait serbest radikal siipiiriicii aktivite miktarlar1 Cizelge 3.4.de verilmistir. Cizelge 3.4. incelendiginde,
cavdarin antioksidan aktivitesinin diger tahil cinslerine oranla daha yiiksek oldugu goriilmektedir. Cim sularinda
bulunan fenolik ve flavonoid 6zellikli maddeler 6nemli antioksidan aktiviteye sahiptirler. Arastirma sonucuna gore,
antioksidan aktivitesi en yiiksek olan ¢avdar ¢im suyu ve daha sonra onu takip eden bugday ¢im suyu olmustur. Arpa
¢im suyu ile yulaf ¢im suyu antioksidan aktivite ¢avdar ve bugday ¢im sularma gore daha disiik bulunmustur. Bugday,
arpa, yulaf ve ¢avdar ¢im suyu dzellikle antioksidan aktivite bakimindan zengin olmasmin yani sira demir, kalsiyum ve
A,C,E vitamini bakimindan zengindir. Bugday ¢imi ekstratinin antioksidan aktiviteye sahip olup 16semi hiicrelerinin
gogalmasini engelleme potansiyeline sahiptir [4]. Yapilan bir baska ¢alismada, bugday ¢imi ekstresi birincil ve ikincil
radikal temizleme ve serbest radikal kaynakli membran hasarmin inhibisyonu gibi ¢esitli koruma seviyelerinde oldugu
belirtilmistir[7]. Bir diger c¢aligmada ise antioksidanlarin beslenmedeki en Onemli goérevi, beslenme sirasinda
makromolekiillerin (karbohidratlar, proteinler, yaglar) metabolizmas1 sonrasi olusan oksidadif stresi 6nlemesi oldugu
belirtilmistir [17].

Bu caligmada da tahil cinslerine ait farkli cinslerin ¢im sularmin antioksidan aktivitesi karsilastirildiginda
cavdar ¢im suyunda diger tahil cinslerine oranla daha yiiksek bulunmasmin sebebi kalite verim iligkisine
dayandirilacagi gibi ¢avdar cinsinin antosiyanin bakimimdan zengin olmasindan kaynakl olabilecegi diisiiniilmektedir.

4. Sonuclar ve tartisma

Bu arastirma ile, dort farkli tahil cinsinde (bugday, arpa, yulaf ve c¢avdar), ¢im suyu verim ve kalitesini
belirlemek amaciyla yiiriitiilen arastirma sonuglaria gore; bu tahil cinsleri yiiksek miktarda ¢im suyu elde etmek amaci
ile kullanilacaksa arpa cinsi tercih edilmelidir. Cim sularinda ham protein, ¢im suyu ekstrelerinde antioksidan aktivitesi
ve toplam fenolik madde miktar1 bakimindan incelendiginde en yiiksek miktar ¢avdar ¢im suyu ve ¢avdar ¢im suyundan
elde edilen ekstrelerinde goriilmiistiir. Ancak toplam flavonoid miktar1 bakimindan incelendiginde diger tahil cinslerine
gore bugday ¢im suyu ekstrelerinden yiliksek miktarda elde edilmistir. Yulaf diger tahillara oranla toplam klorofil
miktart bakimindan dikkat ¢ekmektedir. Hem saglik alaninda ve hem gida takviyesi amaciyla yulaf ve ¢avdar ¢im sulari
tercih edilebilir. Bu caligmada, bazi tahil cinslerinin tiirlerine ait ¢im suyu verimleri belirlenmistir. Elde edilen ¢im
sularinin klorofil-a ve b, ham protein, toplam flavonoid miktar1 ve toplam fenolik madde miktarlar: tespit edilmistir.
Bunlara ilaveten ¢im sularmin antioksidan aktivite kapasiteleri belirlenmistir. Farkli tahil cinslerinin alternatif
kullanimlarinin ortaya konulmasi ile hem {ireticilere yeni katma degerlerin olusturulmasi hem de tiiketicilere
fonksiyonel yeni gida hammaddelerinin arastirilmasi bu ¢aligmanin 6ziinii olugturmaktadir.
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Abstract

In this study 156 actinomycetes isolates which were isolated from different soil samples were used. Isolates
were inoculated proper medium and incubated at 28°C for 7-10 days. In order to investigate the lipolytic activities of
the isolates in the culture medium, the transparent zone formed by isolates in the prepared lipase medium was measured
with a ruler. 53 of them (34 %) 10 mm and less, 99 of them (63 %) 20 mm and less, 4 of them (3 %) more than 20 mm
transparent zone produced. The isolate which showed the highest lipase activity molecular identification has been made
which based on 16S rRNA gene sequence. The 16S rRNA sequence information obtained from the isolate was recorded
to GenBank with the access number KY172825. As a result of the study has been made on the NCBI database by using
BLAST program, it was observed that, isolate showed 97% similarity ‘uncultured actinobacterium clone AS42 16S
ribosomal RNA gene’ which’s access number on the database is EU283368.1.

Key words: actinomycetes, lipase, soil

%

Topraktan izole edilen aktinomisetlerin lipaz aktivitelerinin belirlenmesi

Ozet

Bu calismada farkli toprak drneklerinden izole edilmis 156 aktinomiset izolat kullanilmustir. Izolatlar uygun
besiyerine ekilmis ve 28°C’de 7-10 giin inkiibe edilmistir. izolatlarin kiiltiirel ortamda lipolitik aktivitelerinin
incelenmesi amaciyla, hazirlanan lipaz besiyerinde izolatlarm olusturduklar1 seffaf zon cetvel ile Olglilmiistir.
Bunlardan 53 tanesi (%34) 10 mm ve daha az, 99 tanesi (%63) 20 mm ve daha az, 4 tanesi (%3) ise 20 mm’den daha
fazla seffaf zon olusturmustur. Tribiitirinli besiyerinde en fazla seffaf zon olusturan 47 numarali (21,5 mm) izolatin 16S
rRNA gen bolgesine gore yapilan dizi analizi sonucunda GenBank numarasi EU283368.1 olan ‘uncultured
actinobacterium clone AS42 16S ribosomal RNA gene’ e %97 oranminda benzerlik gosterdigi goriilmiistiir. izolatn elde
edilen 16S rRNA dizi bilgisi GenBank’a K'Y 172825 erisim numarasi ile kaydedilmistir.

Anahtar kelimeler: aktinomiset, lipaz, toprak
1. Giris

Aktinomisetler Actinobacteria filumunun iginde yer alan gram pozitif, %55’in lizerinde guanin + sitozin
oranma sahip bakterilerdir [1]. Filamentli ve dallanan bir yapiya sahip olan bakteriler bu 6zellikleri nedeniyle kiiflere
benzetilmektedir. Aktinomiset tiirleri toprak, kompostlar, tatli su depolari, besin maddeleri ve atmosfer gibi ¢cok gesitli
kaynaklarda bulunabilirler. Asit topraklardan ve turbalardan ¢ok bazik ve notral topraklarda ve turbalarda yayilig
gostermektedirler [2]. Antibiyotik tiretme yetenekleri ile taninmakla beraber diger intra ve ekstraselliiler metabolitleri
ile de endiistri ve biyoteknolojide onemli yerler edinmislerdir. Antibiyotiklerin yani sira antifungal madde ireticisi
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olduklar1 bilinmektedir [3]. Triagilgliserollerin hidrolizini katalizyen lipaz enzimini tiretme yetenegi de 6nemli kullanim
alanlarindan birisidir. Lipazlar uzun triagilgliserol zincirlerinin tersinir hidrolizini katalizleyen enzimlerdir. Hidroliz
sonucu sulu faz ve organik faz arasinda diagilgliserol, monoagilgliserol, gliserol ve yag asitleri olusturmaktadir.
Hidrolizin yani sira esterifikasyon ve transesterifikasyon reaksiyonlarini da katalizler [4]. Mikrobiyal lipazlar stabilite,
secicilik ve genig substrat spektrumu gibi 6zelliklerinden &tiirii biyoteknolojik uygulamalar i¢in dnem tasimaktadir.
Ekstraseliiler bir enzim olmast nedeniyle yiiksek miktarlarda tretilebilmektedir Bakteri, fungi ve aktinomisetler
ekstraseliiler lipaz iiretici mikroorganizmalardir [5].

Lipazlar kesfedildikleri tarihten bu yana deterjan, gida ve farmasotik sanayi gibi baslica endistriyel kullanim
alanlarma sahiptir. Geleneksel deterjanlara gore lipaz igeren deterjanlar daha az ¢evresel atik igermektedir. Bu
deterjanlar biyolojik olarak pargalanabilen, toksik olmayan, zararli atiklari olmayan deterjanlardir. Lipazlar ev ve
endiistriyel ¢camasir, bulagik deterjanlarinda yag kalintilarinin uzaklastirilmasinda kullanilmaktadir Alkalin pH’larda
(pH: 8-11) ¢alisabilen lipazlarin deterjan endiistrisinde kullamim potansiyeli yiiksektir. Biyoteknolojik temelli
deterjanlarin kullanimi 6zellikle endiistride ¢ok yaygindir. Ciinkii spesifik temizleme giiciine sahiptirler. Diisiik
sicakliklarda kullanilabilirligi nedeniyle enerji tasarrufu da saglamaktadir. [6]. Bakteriyel lipazlar genellikle notral ya da
alkalin pH’larda optimum calisabildiginden bu endiistride kullanim potansiyeli yiiksektir [7]. Lipaz tekstil endiistrisinde
genellikle kumaslardan hasil yaginin uzaklastirilmasinda kullanilmaktadir. Bu da kumasin boyayr emmesini
kolaylagtirmaktadir [8]. Yiksek sicaklik ve pH araliklarinda ve ¢esitli substratlarda aktif olmalar1 nedeniyle gelecegin
biyokatalistleri arasinda yer almaktadir. Bu nedenle yeni lipazlarin kesfi ve bilinen lipazlarin da kullanimimi daha etkin
hale getirme ¢aligmalar1 buyiik 6nem kazanmistir [9].

Bu ¢alismada Eskisehir Teknik Universitesi Fen Fakiiltesi, Biyoloji Béliimii Mikrobiyoloji Laboratuvarinda
daha 6nceki bir ¢galigma ile gesitli toprak 6rneklerinden izole edilmis toplam 156 aktinomiset izolatinin lipaz aktiviteleri
derin diflizyon yontemi ile arastirilmis ve en yiiksek lipaz aktivitesine sahip olan izolat dizi analizi yontemi ile
tantlanmstur.

2. Materyal ve yontem
2.1. Aktinomiset izolatlar:

Lipaz iiretme potansiyelleri incelenen 156 adet aktinomiset izolat1 daha 6nceki bir caligma kapsaminda cesitli
toprak orneklerinden izole edilmistir. -80°C’de muhafaza edilen izolatlar aktif edilmek amaciyla Nutrient Agar (NA)
besiyerine ekilmis ve 28°C’de 7-10 giin inkiibe edilerek gelistirilmistir.

2.2. Izolatlarin lipaz aktivitesinin belirlenmesi

NA besiyerinde gelistirilmis olan her bir izolattan 6 mm ¢apli agar delici ile agar bloklar ¢ikartilmigtir.
Tributirin igeren Lipaz 1 besiyerine (pepton 5 g/L, maya ekstrakti 3 g/L, tributirin 10 ml/L, agar 10 g/L) iki paralel
seklinde aktarilan agar bloklar 28°C’de 1 hafta inkiibe edilmis ve inkiibasyon sonunda tributirinin lipaz enzimi ile
parcalanmasi sonucu besiyerinde olusan seffaf zon ol¢tilmustiir [10]. Calismalar iki tekrarli olarak yapilmisgtir.

