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Abstract

Cadmium (Cd) is among the heavy metals causing environmental pollution and can cause temporary or
permanent oxidative stress in the cells. Antioxidative enzyme mechanisms may be inadequate in the response of living
organisms to oxidative stress caused by these toxic substances. In this study, in order to prevent Cd induced oxidative
stress, the possible protective effects of (TA), cacao oil (CO) and St. John’s Wort oil (JWO) on lipid erythrocytes and
antioxidant enzymes were investigated. We prepared packed erythrocytes from the blood samples of 7 healthy volunteers.
Experiment groups consisting of control, Cd, TA, CO, JWO and their combinations (Cd+TA, Cd+CO ve Cd+JWO) were
arranged. In all groups, malondialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT) were measured.
Comparisons between groups of normally distributed variable were evaluated by One-Way variance analysis (ANOVA).
Comparisons between groups of not normally distributed variable wereevaluated by Kruskal-Wallis test. After Cd
administration SOD activity was increased in TA (3507+ 68.2 u/gHb), CO (3518 £170.0 u/gHb) and JWO (3469+249.5
u/ gHb) groups compared to Cd group. After Cd administration MDA levels were decreased in CO (52,1+24,3 nmol/gHb)
and JWO (54,1+23,7 nmol/gHb) groups compared to Cd group. However, it did not change in the TA (61,5+50,0
nmol/gHb) group. After Cd administration CAT activity was increased in TA (228,2+31,3 u/gHb), CO (281,6+295,3
u/gHb) and JWO (267,8+69,4 u/gHb) groups compared to Cd group (196,2+223,0 u/gHb). These results indicate that HF
and SCI may reduce Cd-induced oxidative stress, but TA is not very effective in terms of MDA levels. These data obtained
in terms of other studies may be guiding.

Key words: cadmium, oxidative stress, human erythrocytes

k

insan eritrosit paketinde kadmiyum ile indiiklenen oksidatif strese tannik asit, kakao ve sar1 kantaron yaginin
antioksidatif etkileri

Ozet

Kadmiyum (Cd), cevre kirliligine neden olan agir metaller arasinda yer almakta ve hiicrelerde gegici veya kalici
oksidatif strese sebep olabilmektedir. Bu toksik maddelerin olusturdugu oksidatif strese canli organizmalarin olusturdugu
yanitta antioksidatif enzim mekanizmalar1 yetersiz kalabilmektedir. Bu ¢alismada, Cd ile indiiklenen oksidatif stresi
onlemek amaciyla, antioksidan etkileri bilinen tannik asit (TA), kakao yag1 (KY) ve sar1 kantaron yaginin (SKY) insan
eritrositlerindeki lipit peroksidasyonu ve antioksidan enzimler iizerine olast koruyucu etkileri arastirilmigtir. Bu amagla
yapilan ¢aligmada, 7 saglikli goniilliiden kan ornekleri alinarak eritrosit paketleri hazirlanmigtir. Hazirlanan eritrosit
paketlerinden kontrol, Cd, TA, KY, SKY ve kombinasyonlarini1 (Cd+TA, Cd+KY ve Cd+SKY) igeren deney gruplari
olusturulmugtur. Tiim gruplarda siiperoksit dismutaz (SOD), malondialdehit (MDA) ve katalaz (KAT) enzim diizeyleri
Ol¢tilmiistiir. Normal dagilim gosteren ve gostermeyen degisken gruplar arasindaki karsilagtirmalar Tek Yonli Varyans
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analizi (ANOVA) ve Kruskal-Wallis testi ile degerlendirilmistir. SOD aktivitesinin Cd grubuna gére (3231+214,6 i/gHb),
Cd uygulamasi1 sonrast TA (3507+168,2 ii/gHb), KY (3518+170,0 ii/gHb) ve SKY (3469+249,5 {i/gHb) uygulanan
gruplarda arttifi gézlendi. MDA aktivitesinin Cd grubuna gore (60,3£14,9 nmol/gHb), Cd uygulamasi sonrasi KY
(52,1+£24,3 nmol/gHb) ve SKY (54,1£23,7 nmol/gHb) uygulanan gruplarda azaldig: ancak TA (61,5+50,0 nmol/gHb)
uygulanan grupta degismedigi gozlendi. KAT aktivitesinin Cd grubuna gore (196,2+223,0 ii/gHb), Cd uygulamasi sonrasi
TA (228,2+31,3 ii/gHb), KY (281,6+295,3 ii/gHb) ve SKY (267,8+69,4 {i/gHb) uygulanan gruplarda arttig1 gézlendi. Bu
sonuglar KY ve SKY’nin Cd ile indiiklenen oksidatif stresi azaltabilecegini ancak MDA diizeyleri agisindan TA’in ¢ok
fazla etkili olmadigini gostermektedir. Yapilacak diger caligmalar acgisindan elde edilen bu veriler yol gosterici
olabilecektir.

Anahtar kelimeler: kadmiyum, oksidatif stres, insan eritrositi
1. Giris

Oksijen, yasam i¢in olduk¢a dnemlidir. Fakat metabolizma sonucu ortaya ¢ikan bazi reaktif oksijen tiirleri hiicre
ve dokulara zarar verme potansiyeline sahiptir [1, 2]. Reaktif oksijen tiirleri molekiiler oksijenle kiyaslandiginda kimyasal
olarak daha aktif yapidadirlar [3]. Hiicrelerdeki oksijen metabolizmasi gibi endiistriyel atik kirliligi, radyasyon, pestisitler
ve kirlenmis sular serbest radikallerin olusumuna yol agabilmektedir [4]. Metabolizma sonucu olusan, O% (siiperoksit
radikali), OH (hidroksil radikali) ve H.O- (hidrojen peroksit) gibi reaktif oksijen tiirleri (ROS) DNA’da kiriklara neden
olurken bazlarin yapisin1 bozmaktadirlar [4]. Hiicrenin normal redoks durumunun bozulmasiyla peroksitler ve serbest
radikallerin iretilmesiyle protein, lipit ve DNA’da dahil olmak iizere hiicrenin tiim kisimlari zarar gérmektedir [5].

Kadmiyum (Cd), nikel-kadmiyum piller, boyalar, plastikler, elektrokimya gibi endiistriyel atiklarin suya ve
cevreye karigsmasiyla bitkilerde birikmektedir. Bitkilerde biriken bu Cd’un biiyiik bir kismi gida ve suyolu ile birlikte
canliya gegmektedir. Bunlarin yaninda sigara tiiketimiyle de Cd maruziyeti olmaktadir. Cd insanlarda ve hayvanlarda
serbest radikal olusumuna yol agarak, hiicresel seviyede hasart indiikklemekte ayni zamanda hiicresel redoks
tepkimelerinde 6nemli olan onarim siirecine de hasar vermektedir [6].

Sican karaciger, bobrek ve beyin dokularinda olusan oksidatif hasara karst antioksidan ajanlar olan vitamin C,
vitamin E ve tannik asit gibi polifenolik bilesenler etkili olabilmektedir. Taninlerce zengin tannik asit, ¢ay, kahve, tiziim,
findik gibi bitkilerde yaygin olarak bulunmakta ve bitkinin predatorlerine karsi savunmasinda gérev yapmaktadir. Ayrica
tannik asidin antioksidan etkisinin oldugu da belirtilmektedir Yaptigimiz bir bagka ¢alismada da tannik asidin beyin
dokusundaki MDA seviyelerini azaltic etkili oldugu belirlendi [7-9].

Hypericum cinsi Clusiaceae familyasi ve Hypericoideae alt familyasina dahil olan Hypericum perforatum L.
(sar1 kantaron) yag1 (St. John's Wort Oil) Tiirkiye’de cesitli bolgelerde bulunmaktadir. Gegmis tarihlerden giiniimiize
kadar mide agrisi, sinir hastaliklar1 yaralar iyilestirici etkisi bilinen sar1 kantaron, son zamanlarda klinik deneylerde
kullanilan ve tipta popiiler olarak kullanilan bir bitkidir [10, 11].

Hypericum perforatum o6rnekleri in vitroda iyi derecede antioksidan aktivite gostermektedir [12].

Kakao, Theobroma cacao bitkisinin tohumlarindan iiretilmektedir. Milattan 6nce 600 yilindan itibaren Mayalar
ve Azteklerin bu bitkiyi kullandig1 bilinmektedir. Kakao, epikatesin, katesin ve prosiyanidinler gibi yiiksek miktarlarda
flavonoidler ihtiva eder. Kakao flavonoidleri giiglii antioksidanlar olarak kabul edilir ve radikal siipiiriicii etkilidirler [13].

Agir metal toksisitesinin en ¢ok etkiledigi hiicreler eritrositlerdir, in vitro galigmalarda Cd’un eritrositlerde
oksidatif stresi arttirdigi baz1 ¢alismalarda gosterilmistir [14, 15]. Eritrositler, oksidatif strese karsi oksijenle yiliksek
konsantrasyonda karsilagmalar1 sonucu yapilarindaki hemoglobinin kolayca otooksidasyona ugramasi ve membranlarinin
lipit peroksidasyona duyarli olmasi ve hasar géren yapi taglarini tamir etme yeteneklerinin az olmasi olmasi nedeniyle
oldukga hassas yapilardir [16].

Cd gibi oksidatif stres olugturan bazi ajanlarin neden olduklari hasari azaltmak ya da tamamen ortadan kaldirmak
icin ¢esitli antioksidan maddeler uygulanmaktadir. Bu c¢alismada, agir metal Cd’un uygulanmasi sonucu insan
eritrositlerinde meydana gelen hasarin belirlenmesi, antioksidan enzim sistemlerinde meydana gelen degisikliklerin
incelenmesi icin etkinlikleri ¢esitli ¢aligmalarla gosterilmis olan TA, KY ve SKY’nin olasi etkilerinin karsilastirilmali
olarak aragtirilmasi amaglanmistir.

2. Materyal ve yontem

Calismada sigara ve alkol kullanmayan 23-47 yas aras1 7 saglikli goniilliiden alinan 6 ml kan 6rneginden eritrosit
paketi hazirland1 (Etik kurul no: 80558721/14) Deney igin kontrol grubu ile Cd sonrast TA, KY ve SKY uygulanan 8
deney grubu olusturuldu [17-19] (Tablo 1). Tiim gruplara ait 7 6rnekte SOD, MDA ve KAT 6l¢iimleri yapildi.

Saglikli goniilliillerden alinan kanlar EDTA’1 tiiplere kondu. 6 ml kan 3000 rpm’de 15 dakika santrifiij edildi.
Siipernatant atilarak kalan kana 3 ml serum fizyolojik kondu. 3000 rpm’de 10 dakika santrifiij edildikten sonra siipernatant
atilarak kalan kana 3 ml PBS kondu. Bu islem 3 kez tekrar edildi. Siipernatant atilip kalan kana 3 ml RPMI 1640 besiyeri
koyduktan sonra igerisinde 7 ml besiyeri bulunan tiiplere aktarildi. Total hacim 13 ml’ye tamamlanarak 1’er ml olacak
sekilde 8 tiipe dagitildi. Bu tiiplere uygun soliisyonlar eklenerek 37°C’de su banyosunda 1 saat inkiibe edildi.
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Inkiibasyonun ardindan érneklerde MDA, SOD ve KAT spektrofotometrik olarak dlciilerek enzim aktiviteleri belirlendi.
Serbest radikal analizleri i¢in; siiperoksit dismutaz (SOD) enzim aktivite diizeyi (iinite/gram hemoglobin) Yi Sun ve ark.
(1988) metodu ile; malondialdehit (MDA) lipid peroksidasyon diizeyi (nanomol/ gram hemoglobin) Uchiama ve Mihara
(1978) metodu ile, katalaz (KAT) enzim aktivite diizeyi (iinite/gram hemoglobin) Goth L. (1991) metodu ile, hemolizat
(kan) orneklerinde belirlendi [20-22]. Normal dagilim gosteren degisken gruplari arasindaki karsilagtirmalar tek yonlii
varyans analizi (ANOVA) ve normal dagilim gostermeyen degisken gruplar arasindaki kargilagtirmalar Kruskal-Wallis
testi ile degerlendirildi.

Tablo 1. Deney gruplari ve uygulanan madde miktarlari
Deney Gruplari (n=7) Madde miktarlar:

Kontrol -

Kadmiyum (Cd) 150 uM
Tannik Asit (TA) 50 uM

Kakao yag1 (KY) 1 pl/ml
Sar1 Kantaron Yagi (SKY) 1 pl/ml

Cd+ TA

150 pM+50 uM

Cd+ KY

150 uM+1 pl/ml

Cd+ SKY

150 uM+1 pl/ml

3. Bulgular

Calismada kontrole grubuna gore (49,7 £ 18,4 nmol/gHb) MDA seviyesinin Cd uygulanan grupta (60,3 £14,9
nmol/gHb) arttigi, KAT aktivitesinin kontrol grubuna gore (508,7 ii/gHb) Cd uygulanan grupta (196,2 ii/gHb) azaldigi,
SOD aktivitesinin ise, kontrol grubuna goére (3531 + 140,4 i/gHb), Cd grubunda (3231 + 214,6 {i/gHb) azaldig
gozlenmigtir. SOD aktivitesinin Cd grubuna goére (3231 £ 214,6 ii/gHb), Cd uygulamasi sonrasi TA (3507 + 168,2 {i/gHb),
KY (3518 +£170,0i/gHb) ve SKY (3469 +£249,5 ii/gHb) uygulanan gruplarda arttigi gozlendi. MDA aktivitesinin Cd
grubuna gore (60,3 14,9 nmol/gHb), Cd uygulamasi sonras1 KY (52,1 £24,3 nmol/gHb) ve SKY (54,1 +23,7 nmol/gHb)
uygulanan gruplarda azaldigi ancak TA (61,5 +£50,0 nmol/gHb) uygulanan grupta degismedigi gozlendi. KAT
aktivitesinin Cd grubuna gore (196,2 £223,0 ii/gHb), Cd uygulamasi sonrast TA (228,2 £31,3 ii/gHb), KY (281,6 +295,3
i/gHb) ve SKY (267,8 +69.,4 ii/gHb) uygulanan gruplarda arttig1 gdzlendi. (Tablo 2). Bu sonuglara gére Cd uygulanan
gruplarda SOD ve KAT diizeylerinin kontrole gore daha diisiik, MDA degerlerinin daha yiiksek oldugu, kadmiyum
uygulamasi sonrasi antioksidan madde uygulanan gruplarda TA’nin MDA degerlerini degistirmedigi gdzlenmistir. Cd’un
neden oldugu oksidatif stresi ortadan kaldirmada TA’ya gore, KY ve SKY daha etkili bulunmustur. Gézlenen farklar
bulunmakla birlikte sonuglarin istatistiksel agidan anlamlilig1 gosterilememistir.

Tablo 2. Deney gruplari ve bunlara ait SOD (ii/gHb), MDA (nmol/gHb) ve KAT (ii/gHb) aktiviteleri (ortalama =+
standart sapma; p<0.05)

Gruplar SOD MDA KAT
ii/gHb nmol/gHb ii/gHb
(ortalama =+ ss) (ortalama =+ ss) (ortalama =+ ss)
Kontrol 3531 +140,4 49,7+ 18,4 252,0 £78,0
Kadmiyum (Cd) 3231+214,6 60,3 +14.9 196,2 £223,0
Tannik Asit (TA) 3531+ 159,1 45,6 19,0 254,1 £66,6
Kakao Yag (KY) 3543 +159,4 41,3 +16,0 245,8 +68,3
Sar1 Kantaron Yagi (SKY) 3554+ 136,4 52,5£27,7 2432 £33.9
Cd+ TA 3507 + 168,2 61,5 +50,0 228,2 +31,3
Cd+ KY 3518 £170,0 52,1 £243 281,6 £295,3
Cd+ SKY 3469 +£249,5 54,1 £237 267,8 £69,4
Gruplar arasi fark p=0,050 p=0,347 p=0,709

4. Sonuclar ve tartisma

Sunulan bu arastirmada oksidatif stres ajani olarak eritrositlere uygulanmak tizere Cd segilmistir. Cd
zehirlenmelerinde birgok organ zarar goriir. Kadmiyumun viicuttaki dagilimi, alinis yolu, dozu ve siiresine bagli olarak
degismektedir. Kadmiyum viicutta kan hiicrelerine ve kan dolagimindaki proteinlere baglanarak diger organlara taginir.
Elimine edilmesinde rol oynayan karaciger ve bobrek kadmiyum toksisitesinin ana hedefidir. Kadmiyum serbest radikal

Antioxidative effects of tannic acid, cacao oil and st. john’s wort oil on the oxidative stress induced by cadmium in packed human erythrocytes
Ibrahim Ugur CALLS, Ahu SOYOCAK, Aylin DAL, Hiilyam KURT, Ertugrul COLAK,
Didem TURGUT COSAN



4 Biological Diversity and Conservation — 12 / 3 (2019)

olusumuna neden olmasi ve antioksidan savunma sisteminde bozukluga neden olmasi nedeniyle sitotoksiktir. Bununla
birlikte kadmiyum direkt olarak serbest oksijen radikali iiretmekten ¢ok, mitokondriyal elektron transfer zincirini
etkileyerek ya da glutatyon tiiketimini artirarak indirekt yoldan da serbest radikal iiretimine katkida bulunur [23, 24].

Serbest radikaller hiicrede DNA, lipid, protein, karbohidratlar gibi bilesiklerine etki ederek onlarin bozulmasina
ve boylece lipit peroksidasyonuna neden olur [25]. Malondialdehit (MDA), hiicre lipidlerinin yapilarimin okside edilerek
bozulmasi ile olusan ana metabolit olup, lipid peroksidasyonunun bir gostergesidir [26]. Serbest radikallerden
kaynaklanan oksidasyonlari dnleyen, olugsan serbest radikalleri yakalayan ve stabilize eden maddeler ise antioksidan
olarak bilinir. Antioksidanlar, olusan serbest radikallerle reaksiyona girerek yeni serbest radikal olusumunu 6nleyen
bilesiklerdir. Dogal antioksidan kategorisindeki katalaz (KAT), siiperoksit dismutaz (SOD) ve glutatyon peroksidaz
(GSHPx) gibi enzim sistemleri, serbest radikalleri yok etme o6zelligine sahiptir. Bu enzimler, serbest radikallerin
proteinler, lipidler ve DNA gibi hiicresel bilesenlere zarar vermesini 6nleyebilmektedirler [23].

Zikic ve arkadaslarinin akvaryum baliklarinin eritrositlerinde yaptig1 bir calismada kadmiyum (Cd)’un SOD ve
KAT aktivitelerini onemli derecede azalttigini bildirmislerdir [27].

Diger bir ¢alismada Shukla ve ark. intraperitoneal olarak verilen kadmiyumun katalaz aktivitesini engelledigini
bildirmistir [28]. Yine Hussain ve arkadaglarinin siganlar iizerinde yaptiklar: arastirmada intraperitoneal olarak uygulanan
kadmiyum asetatin lipit peroksidasyonuna yol agtigi, SOD enzim aktivesini inhibe ettigi bildirilmektedir [29]. Kara ve
arkadaglarinin kadmiyum ile yaptig1 bir ¢aligmada kadmiyumun MDA seviyelerini yiikselttigi gézlenmistir [30].

El Sayed ve arkadaslart agir metal olan kursunla farelerde olusturulan oksidatif streste, kursunun SOD ve KAT
aktivitesini inhibe ettigini gostermislerdir. Yine bu ¢alismada kursunla birlikte verilen tannik asit SOD ve KAT’in
aktivitesini olumlu yonde etkilemistir [31].

Calismamizda lipit peroksidasyonun gostergelerinden olan MDA diizeylerinin, Cd uygulamasi sonrast arttigi,
antioksidan enzim sistemlerinden SOD ve katalazin ise diistiigii gozlendi. Cd nedeni ile olusan bu olumsuz tablonunun
diizeltilmesinde etkili olabilecegi diigiiniilen cesitli dogal antioksidan bilesenler uygulandiginda ortaya ¢ikan sonuglar
literatiirdeki bilgilerle karsilastirildi. Flavonoidler, 6zellikle epikatesin ve katesin Fe ve Cu gibi metalleri selatlarlar.
Flavonoidler, peroksil, peroksinitrit, siiperoksit ve 1,1-difenil-2-pikrilhidrazil gibi radikalleri notralize ederler [32]. Bir
flavanoid olan TA’nin demir iyonlarina etki ederek tekli oksijen, azot oksit ve hidroksil radikallerinin olusumunu 6nledigi
gosterilmistir [33].

Lenfositlerle yapilan bir ¢aligmada H203 ile indiiklenmis oksidatif DNA stresinde TA’nin DNA hasarini azalttigi
gozlenmistir [34]. TA’nin demir iyonlarina baglanarak (selasyon) hidroksil radikali olusumunu 6nlemek yoluya oksidatif
hasar1 engelledigi ileri siiriilmiistiir [33]. Bunun yami sira tannik asitin antioksidan etkisinin in vitro insan lenfositlerinde
H>0; aracili DNA hasarlarinda Fe, Cu gibi metalleri ve serbest radikalleri ortamdan uzaklastirarak gosterdigi bildirilmistir
[34]. Calismamizda Cd uygulamasi ile azalan SOD seviyesinin artirllmasinda istatistiksel olarak anlamli olmamakla
birlikte TA’ nin etkili olabilecegi gdzlendi.

Bir diger flavanoid KY dogal bir antioksidandir. Jalil ve arkadaslarinin obez ve diyabetik ratlarda yaptigi bir
calismada kakaonun SOD enzim aktivesini arttig1, katalaz aktivitesinin kakao uygulan grupta azaldigin bildirmislerdir
[35]. Caligmalarda kakao’nun antioksidan sistemini olumlu etkiledigi vurgulanmaktadir. Kakao ile siiperoksit dismutaz
ve katalaz aktivitesinin artirilmasi O, ve HO; gibi enzim substratlarinin dogrudan nétralizasyonuna bagli olabilir. Kakao
fenolleri, siiperoksit dismutaz gibi gii¢lii antioksidanlarin up-regiilasyonu igin 6nemli bir role sahip olabilir.
Calismamizdan elde edilen veriler Cd uygulamasi sonrast SOD, katalaz diizeyleri ve MDA agisindan kakaonun olumlu
etkileri oldugunu gostermektedir. Noori ve arkadaslari tarafindan yapilan ve kakaonun antioksidan roliiniin arastirildig:
bir ¢alismada, si¢an karaciger, kalp ve bobrek dokularinda farkli dokularda SOD, katalaz ve MDA ’nin farkli sonuglar
verdikleri bildirilmistir. Bu ¢alismada kakao uygulanan gruplarda karaciger dokusunda SOD, katalaz ve MDA da artig
olurken, kalp dokusunda SOD ve MDA’da degisiklik gbzlenmemis ancak katalaz aktivitesi artmigtir. Ayni ¢aligmada
bobrekte SOD, katalaz ve MDA ’da degisiklik goriilmemistir [36]. Calismamizda Cd uygulamasi ile artan MDA sevisini
diistirmede, azalan SOD ve KAT aktivitesini arttirmada K'Y ’nin etkili oldugu gozlendi.

Calismamizda kullanilan bir diger antioksidan bilesik olan Hypericum perforatum (sar1 kantaron) ile ¢esitli
calismalar yapilmistir. EI-Sherbiny ve arkadaslar1 tarafindan scopolamin ile sigan beyinde olusturulan oksidatif stres
sonrasi uygulanan Hypericum perforatum (sar1 kantaron) ekstratlarinin MDA seviyelerini disiirdiigii, SOD seviyelerini
degismedigi gosterilmistir [37]. Rotenonun toksik etkisiyle yapilan bir ¢alismada farkli olarak sar1 kantaron ekstraktinin
sigan beyninde MDA seviyelerini azalttig1 ve katalaz aktivitesini artirdig1 bildirilmistir. Caligmamizda Cd uygulamasi ile
artan MDA seviyesini diisirmede, azalan SOD ve KAT aktivitesini artirmada SKY 'nin etkili oldugu goézlendi.
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Abstract

The purpose of this research carried out in 2018 under Eskisehir ecological conditions was to determine the effect
of six different harvest dates (T1: 16 August, T2: 29 August, Ts: 14 September, Ta: 28 September, Ts: 15 October and Té:
31 October) on the yield and quality properties rosemary (Rosmarinus officinalis L.). The experiment was established
according to a randomized complete-block design with four replications. The composition of the essential oil obtained by
the hydro-distillation from the dry leaves of the rosemary plant was analyzed by GC-MS. In the experiment carried out,
the mean values of plant height (cm), fresh herb yield (t ha?), dry herb yield (t ha?), dry leaf yield (t ha?), essential oil
ratio (%), essential oil yield were determined as 61.87 cm, 15.78 t hal, 5.80 t ha-1, 3.55 t ha*, 0.69% and 23.92 | ha'!,
respectively. In the essential oil samples obtained from the harvests made at different dates, 35 different components were
identified. The values of the camphor, 1-verbenone, a-pinene, borneol and 1,8-cineol components determined as the main
component in the analyzed essential oil samples ranged from 11.67 to 14.78%, from 8.47 to 11.77%, from 8.74 to 11.82%,
from 8.61 to 11.12% and from 7.01 to 9.07%, respectively.

Key words: Rosemary, Rosmarinus officinalis, different harvest dates, essential oil

*

Farkl hasat zamanlarinin biberiye (Rosmarinus officinalis L.) bitkisinin verim ve kalite 6zellikleri iizerine etkisi

Ozet

Bu aragtirma, farkli hasat zamanlarinin (Z1: 16 Agustos, Zo: 29 Agustos, Za: 14 Eyliil, Z4: 28 Eyliil, Zs: 15 EKim
ve Zg: 31 Ekim) biberiye (Rosmarinus officinalis L.) bitkisinin verim ve kalite 6zellikleri iizerine etkisini belirlemek
amaciyla Eskisehir ekolojik kosullarinda 2018 yilinda yiiriitiilmiistiir. Deneme, tesadiif bloklar1 deneme desenine gore 4
tekerriirlii olarak kurulmustur. Biberiye bitkisinin drog yapraklarindan su distilasyonu yontemiyle elde edilen ugucu yagin
kompozisyonu GC-MS ile analiz edilmistir. Yiiriitiilen ¢calismada, ortalama bitki boyu (cm), yesil herba verimi (t ha™),
kuru herba verimi (t ha'?), kuru yaprak verimi (t ha), ugucu yag oran1 (%) ve ugucu yag verimi degerleri sirasiyla 61.87
cm, 15,78 tha?, 5.80tha?, 3.55tha?, % 0,69 ve 23.92 | ha™* olarak tespit edilmistir. Farkli zamanlarda yapilan hasatlardan
elde edilen ugucu yag orneklerinde 35 farkli komponent oldugu tespit edilmistir. Analiz edilen ugucu yag 6rneklerinde
ana bilegen olarak tespit edilen camphor, 1-verbenone, o-pinene, borneol ve 1,8-cineol bilesenlerin degerleri sirasiyla
%11.67-14.78, %8.47-11.77, %8.74-11.82, %8.61-11.12 ve 7.01-9.07 arasinda degigmistir.

Anahtar kelimeler: Biberiye, Rosmarinus officinalis, farkl hasat zamanlari, ugucu yag
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1. Introduction

Rosemary (Rosmarinus officinalis L.) plant, an important species of the Lamiaceae/Labiatae family, is an
important medicinal and aromatic plant naturally distributed in the Mediterranean region [1, 2, 3]. The genus Rosmarinus
has R. officinalis, R. laxiflorus, R. eriocalyx and R. lavandulaceus, which are distributed in different parts of the world.
R. officinalis has varieties of erectus, humilis and albiflorus [4, 5]. Rosemary having a strong taproot and a plant height
of 50-100 cm, needle-shaped leaves and pale blue flowers is an evergreen, perennial, in bush form and cross-fertilization
plant [1, 2, 6].

The leaves of the rosemary plant are used as spice and herbal tea mixtures. Otherwise, the essential oil obtained
from rosemary plants is used in perfume, food and pharmaceutical industry [1, 7]. Also, rosemary is widely used in
aromatherapy and folk medicine, as well as being used as an ornamental plant in different regions of the world [8, 9, 10].
Rosemary is well known a medicinal plant and has been used as anti-oxidant, anti-cancer, antidiabetic, anti-inflammatory,
antimicrobial, antifungal, antimutagenic, antispasmodic, wound healing, strengthening capillaries of hair and protecting
liver [2,7, 11, 12, 13, 14, 15].

In some countries such as France, Spain, Portugal and Greece, rosemary is cultivated to meet the demand for the
use of essential oils in the food, perfume, cosmetic and pharmaceutical industries [7]. Many other countries meet the
needs of rosemary by harvesting from natural plants. In Turkey, rosemary collected from the natural flora of Mersin and
Adana are presented to domestic and foreign markets [16]. Rosemary has attracted attention as an important medicinal
and aromatic plant in recent years due to the industrial demand for the essential oil obtained from the plant. In order to
meet this demand for both the essential oil and the drug leaves of the rosemary, the cultivation of the plant in field
conditions is becoming increasingly important.

Studies on the volatile oil components of the rosemary plant have shown that the plant has different chemotypes
such as eucalyptol/1,8-cineole (Italy, Morocco and Tunisia), camphor-borneol (Spain) and a-pinene-verbanon (France
and Corsica) in different parts of the world [5, 17, 18, 19]. Many studies conducted on rosemary's essential oil ratio and
its components have shown that many factors are effective on essential oil content and its composition [1, 5, 7, 21, 30].
One of the most important factors affecting the rate and composition of essential oil is the different harvest dates. The
studies conducted to determine the optimum harvest date in order to obtain the desired yield and quality product in the
rosemary plant revealed different findings [5, 7].

The aim of the experiment was to determine the effect of harvest at different dates on the yield and quality of the
rosemary in Eskisehir ecological conditions.

2. Materials and methods

The field experiment of the study was conducted in the province of Eskisehir. The province located in Aegean,
Marmara and Central Anatolia Region with 788 meters altitude has semi-arid and cool continental climate.

The average annual precipitation of the long years is 349,8 mm. In the region, the summer months are hot, dry
(but summer nights are cold) while the winter months are snowy, frosty and cold. The differences between day and night
temperatures are high. In addition to the low annual precipitation in the region, its distribution throughout the year is not
ideal for the cultivation of some plants. In 2018, total annual precipitation of 371.8 mm, average temperature of 13.5 °C
and an average humidity of 69.93% were recorded in Eskisehir (Table 1).

Table 1. Meteorological data of the experimental site* (2018)

Months Total precipitation (mm) Mean temperature (°C) Relative humidity (%)
January* 30,00 1,40 82,60
February 28,80 5,60 78,60
March 49,80 8,90 69,80
April 16,80 13,60 58,70
May 72,00 16,40 72,40
June 60,60 19,30 68,20
July 42,00 21,90 63,60
August 19,30 22,70 60,70
September 3,80 18,30 62,70
October 30,10 13,00 74,30
November 18,60 7,40 77,60
Total/Mean 371,80 13,50 69,93

**Data were taken from Eskisehir Regional Meteorological Service

Soil at a depth of 60 cm was sampled before the experiment and subjected to a physicochemical analysis. Data
for the years and locations are demonstrated in Table 2. The results showed that the soil was Clay loam with pH 7.6, salt
(22.25%), clay (35.91%), organic matter (1.73%) and amount of macro nutrients were, total N (0.13 %), total P (36 ppm).
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Table 2. Analysis of the soil sample taken from the area where the experiment was conducted
Physical analysis

Depth (cm) Soil texture Sand (%) Salt (%) Clay (%)
0-60 Clay loam 41,83 22,25 35,91
Chemical analysis
pH Lime (%) Organic matter (%) Total nitrogen (%) P20s (ppm)
7,60 8,46 1,73 0,13 36,00

* Analysis was conducted in the laboratory of Forestry, Soil and Ecology Research Institute.

In this research, the seedlings obtained from Afyonkarahisar Medicinal and Aromatic Plants Center were used
as plant material. Seedlings used in the field experiment were propagated by clonal method. The field experiment was
established in 2017 with 4 replications according to randomized complete block design. This study was carried out in
experimental area of Eskisehir Forest Nursery Directorate. Each plot has six rows with 5.0 m in length. Seedlings were
transplanted at a distance of 0.35 m between plants and 0.75 m between rows on 10.05.2017 [18, 21]. The dry materials
used in this study were harvested the specified dates in the second year of the plantation. The plots were kept weed free.
The plots were irrigated by system of drip irrigation. The frequency of irrigation was determined by taking into account
the monthly average air temperatures. The plots were irrigated when necessary. The plants were irrigated 6 times in the
second year of the plantation. No fertilizer application has been made to experiment. Plants were harvested at six different
dates T1: 16 August, To: 29 August, Ts: 14 September, T4: 28 September, Ts: 15 October and Te: 31 October) at intervals
of 15 days each. Plants in plots were harvested by cutting 20-25 cm above soil surface. The fresh plants harvested was
dried at 35 °C for 48 hours in the drying-oven. The essential oil contents of the samples taken from the dried leaves were
determined by the water distillation method in Clevenger apparatus for 3.5 hours. Essential oil samples were stored in
refrigerator at 4 °C until the composition analysis.

The essential oil composition of the oil samples was analyzed by gas chromatography (Agilent 5975C) coupled
to mass spectrometry (Agilent 5975C) using capillary column (HP Innowax Capillary; 60.0 m x 0.25 mm x 0.25 um)
[31].

The experiment findings were subjected to variance analyses according to a Randomized Complete Block
Design. The differences between the mean values were determined by Least Significant Difference Method (LSD) via
TARIST statistical package program [22].

3. Results

The harvest of the rosemary plant in the ecological conditions of Eskisehir was made 6 dates in 2-week periods,
the first harvest of which was made on 16 August 2018. There was a time difference of about 75 days between the first
harvest and the last harvest. The climatic changes due to seasonal differences in harvesting dates affected the growth and
development of the rosemary plant and caused differences in the yield and quality of the product. In addition, the variation
in vegetation period of the plants due to different harvest dates caused a change in the yield of dry herb and dry leaf [23;
24, 30].

The results of the study showed that the different harvest dates had a significant effect on the dry herb yield, dry
leaf yield and essential oil content, but different harvest dates did not have significant effect on plant height, fresh herb
yield and essential oil yield (Table 3).The lowest plant height (57.75 cm) was obtained from the first harvest, while the
highest plant height (65.24 cm) was found from the last harvest. However, all values of plant height were found in the
same group. The mean plant height value obtained from the experiment was recorded as 61.87 cm (Table 3). This situation
showed that the varying climatic conditions and vegetation period due to different harvest dates are not significantly
effective on plant height.

When the fresh herb yields obtained from the study were examined, it was observed that the lowest fresh herb
yield (13,92 t ha') was obtained from the first harvest and the highest value (16,44 t ha) was obtained from the last
harvest. The mean value of fresh herb yield was determined as 15,78 t ha'* for different harvest dates (Table 3). Due to
the late harvest dates, increased vegetation periods and the climate changes did not cause a significant increase in fresh
herb yield as in plant height.

Different harvest dates had significant effect on dry herb yield and dry herb values formed two different groups.
While the value of the first harvest date was in the second group, all other values were in the first group. The highest dry
herb value (6.32 t ha) was obtained from the last harvest date in the same group, except for the first harvest date. The
lowest dry herb yield value (4.62 t ha*) was determined at the first harvest date. The average value was 5.8 t ha (Table
3). This situation showed us that the vegetative growth of the rosemary plant in the ecological conditions of our region
generally ends at the end of August. It is observed that the assimilate substances produced by the photosynthesis of the
rosemary plant in September and October were used in dry matter accumulation rather than plant growth.

The part of the rosemary plant, which is used both as a spice and as extracting of the essential oil, is the dry
leaves. Therefore, dry leaf yield in the unit area is considered to be an important factor in rosemary cultivation.
Experimental results revealed that the different harvest dates significantly affected the dry leaf yield (at p<0.01 level).
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Different harvest dates occurred statistically two different groups for the dry leaf yields. The values of dry leaf yields
obtained from the harvests on October 15 and 31 were in the first group while others were in the second group. While the
highest dry leaf yield (4,31 t ha™*) was recorded from the last harvest date it was observed that the lowest yield value (2,99
t ha'!) was obtained from the first harvest date. At the same time, the average dry leaf yield value was 3.55 t ha'* (Table
3). As it was understood from the values given above, the late harvest dates (in September and October) did not
significantly increase the values of the plant height and the fresh herb yield but caused a significant increase in the dry
herb and dry leaf yield values. This situation can be explained by the fact that the rosemary plant used the assimilate
substances produced by photosynthesis in September and October and not in plant growth but in dry matter accumulation
under the ecological condition of our region [25, 26, 30]. In Eskisehir ecological conditions, decreases in mean monthly
temperatures in September and October and decreases in day length had a negative effect on plant growth (Table 1).

Table 3. Average values of rosemary plants harvested at different dates, different groups formed and analysis of variance

Harvest Dates Plant Height (cm) Fresh Herb Yield (t ha™) Dry Herb Yield (t ha)
16 August 2018 57,75 13,92 4,62 B
29 August 2018 58,75 15,85 591 A
14 September 2018 62,75 16,25 598 A
28 September 2018 62,50 16,04 5,69 A
15 October2018 64,25 16,21 6,31 A
31 October 2018 65,24 16,44 6,32 A
Mean 61,87 15,78 5,80
L.S. D. (%): - - 0,72
Falues: 2,825ns 2,653ns 13,26**
C.V. (%): 6,84 8,61 11,52
Harvest Dates Dry Leaf Yield (t ha?) Essential Oil Ratio (%) Essential Oil Yield (I hat)
16 August 2018 2,99 B 0,79 A 23,51
29 August 2018 321B 0,75 A 24,16
14 September 2018 3,28B 0,77 A 25,19
28 September 2018 3,28B 0,71 A 25,06
15 October 2018 4,20 A 0,57B 24,07
31 October 2018 431 A 0,50 B 21,50
Mean 3,55 0,69 23,92
L.S.D. (%0): 0,47 0,08 -
Fualues: 24,99** 45,42** 1,70ns
C.V. (%): 15,88 17,05 9,21

ns: not significant; **: p<0,01; L.S.D.(%): Least significant difference; C.V.: Coefficient of variance.

The changing harvest dates were significantly influential on the essential oil content of the rosemary plant. The
highest essential oil content (0,79%) was obtained from the first harvest in August when the average monthly temperature
was highest, and the lowest value (0,50%) was obtained from the harvest at the end of October when the average
temperature was the lowest. The contents of essential oil extracted from harvested plants in August and September were
higher than the amount of volatile oil obtained from the harvests in October (Table 3). This change in the essential oil
content values can be explained by the higher average monthly temperatures in August and September compared to
October under Eskisehir ecological conditions, respectively (Table 1). As is known, increasing average monthly
temperatures create an effect of temperature stress on aromatic plants and cause an increase in essential oil contents [23,
27, 30].

In the study carried out, different harvest dates did not significantly affect the yield of essential oil. The lowest
yield of essential oil (21,5 | ha') was obtained from the sixth harvest date (on 31 October), while the highest value (25,19
| ha't) was obtained from the third harvest date (on 14 September) (Table 3). The essential oil yield values in the unit area
appear as a function of the volatile oil content and the dry leaf yield values. In the study, there was an increase in the yield
of dry leaves in parallel with the delayed harvest dates, while the decrease in the essential oil content was observed. This
can explain the fact that different harvest dates were not significantly effective on the yield of essential oil.

Thirty-five components were identified accounting for 94.1-96.1 % in the oil. Camphor, 1-verbenone, a-pinene,
borneol and 1,8-cineole/eucalyptol were the main components of the oil from rosemary. While a-pinene, one of these
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main components, was monoterpene hydrocarbon, the other four compound (camphor, 1-verbenone, borneol and 1,8-
cineole) were oxygenated monoterpenes. Depending on the different harvest dates, the camphor ratio (11.67-14,78%)
changed. The highest camphor rate was taken from the fifth harvest date (on 15 September), while the lowest value was
obtained from the first harvest date (on 16 August). While the camphor rate increased from the first harvest date to the
fifth harvest date, on the other hand, in the sixth harvest date, the camphor value decreased again. In the other main
components of the essential oil, no regular changes were determined depending on the harvest dates (Table 4). The change
in essential oil components due to harvest dates can be explained by varying average temperatures and day length [26,
28, 29].

Table 4. Essential oil composition of rosemary (Rosmarinus officinalis L.) plant harvested at different dates
Different Harvest Dates

RT Compounds 16 Aug. 29 Aug. 14 Sept. 28 Sept. 15 Oct. 31 Oct. Mean
23,794 Camphor 11,67 12,08 12,10 12,94 14,78 13,85 12,90
30,435 I-Verbenone 8,47 11,44 11,46 13,61 11,50 11,77 11,38
7,521 a-Pinene 10,26 8,74 8,75 10,87 11,25 11,82 10,28
30,155 Borneol 9,90 8,61 8,62 9,78 11,12 10,95 9,83
12,868 1,8-Cineole 7,01 7,01 7,01 7,06 9,07 8,47 7,61
24,642 Linalool 4,06 3,87 3,88 3,94 4,03 4,18 3,99
26,955 Caryophyllene 5,54 4,48 4,49 3,47 2,27 2,37 3,77
12,570 DL-Limonene 3,58 3,07 3,07 3,38 3,40 3,45 3,32
26,266 (-)-bornyl acetate 3,68 4,37 4,38 2,39 1,54 1,46 2,97
8,605 Camphene 2,76 2,22 2,22 2,50 2,78 2,91 2,56
38,464 15-Crown-5 1,36 3,44 3,45 1,78 0,60 1,74 2,06
33,286 trans-Carveol 3,05 2,10 2,10 1,10 2,20 1,05 1,93
30,001 a-Terpineol 1,62 1,79 1,79 1,77 2,03 1,94 1,82
32,324 Nopol 1,58 1,71 1,71 1,66 1,82 1,74 1,70
24,943 Pinocamphone 1,53 1,69 1,69 1,55 1,98 1,72 1,69
10,955 5-3-Carene 1,77 1,57 1,57 1,75 1,69 1,61 1,66
33,292 Phenylurea - 1,03 1,03 1,92 1,08 2,15 1,44
29,488 cis-Verbenol 1,37 - - - - - 1,37
29,494 trans-Verbenol - 1,42 1,42 1,15 1,27 1,15 1,28
37,946 18-Crown-6 ether 1,32 1,92 1,93 0,46 0,21 1,10 1,15
15,453 a-Terpinolen 1,36 1,30 1,30 1,15 0,91 0,81 1,14
15,061 p-Cymene 1,01 0,83 0,83 1,06 1,24 1,36 1,05
23,417 chrysanthenone 1,14 1,02 1,02 0,95 0,96 0,98 1,01
10,253 verbenene 0,96 0,82 0,82 1,26 0,97 1,06 0,98
11,403 B-Myrcene 1,03 0,92 0,92 0,97 0,99 1,03 0,98
31,579 3-Cadinene 0,96 0,92 0,92 1,07 0,54 0,74 0,86
29,338 a-Homulene 1,08 0,93 0,93 0,74 0,58 0,61 0,81
27,056 Terpinen-4-ol 0,67 0,71 0,71 0,74 0,96 0,86 0,78
30,767 trans-a-Bisabolene 0,84 0,88 0,88 0,66 0,60 0,60 0,74
29,831 a-Amorphene 1,21 0,92 0,92 0,39 0,52 0,26 0,70
28,273 Menthol 0,35 - - 1,01 - - 0,68
36,082 (-)-Caryophyllene oxide 0,92 0,71 0,71 0,49 0,60 0,64 0,68
9,733 B-Pinene 0,69 0,63 0,63 0,52 0,74 0,63 0,64
14,157 y-Terpinene 0,69 0,59 0,59 0,69 0,59 0,58 0,62
28,804 (S)-cis-Verbenol 0,63 0,59 0,59 0,50 0,64 0,56 0,58

< 0,50 5,95 5,69 5,56 4,73 4,60 3,88 5,07
Total 100,00 100,00 100,00 100,00 100,00 100,00

4. Conclusions and discussion

In Eskisehir ecological conditions, the fifth harvest date (on 15 October) may be recommended to obtain the
highest dry leaf yield in rosemary cultivation, while the third harvest date (on 14 September) can be recommended for
the highest yield of essential oil.
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Abstract

This study aimed to determine the physicochemical soil properties of genus Origanum L. (in Turkish:
Mercankosk) grown in Turkey. Soils samples were collected from 22 localities where the 24 Origanum taxa grown. Soil
texture, pH, electrical conductivity, CaCQs, organic matter, P, K, Cu, Fe, Zn, and Mn parameters were evaluated for each
sample. According to soil analysis the texture consists from clay, clay-loam or loam, pH value between 6.62 and 7.49,
electrical conductivity (E.C.) is saltless or slightly salty, CaCOj3 content among 0.08 % to 48.97 % and the amount of
organic matter were between 0.01 % and 11.54 %. The availability of P, K, Cu, Fe, Zn and Mn were determined low,
medium, adequate or high level in the analyzed soils. The results are discussed with the previous studies.