2.3. Genomik DNA izolasyonu, 16S rRNA amplifikasyonu ve dizi analizi

Lipolitik aktivitesi yiiksek oldugu belirlenen izolatin (47) genomik DNA izolasyonu protokol su sekildedir:
NA ortaminda aktinomiset 6rnekleri inokiile edilmis ve 28°C’de 48 saat inkiibe edilmistir. Steril santrifiij tipiindeki 200
ul TE (10 mM Tris-HCI pH:8, 1ImM EDTA pH:8) tamponuna aktinomisetler aktarilmistir. Karisima 400 pl Soliisyon |
(%1 (wlv) sarkosyl, 0,5 M NaCl, %1 (w/v) SDS) ilave edilmis ve iyi bir sekilde karigtirilmistir. 37°C’ye ayarlanmig su
banyosunda 10 dakika inkibe edilmis ve her 5 dakikada bir hafifce c¢alkalanmistir. Esit hacimde
fenol:kloroform:izoamilalkol (25:24:1) ilave edilmis ve ters diz yaparak yavas yavas karigtirilmustir. 10.000 g’de 5
dakika 37°C’de santrifiij edilmis, st faz yeni bir santrifiij tipiine aktarilmistir. 0,1 hacim 3M sodyum asetat (pH 5,2)
ve 0,6 hacim soguk isopropanol ilave edilmistir. 4-6 kez alt ust edilerek yavasca karigtirilmstir. 10.000 g’de 5 dakika
37 °C’de santrifiij edilmis ve stipernatant atilmigtir. 1 ml soguk %70’lik etanol ilave edilmis ve 10.000 g’de 3dakika
santrifiij edilerek pelet yikanmistir. Pelet havada kurutulduktan sonra 50 pl steril niikleaz icermeyen steril distile suda
¢oziilmistiir [11]. Elde edilen genomik DNA %1°lik agaroz jelde goriintilenmistir (Sekil 2).
16S rRNA gen bolgesinin amplifikasyon reaksiyonu: 10X TaqBuffer (+KCI-MgCl) 2,5 ul; 25 mM MgCl; 2,5 ul; 2,5
mM dNTP mix 2,5 pl; 2,5 mM primer 9F (5'-AGAGTTTGATCCTGGCTCAG-3") 2,5 ul; 2,5 mM primer 1541R (5'-
AAGGAGGTGATCCAGCCGCA-3") 2,5 ul; Taq polimeraz (5 u/ul) 0,25 pl; niikkleaz icermeyen steril distile su 11,75
ul; kalip DNA 1 pl kullanilarak PCR gergeklestirilmistir. Reaksiyon sartlari: ilk denatiirasyon; 94°C'de 3 dk, 30 dongi
94°C'de 30 s, 60°C'de 1 dk, 72°C'de 2 dk, son uzama; 72°C'de 10 dk. Elde edilen PCR firiinii %1'lik agaroz jelde
goriintiilenmistir (Sekil 3). Promega Wizard® SV Gel-PCR Clean-Up System saflastirma kiti ile PCR firiinleri
saflagtirilmigtir. Saflagtirilan PCR iiriiniiniin dizi analizi i¢in amplifikasyonu yapilmistir: niikkleaz icermeyen steril distile
su 1,35 ul; primer 27F (5-AGAGTTTGATCMTGGCTCAG-3') ya da 1492R (5-TACGGYTACCTTGTTACGACTT-
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3" 0,65 pl; kalip PCR iirlinii 2 pl; PCR mix 6 pl. Reaksiyon sartlar:: 96°C'de 20 s, 50°C'de 20 s, 60°C'de 4 dk. Beckman
Coulter CEQ8000 Quick Start dizi analizi kitiyle dizi analizi reaksiyonu yapilmig, Beckman Coulter Agencourt Clean
SEQ ile saflastiriimistir. Beckman Coulter CEQ8000 kullanilarak dizi analizi yapilmustir.
3. Bulgular
3.1. ILzolatlarn lipaz aktivitesi

Toplam 156 adet aktinomiset izolatinin lipaz tiretme potansiyelleri arastirilmis ve sonuglar Tablo 1 ve 2’de

verilmistir. Sekil 1°de ise lipolitik aktivite sonucu besiyerinde olusan seffaf son gosterilmistir.

Tablo 1. Elde edilen izolatlarin lipolitik aktiviteleri sonucu olusturduklar1 seffaf zon (mm)
izolat no  Seffafzon izolat No  Seffafzon lzolatno  Seffafzon lizolatno  Seffaf zon

2 11 56 9 120 115 169 10,5
3 14,5 59 12,5 123 10 170 15,5
6 10,5 60 13,5 124 7,5 171 15,5
7 8,5 62 13,5 125 8,5 172 13
8 7,5 64 15,5 126 10 173 12,5
9 13 65 10,5 127 155 174 20
10 11,5 66 17,5 128 17 175 15
12 10 67 13 129 13,5 176 18,5
13 12 68 13,5 130 18 177 19,5
14 12,5 69 7 131 13 178 12
15 12,5 70 9,5 132 14,5 179 11
16 14,5 71 17,5 133 17,5 180 11
18 8,5 72 16,5 134 17,5 181 8,5
19 9 73 9,5 135 10 182 15
20 10,5 74 10 136 6,5 184 8

21 7,5 75 6,5 137 6,5 185 12,5
22 10,5 76 16,5 138 10 186 6
23 7,5 77 10 139 16 187 6

24 10 78 14,5 141 14 190 11,5
25 10,5 79 20 142 19 192 115
26 12 80 18 146 19,5 195 8,5
35 10,5 81 19 147 10,5 196 15,5
36 10,5 85 19 148 5 204 12,5
37 13,5 86 7 149 7,5 205 11
38 14 87 15 150 15 209 18
39 17,5 89 16,5 151 10 211 17,5
40 13 91 18,5 152 7,5 212 12,5
41 14 92 14 153 17 213 18,5
42 19 93 04 154 8,5 215 14,5
43 15 94 07 158 18,5 216 5,5
44 19,5 95 9 159 13 218 16,5
45 16,5 97 16 160 5 219 4,5
46 21 98 10 161 20,5 220 3,5
47 21,5 99 4 162 13,5 221 8
51 8,5 113 13,5 163 7,5 222 20,5
52 9 114 11,5 164 12,5 229 6,5
53 17,5 116 11,5 165 4,5 243 13,5
54 6,5 117 12,5 167 14,5 244 11
55 5 118 10 168 9,5 230A 10
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Tablo 2. izolatlarmn Lipaz 1 besiyerinde olusturduklar1 seffaf zon

Seffaf zon Izolat sayis1
10 mm ve daha az 53

20 mm ve daha az 99

20 mm’den fazla 4

Sekil 1. 47 numarali izolatn Lipaz 1 besiyerinde olusturdugu seffaf zon. A) ve B) galismanm paralellerini
gostermektedir

3.2. Genomik DNA izolasyonu ve 16S rRNA amplifikasyonu

47 numarali izolatin genomik DNA izolasyonu yapildiktan sonra %1’lik agaroz jelde kontrol edilmistir (Sekil
2). Sekil 3’te 1533 bp uzunlugundaki 16S rRNA PCR iirlinii gosterilmistir.

23130 bp

9416 bp_™
6557 bp—
4361 bp——

2322 bp—
2027bp

125 bp

Sekil 2. 47 numarali izolatin genomik DNA’sinin agaroz jelde goriintiisi. M: Lambda DNA/HindIII
(Fermentas)

Sekil 3. 9F ve 1541R primerleri ile elde edilen PCR {irlinii. Marker: Lambda DNA/Hindlll (Fermentas)
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4. Sonugclar ve tartisma

Aktinomisetler sahip olduklari intraseliiler ve ektraseliiler biyoaktif metabolitleri nedeniyle 6nemli bir bakteri
grubudur. Biyoteknolojik olarak kullanilan yeni metabolitlerin kesfi i¢in farkli kaynaklardan aktinomiset izolasyonu
yapilmaktadir. Aktinomisetlerin yogun olarak bulundugu topraktan izolasyon c¢alismalari aragtirmacilar tarafindan
yapilmaya devam etmektedir [12,13]. Yapilan bir ¢aliymada c¢esitli toprak Orneklerinden izole ettikleri 526
aktinomisetin lipaz aktivitesini incelemistir. Streptomyces cinsi mikroorganizmalar tarafindan iiretilen lipazlar dogal
olmayan substratlar kullanilarak birkag reaksiyonda test edilmistir. Sonugta Candida rugosa’dan elde edilen ticari
lipazlardan daha iyi aktivite gosteren li¢ lipaz elde edilmistir. Streptomyces halstedii’den elde edilen lipazin sekonder
alkollerin resoliisyonunda iyi aktivite gosterdigi saptanmistir [14]. Aktinomiset lipazlari ile ilgili molekiiler ¢aligmalarda
yiiksek lipaz aktivitesi gosteren lipaz geninin klonlama c¢aligmalar1 yapilmaktadir. Yiiksek kopya sayili vektor tasiyan
aktinomisetlerin orijinal izolattan ¢ok daha yiiksek lipaz aktivitesi oldugu gosterilmistir [15].

Bu ¢alismada farkli toprak drneklerinden daha 6nceki bir ¢alisma sonucu izole edilmis 156 adet aktinomiset
izolatmn kiiltiirel ortamda lipolitik aktivitelerinin belirlenmesi sonucu 53 izolatn (%34) 10 mm ve daha az, 99 izolatin
(%63) 20 mm ve daha az, 4 izolatn ise (%3) ise 20 mm’den daha fazla seffaf derinlik olusturdugu tespit edilmistir.
[zolatlar arasinda en yiiksek lipolitik aktiviteyi 21.5 mm derinlik ile 47 numarah izolatin gdsterdigi belirlenmistir. 47
numarali izolatin 16S rRNA gen bdlgesine gore yapilan dizi analizi sonucunda GenBank numaras1 EU283368.1 olan
‘uncultured actinobacterium clone AS42 16S ribosomal RNA gene’ e %97 oraninda benzerlik gosterdigi goriilmiistiir.
Izolatin elde edilen 16S rRNA dizi bilgisi GenBank’a KY 172825 erisim numarasi ile kaydedilmistir. Bdylece GenBank
kiitiiphanesine katki saglanmustir.

fleriki ¢alismalarda lipaz iiretiminin optimizasyonu igin calismalar gerceklestirilebilir. Besiyerine eklenen
farkli karbon ve nitrojen kaynaklarinin kullanimi, besiyerinin pH’min degistirilmesi, inkiibasyon siiresi ve sicakliginin
degistirilmesi ile optimum sartlarin belirlendigi ¢aligmalar mevcuttur [16,17,18]. Ayrica aktinomiset kaynakli lipazin
enzim karakterizasyonu yapilarak endiistride kullanilma potansiyeli agikliga kavusturulabilir.
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Abstract

Hyoscyamus species known as “Banotu” carry tropane alkaloids. Tropane alkaloids, including atropine,
hyoscyamine and scopolamine, have medically important pharmacological activities. In the pharmaceutical industry,
medicinal plants can be used as a source of alkaloids. In order to obtain tropane alkaloids in the pharmaceutical
industry, the total amount of alkaloids contained in Hyoscyamus species must be known.

In this study, the total content of alkaloids in fruit, leaf, stem, and flower parts of Hyoscyamus niger L. and
Hyoscyamus reticulatus L., which grows in Sivas province of Turkey were investigated by spectrophotometric method.
In the spectrophotometric analysis, bromocresol green, which forms a complex with alkaloids, was used as a coloring
agent, and atropine was used as a standard. As a result of the study, it was determined that all parts of H. niger and H.
reticulatus species contained tropane alkaloids. Except for the flower part, all other parts of H. niger contain more
alkaloids than H. reticulatus. The highest alkaloid content was determined as 3.04 mg/g in H. niger leaf and 2.80 mg/g
in H. reticulatus flower and leaf.

Key words: Hyoscyamus niger, Hyoscyamus reticulatus, total alkaloids, bromcresol green, atropine

%

Alkaloit kaynag olarak iki banotu: Hyoscyamus niger L. & Hyoscyamus reticulatus L.