Key words: ecology, Lamiaceae, Origanum, soil, Turkey

Tiirkiye’de yetisen Origanum L. (Lamiaceae) cinsinin topraginin fiziko-kimyasal 6zellikleri

Ozet

Bu c¢aligmada, Tirkiye'de yetisen Origanum L. (Mercankosk) cinsinin fiziko-kimyasal toprak 6zelliklerinin
belirlenmesi amaglanmistir. Origanum cinsinin 24 taksonunun biiyiidiigii 22 bolgeden toprak ornekleri alindi. Her bir
ornek i¢in toprak biinyesi, pH, elektriksel iletkenlik, CaCOs, organik madde, P, K, Cu, Fe, Zn ve Mn parametreleri
degerlendirildi. Toprak analizine gore biinye killi, killi-tinli veya tinli, pH degeri 6.62 ile 7.49 arasinda, Elektriksel
fletkenlik (E.I.) tuzsuz veya az tuzlu, CaCOs igerigi % 0.08 ile % 48.97 arasinda ve organik madde miktar1 % 0.01 ila %
11.54 arasinda bulundu. Analiz edilen topraklarda P, K, Cu, Fe, Zn ve Mn miktar1 diigiik, orta, yeterli veya yliksek
seviyelerde belirlendi. Sonuglar dnceki ¢aligmalarla tartisildi.

Anahtar kelimeler: ekoloji, Lamiaceae, Origanum, toprak, Tiirkiye
1. Introduction

The aromatic and medicinal genus Origanum L (Lamiaceae). (in Turkish: Mercankosk) is represented by 43
species (50 taxa) and 19 hybrids in the world. The members of Origanum are widespread in Turkey, mainly in the
Mediterranean area, with 21 species (24 taxa) and 12 hybrids, 23 of which are endemic [1,2,3]. O. vulgare L. s.l. is one
of the widespread species in Turkey [4,5].

Origanum has antimicrobial, antifungal, antioxidant, antibacterial, antithrombin, antimutagenic, angiogenic,
antiparasitic and antihyperglycemic activities that are important medicinally [6]. Many phytochemical studies such as
their essential oil and phenolic components have been conducted to investigate the chemical profiles and activities of
Origanum species [7,8,9]. A broad variability was observed in the essential oil profiles of O. vulgare populations,
suggesting that the basis of variation in essential oil composition could be the differences in the geographical area of
collection site, altitude and soil types [10]. A significant correlation between some edaphic factors (pH, K20 content, soil
texture) and the essential oil yield O. compactum Benth. was determined [11].
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This study included the physical and chemical properties of soil in native growing areas of O. amanum Post, O.
bilgeri P.H.Davis, O. boissieri letsw (2 areas), O. brevidens (Bornm.) Dinsm. (2 areas), O. haussknechtii Boiss., O.
husnucan-baseri H.Duman, Ayta¢ & A.Duran, O. hypericifolium O.Schwarz & P.H.Davis, O. laevigatum Boiss. (2 areas),
O. leptocladum Boiss., O. majorana L., O. minutiflorum O.Schwarz & P.H. Davis, O. onites L., O. rotundifolium Boiss.,
O. saccatum P.H. Davis, O. sipyleum L., O. solymicum P.H. Davis, O. syriacum L. subsp. bevanii (Holmes) Greuter &
Burdet, O. vogelii Greuter & Burdet, O. vulgare L. subsp. hirtum (Link) letsw. (3 areas), O. vulgare L. subsp. vulgare,
O. % bilgilii Dirmenci, Yazic1 & Arabaci, O. X haradjanii Rech.f.,, O. x intercedens Rech.f. and O. x sevcaniae Dirmenci,
Arabaci & Yazicl.

2. Materials and methods

Soils samples were collected from 22 localities where the 24 Origanum taxa occurred during the field studies
conducted on the flowering time of the taxa, between the years 2013 and 2015 from Turkey (Table 1). The organic matter
on the soil surface was removed. The materials were taken from 0-30 cm depth and dried in air circulated oven. The soil
samples were grinded by a 2 mm sieve. Soil texture, pH, electrical conductivity (E.C.), CaCQOgs, organic matter, P, K, Cu,
Fe, Zn, and Mn parameters were analyzed for each sample. The crushing, drying and sieving were made according to the
TS 10308 ISO 11464 Soil Quality Pretreatment for Samples for Physico-Chemical Analysis. Determination of P, K, trace
elements (Cu, Fe, Zn, and Mn), CaCO3, organic matter and water saturation of soil samples were made according to the
TS 8340 UDK 631.41, TS 8341 UDK 631.41, TS ISO 14870, TS 8335 1SO 10693, TS 8336 UDK 631.41 and TS 8333
UDK 631.43 respectively. The soil sample, where more than one Origanum taxa growth on, was evaluated for all taxa
occurs there.

3. Results

The main physicochemical soil properties of Origanum taxa in this study are given in Table 2-3. The soil sample
of 24 Origanum taxa collected from 22 localities are analyzed in term of soil texture, pH, E.C., CaCOs3, organic matter,
P, K, Cu, Fe, Zn, and Mn parameters.

The texture consist from clay in O. amanum, O. brevidens (TD3996), O. majorana, O. vulgare subsp. vulgare,
O. X haradjanii, O. syriacum subsp. bevani and O. laevigatum (TD 4334); clay-loam in O. bilgeri, O. boissieri (TD 4319),
O. brevidens (TD4270), O. haussknechtii, O. laevigatum (TD 4000), O. leptocladum, O. minutiflorum, O. x intercedens,
O. onites, O. saccatum, O. x bilgilii and O. vulgare subsp. hirtum (TD 4294 & TD 4309) and loam in O. boissieri (TD
4285), O. husnucan-baseri, O. hypericifolium, O. rotundifolium, O. sipyleum, O. solymicum, O. vogelii, O. x sevcaniae
and O. vulgare subsp. hirtum (TD 4018) (Table 2).

Amount of organic matter is between 0.01 and 11.54 %. The soil, where the endemic species O. amanum growth
on, is the riches by the organic matter with the 11.54 %. O. vulgare subsp. vulgare, O. solymicum, O. majorana and O.
bilgeri has poor soil with the 0.01 % organic matter value (Table 2).

The availability of P, K, Cu, Fe, Zn and Mn were determined low, medium, adequate or high level in the analyzed
soils. The lowest P amount is found as <1.0 mg/kg in O. leptocladum, O. solymicum, O. vogelii and O. x sevcaniae while,
the highest level is observed in O. x haradjanii, O. syriacum subsp. bevanii and O. laevigatum (TD 4334) soil samples.
The K was lower in 59%, adequate in 36% and high in 5% of the plant soil samples. Cu, Fe, Zn and Mn levels are mostly
adequate with the ratio of 55%, 82%, 59% and 73% of the plant soil samples respectively (Table 3).

4. Conclusions and discussion

The soil samples where the Origanum taxa grow naturally in Turkey are consist from clay to loam soil texture
and saltless or slightly salty soil with neutral pH values. Origanum compactum populations sampled in Morocco were
growth on clayey, silty and sandy soils [11]. The soils where the oregano occurs naturally in Greece was found to be
alkaline with the pH values between 7.5 and 8.5 in the 65% of the soil samples, the E.C. was calculated 1.15- 0.4 dS/m
in the 72% of the soil samples, the organic matter content determined higher than 5% in the 60% soil samples and the
CaCOj3 content measured among 4 to 7% in the 70 % soil samples [12]. The soils found to be alkaline and relatively acidic
with the pH between 6.3 and 7.9 in Origanum compactum populations [11].

The organic matter amount mostly has a low concentration in the examined soil samples. The organic matter
content was found 2.28%, 6.43%, 10.18% and 6.05% in Origanum solymicum, O. husnucan-baseri, O. bilgeri and O.
minutiflorum soil samples respectively in previous studies [13]. The soil samples are generally determined adequate in
term of Cu, Fe, Zn and Mn, low in term of K, both adequate and low in term of P parameters.
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Table 1. Localities of Origanum taxa

Taxa Localities

O. amanum C6 Osmaniye: Diizigi, west slopes of Diildiil Mountain, Between Bagkonus plateau and Hiiseyinoluk
fountain, rocky places in the pass, 19.09.2014, Dirmenci 4321 & Arabaci (NEF-TD4321)

O. bilgeri C3 Antalya: 13 km Giindogmus to Hanbogazi, 1460 m, 17.08.2014, Dirmenci 4300, Arabact & Yazici
(NEF-TD4300)

O. boissieri C5 Mersin: 15 km from Camliyayla to Saydibi, 1850 m, 18.09.2014, Dirmenci 4319 (NEF-TD4319)
C5 Mersin: 15 km from Camliyayla to Saydibi, 1850 m, 16.08.2014, Dirmenci 4285, Arabac1 & Yazict
(NEF-TD4285)

O. brevidens C6 Osmaniye: Between Yarpuz and Yaglipinar, 1350 m, 15.07.2013, Dirmenci 3996 (NEF-TD3996)

C6 Osmaniye: Between Yarpuz and Yaglipinar, 1310 m, 15.08.2014, Dirmenci 4270, Arabaci, Yazic1
(NEF-TD4270)

0. haussknechtii

B7 Erzincan: 15-20 km from Kemaliye to Arapkir, 1000-1100 m, calcareous rocks, 22.08.2013, Arabaci
2824, (NEF-TA2824)

O. husnucan-baseri

C4 Antalya: 43 km from Alanya to Gokbel plateau, Kugyuvasi place, around tunnels, 1350 m, 17.08.2014,
Dirmenci 4298, Arabaci, Yazict (NEF-TD4298)

O. hypericifolium

C2 Denizli: Honaz, Honaz Mountain, Arpacik plateau road, north slopes, Pinus nigra openings, 1260 m, ,
19.08.2014, Dirmenci 4315 & Yazic1 (NEF-TD4315)

O. laevigatum

C5 Osmaniye: Zorkun plateau, 8 km from Erzin junction, 1250 m, 15.07.2013, Dirmenci, 4000 (NEF-
TD4000)

C6 Hatay: Between Antakya and Samandag, Around St. Symeon Church, slopes facing the sea, 20.09.2014,
Dirmenci 4334, Arabaci & Yazict (NEF-TD4334)

O. leptocladum

C4 Karaman: Between Ermenek and Kazanci, 1 km above Gormeli village, 880 m, 17.08.2014, Dirmenci
4290, Arabaci, Yazic1 (NEF-TD4290)

O. majorana

C5 Mersin: Giizeldere, 252 m, 13.07.2013, Dirmenci 3984 (NEF) (TD3984)

O. minutiflorum

C3 Antalya: Kemer, Ugoluk, above Tiilek, Cedrus libani and Pinus nigra openings, 1360 m, 18.08.2014,
Dirmenci 4305 & Yazict (NEF-TD4305)

O. onites

C2 Denizli: Tasocagi, Quercus scrubs, stony places in maquis shrubland, 530 m, 19.08.2014, Dirmenci
4311 & Yazici (NEF-TD4311)

O. rotundifolium

A8 Artvin: 10 km from Artvin to Ardanug, 600-700 m, 27.08.2013, Dirmenci 3943 & B.Yildiz (NEF-
TD3943)

0. saccatum C4 Antalya: Alanya, 8 km from Gokbel to Cokelek, 1370 m, 17.08.2014, Dirmenci 4296, Arabaci & Yazici
(NEF-TD4296)

O. sipyleum C3 Konya: 1 km from Aksehir to Yalvag, Sultan Mountain foothill, 1100 m, 09.07.2013, Dirmenci 3959-a
(NEF-TD3959-3)

O. solymicum C3 Antalya: Kemer, Kesme couloir, Pinus brutia opening, calcareous rocks,100 m, 18.08.2014, Dirmenci

4302 & Yazict (NEF-TD4302)

O. syriacum subsp.
bevanii

C6 Hatay: Between Antakya and Samandag, Around St. Symeon Church, slopes facing the sea, 20.09.2014,
Dirmenci 4336, Arabaci & Yazici (NEF-4336)

O. vogelii

C5 Mersin: Giilek, around castle, 1500 m, 01.10.2015, Dirmenci 4503 & Yazici1 (NEF-TD4503)

O. vulgare subsp.
hirtum

C4 Antalya: Alanya, 8 km from Gokbel to Cokelek, 1370 m, 17.08.2014, Dirmenci 4294, Arabaci & Yazici
(NEF-TD4294)

C5 Adana: 16 km from Feke to Yahyali, 940 m, 17.07.2013, Dirmenci 4018 (NEF-TD4018)

C2 Denizli: Tagocagi, Quercus scrubs, stony places in maquis shrubland, 530 m, 19.08.2014, Dirmenci 4309,
& Yazic1 (NEF-TD4309)

O. vulgare subsp.
vulgare

A8 Artvin: 17.5 km from Borgka to Hopa, slopes, 26.08.2013, Dirmenci 3937 & Yildiz (NEF-TD3937)

0. x bilgilii

C4 Antalya: Alanya, 8 km from Gokbel to Cokelek, 1370 m, 17.08.2014, Dirmenci 4295, Arabaci & Yazici
(NEF-TD4295)

O. x haradjanii

C6 Hatay: Between Antakya and Samandag, Around St. Symeon Church, slopes facing the sea, 20.09.2014,
Dirmenci 4335, Arabaci & Yazic1 (NEF-TD4335)

O. X intercedens

C2 Denizli: Tagocagi, Quercus scrubs, stony places in maquis shrubland, 530 m, 19.08.2014, Dirmenci
4310-a/b, & Yazici1 (NEF-TD4310-a/ T.D. 4310-b)

O. X sevcaniae

C5 Mersin: Giilek, around castle, 1500 m, 01.10.2015, Dirmenci 4504 & Yazic1 (NEF-TD4504)
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Table 2. Soil texture, pH, E.C., CaCOs3 and organic matter parameters of examined soil

Taxa Parameters
Soil Texture | pH E.C. uS/cm CaCO3% Organic matter %
%
O. amanum 104 C 6.62 | N | 211 |SS | 2.36 limy 11.54 | high
O. bilgeri 53 CL | 742 | N | 88 S 35.45 | highlimy | 0.01 low
O. boissieri (TD 4285) 40 L 709 [N |71 S 27.63 | highlimy | 0.43 low
O. boissieri (TD 4319) 51 CL | 702 [N |169 |S 32.81 | highlimy | 1.66 low
O. brevidens (TD 3996) 94 C 749 | N | 172 | S 6.81 limy 9.28 high
O. brevidens (TD 4270) 58 CL | 699 | N | 216 |SS | 1475 | limy 5.71 high
O. haussknechtii 59 CL | 725 | N |[111 | S 2259 | highlimy | 2.99 medium
O. husnucan-baseri 33 L 717 | N | 70 S 27.46 | highlimy | 0.49 low
O. hypericifolium 41 L 743 | N | 92 S 9.64 limy 0.61 low
O. laevigatum (TD 4000) 51 CL |725 | N |[172 | S 3241 | highlimy | 1.62 low
O. leptocladum 66 CL [716 | N | 112 | S 38.02 | highlimy | 1.11 low
O. majorana 71 C 705 | N | 184 | S 32.22 | highlimy | 0.01 low
O. minutiflorum 54 CL | 691 | N |107 |S 32.85 | highlimy | 0.12 low
O. onites, 51 CL (702 | N | 169 | S 32.81 | highlimy | 1.66 low
O. vulgare subsp. hirtum (TD
4309),
O. X intercedens
O. rotundifolium 40 L 6.68 | N | 79 S 1.11 limy 2.13 medium
O. saccatum, 66 CL (703 | N | 102 |S 0.08 low limy 8.29 high
0. x bilgilii,
O. vulgare subsp. hirtum (TD
4294)
O. sipyleum 40 L 720 | N | 119 | S 18.09 | highlimy | 1.22 low
O. solymicum 33 L 721 | N | 68 S 48.97 | highlimy | 0.01 low
O. vogelii, 33 L 6.85 | N | 56 S 3.47 limy 0.18 low
O. x sevcaniae
O. vulgare subsp. hirtum (TD | 48 L 6.89 | N | 80 S 0.08 low limy 1.73 low
4018)
O. vulgare subsp. vulgare 81 C 715 | N | 185 | S 23.59 | highlimy | 0.01 low
O. x haradjanii, 89 C 693 | N | 266 |SS |24.60 | highlimy | 11.18 | high
O. syriacum subsp. bevanii,
O. laevigatum (TD 4334)

C: clay, CL: clay loam, L: loam, N: neutral, S: saltless, SS: slightly saltyThe pH of soil samples is evaluated as neutral between 6.62 and 7.49. E.C.
value is slightly salty in the soil samples of O. amanum, O. brevidens (TD 4270), O. x haradjanii, O. syriacum subsp. bevanii and O. laevigatum (TD
4334) whereas saltless for the others. CaCOj3 content ranging from 0.08 to 48.97 % among the soil samples. The soil of O. saccatum, O. x bilgilii and
O. vulgare subsp. hirtum (TD 4294 & TD 4018) are poor in terms of CaCOg, while O. solymicum has a high CaCOs percentage (Table 2).

Table 3. P, K, Cu, Fe, Zn, and Mn parameters of examined soil

Taxa Parameters

P mg/kg K mg/kg Cu mg/kg Fe mg/kg Zn mg/kg Mn mg/kg
0. amanum 9.6 M |115 | A |11 H 105 | A | 14 A 13.6 A
O. bilgeri 143 | M | 106 L 0.8 A |91 A |05 A 14.8 A
O. boissieri (TD 4285) 8.5 M | <60 |[L |05 A |41 | A |09 A |23 M
O. boissieri (TD 4319) 4.3 L 152 | A |12 H 8.7 A |09 A 16.1 A
O. brevidens (TD 3996) 11 L 97 L 0.1 A 159 | A | 14 A 15.9 A
O. brevidens (TD 4270) 7.3 L | <60 |L |<10 L |139 |A |09 A | 68 A
O. haussknechtii 49 L |[194 |A |04 A |57 |A |05 A | 187 A
O. husnucan-baseri 107 | M | <60 | L |02 A |31 M | 0.7 A |10 M
O. hypericifolium 8.5 M | <60 |L |07 A | 87 A |03 L |56 A
O. laevigatum (TD 4000) 8.4 M |<60 |[L |03 A |19 L |01 L |43 M
O. leptocladum <10 |L |126 |A |01 A [ 110 | A |03 L |19 M
O. majorana 177 | A |19 | A |06 A |87 |A |07 A | 220 A
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Table 3. Continued

O. minutiflorum 9.6 M | 166 | A |12 H |87 A |04 L |22 M
O. onites, 4.3 L [152 |A |12 H |87 A |09 A | 161 A
O. vulgare subsp. hirtum

(TD 4309),

O. X intercedens

O. rotundifolium 158 | A | <60 | L |14 H |48 A |06 A | 263 A
O. saccatum, 196 | A | 105 |L |06 H [279 | A |16 H |59 A
O. x bilgilii

O. vulgare subsp. hirtum

(4294)

O. sipyleum 102 |M | <60 | L |02 A |29 M | 02 L |87 A
O. solymicum <10 |L |<60 |L |<10 L |24 L |04 L |12 M
O. vogelii <10 [L |[<60 |L |<10 L [227 | A |05 A |52 A
0. x sevcaniae

O. vulgare subsp. hirtum 4.4 L | <60 |L |02 A | 109 | A |02 L | 351 A
(TD 4018)

O. vulgare subsp. vulgare 125 | M | 148 | A |11 H |77 A |04 L | 213 A
O. X haradjanii, 345 |H |33 |H |07 A |77 A |10 A | 137 A
O. syriacum subsp. bevanii

O. laevigatum (TD 4334)

A: adequate, H: high, L: low, M: medium
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Abstract

The genus Dysmachus is one of the richest species in the Palearctic region of the Asilidae (Diptera) family. It is
known that Dysmachus praemorsus (Loew, 1854) (Diptera: Asilidae), which is one of the common species with wide
habitat preference, is also in our country. In this study, D. praemorsus species were identified in 76 different habitats
throughout the country in the summer months of 2002, 2003, 2005, 2006, 2007, 2008, 2018 and 2019, from sea level to
2200 meters. As a result of the study, new locality records contributed to the knowledge of distribution of the species in
our country. The species was reported from 19 provinces for the first time. However, the distribution of the species
depending on the height and temperature and the change in seasonal activity in different habitats were investigated.

Key words: Dysmachus, D. praemorsus, Asilidae, robberfiles, biology

*

Dysmachus praemorsus (Loew, 1854)’iin (Diptera, Asilidae) Tiirkiye’deki kayitlarina katkilar ve mevsimsel
aktivitesi iizerine notlar

Ozet

Dysmachus cinsi Asilidae (Diptera) familyasinin Palearktik Bolge’de en zengin tiir ¢esitliligine ve genis yayilisa
sahip cinslerinden bir tanesidir. Cinsin genis habitat tercihi ile yaygin tiirlerinden biri olan Dysmachus praemorsus (Loew,
1854) (Diptera: Asilidae) tiiriiniin ilkemizde de yayilis gosterdigi bilinmektedir. Bu ¢caligmada D. praemorsus tiirii 2002,
2003, 2005, 2006, 2007, 2008, 2018 ve 2019 yillar1 yaz aylarinda iilke genelinde deniz seviyesinden 2200 metre
yiiksekliklere kadar 76 farkli habitatda tespit edilmistir. Caligma sonucunda yeni lokalite kayitlari ile tiiriin {ilkemizdeki
yayilis bilgilerine katki saglanmistir. Tiir 19 ilden ilk kez bu ¢caligmada rapor edilmistir. Bununla birlikte tiiriin yiikseklige
ve sicakliga bagli olarak yayilis1 ve farkli yagam alanlarindaki mevsimsel aktivitesinin degisimi incelenmistir.

Anahtar kelimeler: Dysmachus, D. praemorsus, asilidae, robberfiles, biology
1. Introduction

Robber flies (Asilidae), one of the largest families of true flies, have an important role as a prey in balancing
insect populations in terrestrial ecosystems. These animals, with more than 7000 species, live in all terrestrial habitats
from the deserts to the tundra. The 60 species of Dsymachus, known in the Palearctic region, are one of the largest genus
in terms of the number of speciesin the faunistic studies conducted so far, 17 species belonging to this genus have been
reported from our country [1].

D. praemorsus, which is one of the common species in our country, was recorded by different researchers in
May, June, July and August in 8 different provinces ([2, 3, 4]). The members of the species are medium-sized (20 mm)
strong flies. Body color is grayish, wings are transparent and wing veins are brown-gray. The legs are black and the male
and female genitalia are shiny black [5].
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D. praemorsus is known as a steppe species [6]. Populations of the species show adult activity from May to July.
Individuals of the species are more common in clay-alluvial soils and mesophytic meadows. It is known that they prefer
meadow areas covered by plant species such as Alopecurus pratensis, Poa pratensis, Poa trivialis and Clementis
integrifolia and grassland areas on the borders of cultivated fields. In general, species belonging to the genus Dysmachus
are placed on the stems of plants with a height of 20-30 cm in the meadow areas and lay eggs in appropriate parts such as
the spikes of plants. The larvae hatching fall into the soil with the spikes and continue to live as larvae predators on the
ground and under the ground [5].

In this study, specimens collected from different regions of Turkey in 2002, 2003, 2005, 2006, 2007, 2008, 2018
and 2019 and data such as temperature obtained from sampling studies were used. Starting from the end of Edirne in
western Turkey, at the eastern end to Kars (about 1450 km between the two cities) from different habitats of up to 2212
m above sea level examples of D. praemorsus have been determined. Changes in seasonal activity of the species between
May and July were observed depending on the altitude and temperature.

2. Materials and methods

Collecting studies were done in May-September 2002, July 2003, April 2005, April-June 2006, April 2007, April
2008-April 2008, June-July 2018, May-September 2019. Sampling sties are from west to east in following provinces;
Edirne, Canakkale, Balikesir, Kirklareli, Istanbul, Kocaeli, Eskisehir, Burdur, Antalya, Karabiik, Kastamonu, Corum,
Ordu, Samsun, Amasya, Yozgat, Kayseri, Adana, Sivas, Kahramanmaras, Erzincan, Tunceli, Bing6l, Tatvan, Erzurum,
Kars and Agri. 76 different sampling localities range from 2212 meters above sea level. Sampling localities were
determined by considering high mountain ranges which may affect the spread of animal organisms such as Anatolian
diagonals. The geographical information, sampling dates, measured temperature and altitude values of collecting sites are
given in Table 1 and Map 1. Temperatures are measured as the temperature value 1 meter above the ground.

Adult D.praemorsus specimens were collected with hand net with sweeping method, preserved in bottles
contaminated with etil asetat. 189 male and 182 female total 371 adult individuals were evaluated. Preparations of samples
were performed in the laboratory. The end of the abdomen was cut out and the male genitals were removed. Aedeagus,
epandrium, gonococyte, dististylus and hypandrium were separated and measured with Leica MZ 16 and Leica
Microsystems Framework. Male terminalia were placed in small capsules filled with glycerin and attached to pinned the
specimens. All specimens were deposited in Entomology Laboratory of the Department of Biology, Eskisehir Osmangazi
University. Following literature were used for species identification [7].

The vegetation in the collecting sites was photographed and the plant species, especially which these flies lay
on, were identified by experts.

In order to monitor the seasonal activity changes of D. praemorsus due to temperature and altitude, the sampling
localities were divided into 5 groups as 0-500 meters, 500-1000 meters, 1000-1500 meters, 1500-2000 meters and 2000-
2500 meters.

Table 1. Geographic informations of collecting sites with dates and temparature data

No Province Lokalite Name Date Latitude Longitude | Alt (m) °C
1 Edirne Kurttepe 06.06.18 41°22'K 26°41'D 106 25
2 Edirne Beykoy 02.06.02 40°39'K 26°30'D 38 25
3 Edirne Lalapasa 29.05.02 41°51'K 26°42'D 181 20
4 Edirne Cukurkoy (Bakislar) | 06.06.18 41°27K 26°49'D 66 31
5 Edirne Cavuskdy Goleti 02.06.02 40°40'K 26°11'D 50 25
6 Istanbul Cilingir koyii 21.05.02 41°10'K 28°40'D 129 21
7 Istanbul Akalan-Kalfa 03.06.18 41°15'K 28°25'D 117 23
8 Kirklareli Vize-Pinarhisar 25.05.02 41°36'K 27°43'D 241 20
9 Kirklareli Madara Deresi 26.05.02 41°52'K 27°54'D 35 19
10 Kirklareli Derekoy 27.05.02 41°54'K 27°21'D 453 22
11 Kirklareli Komiirkoy 04.06.18 41°37'K 27°52'D 280 23
12 Canakkale Yenikdy 05.06.02 40°37'K 26°55'D 43 24
13 Tekirdag Malkara 06.06.02 40°55'K 26°52'D 199 24
14 Tekirdag Karababa Koyt 06.06.02 41° 7K 27°1'D 111 27
15 Tekirdag Palamut Koyii- 09.06.02 40°45'K 27°10D 600 24
16 Tekirdag Yenicekdy 10.06.02 41°6'K 27°44'D 75 22
17 Tekirdag Yakuplu 11.06.02 41°2'K 27°54'D 52 21
18 Istanbul Sileye 7 km 13.06.02 41° 7K 29°33'D 27 22
19 Kocaeli Uzuntarla 19.05.02 40°45'K 30°6'D 187 20

Kocaeli Uzuntarla 19.06.02 22
20 Kocaeli Isakli 14.06.02 41°3'K 29°56'D 216 24
21 Kocaeli Balc1 Koyii 02.06.18 41°3'K 30°11'D 55 25

Contributions to the records of Dysmachus praemorsus (Loew, 1854) (Diptera, Asilidae) in Turkey and some notes on its seasonal activitiy
Hakan CALISKAN



Biological Diversity and Conservation — 12 / 3 (2019)

Table 1.Continued

22 Kocaeli Pirceler 02.06.18 40°54'K 30°3'D 232 24
23 Kocaeli Kargali Koyii 20.06.02 40°54'K 29°38'D 309 27
24 Sakarya Karapinar 17.06.02 41°3'K 30°37'D 24 22
25 Sakarya Arifiye 18.06.02 40°40'K 30°21'D 104 26
26 Ordu Unye 27.06.18 41° 6'K 37°20'D 14 34
27 Yalova Elmalik 21.06.02 40°36K 29°19'D 176 35
28 Eskisehir Yazilikaya 08.06.18 39°12'K 30°42'D 1295 26
29 Eskisehir Oynas Koyii 12.06.18 39°10'K 30°37'D 1107 26
30 Eskisehir Cukurca 06.07.18 39°17'K 30°40'D 1257 25
31 Eskisehir Yenisofca 01.06.19 39°38'K 30°22'D 838 24
32 Karabiik Eflani 22.06.18 41°25'K 32°56'D 905 21
33 Karabiik Sine 22.06.18 41°21'K 32°44'D 1019 20
34 Kastamonu Pmarbasi 21.06.18 41°35'K 33°5D 684 22
35 Kastamonu Kastamonu 20.06.18 41°28'K 33°26'D 877 23
36 Kastamonu Karafasil Koyt 21.06.18 41°34'K 33°10'D 1023 23
37 Kastamonu Bahgekoy 22.06.18 41°18'K 33°33'D 1151 21
38 Corum Kugsaray 25.06.18 40°36'K 35°7D 1069 18
39 Corum Yeni Hayat 25.06.18 40°23'K 34°43'D 842 26
40 Samsun Ahmet Saray 27.06.18 40°59'K 35°53'D 765 20
41 Samsun Agagpinar Koyt 26.06.18 40°56'K 35°54'D 981 23
42 Amasya Destek Koyii 26.06.18 40°50'K 36°10'D 644 29
43 Amasya Yesiloz 26.06.18 40°33'K 36° 8'D 855 25
44 Yozgat Sazlidere 21.06.19 39°41'K 35°40'D 1235 24
45 Kayseri Dikme 28.05.19 38°1'K 35°32'D 1330 25
46 Kayseri Avlaga 28.05.19 37°58'K 35°32'D 1265 24
47 Kayseri Sihliya 2 km 28.05.19 38°4'K 35°36'D 1422 26
48 Kayseri Kiigiik Kiinye Yolu | 28.05.19 38°9'K 35°48'D 1500 30
49 Kayseri Yahyali-Dikme 27.05.19 38°2'K 35°24'D 1370 26
50 Adana Hanyeri 28.05.19 38°12'K 36° 1'D 1668 26
51 Sivas Divrigi Madenli 15.05.19 39°27'K 38°16'D 1160 27
52 Sivas Zaraya 10km 03.07.18 40° 1'K 38° 1D 1542 26
53 Sivas Yildizeli 5km 03.07.18 39°50'K 36°31'D 1389 23
54 Sivas Nasir/ Zara 22.06.19 39°49'K 37°53'D 1365 24
55 Kahramanmaras Yalak Yol 29.05.19 38°14'K 37°30'D 1355 27
56 Kahramanmarag Dogankonak 28.05.19 38°13'K 36°25'D 1577 26
57 Erzincan Mustafabey 01.07.18 39°48'K 40°31'D 1645 19
58 Erzincan Koroglu 02.07.18 39°53'K 38°56'D 1722 26
59 Erzincan Altkoy 02.07.18 39°57'K 38°38'D 1566 22
60 Erzincan Gemecik 25.06.19 39°53'K 38°26'D 1785 26
61 Erzincan Aydmcik 22.06.19 39°49'K 38°50'D 1789 23
62 Erzincan Refahiye 22.06.19 39°53'K 38°46'D 1555 25
63 Tunceli Coban Yildizi 02.07.18 39°27'K 39°53'D 1393 38
64 Tunceli Piiliimiir 02.07.18 39°30'K 39°52'D 1627 28
65 Tunceli Pigi Koyil/ Tunceli 02.07.18 39°39'K 39°44'D 1162 33
66 Erzurum Sarikamig 15km 28.06.18 40°15'K 42°38'D 1998 34
67 Erzurum Nenehatun Termal 30.06.18 39°58'K 41°26'D 1836 25
68 Erzurum Nenehatun 30.06.18 39°54'K 41°20'D 1979 26
69 Erzurum Cimenli Koyt 30.06.18 40°11'K 41°54'D 2145 31
70 Erzurum Alaca/Erzurum 01.07.18 39°59'K 40°58'D 1873 20
71 Erzurum Hacihamza 01.07.18 39°52'K 40°38'D 1935 19

Erzurum Hacihamza 25.06.19 1860 23
72 Erzurum Yukar1 Cat 01.07.18 39°40'K 41°0'D 2136 32
73 Kars Sartkamig 28.06.18 40°16'K 42°25'D 2212 25
74 Kars Sartkamig 2 23.06.19 40°19'K 42°32'D 2050 25
75 Kars Yenigazi Koyil 23.06.19 40°24'K 42°44'D 1830 25
76 Kars Horasan Yolu 23.06.19 40°17'K 42°23'D 2110 24
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3. Results

Dsymachus praemorsus was recorded from 24 provinces and 76 localities. The species was firstly reported from
19 provinces (Edirne, Canakkale, Balikesir, Kirklareli, Istanbul, Kocaeli, Karabiik, Kastamonu, Corum, Ordu, Samsun,
Amasya, Yozgat, Kayseri, Adana, Sivas, Kahramanmaras, Tunceli, Kars) in this study.

Basic taxonomic characteristics of the species are listed below, with details of the distribution in the world and
Turkey.

Dysmachus Loew, 1860
Tip tiir: Asilus trigonus Meigen, 1804
Dysmachus praemorsus (Loew, 1854)

Body length: 13-19,5 mm, Wing length: 9-11,5 mm

They are mostly gray or grayish-brown. One hundred tubercles are large, hairs are dense on the face. In the thorax,
the dorsocentral cetas reach the anterior edge of the mesonotum. Discal cetas are well developed in the abdomen and they
are observed in a large number of lateral and posterior parts of the tergites. Male genitalia and female ovipositor are
triangular. The eighth tergite is short and a quarter circle on the sides. The eighth sternite is long and ends with the ninth
tergite. The length of the ninth tergite is half or slightly longer than the length of the eighth sternite. Serci sides are flat
and wide. It is located at the tip of the ninth tergite. Male genitalia is covered with black hair and yellow hairs. The eighth
sternite carries tassel-shaped hairs. The apical apex of the gonococcus is angular and is often dark red or orange. The
general appearance of individiuals (male Figure 1, female Figure 2 and ovipositore of female in Figure 3) and male
genitalia (Figure 4) are given.

Examined material: Edirne (Kurttepe), 106 m, 06.06.2018, 1 &, 1 Q; Edirne (Beykdy), 38 m, 02.06.2002, 1 &'; Edirne
(Lalapasa), 181 m, 29.05.2002, 1 &; Edirne (Cukurkdy- Bakislar), 66 m, 6.06.2018, 1 &'; Edirne (Cavuskdy Goleti), 50
m, 2.06.2002, 2 33, 2 QQ; Istanbul (Cilingir kdyii), 129 m, 21.05.2002, 3 33, 2 QQ; Istanbul (Akalan-Kalfa), 117 m,
3.06.2018, 1 Q; Kurklareli (Vize-Pmarhisar), 241 m, 25.05.2002, 9 33, 2 29Q; Kurklareli (Madara Deresi), 35 m,
26.05.2002, 2 33, 1 Q; Kuarklareli (Derekdy), 453 m, 27.05.2002, 11 33, 3 99; Kurklareli (Kémiirkoy-Kiigiikyayla),
280 m, 4.06.2018, 9 33, 5 29; Canakkale (Yenikdy), 43 m, 5.06.2002, 6 33, 7 99; Tekirdag (Malkara), 199 m,
6.06.2002, 5 33, 3 @ Q; Tekirdag (Karababa Koyii), 111 m, 6.06.2002, 1 &, 5 @9Q; Tekirdag (Palamut Kdyii-Radar), 600
m, 9.06.2002, 3 34, 1 Q; Tekirdag (Yenicekdy), 75 m, 10.06.2002, 1 Q; Tekirdag (Yakuplu), 52 m, 11.06.2002, 3 3J,
7 9Q; Istanbul (Sileye 7 km), 27 m, 13.06.2002, 5 33, 3 99; Kocaeli (Uzuntarla), 187 m, 19.05.2002, 1 &, 2 29;
Kocaeli (Isakli), 216 m, 14.06.2002, 2 33, 2 9 Q; Kocaeli (Balc1 Kdyii), 55 m, 2.06.2018,3 3, 8 9 Q; Kocaeli (Pirceler),
232 m, 2.06.2018, 8 33, 5 29; Kocaeli (Kargali Koyii), 309 m, 20.06.2002, 2 3&, 6 @Q; Sakarya (Karapinar), 24 m,
17.06.2002, 16 33, 22 QQ; Sakarya (Arifiye), 104 m, 18.06.2002, 5 33, 4 2Q; Ordu (Unye), 14 m, 27.06.2018, 1 Q;
Yalova (Elmalik), 176 m, 21.06.2002, 4 3&, 4 QQ; Eskisehir (Yazilikaya), 1295 m, 8.06.2018, 3 &, 1 Q; Eskischir
(Oynas Koyii), 1107 m, 12.06.2018, 2 9 Q; Eskisehir (Cukurca), 1257 m, 6.07.2018, 1 Q; Eskisehir (Yenisof¢a), 838 m,
1.06.2019, 1 &, 2 9 9; Karabiik (Eflani), 905 m, 22.06.2018, 3 33'; Karabiik (Sine), 1019 m, 22.06.2018,1 &, 2 99;
Kastamonu (Pinarbasi), 684 m, 21.06.2018, 2 99; Kastamonu (Daday Cikis1), 877 m, 20.06.2018, 1 &, 9 99;
Kastamonu (Karafasil Kdyii), 1023 m, 21.06.2018, 6 §&'; Kastamonu (Bahgekdy), 1151 m, 22.06.2018, 4 &3, 6 29;
Corum (Kussaray), 1069 m, 25.06.2018, 1 Q; Corum (Yeni Hayat), 842 m, 25.06.2018, 2 33, 2 29; Samsun (Ahmet
Saray), 765 m, 27.06.2018, 1 9; Samsun (Agagpinar Kdyii), 981 m, 26.06.2018, 11 45, 2 29Q; Amasya (Destek Koyii),
644,26.06.2018,2 2 Q; Amasya (Yesiloz), 855 m, 26.06.2018, 1 &, 1 Q; Yozgat (Sazlidere), 1235 m, 21.06.2019, 2 33;
Kayseri (Dikme), 1330 m, 28.05.2019, 4 3J'; Kayseri (Avlaga), 1265 m, 28.05.2019, 1 &; Kayseri (Sthliya 2 km), 1422
m, 28.05.2019, 1 &; Kayseri (Kiiciik Kiinye Yolu), 1500 m, 28.05.2019, 2 4J; Kayseri (Yahyali Dikme), 1370 m,
27.05.2019, 1 &; Adana (Hanyeri) 1668 m, 28.05.2019, 1 &, 1 Q; Sivas (Divrigi Madenli), 1160 m, 15.05.2019, 3 33, 4
QQ; Sivas (Zaraya 10km), 1542 m, 3.07.2018, 1 Q; Sivas (Yildizeli 5km), 1389 m, 3.07.2018, 1 Q; Sivas (Nasir/ Zara),
1365 m, 22.06.2019, 4 &3; Kahramanmaras (Yalak Yolu), 1355 m, 29.05.2019, 7 3&, 3 29; Kahramanmaras
(Dogankonak), 1577 m, 28.05.2019, 4 33, 1 9; Erzincan (Mustafabey), 1645 m, 1.07.2018, 2 9 9; Erzincan (Koroglu),
1722 m, 2.07.2018, 3 33, 1 Q; Erzincan (Altkdy), 1566 m, 2.07.2018, 1 Q; Erzincan (Gemecik), 1785 m, 25.06.2019, 2
33, 2 29; Erzincan (Aydincik), 1789 m, 22.06.2019, 4 99; Erzincan (Refahiye), 1555 m, 22.06.2019, 2 33,2 2%;
Tunceli (Coban Yildizi), 1393 m, 2.07.2018, 1 @; Tunceli (Piiliimiir), 1627m, 2.07.2018, 1 &; Tunceli (Pisi Koyii), 1162
m, 2.07.2018, 1 &, 3 29Q; Erzurum (Sarikamis 15km), 1998 m, 28.06.2018, 1 &, 1 Q; Erzurum (Nenehatun Termal),
1836 m, 30.06.2018, 4 3J; Erzurum (Nenehatun), 1979 m, 30.06.2018, 1 Q; Erzurum (Cimenli Kdyii), 2145 m,
30.06.2018, 1 Q; Erzurum (Alaca), 1873 m, 1.07.2018, 4 3&, 11 9 Q; Erzurum (Hacthamza), 1935 m, 1.07.2018,3 92;
1860m, 25.06.2019, 1 &, 1 Q; Erzurum (Yukan Cat), 2136 m, 1.07.2018, , 2 2 Q; Kars (Sarikamis), 2212 m, 28.06.2018,
1 Q; Kars (Sarikamus 2), 2050 m, 23.06.2019, 1 &, 1 Q; Kars (Yenigazi Koyii), 1830 m, 23.06.2019, 1 &, 1 Q; Kars
(Horasan Yolu), 2110 m, 23.06.2019, 1 &.

Distribution in the world: Germany, Albania, Austria, Bulgaria, France, Hungary, Poland, the European part of old
Soviet Union, Turkey, Yugoslavia [1].
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Distribution in Turkey: Erzincan, Cevizli, 04.08.1990, Erzurum, Merkez, 01.06.1971, Atatiirk Universitesi, 23.07.1990.
27.08.1990, Paland6ken, 17.07.1990, Oltu-Uzunoluk, 19.07.1992, Olur-Siingiibayir, 13.07.1992, Pasinler, 14.08.1992,
Senkaya-Turnal1, 03.07.1990, Tortum, 04.07.1991, [2]; Ankara, [8]; Eskisehir, inonii, Uludere, 27.05.2001 [3]; Agr,
Tutak, Sulugam, 26.06.1993, Bitlis, Tatvan, 30.06.1993, Tatvan, Karakurt, 01.07.1993; Kiitahya, Sobran, Porsuk baraji,
08.07.1993, Van, Karasun Brige, 29.06.1993 [4].