Ozet

“Banotu” olarak bilinen Hyoscyamus tiirleri tropan alkaloitleri tagimaktadir. Atropin, hiyosiyamin ve
skopolamin gibi tropan alkaloitleri tibbi agidan énemli farmakolojik aktivitelere sahiptir. Ilag endiistrisinde tibbi bitkiler
alkaloit kaynagi olarak kullanilabilmektedir. Hyoscyamus tiirlerinin ila¢ endiistrisinde tropan alkaloidi eldesinde
kullanilabilmesi amaciyla igerdigi total alkaloit miktarinin bilinmesi gerekmektedir. Bu ¢aliymada iilkemizde Sivas
ilinde yetisen banotu tiirlerinden Hyoscyamus niger L. ve Hyoscyamus reticulatus L. meyve, yaprak, gévde ve ¢igek
kisimlarmin tasidigi total alkaloit miktar1 spektrofotometrik yontemle arastirilmistir. Spektrofotometrik analizde
renklendirici ajan olarak alkaloitler ile kompleks olusturan bromkrezol yesili, standart olarak ise atropin kullanilmustir.
Calisma sonucunda H. niger ve H. reticulatus tiirlerinin arastirilan tiim kisimlarinin tropan alkaloitleri icerdigi
belirlenmistir. Cigek kismi1 disinda H. niger’in diger tiim kisimlar1 H. reticulatus’tan daha fazla alkaloit tagimaktadir. En
yiiksek alkaloit miktar1 H. niger yapraginda 3.04 mg/g ve H. reticulatus cicek ve yapraginda 2.80 mg/g olarak tespit
edilmistir.

Anahtar kelimeler: Hyoscyamus niger, Hyoscyamus reticulatus, total alkaloit, bromkrezol yesili, atropin
1. Giris

Tibbi bitkilerin hastaliklarin tedavisinde ve profilaksisinde kullanilmasi antik caglara kadar uzanmaktadir.
Tibbi bitkiler 18. yiizyila kadar infiizyon ve dekoksiyon gibi basit uygulama sekilleri ile hazirlanirken, etken maddelerin
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bitkilerden izole edilmesiyle birlikte aktif bilesikleri igeren ilaglar hazirlanmaya baglanmistir. 20. yiizyila gelindiginde
sentez kimyasindaki gelismelerle birlikte ilaglarda sentetik bilesikler de yer almaya baslamistir. Ancak bitkisel ilaglarla
tedavi giiniimiizde halen 6nemini korumaktadir. Baz1 tibbi bitkiler dogal florada genis yayilis gostermektedir ve bu
bitkiler ilagc hammaddesi icin ucuz kaynak saglamaktadir. ilag hammaddesi ihtiyacindaki artis ve bazi bilesiklerin
sentezinin izolasyona kiyasla daha zor olmasi nedeniyle kaynak saglayabilecek tibbi bitkilerin kiiltiire alinarak
yetistirilmesi 6nem arz etmektedir [1-3].

Alkaloitler dogal kaynaklardan elde edilen, diisiik dozlarda bile giiclii fizyolojik ve farmakodinamik
aktiviteye sahip olan, bazik 6zellikteki bilesiklerdir. Alkaloitler botanik ve biyokimyasal kdkenleri, kimyasal yapilari ve
farmakolojik etkileri yoniinden oldukga fazla gesitlilik gostermektedir [4]. Tropan alkaloitleri azot ihtiva eden bisiklik
halka sistemine sahiptir ve 8-metil-8-azabisiklo [3.2.1] oktan yapisindadir. Atropin, hiyosiyamin ve skopolamin 6nemli
tropan alkaloitleridir. Farmakolojik agidan bu bilesikler parasempatolitik 6zelliktedir ve ozellikle antikolinerjik
bilesiklerin baslangic maddesidir [5,6]. Tropan alkaloitlerinin tibbi bitkilerden ekstraksiyon ile elde edilmeleri sentetik
olarak elde edilmelerine gore daha pratik ve ekonomiktir. Bu bilesikler cogunlukla Solanaceae familyasina ait bitkilerde
bulunmakla birlikte tibbi amagla kullanilan tiirlerin sayis1 smirlidir. Tropan alkaloiti elde etmek amaciyla Hyoscyamus,
Atropa ve Duboisia tiirleri kullanilmaktadir [4,7].

Hyoscyamus (Solanaceae) cinsi lilkemizde “banotu, bengildek, benk, ber¢, gavur hashasi” gibi isimlerle
bilinmektedir ve alt1 tiir ile temsil edilmektedir. Bu tiirler Hyoscyamus albus L., Hyoscyamus aureus L., Hyoscyamus
leptocalyx Stapf., Hyoscyamus niger L., Hyoscyamus pusillus L. ve Hyoscyamus reticulatus L.’dur. Hyoscyamus tiirleri
alkaloitler, flavonoitler, lignanlar, saponinler, fenolik bilesikler ve gliseridler ihtiva etmektedir. Hyoscyamus cinsi
tropan alkaloitleri i¢in 6nemli bir kaynaktir [8].

Alkaloit sentezi 151k, rakim, 1s1, topragin cinsi ve pH’s1 ve herbisit uygulamalar1 gibi ¢evresel etkenlere gore
degisebilmektedir. Alkaloit miktar1 ayn1 cinse ait bitkilerde tiire gore degiskenlik gostermektedir. Ayrica bir tiiriin kok,
govde, kabuk, yaprak, cicek, meyve ve tohumlarinda degisen miktarlarda alkaloit bulunabilmektedir. Alkaloit miktar
tayininde yliksek performansli sivi kromatografisi (HPLC), florimetri, iyon kromatografisi, kulometri, gaz kromatografi
ve elektrokromatografi gibi yontemler kullanilabilmektedir [9-14]. Bu yontemlerden bagka spektrofotometrik yontem
de alkaloitlerin miktar tayininde siklikla tercih edilmektedir. Spektrofotometrik yontem basitligi, hassasiyeti ve hizl
analize imkan vermesi ile 6ne c¢ikmaktadir. Bu yoOntemin esasi alkaloitin bromkrezol yesili ile reaksiyonuna
dayanmaktadir ve reaksiyon sonucunda sar1 renkli katim bilesigi olugmaktadir [15].

Tropan alkaloitlerinin tibbi bitkilerden ekstraksiyon ile elde edilmeleri sentetik olarak elde edilmelerine gore
daha uygulanabilir bir yontemdir. Ancak tibbi bitkilerin ila¢ endiistrisinde kullanilabilmesi i¢in bitkinin icerdigi total
alkaloit miktarinin arastirilmas: gerekmektedir. Calismada Sivas ilinde yetisen banotu tiirlerinden Hyoscyamus niger L.
ve Hyoscyamus reticulatus L. bitkilerinin ¢igek, gévde, meyve ve yaprak kisimlarinin tasidigi total alkaloit miktari
spektrofotometrik yontemle arastiriimastir.

2. Materyal ve yontem
2.1. Bitki Materyali

H. reticulatus ve H. niger Temmuz aymnda Sivas ilinden toplanmistir. Bitkiler Do¢. Dr. Mehmet Tekin
tarafindan teshis edilerek Cumhuriyet Universitesi Eczacilik Fakiiltesi herbaryumunda muhafaza edilmistir. Orneklerin
cicek, govde, meyve ve yaprak kisimlari ayrilarak oda sicakliginda golgede kurutulmustur.

2.2. Ekstraksiyon

Kurutulan 6rnekler laboratuvar tipi degirmen ile toz edilmistir. Bitki 6rnekleri (10 g) kloroform: etilasetat
(18:3) icinde siispande edilmis ve 30 dakika siiresince maserasyona birakilarak ekstreler hazirlanmigtir. Elde edilen
ekstreler algak basing altinda 40°C’de rotavaporda yogunlastirilip kurutulmustur.

2.3. Numune Cozeltisinin Hazirlanmast

Kurutulan ekstre 2 N HCl ile ¢oziilmiis ve ¢ozeltinin 1 mL'si ayirma hunisine aktarimistir. 10 mL kloroform
ile 3 kez yikanarak ¢6zeltinin pH'st 0.1 N NaOH ile nétr olacak sekilde ayarlanmistir. Ardindan ¢ozeltiye 5 mL
bromkrezol yesili soliisyonu ve 5 mL fosfat tamponu ilave edilerek karigtirilmistir. Olusan alkaloit-bromkrezol yesili
kompleksi 1, 2, 3 ve 4 mL kloroform ile kuvvetlice ¢alkalanarak ekstre edilmis ve kompleksin kloroformlu fazda
¢oziinmesi saglanmistir. Kloroformlu faz 10 mL'lik bir balon joje i¢inde toplanmigtir. Gerekli seyreltme islemlerinden
sonra kloroform i¢inde ¢6ziinmiis halde bulunan kompleksin absorbans1 470 nm'de 6lgiilmiistiir [16].

2.4. Reaktiflerin Hazirlanmast

-Bromkrezol yesili ¢ozeltisi
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Bromkrezol yesili Shamsa vd. tarafindan rapor edilen protokole gore hazirlanmustir [15]. 69,8 mg bromkrezol
yesili 3 mL 2 N NaOH ve 5 mL distile suda tamamen ¢6ziilmiis ve distile su ile 1000 mL’ye tamamlanmustur.

-Fosfat tamponu (pH =4.7)

71.6 g Na2HPO4 1 L distile suda c¢oziilerek 2 M Na2HPO4 ¢ozeltisi hazirlanmistir. Ardindan 0.2 M sitrik
asit ile pH 4.7'ye ayarlanmustir.

2.5. Atropin standart ¢ézeltisinin hazirlanmasi

Atropin standart ¢dzeltisi i¢in 10 mg saf atropinin (Sigma, ABD) 10 mL distile suda ¢6ziilmiis ve ¢ozeltiden
1 mL almarak hacmi 10 mL’ye tamamlanmistir.

2.6. Kalibrasyon grafiginin hazirlanmasi

Atropin standart ¢ozeltisinden 0.4, 0.6, 0.8, 1 ve 1.2 mL alinarak farkli ayirma hunilerine aktarimistir. 5 mL
fosfat tampon (Ph=4.7) ve 5 mL bromkrezol yesili ¢ozelitisi eklenerek 1, 2, 3 ve 4 mL kloroform ile ekstraksiyona tabi
tutulmustur. Kloroformlu fazlar 10 mL’lik balon jojede toplanmistir. Ardindan koroformda ¢oziinmiis halde bulunan
atropin-bromkrezol kompleksinin absorbansi kore karst 470 nm'de UV spektrofotometresinde (Shimadzu UV-1700)
Olciilmiistiir.

3. Bulgular

Deneyde kullanilan ekstraksiyon yontemi ile diger organik bilesiklerin nihai ¢ozeltide bulunmadig yalnizca
alkaloitleri ihtiva eden bir ekstre elde edilmistir. Bu sayede bromkrezol yesili ile alkaloitler bire bir reaksiyona girmekte
ve sar1 renkli katim bilesigi olugsmaktadir.

Tablo 1°de H. reticulatus ve H. niger ¢igek, govde, meyve ve yaprak kisimlarinda bulunan total alkaloit
miktar1 mg/g cinsinden ifade edilmistir. Total alkaloit miktar1 en fazla H. niger yapraginda 3.04 mg/g ve H. reticulatus
cicek ve yapraginda 2.80 mg/g olarak kaydedilmistir.

Tablo 1. H. reticulatus ve H. niger ¢igek, gdvde, meyve ve yaprak kisimlarinda tespit edilen total alkaloit miktar1

Bitki ad1 Bitki kisimlari Total alkaloit (mg/g)

H. reticulatus Cigek 2.80
Govde 2.34
Meyve 2.40
Yaprak 2.80

H.niger Cicek 2.70
Govde 2.94
Meyve 2.74
Yaprak 3.04

4. Sonuglar ve tartisma

Bitki materyallerinde alkaloitlerin belirlenmesi i¢in farkli hassasiyetlere sahip gravimetrik ve ya titrimetrik
yontemler kullanilabilmektedir. Ancak bu yontemlerin bazi eksiklikleri bulunmaktadir. Gravimetrik yontemde elde
edilen kalintinin safsizliklar igerdigi gozlenmistir. Titrimetrik ydntemlerde ise son noktanin ekstrenin rengiyle
maskelenmesi gibi dezavantajlar bulunmaktadir. Ote yandan tiim alkaloitler i¢in gegerli sabit bir yontem yoktur. HPLC
gibi yiiksek duyarliliga sahip yontemler total alkaloitlerin belirlenmesi i¢in rutin yontemler degildir ve bu yontemler
olduk¢a maliyetlidir ve 6zel ekipman gerektirmektedir.

Tropan alkaloitlerinin bromokrezol yesili ile spektrofotometrik tayini basit ve hassas bir yontemdir ve ¢ok
fazla 6zel ekipman gerektirmez. Ayrica kullanilan ydontemin analiz siiresi kisadir, hizli analize imkan vermektedir.

Tropan alkaloitleri (atropin, hiyosiyamin ve skopolamin) tibbi agidan 6nemli farmakolojik aktivitelere
sahiptir. Bu bilesiklerin Hyoscyamus tiirlerinden ekstraksiyon ile elde edilmeleri ve ilag endiistrisinde kullanilmalari
tirlerin icerdigi total alkaloit miktarmm belirlenmesi ile mimkiindiir. Ayni il igerisindeki farkli yorelerde gevresel
etkenlerin farklilasmasi nedeniyle bitkinin sentezledigi alkaloit miktar1 degisebilmektedir. Ulkemizde yetisen H. niger
ornekleri ortalama % 0.107 alkaloit igermektedir [17]. Bitkinin igerdigi total alkaloit miktar1 % 0.05 ile 0.10 arasinda
degisebilmekte ve total alkaloit miktarmnin %50’sini skopolamin olusturmaktadir [18]. Literatiirde Giimiighane’den
toplanan H. niger 6rneklerinde %0.068, Erzurum’dan toplananlarda %0.084, Eskisehir’den toplanan 6rneklerde %0.071
ve Aydmn-Osmanbiikii Yoresi’'nden toplanan orneklerde ise % 0.214 oraninda alkaloit tespit edildigi bildirilmistir
[19,20]. Bursa Yoresi’'nden toplanan H. niger yaprak orneklerinde ise total alkaloit oran1 % 0.251 ve % 0.195 olarak
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hesaplanmigtir [21]. Baytop ve Tanker tarafindan yapilan calismada H. reticulatus yapraklarmm % 0.011 ile 0.027
oraninda alkaloit i¢erdigi belirtilmektedir [22]. Van yoresinde 3 farkli alandan toplanan orneklerde ise % 0.058, %
0.116 ve %0.231 oraninda alkaloit saptanmistir [8].

Calismamiz ile Sivas bolgesinde dogal olarak yetisen H. niger ve H. reticulatus’un gicek, gévde, meyve ve

yaprak kisimlarmin tiimiiniin tropan alkaloitlerini igerdigi gosterilmistir. Cicek kismu diginda H. niger’in diger tiim
kisimlar1 H. reticulatus’tan daha fazla alkaloit tasimaktadr. ki tiirde de total alkaloit miktar1 yaprak kisimlarinda daha
fazladir. Elde edilen bulgular is1¢inda Sivas yoresinde yetisen H. niger ve H. reticulatus ila¢ endiistrisinde tropan
alkaloitlerinin elde edilmesi amaciyla kullanilabilir. Bu sayede iilkemiz zengin florasi degerlendirilerek tropan
alkaloitleri i¢in hammadde kaynag1 saglanabilir..
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Abstract

Parasitic wasps inject their eggs, together with a complex venom mixture, in or on other insects. Parasitoid
venoms use various mechanisms to manipulate the physiology and suppress the immune system of their hosts, thus
enabling the growth and development of their offspring. Since the major mechanisms of innate immunity in insects are
homologous to the Nuclear Factor kappa B (NF-kB) pathway in mammalian immunity, this study hypothesized that
venom related immune suppression observed in host insects could also be observed in mammalian cells. Therefore, an
NF-xB-dependent luciferase assay was used to determine the effects of P. turionellae venom on murine fibrosarcoma
L929sA cells. Results from an MTT assay showed that venom from P. turionellae has no cytotoxic effects on L929sA
cell lines when considering a defined range of exposure time and concentrations. Also, the present study indicated that
endoparasitoid P. turionellae venom has potential to inhibit NF-kB signaling in cells of mammals at nontoxic
concentrations. In conclusion, venom components from ecto- or endoparasitoid wasps have anti-inflammatory potential
on increased immune responses of mammalian cells.

Key words: endoparasitoid venom; fibrosarcoma cell; NF-kB signal; inflammation; Pimpla turionellae

*

Pimpla turionellae L. (Hymenoptera: Ichneumonidae) Zehirinin Memeli Hiicrelerindeki Potansiyel Antienflamatuvar
Etkilerinin Degerlendirilmesi

Ozet

Parazitik arilar sahip olduklari kompleks bir zehir karigimi ile birlikte yumurtalarmi diger boceklerin igine
veya iizerine enjekte ederler. Parazitoidlerin zehirleri, geng parazitoidin bliylime gelisimini saglamak amaciyla konak
fizyolojisini degistirecek veya bagisiklik sistemini baskilayacak sekilde is gormektedir. Boceklerde baslica dogal
bagisiklik yolaklari olan Toll/ Imd yolaginin, memelilerdeki NF-kappa B (NF-«xB, Niiklear Faktor kappa B) yolagina
homolog olmasi nedeniyle, zehire bagl olarak konak bocegin bagisiklik sisteminde olusan tepkilerin memeli hiicre
sisteminde de olabilecegi ¢alismamizin hipotezi olarak belirlenmistir. Bu nedenle, P. turionellae zehrinin murin
fibrosarkoma L929sA hiicreleri lizerindeki etkilerini belirlemek i¢in NF-xB 'ye bagimli bir lusiferaz aktivite testi
kullanmldi. MTT testinden elde edilen sonuglar, P. turionellae'den elde edilen zehirinin uygulanan inkiibasyon
stirelerinde ve konsantrasyonlarda 1.929sA hiicre hatlar1 iizerinde sitotoksik etkiye sahip olmadigmi géstermistir.
Ayrica, bu ¢aligma, endoparazitoit P. turionellae zehirinin, toksik olmayan konsantrasyonlarinda memeli hiicrelerindeki
NF-xB sinyalini inhibe etme potansiyeline sahip oldugunu gostermistir. Sonug olarak, ekto- veya endoparazitoit
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arilardan elde edilen zehir bilesenleri, memeli hiicrelerinin artan bagisiklik tepkileri {izerinde antienflamatuvar
potansiyele sahiptir.

Anahtar kelimeler: endoparazitoit zehir; fibrosarkoma hiicre; NF-xB sinyal; enflamasyon; Pimpla turionellae
1. Introduction

Venom extracts of various animals were studied to determine their possible anti-inflammatory effects on
different chronic inflammatory diseases (i.e atherosclerosis and rheumatoid arthritis) and cancer [1-4]. In this context,
the research on parasitoid venoms for use as immune suppressing agents has become remarkable, because several
peptides/proteins are produced in wide range and at high level in their venom glands. Endoparasitoids have immune
regulation mechanisms to provide a suitable nutritional environment for the successful development of their offspring
inside host insects [5-6]. These parasitism-dependent regulations of host immunity in particular idiobiont species are
due to injection of maternal factors [7-9]. Several endoparasitoids have been proven to exert immune suppressive
activity on their host [10]. This function is mostly attributed to the polydnavirusses (PDVSs) that are simultaneously
released with the parasitoid venom prior to oviposition. PDVs are known to suppress both humoral immunities, by
interfering with melanization, AMP synthesis and the prophenoloxidase cascade, and cellular immunity, through
inhibition of encapsulation, in the host organism [11-12]. However, like the ectoparasitoid wasp Nasonia vitripennis
(Walker) (Hymenoptera: Pteromalidae), P. turionellae also lacks PDVs, indicating that all immune suppressive effects
are likely carried out by venom components [4]. This shows that this endoparasitoid wasp (Hymenoptera:
Ichneumonidae) is an interesting species to study anti-inflammatory potential of the venom compounds.

The idiobiont, endoparasitoid wasp Pimpla turionellae L. (Hymenoptera: Ichneumonidae) also injects its pupal
host with venom during oviposition. Studies on the immune suppressive effect of P. turionellae venom have shown that
it inhibits the immune system in its host organism in order to protect their offspring from elimination. Interestingly, as
mentioned before, this wasp venom lacks polydnaviruses and virus-like particles so that the wasp venom is likely to
play a major role in host regulation [13]. Venom from P. turionellae contains a number of biologically active
components including proteins, peptides, and biogenic amines. Additionally, venom displays a mixture of several mid
to high range molecular weight proteins [14]. Previous studies reported that depending on host susceptibility, P.
turionellae venom exhibits cytotoxic and/or cytolytic mechanisms thus inducing host paralysis [9, 14]. Furthermore,
venom-induced morphological changes were shown in the BTI-TN-5B1-4 and Aag-2 cell lines isolated from cabbage
looper, Trichoplusia ni (Hiibner) (Lepidoptera: Noctuidae) and larvae of the yellow fever mosquito, Aedes aegypti (L.)
(Diptera: Culicidae), respectively. All these previous studies have focused on the host insect hemocyte immune
responses following treatment with P. turionellae venom [15]. However, the promising recent findings reported by
Danneels et al. [4] and Saba et al. [16] showed that the venom of two ectoparasitoid species N. vitripennis and Bracon
hebetor Say (Hymenoptera: Braconidae) have anti-inflammatory potential on mammalian cells. It is known that the Toll
and Imd pathways in insects are homologous to the mammalian Nuclear Factor kappa B (NF-kB pathway) [17] and
studies show that even at molecular level of invertebrates and vertebrates, these innate immunity pathways are
evolutionary conserved [18]. In mammalian organisms, various immune responses like inflammation are regulated by
the NF-«B transcription factors [19]. Numerous diseases such as inflammatory and autoimmune diseases, septic shock,
viral infection, abnormal immune development, and cancer are a result of the incorrect regulation or excess activation of
the NF-«xB pathway [20-21]. For this reason, modulation of NF-kB activation is the most important therapeutic strategy
for reducing tissue damage that follows the release of inflammatory mediators. Therefore, the current study aimed at
investigating the potential anti-NF-xB and anti-inflammatory responses of P. turionellae venom on mammalian cells.
Further, investigating the potential anti-inflammatory responses of an endoparasitoid wasp venom on mammalian cells
will help to compare the differences and similarities between an ecto- and endoparasitoid species based on the finding
of a previous study [4].

2. Materials and methods
2.1. Insect rearing

Idiobiont, solitary and endoparasitoid P. turionellae culture was reared on the host, greater wax moth, Galleria
mellonella (Lepidoptera: Pyralidae) pupae [22]. Adult females and males were fed with 50% (v:v) honey-water solution
and pupae of G. mellonella (5 pupae for every 10 female wasps once every two days). Parasitoid culture was maintained
at 24 £ 1°C, 55 + 5 % RH, and 12: 12 h, L: D photoperiod conditions in insect culture room (D-51) at Animal
Physiology Laboratory, Eskisehir Technical University, Eskisehir, Turkey.