Figure 1. Male of Dysmachus praemorsus

Figure 2. Female of Dysmachus praemorsus
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Figure 3, Female ovipositor of Dysmachus praemorsus

Figure 4. Male genitalia of Dysmachus praemorsus a) aedegus, b) epandrium, c) side view of gonocoxite and dystistylus,

d) gonocoxite, €) hypandrium, ) dystistylus
D. praemorsus individuals were caught on the grass in grassland, forest edge or clearing areas in the forest, on the
sides of the field, Perching on the stems of the grasses, and especially egg-laying behavior in the spikes of the Poacea

members were observed. Table 2 shows the meadow plant species in sampling area
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Table 2: Dominant plant species in sampling areas
Family Genus Species Note
Asteraceae Anthemis Antemis cretica
Achillea Achillea millefolium
Achillea wilhelmsii
Beta Beta vulgaris
Centaurea Centaurea triumfettii
Daucus Daucus carota
Antemis Anthemis sp.
Brassicaceae Sisymbrium Sisymbrium loeselii
Alyssum Alyssum sp.
Isatis Isatis sp. perching
Neslia Neslia sp.
Caryophyllaceae Silene Silene sp.
Cyperaceae Scirpoides Scirpoides holoschoenus Laying and perching
Fabaceae Trifolium Trifolium Pratense
Hypericaceae Hypericum Hypericum Perforatum
Lamiaceae Stachys Stachys Lavandulifolia
Mentha Mentha sp.
Plantaginaceae Plantago Plantago lanceolata
Poaceae Alopecurus Alopecurus arundinaceus Laying
Alopecurus aucheri Laying
Bromus Bromus tectorum
Dactylis glomerata sbsp hispanica Laying and perching
Dactylis Dactylis glomerata
Festuca Festuca arundinacea subsp.
Festuca Rubra Laying and perching
Hordeum Hordeum bulbosum Laying and perching
Hordeum murinum Laying and perching
Phleum Phleum Pratense
Poa Poa bulbosa
Poa trivialis
Alopecurus Alopecurus sp.
Aven Avena sp.
Poa Poa sp.
Stipa Stipa sp.
Ranunculus Ranunculus sp
Rubiaceae Galium Galium sp.

The variation of the measured temperature and altitude values at the localities where the samples were collected
is shown in the graph in Figure 5.

Dysmachus praemorsus (Loew, 1854)
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Figure 5. The relationship between altitude and air temperature values at the collecting sites
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4, Conclusions and discussion

Dsymachus praemarosus had been identified in different habitats in previous studies in our country. In these
studies, it was reported that adult individuals of the species showed flight activity from the end of May to the beginning
of August [2], [8], [3], [4]. In our study, the specimens belonging to the species were found in the earliest in May and the
latest in July, although the temperature and elevation were different in different years.

The years and months in which the species is not identified are important in terms of the species’ seasonal activity
limit. During the second and third weeks of April 2002, 2005, 2006, 2007, 2008, 26 individuals belonging to the species
were not found in Thrace and South Marmara region (Kaz Mountains), mostly in meadow areas. Similarly, in the last
week of July in 2018 and 2019, 33 different stations could not be detected in Eastern Anatolia (Erzurum, Agri, Bingol,
Tatvan and Siiphan Mountain). Especially in this region in June and July, when the temperature in the valley exceeds 30
° C, the meadows are dry and no species belonging to the species except the meadows under the influence of wetlands
are observed. However, when the climb to the altitude of 1500-2000 meters from the valley floor to 20-25 ° C, D.
praemorsus individuals were observed.

Figure 5 shows the temperature preferences of the species. The lowest temperature at which the species is caught

is 18 © C and the highest temperature is 36 °C. However, temperatures between 24-26 °C can be considered as the optimum
temperature range of this species.
Dsymachus praemorsus females lay their eggs on the plant. Therefore, the activity of the species is also in parallel with
the activity of the plants in which the eggs lay in the living environment. Adamovic [9], [5] observed in the species
Obedska Bara (in Sirbia) in green meadows covered with Clematis integrifolia and in the alluvial plains of the Sava river
in May and June. The vegetation of the meadows in Obedska Bara mostly includes Alopecurus pratensis, Poa pratensis,
Poa trivialis, Clementis integrifolia and other plant species.

In the present study, the plant species in the meadows where the adults were caught were Alopecurus
arundinaceus, Alopecurus aucheri, Dactylis glomerata sbsp hispanica, Festuca rubra, Hordeum bulbosum, Hordeum
murinum from the Poacea family, Scirpoides holoschoenus from Cyperaceae and Isatis sp. from Brassicaceae. It was
observed that female flies laid eggs on these plants (Table 2). These plant species start to sprout and continue to grow on
the soil at least 20-30 days before the onset of the seasonal activity of D. praemorsus. The seasonal activity of the species
is in parallel with the sprouting of the plant species and the development of the spikes..
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Abstract

Great Bustard is one of the heaviest birds in the Western Palearctic, so aerodynamic effects are critically
important for their distribution and conversation. To understand why do they need to find open areas during the resting
and feeding time, aerodynamic features were discussed in this study. Mass of the Great Bustard and having proportionally
small wings cause weak flight performance. In this work, those disadvantages were identified by aerodynamic approach
and observation. Great Bustard tries to use the relative wind during the take-off to close these disadvantages. Also, turning
performance which is affected by the same specifications with take-off performance can determine their behavior. As a
result, aerodynamic factors may also play important role in their current status.

Key words: otis tarda, great bustard, conservation, bird flight, bird flight performance, Turkey

*

Toy kusunun (Otis tarda) dinlenme alani se¢iminde etkili olan kalkis ve doniis performansina kanat
yiiklemesinin etkis

Ozet

Bati Palearktik bolgede ki en agir kuslardan biri olan Toy kuslari igin aerodinamik etkiler dagilimlarinda ve
korunmalarinda oldukc¢a 6nemlidir. Bu ¢alismada, dinlenme ve beslenme zamanlarinda neden agik alanlari segtikleri
aerodinamik 6zellikleri bakimindan tartistlmistir. Agirligina gore kiigiik kanatlara sahip olan Toy kuslar1 ¢ok daha zayif
bir ugus performansina sahiptirler. Bu ¢aligmada bu dezavantajlar aerodinamik yaklagim ve gézlemlerle agiklanmigtir. Bu
dezavantajlar1 kapatmak i¢in Toy kuslar1 kalkis esnasinda bagil riizgarlar1 kullanmiglardir. Ayrica kalkis performansina
etki eden ayni aerodinamik 6zellikler kusun davranisina etki eden doniis performansint da etkilemektedir. Sonug olarak
tiirtin duyarli statiide olmasindaki en 6nemli etkenlerden biride acrodinamik 6zellikleridir.

Anahtar kelimeler: otis tarda, toy kusu, koruma biyolojisi, kus ugusu, kuslarin ugus performansi, Tirkiye
1. Introduction

Due to high wing loading, which means body weight divide to wing area is extremely important for flight
performance that can determine flight style and behavior, Great Bustard prefers open areas and hills to take-off easily and
also observe the environment. Therefore, they cannot land and take-off on a tree branch, electric pole or other narrow
areas. Their long take-off distance carries many disadvantages. For example, the predators, especially foxes can find time
to catch the Great Bustards during the take-off roll. Its effects are on much different flight performance. Wings beat
frequency also has been attracting the researchers’ attention for a long time [1,2,3]. Take-off performance is extremely
important for avian flight but there is a limited number of works on that flight phase [1,2,4,5,6,7,8]. In gliding flight, wing
loading determines glide speed. For high aspect ratio wings, gliding is the most effective for cheaper flights [9, 10].
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The broad wings and relatively short wingspan avoid the Great Bustard from gliding due to high induced drag.
Their wing is similar to a vulture or an eagle wing morphologically. Nevertheless, these birds’ wing loading is lower and
they take advantage of it. Vultures and eagles are usually observed while using thermals since their lower wing loading
provides lower stall speed and narrow turning radius in the thermal [11, 12]. However, Great Bustard’s higher wing
loading causes higher stall speed and a wide turning radius that keep them away from the well thermal performance.
Therefore, they have to flap their wings for extra thrust force in order to gain speed for enough lift force [13, 14, 15].
Moreover, these reasons cause extended take-off distance because they need more lift force to overcome their weights.
To ensure that force, take-off roll must be longer. Besides, the Great Bustard usually prefers sand, grass, plowed fields or
steep lands hence the acceleration to static state in these areas can be more difficult. On the other hand, the relative wind
may help to reduce take-off distance if the bird runs into a headwind [16]. Thus, they cannot prevent potential dangers
like hitting power lines [17].

2. Materials and methods

The study area is located in the Sivrihisar, Eskigehir, Turkey. Our observations lasted for 2 months. Although,
25 individuals were identified in 2 lek areas, only 10 different take-off footprints were determined and measured. These
take-offs were monitored by Canon 7D camera and 500 mm lenses before measuring take-off roll. To ensure true results,
almost the same size birds were designated and others were eliminated from videos and photos. To measured wind speed
and direction, anemometer and windsock were used while taking-off. Effect of the crosswind eliminated until the full
crosswind. Take-off distance was measured from heel to heel of birds’ footprint by tape measure.

Thrust (T) can be used for acceleration and there is a counter force called drag (D), however; we have to make
an allowance for the average aerodynamic resistance during the take-off run. Therefore, we estimate the net thrust to be
20 percent of the take-off weight. An avian need a minimum velocity to take-off and need acceleration to reach that
velocity. Net thrust is needed for acceleration [16].

F,ot=T-D=0.2W (1)

Well known W (Weight) is the mass times the acceleration of gravity.
W =mg (2)

Kinetic energy is proportional to the mass and to the square of its velocity.
_1 2 _1 (K) 2
Ex =-mV* =~ p V= (3)
The energy supplied equals to the supplied work (W=F.L) so the net force (F_net) times the takeoff length (Ltakeoff).
Multiplying the Eq. 1. With L and make the equality of the supplied energy and work.
%(%) V2 = 0.2WL (4)

So simply a minimum velocity needed for take-off is related with acceleration of gravity and the takeoff length (L takeofr)
2 —

4 takeoff — 0-4thakeoff (5)

Another important effect on the conversation of the Great Bustard is turning radius. The turn radius can be

calculated in two ways. In Eq. 6, it was calculated with the aid of wing loading and bank angle. In Eq. 7 the turn radius
was calculated with aid of velocity (V) and loading factor (n).

2w
r= Cp*p*xg*S*sinf (6)
VZ
r=mws ()
Rewriting the Eq. (7) by leaving the loading factor (n) alone, we get the Eq. 8.
174
n= |G+ ©

Yet another way to find the loading factor is given in. Eq. (9) and in such formula the n is related only with the bank angle
(0). Therefore, it is entitled as n_check.

L 1

Ncheck = W -

)

However, the key point of these formulas is velocity. In our work, the estimation method comes from bird size was used
[18]. Later, to prove our findings, laser speed measurement binocular was used. In literature, the airspeed of Great Bustard
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is expected about 17 m/s it was compatible with velocity estimation comes from bird size in Eq. 3. which was derived by
Alerstam et al. [18].

V=43.(2%"  (10)

Still, there were two unknown parameters (Lift coefficient (CL) and 0) for Great Bustard so, by validating the loading
factor (n) value from Eq. (8) and Eq. (9). The bank angle () was taken an average value (30). The lift coefficient is
validated from bank angle and load factor relations i.e.Eq. (9) and Eq. (10). The lift coefficients estimated when the n
values overlapped.

To find angular velocity of bird,

tané

%4

_V_
Q===g."22(11)

3. Results

For our study area, an average 3 m/s fast wind is a significant factor. In contrast, it was seen that the bird did not try to
turn into a headwind in a dangerous situation during the quick take-off. Other factors affecting take-off performance are
the air density and temperature. Altitude which affects to air pressure in the study area ranges from 700 m to 800 m at the
sea level and the average temperature was 20 °C which are improper conditions for better flight performance. For all of
these reasons, they choose to open areas for easy take-off also they can watch the hazards easily in these places. Higher
wing loading also affects the turning radius. In risky situations, the birds must change their flight direction rapidly.
However, it’s hard for birds which have high wing loading that provides higher flight speed.

According to our observations, the shortest take-off run is 1.57m and the longest is 5 m. Of course, it’s impossible
to determine the same size birds which are important for take-off performance from photos and videos.

Table 1. Total number of investigated foot prints. Relative wind speed shows the total take-off speed of Great Bustard.
Short distance take-offs are supported by strong wind

A number of investigated | Takeoff Roll Vwind
footprints. (m) (m/s) Vaustard (M/S) | Relative wind (m/s)
1 1,57 +3 2,48 5,48
2 3,77 +1,92 3,84 5,76
3 1,94 +2,1 2,75 4,85
4 4,00 +1,5 3,96 5,46
5 4,22 +1,8 4,06 5,86
6 2,78 +2,42 3,3 5,72
7 3,21 +2 3,54 5,54
8 5,00 -1,3 4,42 3,12
9 3,20 +1,1 3,54 4,64
10 4,80 -1 4,33 3,33

Nevertheless, If the wind was eliminated, an average take-off roll would increase from 3m to 4.73m (except 8 and
10 because they took off with a tailwind). To calculate the bird's speed from equation 8, these parameters were assessed
(Table 2).

Table 2: An average Aerodynamic features and performance of the Great Bustard.

Parameters

Aspect Ratio (AR) 6.6
Wingspan (b) 220 cm
Wing Area (S) 0,73 m?
Weight (W) 11 kg (107.91 N)
Wing Loading, W/S (N/m?) 147.8 N/m?
Lift Coefficient, CL 0.99
Turn Angle 6 (Degree) 30
Turn Radius (r) 50 m
Estimated Velocity (Vest) 20 m/s
Measured Velocity (V) 17 m/s

n from Eq. (8) 1.15
Nereck DY EQ. (9) 1.15

To find out turning radius, bank angle of the birds was determined from photos and videos. As a result, 30° was
selected as an optimum bank angle.
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Figure 1. An optimum bank angle of the Great Bustard. Sharper bank angles cause higher sink rate so that energy
consumption increases to keep level flight.

In addition, Great Bustard usually takes-off into the wind as it can be seen at table 1 except dangerous situations.
In contrast, tailwind generally adversely affects take-off distances and it also affects individuals in this study. However,
more frequently flapping style reduces the tailwind effects and decay proportion between the headwind and tailwind.

Another effect of wing loading is the turning radius. They need 100 m to change their direction 180° which
means length of the football pitch. If we compared with the almost the same weight birds, Cinereous Vulture’s turning
radius would be 30m with 30° bank angle. Also, almost the same wing area of Golden Eagle’s turning radius would be
32 m. For these reason, higher turning radius causes lower soaring ability. So, it’s impossible to use thermals for these
birds Moreover, we know that their bank angle is sharper. Besides, low angular velocity doesn’t provide high
manoeuvrability. For this reason, they can’t change their flight direction quickly so they hit power lines suddenly or can’t
addle the predators and hunters..

4. Conclusions and discussion

That results also may explain why Great Bustard population is lower in Turkey [19] than Europe because their
ability to fly is already limited with these aerodynamic specification, higher altitude of mainland of the Turkey [20] make
this flight ability lower with lower air density. Moreover, most of the population is seen in center of Anatolia and east of
Turkey. Cultivated lands of these regions long and wide which provide longer and enough take-off area. As can be seen
in results, most of the taking-offs made into headwind to ensure shorter take-off distances. Therefore, their habitat
distribution is limited in Turkey. Besides, we often interacted with these birds in the morning when the weather was cold
which also means higher air density that increases flight performance.

9 kg of Cinerous Vulture can take-off from tree and other small places without take-off roll. Although mass of
the vulture near Great Bustard, Great Bustards’ wing area significantly lower than the vultures. These differences in wing
loading decrease flight performance and increase energy consumption. For these reasons, permanent hunts are effective
on these birds because they cannot astonish hunters with quick turns, so they are easy target for hunters to follow them.
Due to high energy consumption they become tired later. Hence, they would be easy target for permanent hunters.

According to Akos et al. [21] turning radius of stork is 20 m. If we look at eating habits of that birds, their food
selection looks the same. However, with 20 m of turning radius stork can use thermals and reach other regions easily
while the flying long distance is hard for Great Bustard. For this reason, threaten level between stork and Great Bustard
may come from that aerodynamic differences.

If we compared with the almost the same weight birds, Cinereous Vulture’s turning radius would be 30m with
30° bank angle. Also, almost the same wing area of Golden Eagle’s turning radius would be 32 m. For these reason,
higher turning radius causes lower soaring ability. So, it’s impossible to use thermals for these birds Moreover, we know
that their bank angle is sharper. Besides, low angular velocity doesn’t provide high maneuverability. For this reason, they
can’t change their flight direction quickly so they hit power lines suddenly or can’t addle the predators and hunters.

The effect of high wing loading is the Great Bustard must flap their wings continuously which needs more
energy. In that case, they fly short distances at low altitude that means they take advantages of ground effect which
provides low energy consumption at low altitudes. Of course, the bigger size of that bird is measured and also known. In
our work, 11 kg male was studied. However, they can reach up to 15 kg. For that size, the effects of wing loading are
felted much more might be fatal.
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Abstract

Glyphosate is a widely used broad-spectrum herbicide. Vanilic acid is a phenolic acid found naturally in many
plants. In this study, the effect of vanilic acid against oxidative stress induced by glyphosate in Saccharomyces cerevisiae
was investigated. S. cerevisiae was proliferated and developed in YEDP medium. Both glyphosate and vanilic acid were
added to the development environment of Saccharomyces cerevisiae to be 200, 400 and 800 mg per liter. At the end of
the experiment, Saccharomyces cerevisiae samples (Reduced glutathione (GSH), oxidized glutathione (GSSG),
Malondialhedit (MDA), fatty acid, E, D, K vitamins and phytosterol) were analyzed in HPLC and GC devices.
Antioxidant potential of vanillic acid was also identified. In this study, the effect of vanillic acid against oxidative stress
and toxicity caused by glyphosate in S. cerevisiae was investigated for the first time. In S. cerevisiae administered
glyphosate, there were statistically significant changes in MDA, GSH, GSSG, protein, fatty acid, E, D, K vitamins and
phytosterol levels, but the vanilic acid applied was detected statistically significantly reduced the changes in these
parameters. As a result of analysis by gas chromatography, the yeast cell of octanoic acid (8: 0), lauric acid (12: 0),
myristic acid (14: 0), palmitic acid (16: 0), palmitoleic acid (16:1 n-7), stearic acid (18: 0), oleic acid (18:1 n-9) and
linoleic acid (18:2 n-6) acids were observed. Vitamin D, E and K were analyzed with HPLC device. As a result of this
analysis, molecules such as K, &-tocopherol, D,, Ds, a-tocopherol, ergosterol, Ki, stigmasterol, B-sitosterol were
identified. Biochemical analysis showed that cell density in culture medium containing 800 mg per liter of glyphosate
decreased. It was found that vanilic acid showed beneficial effects against oxidative stress caused by glyphosate in
Saccharomyces cerevisiae.

Key words: glyphosate, vanilic acid, oxidative stress, fatty acid and phytosterol, Saccharomyces cerevisiae

*

Glifosatin Saccharomyces cerevisiae’da indiikledigi oksidatif strese kars1 vanilik asidin etkisi

Ozet

Glifosat, yaygin olarak kullanilan genis spektrumlu bir herbisittir. Vanilik asit, pek ¢ok bitkide dogal olarak
bulunan fenolik asittir. Bu ¢alismada, glifosatin Saccharomyces cerevisiae’da indiikledigi oksidatif strese kars1 vanilik
asidin etkisi aragtirilmigtir. S. cerevisiae YEDP besiyerinde ¢ogaltilmis ve gelistirilmigtir. Hem glifosat hem de vanilik
asit Saccharomyces cerevisiae’nin gelisme ortamina litrede 200, 400 ve 800 mg olacak sekilde eklendi. Deney sonunda
Saccharomyces cerevisiae &rneklerinin analizleri (indirgenmis glutatyon (GSH), yiikseltgenmis glutatyon (GSSG),
Malondialdehit (MDA), yag asidi, E, D, K vitamin ve fitosterol) HPLC ve GC cihazlarinda yapildi. Ayrica vanilik asidin
antioksidan potansiyeli de tespit edildi. Bu ¢aligmada glifosatin S. cerevisiae’da olusturdugu toksisite ve oksidatif strese
kars1 vanilik asidin etkisi ilk kez incelenmistir. Glifosat uygulanan S. cerevisiae’da MDA, GSH, GSSG, protein, yag asidi,
E, D, K vitamin ve fitosterol diizeyinde istatistiksel olarak dnemli degisikliklerin oldugu, fakat uygulanan vanilik asidin
bu parametrelerde olusan degisiklikleri istatistiksel olarak 6nemli ol¢ilide azalttig: tespit edildi. Gaz kromatografisi ile
yapilan analiz sonucunda, maya hiicresinde oktanoik asit (8:0), laurik asit (12:0), miristik asit (14:0), palmitik asit (16:0),
palmitoleik asit (16:1 n-7), stearik asit (18:0), oleik asit (18:1 n-9) ve linoleik asit (18:2n-6) asitlerinin bulundugu tespit
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edildi. D, E ve K vitamin miktarlarinin analizi ise HPLC Cihazi ile yapildi. Bu analiz sonucunda, K», a-tokoferol, D, D3,
d-tokoferol, ergosterol, Ki, stigmasterol, B-sitosterol gibi molekiiller tamimlandi. Biyokimyasal analizler sonucunda
litrede 800 mg glifosat igeren kiiltiir ortamindaki hiicre yogunlugunun azaldigi belirlendi. Glifosatin Saccharomyces
cerevisiae'da olusturdugu oksidatif strese karsi vanilik asidin faydal etkiler gosterdigi tespit edildi.

Anahtar kelimeler: glifosat, vanilik asit, oksidatif stres, yag asidi ve fitosterol, Saccharomyces cerevisiae
1. Giris

Tarim alanlarinda yabanci ot kaynakli verim kayiplari énemli bir sorundur. Bu sorunun ¢dziimii i¢in farkl
alternatifler bulunmakla birlikte son yillarda kimyasal savas yontemleri (herbisitler) kullanilarak yiiriitiilen miicadele
yontemleri 6n plana ¢ikmugtir [ 1]. Glifosat, diinya genelinde yaygin olarak kullanilan yabanc1 ot ilaglarinin en 6nemlisidir.
Bu herbisit ayn1 zamanda kentsel ve evsel ortamlarda da yaygin olarak kullanilmaktadir. Bu yaygin kullanima bagli olarak
yiyecek ve igme sularinda glifosat kalintilar1 tespit edilmistir. Bu herbisitin bu denli yaygin olarak kullanilmasi gevre ve
insan sagligi konusunda birtakim riskler hakkinda endiselere yol agmistir. Yakin zamanda yapilan bir ¢aligmada, Avrupa
genelinde toplanan insan idrar 6rneklerinin % 44'tinde glifosat izlerine rastlanilmistir. Aragtirmalar, glifosat’a maruz kalan
organizmalarda, ozellikle oksidatif strese bagli olarak genis bir yelpazede olumsuz biyolojik etkilerin olusabilecegi
gosterilmistir. Her ne kadar glifosatin hedef etki mekanizmas: bitkilere 6zgii olsa da, omurgali ve omurgasiz canlilarda
da bir dizi toksikolojik etkiye sahip oldugu gosterilmistir. Hem glifosatin hem de Roundup'un (glifosatin ticari sekli),
canli sistemde reaktif oksijen tiirlerinin (ROS) olusumunu attirdif1 ve antioksidan sistemin aktivitesini baskilayarak
hiicresel oksidatif stresi indiikledigi rapor edilmistir [2].

Pestisitler oksidatif hasar bagl olarak dokularda hiicre homeostazin bozulmasina neden olurlar. Canli sistemde
pestisitler, ROS iiretimini tegvik ederek protein, niikleik asit ve lipit gibi biyomolekiillerde oksidatif hasara yol acarlar
[3]. Sik kullanilan pestisitlerin bir¢ogu toksik etkilerini oksidatif stres mekanizmalar1 vasitasi ile ortaya koymaktadirlar
[4]. Glifosat bazli herbisitler, glifosata kars1 genetigi degistirilmis {rlinlerin gelistirilmesine paralel olarak
gelistirilmislerdir. Ozellikle, tarimda artan kullamim ile birlikte bu kimyasalin canli yasaminda énemli yeri olan hava, su
ve besin maddelerinde kalint1 problemi kamuoyunda endiseleri arttirmistir. Sonugta, hedef olmayan organizmalar daha
cok glifosata maruz kalmakta, buda canlilarda bir takim saglik sorunlarina neden olmaktadir [5]. Insanlarin glifosata
maruz kalmalar1 neticesinde, karacigerde mitokondriyal oksidatif fosforilasyonunun azaldigi, proton ve kalsiyum iyonlari
icin mitokondriyal membran gecirgenliginin arttigi ve siiksinat dehidrojenazin inhibe edilmesiyle mitokondriyal
fonksiyonunun etkilendigi bildirilmistir. Glifosat 6zellikle eritrosit ve lenfosit hiicre membranlarinda, lipit, protein ve
DNA'da oksidatif hasara neden olabilmektedir. Glifosat, sliperoksit dismutaz, katalaz, glutatyon peroksidaz ve glutatyon
rediiktaz gibi glutation, aromataz ve antioksidan enzim aktivitesini etkileyebilmekte ve asetilkolinesteraz aktivitesini
inhibe edebilmektedir. Kemirgenlerde yapilan kisa siireli ¢caligmalarda glifosatin belirgin toksik etki gostermedigi, lakin
glifosata kronik maruz kalma sonucunda karaciger ve bobrek fonksiyon bozuklugu ve toksisite, hamile sicanlarda fetal
ossifikasyondaki eksiklikler, biiyiik 6l¢iide artmig kanser riski ve kisa omiirliiliik ile iliskili oldugu gésterilmistir. Yine
glifosata maruz kalan siganlarda idrar ve organ biyokimyasal parametrelerinin yani sira proteomik ve metabolomik
profilde de degisikliklerin oldugu tespit edilmistir [39].

0 0
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HO” | OH
HO

Glifosatin molekiiler yapisi (https://pubchem.ncbi.nlm.nih.gov/compound/Glyphosate)

Antioksidanlar, serbest radikalleri temizleyebilen, oksidatif stres kaynakli hasarin azaltmasina yardimei olan ve
ayrica hiicresel redoks dengesini koruyan maddelerdir. Son zamanlarda, pestisit kaynakli oksidatif stres ve oksidatif
hasarin Onlenmesine yonelik antioksidanlarin terap6tik kullammmina ilgi artnustir. Vanilik asit (VA), antioksidan
potansiyeli 6n planda olan bir molekiildiir. VA'nin serbest radikal temizleme ve lipit peroksidasyonunu engelleme
6zelliginin bulundugu ifade edilmistir. Ayrica vanilik asidin antimikrobiyal, antienflamatuar ve antioksidan 6zellikler
gosterdigi tespit edilmistir [6]. Vanilik asidin ayrica anti-mutajenik ve anti-timér 6zelliklerinin bulundugu, bu nedenle
nutrasdtik bir molekiil oldugu kabul edilmistir. Yenilebilen bir¢ok bitki ve meyvede bulunan vanilik asit, fenolik bir
bilesiktir. Diyabet iizerinde de yararli 6zellikler gosterdigi belirlenmistir [7].
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Vanilik asidin molekiiler yapisi (https://pubchem.ncbi.nlm.nih.gov/compound/8468)

Bu ¢alismada;

i.  S.cerevisiae (ekmek mayasi), oksidatif stres, ksenebiyotik ve diger toksik maddelerin etkilerinin incelenmesinde
iyi bir 6karyotik hiicre modeli olarak gorilmektedir [18]. Bundan dolay1 Saccharomyces cerevisiae nin gelisme
ortamina ilave edilen farkli konsantrasyonlarda glifosatin olusturdugu oksidatif strese karsi vanilik asidin
koruyucu etkisi incelenmis.

ii. Yine bu ¢alismada Saccharomyces cerevisiae’nin gelisme ortamina ilave edilen farkli konsantrasyonlarda
glifosat ve vanilik asidin yag asidi, fitosterol, D vitamini, a-tokoferol ve K vitamini biyosentezi {izerindeki
etkileri de incelenmistir.

Bu ¢alismada Saccharomyces cerevisiae’nin gelisme ortamina ilave edilen farkli konsantrasyonlarda glifosatin
oksidatif stres ve yukarida belirtilen bazi biyokimyasal parametreler iizerindeki etkisi ile bu etkilere kars1 vanilik asidin
etkisi ilk kez degerlendirilmistir..

2. Materyal ve yontem
2. 1. Vanilik asidin DPPH Temizleme Aktivitesi

DPPH (2,2-difenil-1-pikrilhidrazil) ticari olarak elde edilebilen stabil organik nitrojen radikalidir. DPPH radikal
stiplirme kapasitesi analiz yontemleri dogal ekstraktlarin antioksidan kapasitesini 6l¢gmede ¢ok sik kullanilan bir metottur.
Bu yontem de temel olarak antioksidan tarafindan DPPH serbest radikaline proton transferi reaksiyonu 517 nm’de
absorbansin azalmasina neden olur [36]. Vanilik asidin o,a-Diphenyl-b-picrylhydrazyl (DPPH) serbest radikal temizleme
aktivitesi test edildi. DPPH, metanolde hazirland1 [8]. Vanilik asit (100 mg), 10 mL dimetil siilfoksit (DMSO) i¢inde
¢oziinerek hazirlandi. Azalan absorbans degeri, DPPH serbest radikal giderme aktivitesi olarak kabul edildi. Sonuglar
asagidaki formiile gore hesaplandi:

% Inhibisyon = [(ApppH-A vanilik Asit)/AopeH] X 100
2. 2. In Vitro Maya Kiiltiir Ortamlarimin Hazirlanmasi

Bu amagla; oncelikle deneyde kullanilacak olan S. cerevisiae’nin (Ekmek mayasi) gelisimi ve ¢ogalmast igin
YEDP (100 mL i¢in 1 g maya ekstrakti, 2 g baktopepton, 2 g glukoz) besi yeri hazirlandi. Her grup igin tekrar sayisi
altidir. Besi yeri hazirlandiktan sonra asagidaki gruplar olusturuldu:
Kontrol grubu (K): S. cerevisiae hiicreleri i¢in, 200 mL saf su i¢ginde 2000 mg maya ekstrakti, 4000 mg baktopepton ve
4000 mg glikoz igeren besiyeri hazirland1
Glifosat grubu (G): S. cerevisiae hiicreleri i¢in, 200 mL saf su iginde 2000 mg maya ekstrakti, 4000 mg baktopepton ve
4000 mg glikoz iceren besiyeri hazirlandi. Sonra bu besiyerine 40, 80 ve 160 mg glifosat eklendi. Her doz ayr1 bir grup
olarak belirlendi ve deneysel caligsmalar yiirtitiildii.
Vanilik asit Grubu (VA): S. cerevisiae hiicreleri i¢in, 200 mL saf su iginde 2000 mg maya ekstrakti, 4000 mg
baktopepton ve 4000 mg glikoz igeren besiyeri hazirlandi. Sonra bu besiyerine 40, 80 ve 160 mg VA eklendi. Her doz
ayr1 bir grup olarak belirlendi ve deneysel ¢aligmalar yiiriitiildii.
Glifosat+Vanilik Asit Grubu (G+VA): Bu gruptaki S. cerevisiae hiicreleri igin, 200 mL saf su i¢inde 2000 mg maya
ekstrakti, 4000 mg baktopepton ve 4000 mg glikoz igeren besiyeri hazirlandi. Sonra bu besiyerine 40, 80 ve 160 mg ayr1
ayrt VA ve G eklendi. Her doz ayr1 bir grup olarak belirlendi ve deneysel galigmalar yiiriitildii. S. cerevisiae’da hem G
(40, 80 ve 160 mg) hem de VA’nin (40, 80 ve 160 mg) ayn1 miktardaki dozlarinin etkisi arastirilmstir.
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Biitiin gruplar 30 °C’de 72 saat inkiibasyona birakildiktan sonra, hiicrelerin yogunlugu 600 nm’de spektrofotometrede
oOlgiilerek belirlendi. Daha sonra her kiiltiir ortamindaki hiicreler steril tiiplere alinarak santrifiij edildi, hiicre peletleri
toplandi. Daha sonra hiicre peletleri % 0,9’luk sodyum kloriir (NaCl) ¢ozelti ile yikanarak kiiltiir sivis1 atiklarindan
temizlendi. Islem basamaklari;

2. 3. Protein, GSH, GSSG ve MDA Olgiimii i¢cin Hiicre Peletinin Ekstraksiyonu: Elde edilen hiicre peletleri % 0,9’luk
NaCl ile yikandiktan sonra, yas agirliklar belirlendi ve Tris-HCI, Trisbase ve EDTA (pH:7,4) tamponunda soguk ortamda
homojenize edildi. Sonra 6rnekler santrifiij edildi. Santrifiijden sonra siipernatant kisim total protein, GSH, GSSG ve
MDA analizlerinde kullanildi.

2. 4. GSH ve GSSG Miktarimin Yiiksek Performansli Stvi Kromatografisi (HPLC) Cihazinda Olgiimii: GSH, GSSG ve
MDA oksidatif stres caligmalarinda oksidatif stresin tespiti ile siddetinin belirlenmesinde yaygin olarak kullanilan
parametrelerdir. Bu ¢aligmada, canli sistemde glifosat, oksidatif stres aracilig1 ile hasar olusturdugu icin MDA, GSH ve
GSSG gibi oksidatif stres parametreleri ¢alisilmigtir. Analiz i¢in elde edilen siipernatanttan 1,0 mL alinarak {izerine 1,0
mL % 10’luk perklorik asit ilave edilerek deprotenize edildi ve santrifiij edildikten sonra 1,0 mL numune alinarak
Shimadzu marka HPLC’de analizi yapildi [9,10]. Olgiimler 214 nm dalga boyunda yapildi. Cihazda pompa olarak LC—
10 AD VP, UV-visible detektor olarak SPD-M10A VP, PDA dedektérii, kolon firin1 olarak CTO-10AS VP, otosampler
olarak SIL-10AD VP, degasser iinitesi olarak DGU-14A ve Class VP 6.26 isletim programi kullanildi (Shimadzu, Kyota
Japan). Mobil faz olarak % 0,1 mL trikloroasetik asit (TCA) ve metanol (%94/%6,v/v) karisimi kullanildi. Ayirma islemi
ODS-3 HPLC kolonunda yapildi. Hesaplama islemi standart karisimlardan hazirlanan kalibrasyon egrisine gore Class VP
6,26 programi ile hesaplandi (Shimadzu, Kyota Japan).

2. 5. Lipid Peroksidasyon(MDA) Diizeyinin Olgiimii: Analiz igin elde edilen siipernatanttan 1,0 mL almarak % 10’luk
perklorik asit ile muamale edilerek proteinler ¢oktiirtildii ve karisim 5000 devirde 5 dakika santrifiij edildikten sonra 1,0
mL numune otosampler viallere alinarak Shimadzu marka HPLC’de analizi yapildi [11]. Mobil faz olarak 30 mmol
KH2PO4 ve metil alkol karigimi [12] (% 82,5-%17,5, H3POs ile pH=4.0) kolon olarak da ODS-3 HPLC kolonu (150 mm
X 4,6- 5 um) kullanildi. Mobil faz akis hiz1 1 mL/dk ve PDA dedektoriiniin dalga boyu 254 nm‘de belirlendi. Hesaplama
islemi standart karisimlardan hazirlanan kalibrasyon egrisine gore Class VP 6,26 software ile hesaplandi (Shimadzu,
Kyota Japan).

2. 6. Lipidlerin Ekstraksiyonu: Hiicre peletinden lipitlerin ekstraksiyonu Hara ve Radin (1978) tarafindan tanimlanan
metoda gore yapildi. Bunun igin; hiicre peleti 3/2, (v/v) hekzan/izopropil alkol karigiminda homojenize edildi ve daha
sonra bu karisim santrifiij edilerek siipernatant elde edildi [13].

2. 7. Yag Asidi Metil Esterlerinin Hazirlanmasi: Metil esteri hazirlamak i¢in elde edilen siipernatant fazi i¢indeki lipit
ekstraktinin {izerine % 2’lik metanolik siilfiirik asit ilave edildi ve iyice karistirildi. Bu karigim 55 °C’de 15 saat siire ile
metilasyona birakildi [14]. Daha sonra tiipler oda sicakligina kadar sogutuldu ve % 5°lik sodyum kloriir (NaCI) ilave
edilerek karistirildi. Tiipler iginde olusan yag asidi metil esterleri n-hekzan ile ekstre edildi ve hekzan fazi iisten pipetle
alinarak % 2’lik potasyum bikarbonat (KHCO3) ile muamele edildi. Fazlarin ayrilmasi i¢in bir siire bekletildi. Daha sonra
metil esterini igeren bu karisimin, 45 °C’de ve azot gaz akimi altinda ¢oziiciisii ugurulduktan sonra kalan tortu 1,0 mL
heptanda ¢oziildii (Christie, 1992) ve gaz kromatografisinde analizi yapildi [14].

2. 8. Yag Asidi Miktarinin Gaz Kromatografi (GC) Cihazinda Analizi: Analizler, Shimadzu GC 17 gaz kromatografisinde
yapildi. Analiz i¢in, SP-2560, 25m x 0,25mm i.d., 0,20 um (Supelco, Sigma, USA) o6zelliklere sahip kapiller kolon
kullanildi. Analiz sirasinda kolon sicakligi 120-220 °C, enjeksiyon sicakligi 240 °C ve dedektor sicakligr 280 °C olarak
tutuldu ve kolon sicaklik programi 120 °C’den 215 °C’ye kadar ayarlandi. Tasiyic1 gaz olarak azot gazi kullanildi. Analiz
sirasinda drneklere ait yag asidi metil esterlerinin analizinden Once, standart yag asidi metil esterlerine ait karigimlar
enjekte edilerek, her bir yag asidinin alikonma siireleri belirlendi. Bu islemden sonra gerekli programlama yapilarak
orneklere ait yag asidi metil esterleri karisimlariin analizi yapildi [15]. Yag asidi metal esterlerinin hesaplamasi Class
GC 2.00 isletim program ile her bir yag asidinin toplam yag asidi i¢cindeki miktar1 yiizde olarak (%) hesaplandi.

2. 9. Alfa-Tokoferol ve Ergosterol’iin HPLC Yontemi ile Analizi: Analiz igin ayrilan numunelere metanolde ¢6ziilmiis
potasyum hidroksit (%5°lik KOH) ¢ozeltisinden ilave edildi ve 85 °C’de 15 dk bekletildi. Oda sicakligina kadar soguyan
numunelere distile su ilave edilerek karistirildi. Sabunlagmayan lipofilik molekiiller 2x5 mL hekzan ile ekstrakte edilerek
azot gazi altinda ¢oziicii ucuruldu. Daha sonra 1,0 mL (%50+%50/v/v) asetonitril/metanol karisiminda ¢oziilerek
otosampler viallere alinip analiz yapildi. Mobil faz olarak asetonitril/metanol (%60+% 40/v/v) karisimi kullanildi, mobil
faz akis hiz1 1,0 mL/dakika’dir. Analiz i¢in PDA-UV dedektor kullanildi ve kolon olarak da Supelcosil LC 18 (15%4,6
cm, 5 um; Sigma, USA) kolonu kullanildi. Analizler 202 nm dalga boyunda yapild1 [16,17].
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2. 10. Istatistiksel analizler: Elde edilen verilerin istatistiksel analiz i¢in, SPSS (IBM SPSS versiyon 15) paket programi
kullanildi. Gruplar arasi farkliliklar1 belirlemek i¢in tek yonlii varyans analizi (ANOVA) kullanildi. Parametreler igin
gruplarin ikili karsilastirmalarinda post hoc analizi olarak LSD testi kullanildi. Istatistiksel anlamlilik P<0.05 olarak kabul
edildi. Veriler aritmetik ortalama ve standart hata olarak verildi.

3. Bulgular
Vanilik asidin, 4 mg konsantrasyonda en yliksek DPPH giderme aktivitesi gosterdigi tespit edilmistir (95,23),
konsantrasyon 10 mg kadar cikarildiginda DPPH temizleme aktivitesinde dnemli degisimlerin olmadigi goriilmiistiir

(Tablo 1).

Tablol. Vanilik asidin farkli konsantrasyonlarda DPPH radikalini temizleme aktivitesi
Konsantrasyon (mg) DPPH temizleme etkisi (%) ABS ortalamalar1 (V)

0,5 56,98+4,42 0,29+4,42
1 76,45+1,60 0,15%1,60
2 91,24+0,55 0,05+0,55
4 95,23+0,29 0,02+0,29
6 94,19+1,60 0,03%1,60
8 94,44+0,42 0,0340,42
10 94,78+0,38 0,03+0,38

Tablo 2. Saccharomyces cerevisiae’nin gelisme ortamina ilave edilen farkli konsantrasyonlardaki Glifosat ve Vanilik
asidin (40, 80 ve 160 mg) hiicre peletinde total protein, MDA, GSH ve GSSG diizeyine etkisi (Gerekli agiklama materyal
ve yontem de 2.2. In Vitro Maya Kiiltiir Ortamlarinin Hazirlanmasi kisminda agiklanmigtir)

Gruplar Total protein MDA GSH GSSG

(mg/g hiicre (nmol/g hiicre peleleti)
pelleti)

Glifosat/ Vanilik asit 40 mg
Kontrol 6,55+0,162 75.79+1.582 416.32+9.56° 49.55+1.152
Glifosat 11,08+0,17¢ 151.27+7.344 486.42+12.47¢ 109.92+4 434
Vanilik asit 11,37+0,14¢ 85.76+5.832 425.88+18.36° 45.40+8.222
Glifosat+Vanilik asit 15,1440,27¢ 71.48+4.92 491.17+31.69° 58.69+3.26°

Glifosat/ Vanilik asit 80 mg
Kontrol 6,41+0,222 76.53+1.148 503.00+7.70 39.19+0.97
Glifosat 8,10+0,15° 198.64+11.66¢ 800.91+45.61¢ 108.46+2.119
Vanilik asit 10,43+0,11°¢ 99.61+6.99° 541.12+47.28° 41.294+4.082
Glifosat+Vanilik asit 12,35+0,15¢ 181.01+23.67¢ 648.57+61.33¢ 108.03+15.77¢

Glifosat/ Vanilik asit 160 mg
Kontrol 5,21+0,172 84.03+3.002 432.12+ 15.542 40.3240.982
Glifosat 5,87+0,282 231.76+19.484 610.60+ 38.94¢ 122.92+3.824
Vanilik asit 10,39+0,11¢ 78.02+4.682 336.30+ 11.87¢ 30.79+0.92b
Glifosat+Vanilik asit 9,450,161 167.8244.71°¢ 445.51+13.232 87.21+£7.42°

a: p>0.05 gruplar arasindaki farkliliklar istatistiki agidan 6nemsiz

b: p <0.05 gruplar arasindaki farkliliklar istatistiki agidan 6nemli

c: p<0.01 gruplar arasindaki farkliliklar istatistiki agidan ¢ok dnemli

d: p<0.001 gruplar arasindaki farkliliklar istatistiki agidan oldukga ¢cok 6nemli

S.cerevisiae kiiltiiriinde (40 mg), K grubu ile karsilastirildiginda G grubunda MDA artmigtir (p<0.001). G grubu
ile karsilagtirildiginda G+VA grubunda MDA azalmistir (p<0.001). K grubu ile karsilagtirildiginda G ve G+VA
gruplarinda total protein diizeyi artmigtir (p<0.05) (Tablo 2). S.cerevisiae kiiltiirinde (80 mg), K grubu ile
karsilastirildiginda G grubunda MDA artmistir (p<0,001). G grubu ile karsilastirildiginda G+VA grubunda MDA kismen
azalmigtir. Fakat MDA, K grubuna gore yiiksektir (p<0,001) (Tablo 2). S.cerevisiae kiiltiiriinde (160 mg), K grubuna gore
G grubunda MDA artmistir (p<0,001). G grubu ile karsilagtirildigina G+V A grubunda MDA azalmistir. Fakat MDA, K
grubuna gore yiiksektir (p<0,001) (Tablo 2). K grubu ile karsilastirildiginda G ve G+V A gruplarinda total protein diizeyi
artmigtir (p<0,05, p<0,01) (Tablo 2).