2.2. Isolation of crude venom from P. turionellae

Venom samples used for the experiments were isolated by removing the venom glands of 15 to 20-day-old
female wasps [22]. Venom glands of female wasps were used for each replicate of cell viability (MTT) and reporter
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gene analysis assays. Females were frozen at —20°C for 10 minutes before dissection of venom glands. Then, venom
glands were ruptured in distilled water and centrifuged at 12.000 g, +4°C for 10 min to separate cell debris. The
resultant supernatant was used as crude extract of the venom. These supernatants were transferred into clean
microcentrifuge tubes and immediately lyophilized in a lyophilizer (Freeze dryer, Christ, model Alpha 1-4), frozen and
stored at —80°C until further use.

2.3. Total protein analysis in crude venom

Lyophilized crude venom samples were dissolved in insect saline buffer (ISB, 10 mM Hepes, 2 mM MgCI2, 4
mM CaCl2, 10 mM KCI, 150 mM NaCl) before analyzing the amount of total protein content. After suspension of the
lyophilized crude venom, a total protein assay was performed according to the Bradford method at 595 nm using bovine
serum albumin as the standard curve.

2.4. Cell culture

Mouse fibrosarcoma cells transfected with an NF-kB-dependent reporter gene (L929sA cells) were used in all
experiments. L929sA cell lines were routinely grown on DMEM medium containing ten percent fetal bovine serum, 0.1
mg/ml streptomycin and 100 units/ml penicillin supplements and maintained at 37 °C in 5% CO2 humidified air. Cells
were seeded with a density of 3000 cells/well 96-well plates, 48 hours prior to treatment.

2.5. MTT assay

To determine the cytotoxicity of P. turionellae venom on the viability of L929sA cells, an MTT assay was
performed using different concentrations of the venom and multiple incubation times (3, 7 and 24 hours). The MTT
assay with L929sA cells was performed according to the protocol of Danneels et al. [4] using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT, 0.5mg/ml in each well. Subsequently, this plate was incubated at the same
cell culture conditions as mentioned above. After this time period, 100 pl culture medium (without serum and
antibiotics) in the negative control (NC), 100 ul deionized water or ISB in the positive control (PC) and 100 pl culture
medium without serum and antibiotics plus different concentrations of the wasp venom were added to the cell medium
in the respective wells. After incubation (3, 7 and 24 hours) with different concentrations of venom (0.08 — 40 pug/ml),
20 ul MTT solution (0,5mg/ml) was added to each well in dark flow and incubated overnight in the dark at 37°C till
blue deposits appeared. The formazan crystals were then dissolved in SDS/HCI solution and left to incubate at a
temperature of 37°C for 5 hours. The absorbance was analyzed calorimetrically at 595 nm with a microplate reader
(Apparatus Multiskan FC — Thermo Scientific). Based on this assay, nontoxic concentrations of wasp venom on the
L929sA cells were determined to perform reporter gene analysis.

2.6. Reporter gene analysis (Luciferase and f-galactosidase assay)

Luciferase and B-galactosidase assays were performed as mentioned in Danneels et al. [4]. To examine the
effects of the venom on NF-KB activity in this study, NF-KB-dependent reporter gene transfected L929sA cells (3.0 x
103 cells in each well) were seeded in a 96 well plate. Subsequently, these plates were incubated as cell culture
conditions as mentioned above. After this time period, each well was pretreated with nontoxic concentrations of venom
(20, 10, 5, 2.5, 1.25, 0.63 and 0.32 pg/ml) for 15 minutes and stimulated for 5 hours at 1000 and 2000 IU/ml TNF
concentrations. After incubation, all media were removed from each well and rinsed with phosphate buffer saline.
Subsequently, 100 pl lysis buffer (0.2 M K2HPO4, 0.2 M KH2PO4, 0.2 % Triton X-100) was added to each well and
frozen at -80 °C overnight. After freezing, cell lysates were thawed and 25 pul of each cell lysate was loaded to black 96-
well plates. For luciferase (luc) reporter assays, 50 ul luciferase mix (Sigma) was added per well to one plate and
measured directly with luminometer (Viktor3 system, Perkin Elmer Life Sciences, Boston, MA). For galactosidase
reporter assays, 50 pl gal mix (Sigma) was added per well to the other plate and incubated for one hour. After
incubation galactosidase activities in each plate were measured with luminometer (Viktor3 system, Perkin Elmer Life
Sciences, Boston, MA). The b-galactosidase values were used to normalize the measured luciferase activity. Therefore,
normalized NF-KB-dependent reporter gene activity was described as arbitrary light units.

2.7. Statistical analysis

All data were expressed as the mean =+ standard error (SE) of three replicates. Percentage data for cell viability
were normalized by arcsine transformation before analysis. The SPSS software program (version 18.0 for Windows,
SPSS Science, Chicago, IL) was used for all statistical analysis. First, Shapiro-Wilk test was used to confirm normality
of the experimental results. All data were distributed normally. Therefore, our data was evaluated using analysis of
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variance (ANOVA) and separated using Least Significant Difference (LSD) and Dunnett’s tests. Results were recorded
as statistically significant when P < 0.05.

3. Results
3.1. Cytotoxic effects of P. turionellae crude venom (MTT assay)

Effects of isolated P. turionellae venom on cell viability of L929sA murine fibrosarcoma cells were determined
by a cell viability (MTT) assay. As shown in figure 1, the percentage of cell viability changed according to both venom
concentration and incubation time (P<0.05, Dunett’s test). After three hours of venom treatment, the viability of
L929sA cells showed a statistically significant decrease of 17,8% (F= 2.796; df= 10, 22; P= 0.021), only at the highest
concentration (40 pg/ml). After seven hours of venom exposure, lower venom concentrations had no significant effect
on cell viability. Treatment with higher venom concentrations (10, 20 and 40 pg/ml) showed a statistically significant
decrease in cell viability. Respectively 87.8 %, 89.9% and 75,31%, of the cells survived (F= 8.639; df= 10, 22; P=
0,000). On the other hand, 24 hours post-incubation with P. turionellae venom, it was observed that even at the lower
concentrations (from 1.25 pg/ml and above), cell viability decreased significantly when compared with other lower
concentrations (0,08 - 0,63 pg/ml) and control (F= 103.162; df= 10, 22; P= 0.000). Cell viability (%) was reduced
below 50% at the two highest venom concentrations after 24 hours incubation as shown in Figure 1.
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Figure 1. Influence of P. turionellae venom on L929sA murine fibrosarcoma cells viability (%)
“Cell viability was analyzed according to an MTT assay. Means of triplicates (%) after respective treatments are shown in the graph together with the
standard error (SE) bars. *Data were evaluated significantly different at a 95% confidence interval (p<0.05, Dunnett’s tests).

3.2. Effects of P. turionellae crude venom on NF-«B activity in TNF-stimulated L929sA cells

According to MTT assay results, concentrations of venom at 0.32-20 nug/ml were nontoxic on cells within
short incubation times. Therefore, these venom concentrations were used on cells for the NF-kB activity analysis. In
this analysis, a stably transfected NF-«xB -dependent luciferase reporter gene system consisting of an NF-kB-responsive
element and a constitutively expressed reporter gene construct (pPGKbGeobpA) encoding -galactosidase, was used to
determine the effects of P. turionellae venom on TNF-dependent NF-kB activity in L929sA cells. Transfected L929sA
cells were also stimulated with two different concentrations of TNF (1000 and 2000 1U/ml) for five hours to induce the
NF-kB reporter gene. While B-galactosidase activity did not change in both TNF-stimulated and unstimulated L929sA
cells at all venom concentrations and control group, increased luciferase activity was observed in all TNF-stimulated
groups compared with non-TNF-stimulated groups. These results obtained from B-galactosidase activities exhibited
continued cell viability. Additionally, the luciferase activity measured in cells induced with TNF at 2000 1U/ml was
determined to be higher than the cells stimulated with TNF at 1000 IU/ml. Thus, luciferase and -galactosidase activity
results revealed that L929sA cells responded to TNF, followed by an induction of the NF-xB-reporter gene. After 5
hours of incubation with indicated TNF concentrations, luciferase activity significantly decreased with increased venom
concentration in pre-treated cells compared to control (P<0.05, Dunnett test). As shown in Figure 2, normalized NF-xB
dependent reporter gene activity decreased at 2.5-20 pg/ml venom concentrations when compared with lower venom
concentrations and control (F=6.577; df= 7, 16; P= 0.001, LSD test) in cells stimulated with 1000 IU/ml TNF
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concentration. Whereas, at all venom concentrations, reporter gene activity decreased in comparison with control in
2000 1U/ml TNF-stimulated L929sA cells (F= 9.656, df= 7, 16, P=0.000, LSD test). Briefly, NF-xB dependent reporter
gene activity in both 1000 and 2000 IU/ml TNF stimulated L929sA cells was lowest at 10 pg/ml venom concentration
compared to control cells.
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Figure 2. Influence of venom concentrations on TNF-dependent NF-kB expression

*L.929sA cells were seeded in 96 well plates and treated with different venom concentrations (0.32 — 20 pg/ml) and TNF (1000-2000 U/ml).
Normalized NF-kxB expression following treatment is shown as arbitrary light units. Means with SE fallowed by the different letters are significantly
different (p<0.05, LSD test).

4. Conclusions and discussion

Cell death in host-parasitoid relationship is a general mechanism. This is often associated with the suppression of
the host's immune system. Cell death may be caused by stimulation of the apoptotic or oncotic pathways by the
secretions produced by the s female wasps such as venomous cocktails injected into the hosts [10, 23]. Thus, venoms
from parasitoid species cause important physiological effects such as interrupting host immunity in parasitoid-host
relationships. Previous studies reported that, solitary, idiobiont and endoparasitoid species, P. hypochondriaca and P.
turionellae venoms’ lack of PDV induced the paralyzation of their hosts via cytolytic and cytotoxic mechanisms [9, 14-
15, 24]. Er et al. [15] also showed that P. turionellae venom decreased cell viability, mitotic index, and encapsulation
response of host hemocytes. Also, cell-mediated immune response was suppressed via inducing apoptotic or necrotic
pathways in the larval and pupal stages of host G. mellonella. Furthermore, studies on the suppression of the immune
system by endoparasitoid P. turionellae venom were performed on other insect cell cultures [15]. However, studies
related with the effects of parasitoid venom on mammalian cells are limited in literature [4, 16, 25]. On the other hand,
several studies demonstrated that bee venoms exhibit anticonvulsant [26], cytotoxic, genotoxic, mutagenic [27-28], anti-
inflammatory [29-30] and cytostatic [31] influences on the mammalian cells. Saba et al. [16] also argued that
Hymenopteran venoms contain in them antimicrobial peptides which possess antibiotic activity against mammalian
cells. Therefore, the current study was focused on investigating the potential cytotoxic and anti-inflammatory responses
of endoparasitoid P. turionellae L. (Hymenoptera: Ichneumonidae) venom on mammalian cells. Our results show that
venom can have cytotoxic effects on mammalian cells but mostly at longer incubation times and higher venom
concentrations. Although in our experiment, at some point, significant decrease of cell viability is measured, it is not
clear if this is biologically relevant since still 87% of the cells survive (Fig 1). Indeed, P. turionellae venom induces cell
death in insect cell lines even at low concentrations [15], whereas in murine fibrosarcoma cells (L929sA), cytotoxicity
was noticeable only at high doses (20 and 40ug/ml) and long induction time (24 h). Interestingly, these venom
concentrations for mammalian cells are higher than concentrations determined for N. vitripennis and B. hebetor
ectoparasitoid species venoms [4, 16]. As is evident from the results, ectoparasitoid venoms have higher toxicity
potential than endoparasitoid venoms on mammalian cells.
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The second focus of this study was to investigate whether crude venom from P. turionella has inhibition
potential on the NF-xB immune signaling pathway in L929sA cells stably transfected with a recombinant promoter that
has an NF-kB-responsive element. According to cell viability results, venom from P. turionellae is not toxic at lower
concentrations and shorter incubation periods. Thus, at 5 hours incubation period, 0.32-20 pg/ml venom concentrations
appeared to be nontoxic to cells and these concentrations were used in reporter gene analysis to determine the anti-
inflammatory potential. In previous studies, it was reported that activation of NF-xB transcription factors and mitogen
activated protein kinases (MAPK) pathways are evolutionarily conserved in metazoans [32, 33, 34, 35]. Danneels et al.
[35] also suggested that ectoparasitoid N. vitripennis venom can modulate the NF-kB and MAPK pathways and thus,
suppressing the immune response of the parasitized host Sarcopahaga crassipalpis pupae. Moreover, N. vitripennis
venom at low concentrations (0.4-12.5 pg/ml) significantly decreased the relative luciferase activity in L929sA
fibrosarcoma cells stimulated with TNF (20001U/ml) 6 hours post-exposure and thus, a concentration dependent
venom-mediated suppression was shown in the NF-kB signaling pathway in mammalian cell lines, L929sA and
Raw264.7 macrophages [4]. Similarly, venom from endoparasitoid P. turionellae decreased the normalized luciferase
activity in these L929sA cells stimulated for five hours with two TNF concentrations (1000 and 2000 1U/ml) in this
study. At the same time, increased luciferase activity was recorded at 2000 IU/ml TNF concentration when compared to
1000 IU/ml TNF. However, normalized NF-kB-dependent promoter activities in L929sA cells did not decrease in a
dose-dependent manner at all venom concentrations, in contrast to N. vitripennis venom [4]. In particular, NF-xB
dependent reporter gene activity in 2000 1U/ml TNF-stimulated L929sA cells decreased by approximately 36 % at 10
pg/ml P. turionellae venom concentration compared to control cells. In addition, Saba et al. [16] demonstrated that
crude venom from the ectoparasitoid wasp B. hebetor has anti-inflammatory activity in a dose dependent manner and
suppresses the levels of proinflammatory mediators and cytokines via NF-kB and MAPK pathways in mammals both in
vitro and in vivo. Same authors also suggested that B. hebetor venom can be evaluated as a nonsteroidal agent for the
treatment of inflammatory diseases in the future. Together, the present and previous findings indicate that ectoparasitoid
venom even at low concentrations has remarkable inhibitory effects on the NF-«xB signaling pathway in mammalian
cells as compared to endoparasitoid venom. Keeping this mind, we suggest that these differences between
endoparasitoid and ectoparasitoid venom may be related to a number of protein and polypeptide components. It is well
known that crude venom from parasitoid wasps includes a high amount of toxins and manipulates cell physiology in
diverse ways [25].

In conclusion, our results indicate that venom from P. turionellae has an anti-inflammatory potential on
mammalian cells dependent on concentrations and exposure time. Therefore, further research on screening P.
turionellae venom components responsible for possible anti-inflammatory characteristics with the aim of finding
treatments for several chronic inflammatory diseases and cancer should be carried out to explore its molecular effects
on the NF-kB signaling pathway.
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Abstract

Age structure and longevity in 47 museum specimens (31 females and 16 males) of Lacerta agilis from two
different populations in Turkey were skeletochronologically studied. The mean SVL of males was not significantly
different from those of females, although intersexual differences in body size are female-biased. The age structure
ranged from 3 to 6 years in male individuals, and 3 to 8 years in females. Age at sexual maturity was 2 years for males,
while females reached sexual maturity after the third year of life. The age did not significantly differ between the sexes.
Additionally, age structure and SVL did not significantly differ between the two populations. A significant positive
correlation between SVL and age structure was present for the Kars population, although there was a weak correlation
for the Ardahan population. Considering sex, there was a significant difference in terms of SVL for the Ardahan
population, while age structure significantly differed for the Kars population.

Keywords: Skeletochronology, Lacertidae, Lacerta agilis, Turkey

k

Tiirkiye’deKi iki farkh populasyondan Lacerta agilis’in LINNAEUS, 1758 (Reptilia: Lacertidae) viicut
biiyiikliigii ve yas yapisi

Ozet

Tirkiye'deki iki farkli popiilasyondan Lacerta agilis'in 47 miize 6rneginde (31 digi ve 16 erkek) yas yapist ve
yasam siiresi iskelet kronolojisi kullanilarak incelenmistir. Cinsiyete bagimli viicut biiyiikligii disi egilimli olmasina
ragmen, erkeklerin ortalama SVL’si disilerden dnemli 6l¢lide farkli degildir. Yas dagilimi erkek bireylerde 3 ile 6 yil
arasinda, disilerde ise 3 ile 8 yil arasinda degismektedir. Erkekler iki, disiler ise yasamin ii¢iincii yilindan sonra cinsel
olgunluga ulasir. Yas, cinsiyetler arasinda dnemli dlciide farklilik géstermez. Bununla birlikte, yas yapist ve SVL iki
popiilasyon arasinda dnemli 6lgiide farkli degildir. SVL ile yas arasinda Ardahan popiilasyonu i¢in zayif bir korelasyon
olsa da Kars popiilasyonu i¢in anlamli 6lgiide bir pozitif korelasyon vardir. Cinsiyetler g6z 6niine alindiginda, Ardahan
popiilasyonunda SVL i¢in, Kars popiilasyonda ise yas dagilimi i¢in anlamli bir fark s6z konusudur.

Anahtar kelimeler: iskelet kronolojisi, Lacertidae, Lacerta agilis, Tiirkiye
1. Introduction

The Sand Lizard, Lacerta agilis Linnaeus, 1768, is widely distributed in the Palearctic and extends from north
(Sweden, Finland, and southern Great Britain to northern Greece) to south (Caucasus) and west (Pyrenees) to east
(northwest China) [1]. In Turkey, it is known from northeastern Turkey including Erzurum, Ardahan, Kars, Artvin, and
Trabzon provinces [2]. Lacerta agilis is a closely related species belonging to the subgenus Lacerta s. str. (= Lacerta |
group sensu) and is a medium-sized, diurnal, insectivorous lizard [3]. This species is listed as LC (Least Concern) in the
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IUCN Red List of Threatened Species because of its wide distribution, tolerance of a degree of habitat modification,
and presumed large population. It is unlikely that its population will decline fast enough to qualify for listing in a more
threatened category [4].

The age structure of a population, which is by nature related to its life history [5, 6], is defined by demographic
parameters [7], and reveals important features of individuals such as age and size at maturity, frequency of
reproduction, clutch or litter size and hatchlings, and survivorship [8, 9]. Nevertheless, variation in some traits, such as
offspring size or egg and number, is frequently associated with species body size, and egg or offspring number is
generally associated with female size within species [10]. The skeletochronology method, which is based on the
presence of growth layers in bone tissue, is very useful in calculating the age of lizards [11]. This method shows that
when bone growth is interrupted because of seasonal marks or slowed because of natural biological rhythms, rings
representing arrested growth (LAGS) can occur in animals like reptiles [12], and it was used successfully in many
studies of the family Lacertidae [5, 6, 9, 13]. However, data about age structure, senescence, and reproductive life span
are still not available for the vast majority of reptile species [10]. Therefore, the studies related to age and growth
estimation of this species with wide distribution using skeletochronology are quite limited [3, 14, 15, 16, 17, 18]. This
study aimed to obtain data about the age structure, life history and some growth parameters of L. agilis in two different
populations from Turkey.

2. Materials and methods

2.1. Study sites and specimens

A total of 47 (31 females and 16 males) lizard specimens were used from two different populations of L. agilis
(Cayagazi Village, Ardahan Province: 41.193240N-42.856007E, 1766 m a.s.l. and Mescitli Village, Kars Province:
40.252579N-42.647452E, 2037 m a.s.l.). All specimens were obtained from the museum collection in the Zoology Lab
of the Department of Biology in the Science Faculty, Dokuz Eyliil University (Collection numbers: ZDEU-113.2011,
ZDEU-319.2013). To obtain bone samples for skeletochronology analysis, the toe of each individual was taken using a
single digit from the back-right foot. Then, the toes were placed in an Eppendorf tube containing 96% ethanol.
Afterward, they were kept at +4 °C for skeletochronology. The sex of the lizards was determined by examining of the
secondary sexual characters (overall coloration, larger head, and more developed femoral pores in males and developing
eggs in females). The snout-vent lengths (SVL) of specimens were measured using a digital caliper compass with an
accuracy of 0.01 mm.

2.2. Skeletochronology

The standard procedure was used for skeletochronology [5, 13, 19, 20]. The phalanges, those preserved in 96%
ethanol solution, were washed in tap water for 24 h to remove alcohol and then decalcified in 5% nitric acid solution for
2 h. The phalanges were washed again in tap water for approximately 12 h after decalcification. The cross-sections (16
um of thickness) were taken from the diaphyseal region of the phalanx by using a rotary microtome and then stained
with Ehrlich’s hematoxylin. All the sections were examined under a stereomicroscope targeting selection of good
sections. All photos were examined, and the analysis of LAGs (lines of arrested growth) was performed by different
researchers according to the previous technique that is standard. Double lines were disregarded for age determination.
The distance between two adjoining LAGs is a good indicator of individual growth in a given specimen. Any obvious
decrease in space between two subsequent LAGs was taken as an indicator of the age of sexual maturity [21]. Age at
sexual maturity was determined by considering the distance between the two adjoining LAGs. The proportion of
endosteal resorption (the bone remodeling process that might have reabsorbed part of the entire LAGs = ER) was
assessed by comparing the diameters of eroded marrow cavities with the diameters of non-eroded marrow cavities [22].

2.3. Climatic data

Climatic data for both populations were obtained from the Turkish State Meteorological Service [23]. Monthly
average temperature and precipitation data were collected for the measurement periods between 1927 and 2018.

2.4. Statistical analyses

The normality of the SVL and age distribution for each population was tested with the Kolmogorov-Smirnov
test (P > 0.05). After variables were detected to have normal distribution, parametric tests were applied to test
significant differences. Non-parametric tests were used when variables were not normally distributed. The difference
between SVL and age between sexes were analyzed with both the Student t-test and Mann-Whitney U-test. Spearman’s
correlation coefficient was used to infer the relationships between age and SVL. Regression analysis was performed by
using the quadratic model, which had the highest R? value. All statistical tests were performed with IBM SPSS 23.0 for
Windows.
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A size dependent dimorphism index (SDI) aiming to exhibit the degree of sexual size dimorphism (SSD) was
used by following [24]:

SDI = [(mean length of the larger sex / mean length of the smaller sex) + 1]

+1 if males are larger or -1 if females are larger. It is defined as positive whenever females are larger than
males and negative in the converse case.

3. Results

LAGs were counted on phalangeal cross-sections in Figure 1. Although endosteal resorption was observed in
30 individuals (63,8%), it was not difficult to determine the age of specimens. Double lines were observed in 13
(27,6%) specimens. The age at sexual maturity was 2 and 3 years for males and females of L. agilis, respectively.

cavity; rl, resorption line. (SVL of the specimen: 61.3 mm).
3.1. The Ardahan population

Descriptive statistics for age and SVL are given in Table 1. Mean SVL and age were 76.26 + 1.62 mm and 5+
0.26 years in males and 65.62 + 3.42 mm and 4.33 £ 0.31 years in female specimens. Intersexual differences in body
size were female-biased (SDI: 0.74). There were significant differences in terms of SVL between sexes (Independent t-
test: P = 0.04), whereas age did not differ between female and male specimens (Mann-Whitney U-test: U = 36, P =
0.10). In both sexes, there was no correlation between SVL and age structure (Spearman’s correlation, males, r = -231,
P = 0.058; females, r = 427, P = 0.11). The exponential regression is similar to Spearman’s correlation between SVL
and age (y = 45.23+5.28*x) (Figure 2). The maximum longevity was seven years for the Ardahan population.