S.cerevisiae kiiltiirtinde (40 mg), K grubu ile karsilastirildiginda G grubunda GSH ve GSSG artmustir (p<0.001).
G grubu ile kargilastirildiginda G+VA grubunda GSSG diizeyi azalmis (p<0,05), GSH artmigtir (p>0.05) (Tablo 2).
S.cerevisiae kiiltiiriinde (80 mg), K grubu ile karsilastirildiginda G grubunda GSH ve GSSG artmustir (p<0.001). G grubu
ile karsilastirildiginda G+V A grubunda GSH azalmustir (p<0.05). GSSG diizeyinde istatistiksel farklilik yoktur (p>0.05)
(Tablo 2). S.cerevisiae kiiltliriinde (160 mg), K grubu ile karsilastirildiginda G grubunda GSH ve GSSG artmistir
(p<0,001). G grubuna gore G+VA grubunda GSH ve GSSG azalmistir (p<0.05) (Tablo 2). S.cerevisiae kiiltiiriinde (80
mg), K grubuna gore G grubunda a-tokoferol artmistir (p<0,05). G gurubu ile karsilagtirildiginda G+VA grubunda a-
tokoferol artmistir (p<0,05). K grubuna gére G grubunda ergosterol azalmistir (p<0,001). G gurubu ile karsilastirildiginda
G+VA grubunda ergosterol artmistir (p<<0,001). K grubuna goére G grubunda stigmasterol artmistir (p<0,05). G gurubu

Effect of vanillic acid against oxidative stress induced by glyphosate in Saccharomyces cerevisiae
Gézde OZCAN, Ersin DEMIR , Okkes YILMAZ, Figen ERDEM ERISIR, Hatayi ZENGIN



Biological Diversity and Conservation — 12 / 3 (2019) 39

ile karsilagtirildiginda G+V A grubunda stigmasterol artmistir (p<0,05). K grubuna gore G grubunda f-sitosterol artmistir
(p<0,01). G gurubu ile karsilastirildiginda G+V A grubunda B-sitosterol azalmistir (p<0,01) (Tablo 3).

Tablo 3. Saccharomyces cerevisiae’nin gelisme ortamina ilave edilen farkli konsantrasyonlardaki Glifosat ve Vanilik
asidin (80 ve 160 mg) hiicre peletinde vitamin D, vitamin E, vitamin K ve fitosterol diizeyine etkisi (1g/g hiicre peleti)
Glifosat/ Vanilik asit 80 mg

Gruplar Kontrol Glifosat Vanilik asit Glifosat+Vanilik asit
Vitamin Kz 0.15+0.042 0.35+0.06¢ 0,20+0,01P 0,27+0,02°¢
Vitamin Kz 0.11£0.032 0.08+0.012 0,26+0,04°¢ 0,560,049
a-Tokoferol 0.28+0.02 0.38+0.01° 0,31+0,06? 0,560,034
d-Tokoferol 0.27+0.052 0.53+0.08° 0,30+0,032 0,560,069
Vitamin D2 0.73+0.08 0.78+0.06° 0,48+0,044 0,63+0,09°
Vitamin D3 0.23+0.06 0.43+0.07¢ 0,39+0,0¢ 0,35+0,03P
Ergosterol 53.61+2.11 16.70+2.764 77,90+4,56° 41,17+ 2,89¢

Stigmasterol(mg/g) 0.38+0.03 0.56+0.02° 0,710,044 0,74+0,034
B-sitosterol 4.76+0.54 8.37+£0.42° 3,07+0,36° 3,8240,45°¢
Glifosat/ Vanilik asit 160 mg
Vitamin Kz 0.46+0.042 0.88+0.06 0,44+0,032 0,60+0,03°¢
Vitamin K2 0.11+0.012 0.08+0.012 0,16+0,012 0,15+0,022
a-Tokoferol 0.39+0.022 0.39+0.012 0,2340,02° 0,26+0,03°
5-Tokoferol 0.30+0.052 0.27+0.082 0,31+0,022 0,23+0,02°
Vitamin D2 0.78+0.082 0.75+0.06? 1,40+0,09¢ 0,46+0,06¢
Vitamin D3 0.35+0.06? 0.61+0.07°¢ 0,38+0,022 0,19+0,01°¢
Ergosterol 84.88+10.11 16.63+2.764 47,95+3.67¢ 63,11+367°
Stigmasterol(mg/g) 0.41+0.03 0.38+0.022 0,38+0,022 0,32+0,03°
B-sitosterol 5.77+0.44 2.87+0.32¢ 4.26+0,34° 7,16+ 0,230

a: p>0.05 gruplar arasindaki farkliliklar istatistiki agidan onemsiz

b: p <0.05 gruplar arasindaki farkliliklar istatistiki agidan 6nemli

c: p<0.01 gruplar arasindaki farkliliklar istatistiki agidan ¢ok onemli

d: p<0.001 gruplar arasindaki farkliliklar istatistiki agidan oldukga ¢ok 6nemli

S.cerevisiae kiiltiirtinde (160 mg), K grubuna gore G grubunda a-tokoferolde degisim yoktur (p>0.05). G gurubu
ile karsilastirildiginda G+VA grubunda a-tokoferol azalmistir (p<<0.01). K grubuna goére G grubunda ergosterol azalmistir
(p<0,001). G gurubu ile karsilastirildiginda G+V A grubunda ergosterol artmustir (p<0,001). K grubuna goére G grubunda
stigmasterol azalmistir (p<0,05). G gurubu ile karsilagtirildiginda G+VA grubunda stigmasterol azalmistir (p<0,05). K
grubuna gore G grubunda B-sitosterol azalmstir (p<0,01). G gurubu ile karsilagtirildiginda G+VA grubunda B-sitosterol
artmistir (p<0,01) (Tablo 3).

S.cerevisiae kiiltiriinde (40 mg), K grubuna gére G grubunda C16:0 azalmistir (p<0.001). G gurubu ile
karsilastirildiginda G+V A grubunda C16:0 azalmustir. (p<0,05). K grubuna gére G grubunda C16:1 n-7 artmistir (p<0,05).
G gurubu ile karsilastirildiginda G+VA grubunda C16:1 n-7 azalmistir (p<0,001). K grubuna gore G grubunda C18:0
azalmgtir (p>0.05). G gurubu ile karsilastirildiginda G+VA grubunda azalmistir (p>0.05). K grubuna gére G grubunda
C18:1n-9 azalmigtir (p<0,001). G gurubu ile karsilastirildiginda G+VA grubunda C18:1n-9 artmustir (p>0.05). K grubuna
gore G grubunda C18:2 n-6 azalmistir (p<<0,001). G gurubu ile karsilastirildiginda G+VA grubunda C18:2 n-6 artmistir
(p>0.05) ) (Tablo 4).

S.cerevisiae kiiltliriinde (80 mg), K grubuna gére G grubunda C16:0 azalmistir (p<0,05). G gurubu ile
karsilastirildiginda G+V A grubunda C16:0 artmstir (p<<0,05). K grubuna gére G grubunda C16:1 n-7 artmustir (p<0,05).
G gurubu ile karsilastirlldiginda G+VA grubunda C16:1 n-7 artmustir (p<0,05). K grubuna goére G grubunda C18:0
azalmistir (p<0,01). G gurubu ile karsilastirildiginda G+VA grubunda artmustir (p<0,01). K grubuna gore G grubunda
C18:1n-9 azalmistir (p<0,01). G gurubu ile karsilagtirildiginda G+VA grubunda C18:1n-9 artmistir(p<0.05). K grubuna
gore G grubunda C18:2 n-6 azalmistir (p>0,05). G gurubu ile karsilastirildiginda G+VA grubunda C18:2 n-6 artmstir
(p<0,01) (Tablo 4).

S.cerevisiae kiiltiirinde (160 mg), K grubuna goére G grubunda C16:0 artmustir (p<0,05). G gurubu ile
karsilastirildiginda G+VA grubunda C16:0 azalmistir (p<<0,01). K grubuna goére G grubunda C16:1 n-7 azalmistir
(p>0,05). G gurubu ile karsilagtirildiginda G+VA grubunda C16:1 n-7 artmustir (p<0,001). K grubuna gére G grubunda
C18:0 artmistir (p<0,05). G gurubu ile karsilastirildiginda G+VA grubunda azalmistir (p<0,05). K grubuna goére G
grubunda C18:1n-9 azalmustir (p<0,05). G gurubu ile karsilastirildiginda G+V A grubunda C18:1n-9 artmistir (p<0,01).
K grubuna gore G grubunda C18:2 n-6 azalmistir (p<0,01). G gurubu ile karsilastirildiginda G+VA grubunda C18:2 n-6
artmugtir (p<0,01) (Tablo 4).
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Tablo 4. Saccharomyces cerevisiae’nin gelisme ortamina ilave edilen farkli konsantrasyonlardaki Glifosat ve Vanilik
asidin (40, 80 ve 160 mg) hiicre peletinde yag asidi kompozisyonuna etkisi (%)
Glifosat/ Vanilik asit 40 mg

Gruplar Kontrol Glifosat Vanilik asit Glifosat+Vanilik asit
Kaprilik asit C8:0 2.39+0.12 3.45+0.16° 2.70+0.032 2.65+0.022
Kaprinik asit C10:0 1.07+£0.012 0.93+0.012 0.94+0.012 1.03+£0.012
Laurik Asit C12:0 5.79+0.152 6.56+0.12 0 5.7140.092 6.94+0.06°
Miristik asit C14:0 2.90+0.112 2.95+0.122 3.10+0.03° 3.20+0.01P
Palmitik asit C16:0 42.71+£2.67 23.71+1.894 31.21+0.28P 20.18+0.07¢
Palmitoleik asit 4.63+0.112 5.03+0.13b 2.61+0.12¢ 2.52+0.25¢
C16:1n-7
Margarik asit C17:0 1.8140.02 1.4740.04° 5.16+0.03¢ 4.75+0.02¢
Stearik asit C18:0 25.38+2.158 23.94+2.228 24.77+0.232 21.39+1,342
Oleik asit C18:1n-9 9.71+£0.87 3.244+0.674 8.29+0.08° 4.27+0.09¢
Linoleik asit C18:2 3.61+0.04 1.68+0.08¢ 1.48+0.01¢ 1.80+0.019
n-6
Glifosat/ Vanilik asit 80 mg
Kaprilik asit C8:0 3.53+0.13 8.13+0.274 2.77+0.05b 4.04+0.15b
Kaprinik asit C10:0 0.27+0.022 0.28+0.012 0.60+0.01d 0.43+0.07¢
Laurik Asit C12:0 7.69+£0.172 8.49+0.27° 8.09+0.21b 7.52+0.25a
Miristik asit C14:0 4.33+0.17 4.75+0.212 3.59+0.16b 4.15+0.20a
Palmitik asit C16:0 43.61+1.37 41.58+1.45" 42.34+0.84a 43.37+0.83a
Palmitoleik asit 4.2340.13 5.30+0.14° 5.45+0.15b 5.72+0.16¢
C16:1n-7
Margarik asit C17:0 3.1840.16 2.41£0.13P 2.62+0.13b 2.29+0.30b
Stearik asit C18:0 16.46+1.11 13.21+0.93¢ 19.18+0.13¢ 17.52+0.19b
Oleik asit C18:1n-9 4.35+0.65a 2.11+0.32d 4.56+0.61a 3.17+0.14c¢
Linoleik asit C18:2 1.41+0.06 1.21+0.022 2.11+0.32b 3.44+0.17¢
n-6
Glifosat/ Vanilik asit 160
Kaprilik asit C8:0 3.49+0.112 3.35+0.082 3.98+0.01° 4.43+0.10P
Kaprinik asit C10:0 0.64+0.012 0.78+0.022 1.02+0.01° 1.14+0.05b
Laurik Asit C12:0 6.37+0.11 7.86+0.21° 7.15+0.03b 9.07+0.08P
Miristik asit C14:0 3.51+0.182 3.68+0.152 2.81+0.03P 3.04+0.02°
Palmitik asit C16:0 40.35+1.182 42.60+1.05° 38.32+0.112 37.13+£0.412
Palmitoleik asit 2.43+0.022 2.33+0.062 4.80+0.019 4.91+0.01¢
C16:1n-7
Margarik asit C17:0 1.19+0.082 1.33+0.022 1.87+0.02° 1.86+0.02°
Stearik asit C18:0 20.99+1.182 22.91+1.14° 25.75+0.22¢ 20.59+0.052
Oleik asit C18:1n-9 4.82+0.20 3.96+0.21° 2.45+0.124 5.624+0.19¢
Linoleik asit C18:2 1.04+0.02 0.54+0.054 2.45+0.019 2.88+0.09¢

n-6

a: p>0.05 gruplar arasindaki farkliliklar istatistiki agidan 6nemsiz

b: p <0.05 gruplar arasindaki farkliliklar istatistiki agidan onemli

c: p<0.01 gruplar arasindaki farkliliklar istatistiki agidan ¢ok dnemli

d: p<0.001 gruplar arasindaki farkliliklar istatistiki agidan olduk¢a ¢ok dnemli

4. Sonuglar ve tartisma

Bu calismada, diinya genelinde yaygin olarak kullanilan genis spektrumlu bir herbisit olan glifosatin farkl
konsantrasyonlardaki toksik etkisine karsi vanilik asidin etkisi degerlendirildi. Bu ¢calismada hem glifosat hem de vanilik
asit i¢in disiik, orta ve yiiksek doz olmak tizere ii¢ farkli konsantrasyonun etkisi Saccharomyces cerevisiae L. hiicrelerinde
test edilmistir. S. cerevisiae (ekmek mayasi), oksidatif stres, ksenebiyotik ve diger toksik maddelerin etkilerinin
incelenmesinde iyi bir 6karyotik hiicre modeli olarak goriilmektedir [18].

Aktif igerigi Glifosat olan Roundup, 1974'te piyasaya siiriildii. Roundup, su anda en yaygin kullanilan herbisit
olup, kalintilar1 gida maddelerinde, igme sularinda bulunmustur. Kalinti tespiti ile birlikte, bu kalintilarin ¢evre ve insan
saglig1 tizerinde olasi olumsuz etkiler endiseye neden olmustur. Uluslararasi Kanser Arastirmalart Ajansit (IARC)
tarafindan yayinlanan rapora kadar, Roundup'un insanlar igin giivenli oldugu diisiiniilityordu fakat bu raporla birlikte
Roundup ile kanser arasinda baglanti oldugu ortaya ¢ikmustir. Roundup kullanan bazi tarim ¢aliganlarinda, hamilelik
sorunlarinin oldugu belirlenmistir. Yine Roundupun, tarimsal uygulamalarda kullanilan dozundan daha diisiik dozunun
insan plasenta JEG3 hiicreleri igin toksik oldugu tespit edilmistir. Son arastirmalar, insan idrarinda bulunan diigiik glifosat
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seviyesinin, gogls kanseri hiicrelerinin biiylimesini sagladigi ve bu herbisitin kanserojen potansiyele sahip oldugunu
destekledigi ifade edilmistir [19].

Oksidatif stres, canli sistemde reaktif oksijen tiirlerinin (ROS) iiretilme hiz1 ile onlari ortadan kaldiran
antioksidanlar arasindaki dengenin bozulmasi ile olusan bir durumdur. ROS diizeyi arttiginda, antioksidan kapasite
azaldiginda canli sistemi olusturan biyomolekiillerde oksidatif hasar olugsmakta ve hiicre 6liimii gergeklesmektedir. Ortaya
cikan bilgiler, herbisitlerin canli sistemde ROS diizeyinin artmasini tesvik ederek canli sistemde patolojik kosullarin
gelisimine zemin hazirladigini gostermektedir [19,20]. Glifosatin, canli sistemin antioksidan aktivitesini bozdugu ve
oksidatif stres parametrelerinde artiga neden oldugu tespit edilmistir [20,21]. Pestisitlerin glutatyon, sfingolipit ve sterol
metabolizmasi tizerinde bozucu etkiler gosterdigi tespit edilmistir [22]. Caligmamizda glifosat uygulanan grupta GSH
diizeyi artmistir. Olasilikla pestisitlerin glutatyon metabolizmasini etkilemesinden dolayr GSH diizeyi yiikselmis olabilir
[22,23] (Tablo 2).

Caligmamizda glifosatin oksidatif stres parametresinde artisa neden oldugu ve antioksidan sistemin aktivitesini
bozdugu ortaya ¢ikmistir. Giliniimiizde tarim kimyasallarinin kullanim miktarinin arttig1 ve bunlarin kalintilarinin besin
maddeleri, su ve havada bulundugu ve bunlarin insan sagligina kotii yansimalarinin olacagi bilinmektedir. Bundan dolay1
insan saglig lizerinde olumlu etkileri olan aktif maddelerin, tarim kimyasallarinin canli sistemde olusturdugu toksisite
tizerindeki etkilerinin arastirilmasi giiniimiiz kosullarinda 6ncelikli bir hal almistir. Bu ¢aligmada saglik tizerinde olumlu
etkileri olan vanilik asidin (antioksidan, antimikrobiyal, antienflamatuar, anti-tiimér ve hepatoprotektif) [24,25] glifosat
kaynakli oksidatif streste, oksidatif stres parametrelerinden olan MDA ve GSSG (gerekli diizeltmeler yapildi) diizeyinde
azalmaya neden oldugu tespit edilmistir. Yapilan ¢alismalarda tarim kimyasallarinin olusturdugu toksisiteye karsi aktif
bilesiklerin olumlu etkiler gosterdigi bildirilmistir [26,21,5a]. Bu ¢aligma, vanilik asidin de bu 6zelligi tasidigim
gostermigtir. Caligmalar vanilik asidin etkili bir antioksidan aktiviteye sahip olduguna isaret etmektedir [7]. Bizim
bulgularimizda bunu desteklemektedir (Tablo 1, Tablo 2). Bu ¢alisma glifosat toksisitesine karsi vanilik asidin etkisinin
denendigi ilk calisma 6zelligini de tasimaktadir. Herbisitler kiiltiir bitkileriyle simbiyotik olarak yasayan mikorizal
funguslarin gelisimi ve faaliyetini olumsuz sekilde etkiledigi bildirilmistir [37]. Fare siganlarda yiiksek doz glifosatin
biliylime geriligine, karaciger ve bobrek hasarina, inflamasyona ve mide rahatsizliklarina neden oldugu bildirilmistir.
Sucul bitkisel organizmalarda, glifosatin toksik etkiler gdsterdigi, fotosentez, solunum ve esansiyel aromatik amino
asitlerin sentezi ile ilgili hayati fonksiyonlar1 degistirerek etki ettigi ifade edilmistir. Toprakta yasayan bakterilerin,
herbisitin olumsuz etkilerinden dogrudan etkilendigi diisiiniilmektedir. Yine glifosatin bocekler, kuslar ve tozlasma igin
oldukga &nemli olan arilar iizerinde toksik etkiler gosterdigi ifade edilmistir. Diinya Saglhk Orgiitii'niin uzmanlagmis
kanser ajans1 (WHO, Cenevre, Isvigre) olarak adlandirilan bir kurulus olan IARC (Uluslararas1 Kanser Arastirma Ajansi,
Lyon, Fransa), insanlar i¢in glifosati “muhtemel kanserojen” olarak siniflandirmistir. EFSA (Avrupa Gida Giivenligi
Kurumu, Parma, Italya), glifosatin insanlar i¢in kanserojen olabilecegini ve insan saghig1 icin riskler tagidigin1 bildirmistir
[38].

Maya hiicre zarmin énemli bir bileseni olan ergosterol, sadece bu canlilarin biiylime ve gelismesi i¢in elzem
olmasmin yaninda, aynt zamanda bu canlilarin strese uyumu i¢in de oldukc¢a 6nemli hiicresel bir molekiildiir [27].
Mayalarda ergosterol biyosentezinin inhibisyonu, membran akiskanlig1 ve gecirgenligini bozmaktadir. Ayni zamanda bu
canlilarin fermentasyon kabiliyetinin bozulmasina da sebep olmaktadir. Bu durum fermentasyon teknolojisine bagl
olarak besin maddelerinin {iretimini olumsuz yonde etkilemektedir [22]. Ergosterol biyosentezi bozulan canlilarin
biliyiime ve gelismeleri olumsuz etkilenmekte sonugta canlinin 6lmesi s6z konusu olmaktadir [28]. Herbisitlerin maya
hiicrelerinde ergosterol sentezini bozdugu tespit edilmistir [29]. Farkli tarim kimyasallarinin mayalarda ergosterol
biyosentezini bozdugu gosterilmistir [22]. Calismamizda glifosat uygulamasimin S. cerevisiae da ergosterol sentezini
azalttig1, fakat yiiksek doz vanilik asit uygulamasmin S. cerevisiae da ergosterol sentezini arttirarak fermentasyon
kapasitesinde diizelmeye yol actig1 sdylenebilir (Tablo 3).

Mayalarda 16:0, 18:0, 16:1, 18:1 ve 18:2 yag asitlerinin yogun olarak bulundugu tespit edilmistir [29].
Pestisitlerlerin mayalarda yag asidi bilesiminde degisikliklere neden oldugu tespit edilmistir [29]. Maya hiicrelerinde
herbisitlerin doymus ve doymamis yag asidi metabolizmasini etkiledigi belirlenmistir [30]. Calismamiz da glifosat
uygulamasi yapilmug S. cerevisiae da hiicrelerinde yag asidi bilesiminde 6nemli degisimlerin oldugu gériilmistiir. Glifosat
uygulanmus S. cerevisiae da hiicrelerinde, vanilik asidin yag asidi bilesimi {izerinde farkl etkiler gosterdigi goriillmektedir
(Tablo 4). Bu ¢alismada hem glifosatin hem de vanilik asidin yag asidi biyosentezini diizenleyen enzimlerin aktivitesini
etkilemesinden dolay:1 yag asidi bilesiminin degistigini soyleyebiliriz [31,32]. Mayalar iizerinde kimyasal maddelerin
etkilerine yonelik yapilan ¢alismalarda bu tarz etkileri gozlemlemekteyiz [29]. Herbisitlerin yag asidi metabolizmasi
iizerinde inhibitif etkiler sergiledikleri goriilmektedir [29,30]. Herbisit uygulanan siganlarda oksidatif stres ve yag asidi
bilesiminde degisimlerin oldugu, bu sigcanlara uygulanan zeytinyaginin oksidatif stres ve yag asidi bilesiminde olusan
degisikliklere kars1 olumlu sonuglar sergiledigi belirlenmistir. Zeytinyaginda bulunan aktif bilesiklerin oksidatif stres ve
yag asidi bilesiminde olusan degisikliklere karst koruyucu 6zellikler gosterdigi ifade edilmistir [33]. Bitkilerde bulunan
aktif bilesiklerin tarim kimyasallaria bagl olarak olusan toksik etkilere karsi olumlu etkilere sahip oldugu ifade edilmistir
[34,35b].