3.2. The Kars population

Descriptive statistics for age and SVL are given in Table 1. Mean SVL and age were 71.97 + 2.33 mm and
4.13 £ 0.22 years in males and 76.14 £ 2.82 mm and 5.13 + 0.32 years in female specimens. Intersexual differences in
body size were female-biased (SDI: 0.49). There were no significant differences in terms of SVL between sexes (Mann-
Whitney U test: U =42, P = 0.17). Also, age structure did not indicate a significant difference between female and male
specimens (Independent t-test: P = 0.55). In both sexes, a significant positive correlation was recorded between SVL
and age structure (Spearman’s correlation, males, r = 784, P = 0.02; females, r = 791, P = 0.000). The exponential
regression fit Spearman’s correlation between SVL and age (y = 45.28+6.15*x) (Figure 3). The maximum longevity
was eight years for the Kars population.

Table 1. Descriptive statistics of populations of L. agilis.

Parameters the Ardahan population the Kars population Total
N | MeantSE Range N | MeantSE Range N | MeantSE Range

Females 15 16 31
SVL (mm) 65.62+3.42 | 49.40-92.70 76.14+2.82 | 47.10-94.50 71.05+2.37 | 47.10-94.50
Age (years) 4.33+0.31 3-7 5.13+0.32 3-8 4.74+0.23 3-8

Males 8 8 16

SVL (mm) 76.26+1.62 | 70.70-83.40 71.974+2.33 62-81.60 74.11£1.48 | 62.00-83.40
Age (years) 54+0.26 4-6 4.132+0.22 3-5 4.56+0.81 3-6
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Figure 2. (A) Regression of SVL on age in L. agilis from the Ardahan population. (B) Age distribution of males and
females in L. agilis from the Ardahan population.
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Figure 3. (A) Regression of SVL on age in L. agilis from the Kars population. (B) Age distribution of males and
females in L. agilis from the Kars population.

3.3. Climatic data

Both temperature and precipitation data indicated normal distribution according to the Shapiro-Wilk test (0.05
< P). In the independent samples test, Levene's test indicated that the variances of the groups were homogeneous with
95% confidence (F = 0, P = 0.997; F = 0.934, P = 0.344 for precipitation). Consequently, there was no difference for
both populations in terms of precipitation (t = 0.462, df = 22, P = 0.648). Similarly, the temperature did not indicate
extreme differences between the populations (t = -0.244, df = 22, P = 0.809).

4., Discussion and conclusion

The skeletochronological method was applied to specimens of Lacerta agilis from different populations and
the first data about age structure and body size were obtained in Turkey. The longevity of L. agilis was estimated to be
8 years in females and 6 years in males. The maximum longevity of L. agilis is comparable to that of other related
lizards, such as Ophisops elegans [25] and Psammodrous algirus [26], but lower than Acanthodactylus boskianus [13]
and Eremias suphani [6]. The maximum longevity of L. agilis from Dagestan (Russian) was 6-7 years for males and 5-6
years for females [3], whereas age ranged from 2-4 years in males and 3 years in females of L. agilis from Italy [16].
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[15] reported that the maximum longevity of the same species from Sweden was 12 years for females and 11 years for
males. On the other hand, [27] reported that the maximum longevity in a high population of Darevskia clarkorum was
12 years, whereas longevity was 10 years in low populations. It seems that age structure and longevity in lizards are
variable among populations of the same species. Furthermore, this variation in longevity is probably a result of
physiological features, the effect of predators and parasites [28].

In the results, the mean SVL had a significant difference between sexes in the Ardahan population, but there
was no difference in terms of SVL between male and female individuals from the Kars population; in addition to this,
SSD of both populations was female-biased. However, [29] pointed out that male individuals were larger than female
individuals in the majority of lizards; moreover, they stated that male-biased SSD was the rule in several families like
Lacertidae, but this rule is not always valid because this status can change in many lizard species (Podarcis tauricus
[30]; Apathya cappadoccica [19]; Carlia rostralis [31]; Phoenicolacerta laevis [9] for male-biased SSD; Darevskia
derjugini [32]; Carlia storri [31] for female-biased). [29] also stated that SSD variation between male and female
individuals of a single species was associated with population differences based on environmental conditions like
altitude, latitude, and climate. In addition, in another study, L. a. agilis (female-biased) and L. a. boemica (male-biased)
showed a clear contrast concerning SSD, and it was stated to occur in ecogeographical clines within subspecies of L.
agilis with more male-biased SSD in warmer climates [33]. According to observations, there was no difference for L.
agilis in terms of climatic conditions between Ardahan and Kars regions; that is, annual average temperature and
precipitation in Ardahan were 3.9 C° and 555 mm, whereas annual average temperature and precipitation in Kars were
4.9 C° and 500 mm, respectively, according to measurement period between 1927 and 2018 [23]. Furthermore, this
status was statistically supported. The female-biased SSD in populations of L. agilis for both regions may be due to
reproductive success because the body size of female individuals is strongly correlated with fecundity in many animal
species, whereas the body size of male individuals was correlated with mating success [34]. Additionally, [35] pointed
out that reproductive characteristics like fecundity selection can explain the relationship to sexual size dimorphism
(SSD) in L. agilis. Also, it was shown that species which are female-biased SSD are also oviparous and viviparous [34].
This applies to L. agilis, which is an oviparous lizard.

In conclusion, life-history traits such as age structure, body size, longevity, and sexual maturity were studied
for L. agilis from Turkey. In this study, all populations of L. agilis had female-biased SSD. The results supported that
the effect of sexual selection was probably weaker than selection on fecundity in this species because the climatic
conditions of both populations did not have an important effect on SSD.
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Abstract

In this research, the destruction caused by climate change on genetic diversity has been demonstrated with
solid examples. The consequences of the destruction on the genetic levels are discussed with concrete examples. In the
study, the data obtained from the results of 40 printed publications were evaluated by correlation analysis. With these
data, the importance of genetic diversity, the effect of climate change on genetic diversity, the models used to determine
the relationship between climate and genetic diversity, genetic losses and protection measures were evaluated. It is
noteworthy that embedded methods, in which ecological models are integrated into climate models, have been used in
determining the relationships between climate and genetic diversity, especially in recent years. It is firstly necessary to
detect genetic losses, genetic shifts and variations, and to reveal their future projections. These projections play a
decisive role in taking effective protection measures against climate change.

Keywords: climate change, genetic diversity, ecological nice models, climate models

%
iklim degisikliginin genetik cesitlilik iizerine etkisi

Ozet

Bu aragtirmada iklim degisikliginin genetik cesitlilik {izerinde yarattig1 tahribat somut Orneklerle ortaya
konmus ve sonuglar1 somut orneklerle tartigilmistir. Arastirmada 40 basili yaymin sonuglarindan elde edilen veriler
korelasyon analizi ile degerlendirilmistir. Bu verilerle genetik ¢esitliligin 6nemi, iklim degisikliginin genetik ¢esitlilik
iizerine etkisi, iklimle genetik c¢esitlilik arasindaki iligkileri belirlemede kullanilan modellemeler, genetik kayiplar ve
koruma onlemleri degerlendirilmistir. Tklimle genetik cesitlilik arasindaki iliskileri belirlemede 6zellikle son yillarda
ekolojik modellerin iklim modellerine entegre edildigi biitiinlesik yontemlerin kullanildig1 dikkat c¢ekmektedir.
Ozellikle genetik kayiplarin, genetik kaymalarm ve varyasyonlarm saptanmasinda ve gelecek projeksiyonlarmin ortaya
konmas1 gerekmektedir. Bu projeksiyonlar iklim degisikligine kars1 etkin koruma 6nlemlerinin alinmasinda énemli rol
oynamaktadir.

Anahtar kelimeler: iklim degisikligi, genetik ¢esitlilik, ekolojik nis modelleri, iklim modelleri
1. Introduction

In the 21st century, rapid changes in climate systems are putting increasing pressure on biodiversity systems.
The biodiversity crisis, which has been experienced five times in the last 500 million years, caused the extinction of
76% of living species in that period as the major cause [1]. The impact of climate change on biodiversity are not limited
to the extinction of species. Factors such as temperature increases, precipitation irregularities, increases in extreme
climate events, and consequently the melting of glaciers and rising of sea levels affect biodiversity at all levels such as
the genetic level to ecosystems and even biomes (large life zones such as tropical rainforests, savannas, and tundras)
[2]. It causes biodiversity to be exposed to additional stresses.
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According to the research conducted by [3], unless strategic measures are taken to reduce climate change, there
will be wide-scale shrinkage in biodiversity. For example, 60% of plants and 35% of the animals will disappear. This is
the most striking indicator that the process called the 6™ extinction crisis can be experienced, [4] which is confirmed by
the latest report of IPCC [5].

The impact of climate change on biodiversity occurs at various levels such as the effects on gene, species,
ecosystem, and functional diversity (figure 1). Since each level is related to each other, damage on one level breaks the
entire system. Genetic losses cause changes in gene pool and frequencies. It directly effects species diversity. The
impact of climate change on species and populations appears in the form of loss of species, phonological changes,
invasive species, adaptation and migration, and changes in geographical distribution. The balance between the
ecosystem factors and different dominating species can be widely effected by climate change. For example, tree biota
provides habitat for numerous fungi, and lichens, small and large animals, and also herbaceous plants. So, the loss of
tree biota will effect all the populations that make up a forest ecosystem [6].
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Figure 1. Impact of climate change on biodiversity levels

As it can be seen, there is a reciprocal relationship between the basic components of biological diversity. The
loss of species or genetic makeup of populations negatively effects the productivity and sustainable use of ecosystems.
At the same time, changes in ecosystems cause losses in species and genetic diversity. The magnitude of losses is great
especially in case of endemic species and sensitive ecosystems.

Genetic diversity is the main source for evolution; however, few researches have evaluated the effects of
climate change on gene diversity. Therefore, the research has focused on the effects of climate change on genetic
diversity. The study sought answers to the following questions: Why should genetic diversity (intraspecies and
interspecies) of climate change be investigated? How does climate change affect genetic diversity? How to investigate
the impact of climate change on gene diversity? What needs to be done for the future? The answers to these questions
are discussed using the concrete data in the literature. In addition, the importance of including genetic diversity when
evaluating the effects of climate change was emphasized.

2. Materials and methods

Using the web of sciences in the research, 56 articles published between 2009-2021 were determined by
using the key sentence of the impacts of climate change on gene diversity. 40 (n) studies were used in the study,
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and 16 studies were eliminated because they did not match the keywords. The studies used were evaluated with a
systematic internal consistency. In this assessment:
1. Distribution of the publications in which the keyword is used by year: It is used to reveal the importance
of the subject.
2. Secondly, the effect of climate on genetic diversity was surveyed. Genetic losses and their consequences
are discussed with concrete, species-based examples.
3. Third, the studies were examined methodologically. It was determined by the methods used to investigate
the effects of climate change on genetic diversity.
4. In the fourth stage, what need to be done for the future was discussed in terms of the protection of gene
resources.

Correlation analysis was used to determine the relationships between variables. Pearson correlation were
calculated using IBM SPSS Statistics 20 software. The statistical significance was shown as **P<0.01 and *P<0.05
level (2-tailed).

3. Results
3.1. The importance of genetic diversity and impacts of climate change on gene diversity

Out of 40 works investigating the importance of genetic diversity in this research, 7 are reviews and 33 are
resourch articles (figure 2). In the majority of research articles mainly focused on the effect of climate change on
species. Spatial shifts of species in the face of climate change, geographical distribution, adaptation processes, genetic
variations and their effects on evolutionary processes are explained. Particularly, the importance of gene diversity in
terms of evolution has been emphasized in studies. Genetic diversity is considered as the main ingredient of evolution,
and it has been stressed that evolution provides a conservation area for genetic material.

Research Article Review
6
5
3
2
1
0
2008 2010 2012 2014 2016 2018 2020 2022
Years

Figure 2. Distribution of publications used in the research by year

Therefore, identifying populations and species that may be more fragile to climate change is important. But, so
far, genetic diversity has been overlooked in assessing the effects of climate change. Whereas genetic diversity plays an
important role in determining the capacity of populations and species to genetically adapt to climate change. The
responses and adaptation capacities of living things to climate change are quite different.

In terms of biodiversity, the identification of future losses may be possible by detecting losses of genetic
diversity in particular. In this context, the loss of biodiversity mainly depends on the magnitude of the loss in genetic
diversity, which in turn depends on the amount of loss in genetic information [7]. Genetic diversity is the guarantee of
the continuity of the species. Changing conditions outside the world of living things can cause significant changes in the
functioning of genes, which in turn effects diversity. Mutation, gene flow, genetic drift, natural selection, preferential
mating, and epigenetic changes lead to the emergence of genetic variety [8,9]. In the natural process, these differences
cause the species to differ as well. However, changing climatic conditions can effect these mechanisms and cause
unnatural changes in the functioning of genes. It negatively effects genetic diversity and the gene pool. As a result, the
loss of gene brings along the loss of species. However, the effect at the genetic level depends on whether the species can
adapt to changing climatic conditions. Living things adapt to changing conditions genetically through mutation.
However, if the change is rapid, genetic adaptation becomes difficult [2,10]. It may lead to evolutionary adaptations in
the species. As seen in the results of the research, it is noteworthy that the studies conducted in recent years have
focused on genetic adaptations (fig 3). In this context, Genetic diversity is also effective in the evolutionary process of
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species. The richness of intraspecies genetic diversity increases the resistance of species to climate change. But, low
genetic richness reduces evolutionary resistance in the species [8,9].

Genetic Adaptation
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4
y=0,3527x-508,44
3 R?=0,5904
2 Genetic Adaptation
0
2008 2010 2012 2014 2016 2018 2020 2022

Years
Figure 3. Publications on the impact of climate change on the genetic adaptation of species

The results of the analysis showed that genetic diversity is seriously affected by climate change. Especially in
studies conducted at the species and population level, it has been determined that intraspecific variations lead to genetic
variations and increase intraspecies homogeneity [10, 11]. This leads to losses in gene diversity and gene pool and
reduces resistance to climate change. This has been clearly demonstrated in the studies that are the subject of this
research.

Research reveals a lot of evidence that species have undergone evolutionary adaptations to climate change.
This evidences are evident in research based on species diversity. The research on the impacts of climate change on
species has been increasing, especially since 2016 (fig 4). This allows to determine the genetic relationship with the
climate, and the genetic response of the species can be evaluated. For example, In the UK, the daphnia (Daphnia
magna) has evolved to cope with higher thermality [12]. Between the 1960s and 2000s, and cornflower (Centaurea
cyanus) traits have changed in response to warmer springs across northern France [13]. Another example is anadromous
Pink salmon (Oncorhynchus gorbuscha). In this species, it was determined that evolutionarily early migration took
place and there was a decrease in the incidence of a marker encoding late migration [12]. Time-series data provides
important insights into genetic responses to climate change. For example, Genotypic values for critical day length in the
pitcher plant mosquitos (Wyeomyia smithii) were correlated with latitude. It was determined that the latitude
relationship changed in the period from 1972 to 1996 [12]. Oceanic phytoplankton in the Gulf of Cariaco, Venezuela
have been monitored for 15 years. In response to a temperature increase of +0.73 °C, phytoplactons adapted by
adjusting their thermal niches to +0.45°C. [15]. Similarly, adaptation is possible in some reef corals [16]. These
distribution shifts in population ranges create new "hybrid regions" at the global level. For example, hybrid zones
between black-capped (Poecile atricapillus) and Carolina warbler (P. carolinensis) are changing in response to
increases in winter temperatures in North America [17]. The southern flying squirrel (Glaucomys volans) has extended
its range northward in Northeast America, and this species has interbred with the northern flying squirrel (G. sabrinus)
to form a hybrid zone [18].

Effect on Species Diversity

Figure 4. Publications on the impact of climate change on species diversity

Relatively few research have investigated the potential effects of climate on the spatial structure of genetic
diversity and how population ranges change (fig. 5a). Similarly, in few studies have included intra-species relationships
(fig. 5b). However, there has been a significant increase in these studies in recent years. This is an indication that
intraspecific relationships are affected by genetic diversity. Some case studies support this situation.

The deep of genetic divergences in intraspecies lineages that widely distributed is remarkable. In this case,
intraspecific relationship acted as a buffer against changes in the geographical structure [10]. In species with a strong
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phytogeographic cluster of gene diversity, the effects of climate change can be fairly different. The best example is seen
in the study of New Zealand forest beetles (Agyrtodes labralis (Leiodidae), Brachynopus scutellaris (Staphylinidae) and
Epistranus lawsoni (Zopheridae)) [6]. In the study, it was determined that Agyrtodes labralis will lose 50% of its
haplotypes by 2100 and its population distribution and current distribution areas will decrease. In Brachynopus
scutelllaris and Epistranus lawsoni species, little change in genetic diversity is expected. However, there will be
expansion in climatically suitable areas. It is also expected that Brachynopus scutelllaris populations will show
phylogenetically more clustering by 2100 [6]. In the study on the South American treefrog Scinax squalirostris Lutz, it
was determined that climate change will increase the geographical distribution range of the species and lead to
homogenization [9]. This will also increase the genetic loss (5b). Another study explored effects of climate change on
the phytogeographic distribution of European beech trees. In the species area models, it is estimated that the distribution
of beech trees will expand towards the north and habitat loss will occur in the south.The effect of this change on genetic
diversity is low [19, 20]. The use of climate models and geographic information systems in determining the
geographical distribution of species has resulted in increased interest in this area (5b).
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Figure 5a and 5b. Studies on intraspecies genetic variations and phytogeographic distribution

Climate change can also cause changes in gene flows. For example, chestnut crows (Garrulus glandarius) can
cause gene flow between oaks and other tree populations. New individuals which join a population through migration
may cause the gene frequency of the population to change. If gene flows that initially cause diversity continues long
enough, they may reduce the differences between populations and cause neighbouring populations to form one
population with the same genetic structure [21]. This is not a desired situation. Because this event causes a decrease in
herorziot gene richness among populations. This leads to a decrease in adaptability and an increase in fragility and
vulnerability in the population. It results in decreased biological richness and increased species and population losses.

Another threat to genetic diversity is invasive species. With the impact of climate change, it is inevitable that
the number of invasive alien species will continue to increase, leading to the elimination of native species, which
threatens especially rare and endemic species This affects local species more rapidly, especially populations and gene
flows of endemic and rare species. Because rare and endemic species are vulnerable and fragile to the impacts of
climate change. It is very difficult for these species to show genetic adaptation to changing climatic conditions. The
most striking example of this is seen in the Mediterranean.

In the researches, it was revealed that the water temperature in the Mediterranean increased up to 32 °C with
climate change, and therefore, the fish of the Red Sea spread to the Mediterranean water and created new ecosystems
[22]. The tropicalization process has started with the increase in temperature, especially in the Eastern Mediterranean.
Approximately 1000 invasive species have migrated to the Mediterranean so far. In some areas in the Mediterranean,
stingrays have caused up to 40% reduction in the number of native species [23]. This situation poses a great threat
especially to local gene resources and diversity.

3.2. Models used to investigate the impact of climate change on genetic diversity

Various modeling approaches are used to determine the relationships between genetic diversity and climate.
Especially, ecological niche and species models have been combined with climate scenarios in recent years. In this way,
current and future losses in genetic diversity, changes in geographical distribution and their effects on genetic diversity
and variations are estimated (fig. 6). The results indicate that there is a positive linear relationship between modeling
methods over time. It is also clear that there has been an increase in interest in this commune, especially in recent years.
In studies using these modules, genetic losses due to climate change in the future, field shifts, have been revealed and
mapped. These estimates play an important role in the concrete perception of genetic losses.

In recent years, It has been understood that climate is a significant abiotic factor that shapes genetic diversity
within the species. Especially the models revealing habitat fragmentation, increasing range fragmentation and pieces
distribution shifts a support this situation. However, while the number of researches investigating the effect of climate
change on the gene diversity of species has increased, most of them have focused on a single plant or animal species at
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the geographical scale [24]. Ecological niche models are widely used to predict changes in the eco-geographical
distribution of species due to climate change. This model uses the current distribution data of populations and species. It
integrates these data into climate scenarios and predicts possible new eco-geographies for the future. In this way, the
effect of spatial dynamics and changes on possible species distribution in the future is understood In these projections, it
is assumed that the species protect their current ecological niche and will be able to follow suitable climatic conditions
in future [9,25].

In some studies, ecological niche models and population genetic approaches have been considered together.
Thus, possible changes in genetic diversity can be projected into the future by using plastid and nuclear DNA. This
provides information on whether species will generally lose their habitat range in the future. However, it is known that
genetic homogeneity in the gene pool will become more pronounced in the future [25, 26]. Another model used is the
species distribution model. This model focuses on species dynamics against the impact of climate change, especially in
vulnerable populations [20].

Climate models are made for the years 2030, 2050, 2070 and 2100. Geographic information systems are
generally used in these models based on scenario approach. With putative scenarios, maps are drawn about how species
and genetic structures will follow in the future. For example, genomic and ecological modelling approaches have been
used to describe climate-related genetic adaptations in two cryptic forest bats [10]. The data obtained were also used to
predict the range changes directly resulted by future climate change. Population persistence was also assessed through
the spread of climate-adapted genetic variation.
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Figure 6. Distribution of models used to determine the relationships between genetic diversity and climate; (a)
Ecological models, (b) Ecological and Climate models, (c) Species models, (d) Ecological, Species and Climate models

Gene diversity is significance for species to respond to climate change. Discovering relationships between gene
diversity and factors of climatic might help estimate how climate change will shape the gene diversity of species in the
future [22]. This allows us to understand how species will cope with changing climatic factors and to preserve the
genetic diversity of species in the future.

3.4. Evaluation of studies on the conservation of genetic diversity
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Gene diversity is critical for species to evolve and adapt to new conditions, as well as for ecosystem recovery
and populations responses to environmental changes. Therefore, understanding the effects of climate change on genetic
diversity is of great importance for species protection, especially rare and endangered species conservation and recovery
[24]. In research results, studies on the conservation of genetic diversity have increased especially after 2016. This
situation shows that there is a positive correlation between recent years and studies that include measures for the
protection of genetic diversity and reveal its importance (Figure 7). At the same time, these studies reveal that genetic
losses should not be neglected in climate change studies.

Conservation Methods

Conservation Methods

Figure 7. Correlation curve for conservation of genetic diversity

Climate models have shown that future space changes will be limited by interspecies competition. However, this
depends on the adaptive capacity of the population. This is associated with genetic variations [22]. Resources show that
native adaptations are neglected in the estimates of species fragility and extinction risks. However, incorporating local
adaptations into modelling estimates reduces habitat losses [10]. It also increases the effectiveness of protection
measures. Taking insuti and exsuti protection measures against field change, creating protected areas and adopting
process-based models are significant in the protection of genetic diversity. Considering the fragility of local, rare and
endemic genetic resources, the importance of this issue increases even more.

4. Conclusions and discussion

As a result, revealing the relationships between climate and genetic diversity is important in the conservation
and transfer of genetic diversity to the future. Thus, using ecological models together with climate models will more
clearly explain the effect of climate on genetic diversity. Climate analysis and mapping of all global species and
populations will enable conservation measures to be developed and managed. Losses in genetic diversity levels at local,
regional, national, and global levels should be mapped, integrated with bioclimatic models and a global database should
be created. To prioritize populations and species for conservation, it is critical to generate reliable predictions about the
adaptive portrait. Taking green protection measures based on innovation technologies will play an important role in
reducing the impact of climate change on living things. Especially for endemic and rare species, "integrated approaches
based on ecology" should be developed at the global level.
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