Sonug olarak tarimsal uygulamalarda yaygin olarak kullanilan bazi tarim kimyasallarinin canli sistemde yag
asidi, vitamin ve sterol biyosentezi lizerindeki etkilerine yonelik c¢aligmalarin yetersiz oldugu goriilmektedir. Bu
caligmada glifosatin S. cerevisiae’da olusturdugu toksisite ve oksidatif strese karsi vanilik asidin etkisi ilk kez
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incelenmistir. Elde edilen verilere gore, glifosatin olusturdugu oksidatif strese karsi vanilik asidin faydali etkiler
gosterdigi sdylenebilir.

Tesekkiir
Bu calisma Firat Universitesi Bilimsel Arastirma Projeleri birimi tarafindan desteklenmistir. Katkilarindan
dolay1 tesekkdirler.
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Abstract

Under proper conditions, fungi can act as a good biosorbent for different heavy metals. In the present study,
Aspergillus spp. have been isolated from ceramic industrial waste sludge and the tolerance of the fungi for copper and
cadmium metals were examined. The experiments were carried out at 25 “C, pH=4-4.5 for Cu(ll), pH=6 for Cd(ll),
biosorbent dose of 2.5 g, initial metal concentration of Cd (11) was 1 mM and Cu(ll) was 5 mM. The removal efficiencies
for cadmium and copper with two Aspergillus strains were found to be 90-95% and 85-90%, respectively. The sorption
capacities of live and dead fungi for copper were 5.3676 mg g, 18.661 mg g* and for cadmium were 0.1977 mg g%,
0.1772 mg g* respectively. FTIR analyses have showed that copper ions bound to vinyl compounds (950-900 cm!) and
cadmium ions bound to primer amides (1420-1400 cm), mostly. Considering biosorption results, Langmuir and
Freundlich isotherm models have been described and it was clearly seen that none of the isotherm models have fitted the
experimental data. The metal ion binding areas of the cell surface of fungi were determined by FTIR. SEM monitoring
and EDX analysis were carried out. EDX results confirmed the biosorption of copper and cadmium.

Key words: Aspergillus spp., cadmium, copper, biosorption, ceramic industry

*

Seramik endiistrisi aritma camurundan izole edilen Aspergillus spp. ile kadmiyum ve bakir biyosorbsiyonu

Ozet

Kiifler uygun kosullar altinda farkli agir metaller i¢in iyi bir biyosorban olabilir. Bu ¢aligmada, seramik sanayi
atik gamurlarindan Aspergillus spp. izole edilmis ve bakir ve kadmiyum metallerine toleransi incelenmistir. Deneyler 25
°C’de biyosorban miktar1 2,5 g, Cu (II) i¢in pH = 4-4,5, Cd (II) i¢in pH = 6 ve baslangic metal konsantrasyonu Cd (1)
i¢in 1 mM ve Cu (II) i¢in 5 mM olarak yapilmustir. Iki Aspergillus susunun kadmiyum ve bakiri uzaklastirma etkinlikleri
sirastyla % 90-95 ve% 85-90 olarak bulunmustur. Canli ve 6lii biyosorbanin bakir igin emilim kapasiteleri sirasiyla 5,3676
mg g, 18,661 mg g* ve kadmiyum igin ise sirastyla 0,1977 mg g, 0,1772 mg g* olarak tespit edilmistir. FTIR analizleri
bakir iyonlarinin vinil bilesiklere (950-900 cmt) ve kadmiyum iyonlarmin primer amidlere (1420-1400 cm?) baglandigimi
gostermistir. Biyosorpsiyon sonuglar1 dikkate alindiginda, Langmuir ve Freundlich izoterm modellerinden hicbirinin
deneysel verilere uymadig1 agikca goriilmistiir. Hiicre ylizeyinin metal iyon baglama alanlar1 FTIR ile belirlenmistir.
SEM izleme ve EDX analizi yapilmis, EDX sonuglari bakir ve kadmiyumun biyosorpsiyonunu dogrulamistir.

Anahtar kelimeler: Aspergillus spp., kadmiyum, bakir, biyosorbsiyon, seramik endiistrisi
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1. Introduction

Advances in industrialization that connected with the increase of people’s needs have increased the amount of
wastewater and heavy metal pollutions. Mines, petroleum refineries, metal industry, galvanic processes, ceramic industry,
paint and plastic material productions are some of the main sources that contributing to heavy metal pollution [1]. Due to
their properties, heavy metal ions have been used in many different areas of industry. However, metal ions can accumulate
in living tissues and cause toxic effects in metabolism, without getting noticed. This case adversely affects both the
environment and the human health [2]. Even small amounts of these heavy metals such as antimony, lead, silver, arsenic,
cadmium, copper, nickel, iron, aluminum, cobalt, chromium, manganese, mercury, zinc, barium etc. might be toxic [3].
For example, public health goal are 0.006 mg/L antimony, 2 mg/L barium, 0.005 mg/L cadmium, 0.1 mg/L chromium
(total) 1.3 mg/L copper, 0.002 mg/L mercury (inorganic) and arsenic and lead zero [4].

Various chemical and physical processes have been applied to remove of heavy metals from the industrial wastes.
However, these methods are not economical always; in that case, industries tend to using microorganisms that have
significant potential for removal of heavy metals [5]. A variety of bacteria, fungi and algae has been used for this purpose.
Some living or dead microorganisms can adsorb the heavy metal ions. The microorganism, which will be used for removal
of metals, should be able to easily and economically produce in high quantities [6]. Almost all organisms have negatively
charged surfaces and they capable to adsorb positively charged metal ions, such as Cu?*, Pb?*, Zn?*, Mn?*, Cd?*, Ni?*,
Hg?*, Cr3*, Cré*, Fe?*, Fe3*etc. Some living organisms take and accumulate the metal ions into the cell. Removal of heavy
metals by biosorption is the result of an interaction between the cell wall and metal ions [7].

In the composition of ceramics, there are different types of silicates, aluminates, water, metal oxides, alkali and
alkaline earth compounds. Ceramic is obtained by mixing some ingredients as natural clay, kaolin, quartz and feldspar in
specific proportions [8]. Production processes in the ceramic industry generally involve the parts as design, slurry
preparation, foundry, drying, glazing and firing units. In this kind of industries, the major sources of waste arises from
sludge unit, mold section, foundry, glaze preparation and washing part [9]. Wastes from slurry preparation unit contains
high amounts of suspended solids and organic contents which resulting excessive pollution load [10].

The aim of this study was to perform biosorption processes for removal of copper and cadmium metals by using
fungi isolated from local ceramic industrial waste sludge. The metal binding sites on fungal cell surfaces were identified
for both metals by using FTIR. SEM monitoring and EDX analysis were also carried out for determination of the
accumulations of metals on fungal cell.

The relationship between the amount of solute adsorbed at equilibrium onto the adsorbent and the amount of
remaining solute can be described by adsorption isotherms. The Langmuir and Freundlich isotherm models are commonly
used for the description of adsorption processes [11].

2. Materials and methods
2.1. Isolation and identification of fungi

Ceramic waste sludge sample was obtained kindly, from a ceramic factory located very close to Eskisehir. The
subsamples were taken from different locations of waste sludge tank by using a plastic shovel. The working sample was
a mixture of these subsamples. Analysis of heavy metals in the sludge was carried out by ICP-OES (VARIAN 720 ES).
The sample was prepared according to EPA 3051A method [12]. Briefly, the sludge was dried for 3 hours in the drying
oven (Niive FN 500) at 105 °C. A sample of dried mud have been prepared and combusted in microwave heating unit
(CEM Mars Express) for ICP analysis. For isolation of fungi, 5 grams of sludge samples were added (under sterile
conditions) into three flasks containing 5 mL of 0.1% sterile tetra-sodium diphosphate decahydrate (pH 7.0) and then
were shaked for 30 minutes at 180 rpm. The sludge suspensions were diluted by 10-fold and spread on the surface of
PDA medium. The plates were incubated at 28 °C for 7-10 days [13] and then examined for colonies with different
morphologies and colors. Different colonies of fungi were selectively re-cultivated on PDA and incubated at 28 °C
temperature for 7-10 days.

Pure cultures of fungi were examined morphologically by microscopy (Olympus C011) and identified with the
help of [14-17].

2.2. Screening of resistance to heavy metals and determination of MIC

Copper (CuS04.5H,0) and cadmium (CdS04.8H,0) [13] were used for determination of minimum inhibition
concentrations (MIC) by fungi isolated from the ceramic industrial waste sludge. A general fungal growth medium (PDA)
was prepared and amended with various amounts of heavy metals concentration ranging from 1 to 20 mM for screening
the resistance to heavy metals. The mycelium disks of test fungi (108 CFU ml) were spotted in duplicate on heavy metal
containing plates. Control plates used only PDA medium without heavy metals. To observe the growth of fungi on the
spotted area, the plates were incubated at 28+1 °C for 7 days. Heavy metal tolerance was determinated as the heavy metal
that inhibited visible growth of test fungus [18].
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2.3. Biosorption assays

Cadmium and copper biosorption studies were carried out after screening tests by using the most resistant
organism for each heavy metal. Both living and dead biomass were used in biosorption experiments. Two duplicates
were prepared for each application. The fungi were firstly grown on PDA and then were transferred to PDB (potato
dextrose broth) liquid medium for incubation by shaking incubator for 5-6 days (at 125 rpm, 25 °C). Fungal mycelia were
filtered by vacuum filter (Diaphragm Vacuum Pump GM-0.5011) through 150 pum sterile filters. The biomass was
absolutely washed with distilled deionized water to be in the clear residual growth medium and used immediately
thereafter. Dead biomass was prepared by autoclaving 2.5 grams of biomass. Biosorption studies were carried out by
adding either living or dead fungi into 50 mL of metal solutions by stirring at 125 rpm. The working concentrations of
metals were chosen 5 mM for copper, 1 mM for cadmium. The studies were carried out by using different contact times
as 24, 48, 72, 96, 120 and 168 hours. In each sampling time, 30 mL of the solution removed and centrifuged at 8000 rpm
(Hettich Zentrifugen Universal 320-R) for 30 min to separate the biomass.

Following centrifugation, the supernatant was filtrated as above and then heavy metal concentrations of the
supernatants was determined using a Varian 720 ES inductively coupled plasma optical emission spectroscopy (ICP-
OES). The pellets were used for FTIR analysis and SEM-EDX studies. The percentage removal were calculated by the
following equation:

— 0,
Percentage removal = W 1)
where Co and C. were concentrations of metal ions (mg L) in initial solutions and after biosorption [19]. The amounts
of adsorbed metal ions per fungal biomass unit (mg metal ions/g biomass) were calculated by using the following equation
[11]:

Co—Ce)xV

ge =L @
where ge was biosorpted heavy metal amount per fungal biomass (mg g), V was volume of aqueous phase (mL) and m
was the amount of biomass (g).

2.4. Biosorption isotherms

Freundlich and Langmuir models were used for biosorption isotherm models. Freundlich isotherm model was
used for describing the nonhomogeneous solid surface adsorptions [20].

1
Log qe = Log Kf+;Log Ce (3)
where K. was Freundlich sorption constant about the capacity, n was Freundlich constant about the sorption density.

Langmuir isotherm model was used for describing the homogeneous monolayer adsorption assuming the adsorbent

surface is similar in terms of energy [21].

Ce 1 Ce
e 1, ce (4)
qe qmKL gm

where C_was metal concentration in solution after adsorption (mg LY, g, was adsorpted heavy metal amount per fungal
biomass (mg g*), gm Was adsorption capacity of monolayer adsorption (mg kg), K. was Langmuir sorption constant (L
mg?).

2.5. Fourier transform infrared spectroscopy (FTIR)

Fungal biomass was dried vacuum evaporator. 1 mg sample/100 mg KBr in order to prepare translucent sample
disk and was analyzed by FTIR (Perkin Elmer Spektrum 100) at Anadolu University Department of Chemistry. FTIR
studies were carried out in the range of 800-2000 cm™" at room temperature. The absorption spectrum of unabsorbed dry
fungal biomass was used as control for comparison with leading adsorbed biomass to investigate the functional groups of
fungi relation to biosorption of metal ions.

2.6. Scanning electron microscopy (SEM) and energy dispersive x-ray (EDX) analysis

SEM micrographs and EDX spectra were taken for both control groups and heavy metal treated fungi samples.
The dried and powdered samples were glued onto the stubs with conductive carbon strips. The stubs have been coated
with a thin layer of gold by lining machine (30 mA, 1 min) on the purpose of enhancing image resolution. The samples
were monitorized by FE-SEM microscope (JEOL JSM-6335F) (20kV, 300X)..
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3. Results
3.1. The heavy metal content of ceramic waste sludge

The ICP-OES analysis was carried out for determining the heavy metal content of the ceramic waste sludge. The
ceramic sludge contained 0.69 mg kg* cadmium, 7.89 mg kg* chromium, 3.95 mg kg™ copper, 0.2 mg kg™ nickel, 9.38
mg kg lead, 8.29 mg kg manganese, 0.5 mg kg* antimony, and 54464 mg kg* iron. Maximum for any single composite
sample-TCLP are 0.10 mg/l antimony, 0.50 mg/l arsenic, 7.6 mg/l barium, 0.010 mg/l beryllium, 0.050 mg/l cadmium,
0.33 mg/l chromium (total), 0.15 mg/I lead, 0.009 mg/l mercury, 1.0 mg/l nickel, 0.16 mg/l selenium, 0.30 mg/l silver,
0.020 mg/I thallium, and 70 mg/l zinc [22].

Traditional ceramic materials are made of clay, silica, feldspar and kuvars. Ceramic waste sludge were involving
high amount of iron (54464 mg kg™*) and some other heavy metals probably originate from these ingredients [23].

However, iron removal researches have needed high concentrations of metal. [24-25] Ujile and Joel (2013) and
Karthikeyan et al. (2005) have worked on physical adsorption of iron and they have found that the physical adsorption
was easier and cheaper than biosorption for iron. Physical sorption results from the electrostatic and van der Waals
interactions (forces). Different adsorption substrates may be used for this reason [26]. Chromium and antimony weren’t
dissolved easily in water and changes on pH have caused to precipitation. Filtration with special resins have been referred
against biosorption for manganese removal, by the reason of being cheaper and easier [27]. For these reasons, iron,
chromium, antimony, and manganese have not been studied for biosorption and bioaccumulation.

3.2. Isolation and identification of fungi

Totally 10 species of fungi were isolated from ceramic waste and and these fungi were identified as Aspergillus
sp. (2 strains), Penicillium sp. (5 strains), Mucor sp., Rhizopus sp. and Trichoderma sp.

3.3. Determination of resistance to heavy metals and minimum inhibition concentrations (MIC)

All the tested fungi grew on the metal containing media indicating their resistance to heavy metals. However,
Aspergillus sp. (strain 2) had the highest copper (Cu?*) resistance as with Aspergillus sp. (strain 1) had the highest
cadmium (Cd?*) resistance among fungi tested. These two Aspergillus sp. strains also showed highest lead (Pb?*)
resistance. Aspergillus sp.1 and Trichoderma sp. were the most resistant fungi against Nickel (Ni®*). The experiment
results for determination of resistance to heavy metals and MIC were given in Table 1.

Table 1. Determination of resistance to heavy metals and minimum inhibition concentrations (MIC)
Minimum Inhibition Concentrations (mM)

Fungus Cu?* Pb% Cd* Ni
Aspergillus sp.1 10 15 5 5
Aspergillus sp.2 15 15 1 1
Penicillium sp.1 <0.5 10 <0.1 1
Penicillium sp.2 <0.5 5 <0.1 5
Penicillium sp.3 <0.5 1 <0.1 <0.5
Penicillium sp.4 <0.5 5 <0.1 1
Penicillium sp.5 <0.5 5 <0.1 1
Mucor sp. 5 10 5 1
Rhizopus sp. 10 5 1 1
Trichoderma sp. 1 1 0.1 5

Acquired MIC results have been compared and initial metal concentrations for biosorption studies were
determined as 5 mM for copper and 1 mM for cadmium. Biosorption experiments were carried out for only copper and
cadmium removal since MIC values obtained for lead and nickel were quite low comparing to literature [28].

3.4. Biosorption
Aspergillus sp. strain 1 was used for cadmium and Aspergillus sp. strain 2 was used for copper bioremoval. The

copper removal were found to be 89.6% (96 h) and 86.7% (168 h); the cadmium removal were found to be 97% (168 h)
and 83.5% (72 h) by using living and dead biosorbents, respectively.
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The sorption capacities of living and dead fungi were 5.36 mg g and 18.6 mg g* for Cu?*; 0.19 mg g* and 0.17
mg g* for Cd?*. The biosorption capacities of copper and cadmium by different microorganisms on literature were given
by Table 2.

Removals of Cu(ll), Ni(Il), Cd(l1), Zn(1l) and Cr(Il) by using Beauveria bassiana results for maximum metal
removals had found 74.13%, 75%, 63.4%, 67.8% and 61.13%, respectively [29]. Cu?* removal by Aspergillus niger
studies obtained 99.6% removal [30]. The cadmium toxicity in a cadmium-tolerant strain of Aspergillus foetidus had
reported earlier that the living fungal biomass could remove 79% of Cd?* from the liquid media at 100 uM Cd?
concentration [31]. A research by dead Aspergillus terreus (strain ATCC-20516) as a biosorbent for copper removal from
aqueous solutions and they could reach 72% removal ratio [19]. A study had reported about cadmium removal by living
Saccharomyces cerevisiae that had observed 77% removal [32]. The yields of removal had found to be 81% and 94% in
a research that had been involving copper and cadmium biosorption by dead Geobacillus spp. [33].

3.5. Biosorption isotherms

The sorption capacities have found for copper were 5.3676 mg g%, 18.661 mg g* and for cadmium were 0.1977
mg g?, 0.1772 mg g in order of living and dead fungi. The Langmuir isotherm constants (K.) have obtained in negative
values. A negative value for the intercept of linear form of Langmuir model is physical nonsense, in other words it is
impossible. As seen on Fig.1 and Fig.2, our Langmuir isotherms were considerably linear. Slopes of Freundlich isotherms
(1/n) for Cu?* and Cr?* were also negative. For this reason, neither Langmuir nor Freundlich isotherm models were fitted
our experimental data. The best way would be to perform a non-linear regression on our data, to use another isotherm
model or work with higher initial metal concentrations. The sorption capacities (qm), isotherm constants (K., Kg),
coefficients of correlation (R?) of isotherm models were given in Table 3.

Table 2. Comparison the features of biosorption studies

Metal Microorganism pH Temperature ('C) Sorption Capacity Reference
Cd* A. foetidus* 5.0 32 73.46£10.75 mg g* [31]
Cd? S. cerevisiag* 5.0 28 106.81 = 3.71 umol g* [32]
Cd? Z. rouxii* 5.0 28 33.83 £ 1.25 pmol g* [32]
Cd? A. symbioticum H8** 6.0 30 248.62 mg g* [34]
Cd? B. subtilis** 5.92 45 25191 mg g* [39]
Cd? A. sphaerica** 5.5 25 111.1mgg? [35]

7* -lx
cd* P lilacinus o 30 prb [38]
Cu?* S. cerevisiag** 6.0 28 28.8mg g* [43]
Cu?* Arthrobacter ps-5** 5.0 28 169.15 mg g* [44]
Cu?* B. subtilis** 6.0 37 100.70 mg g* [40]
Cu?* A. niger 5.3 30 25.3mg g* [30]
Cu?* A. terreus** 6.0 50 15.24 mg g* [19]
Cu® A. niger 4.0-6.0 30 23.8mg g [36]
Cu?* S. cerevisiae 5.5 22 29.9mg g*! [37]
G1: Cd=29.2 mg g*

G. toebii (G1) **

Cu?* Cd=6.0 Cd=70 Cu=48.5mg g*

s %g‘iﬂmo'eo"orans Cu=4.0 Cu=60 G2: Cd=38.8 mg g [33]
Cu=415mgg*

Cu?* - Cd=27.79mg g'

Cd?* P. chrysosporium 6.0 25 Cu= 26.55 mg g* [42]
Cu: 454 mgg*

Cu? . Cd:45mgg?

Cd?* B. bassiana 6-8 30 (initial conc: 30 mg L [29]
Y
Cu: LB=5.36

Cu?* Aspergillus spp. 2 Cu: 4.0 25 DB=18.6 mg g* In this study

Cd? Aspergillus spp. 1 Cd: 6.0 Cd: LB=0.19
DB=0.17 mg g*

*LB: Living Biomass, **DB: Dead Biomass
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Figure 1. Isotherms for copper. (a) Freundlich and Langmuir isotherms for living fungus. (b) Langmuir isotherm for dead
fungus
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Figure 2. Freundlich and Langmuir isotherms for cadmium. (a) Bioaccumulation by living fungus. (b) Biosorption by

dead fungus.

Table 3. Langmuir and Freundlich parameters for copper and cadmium biosorptions by Aspergillus spp.

Langmuir Freundlich
gm(mgg?) Ko R? 1/n Ks R2

Living biomass 5.3676 -0.1143 0.9993 -0.1796 13.231 0.9927
Copper

Dead biomass 18.661 -0.0031 0.9446 - - -

) Living biomass 0.1977 -0.00164 0.994 -8.8058 1.694x10% 0.9955

Cadmium

Dead biomass 0.1772 -0.00162 0.995 -7.0902 2.301x10%  0.9939

A study about removal of Cu?* by Aspergillus niger had found the biosorption capacity was 25.3 mg g* [30].

Acidophilic, heterotrophic, gram-negative Acidiphilium symbioticum H8 had studied for establish the mechanism of Cd?*
ion sorption. The sorption capacity was 248.62 mg cadmium per gram biomass at pH 6.0 and the process had explained
by Langmuir—Freundlich dual isotherm model [34]. The study [35] had presented the cadmium biosorption from aqueous
solution by the blue green algae Anabaena sphaerica. To describe the biosorption isotherms, Freundlich, Langmuir, and
Dubinin-Radushkevich (D-R) models had been applied and the experimental data had fitted to Freundlich and Langmuir
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isotherms. The mean free energy value had been calculated from the D-R plot was 14.3 kJ mol, had indicated that the
biosorption type was chemisorption.

The biosorption of Cu?* from aqueous solutions by Aspergillus niger which had treated by rice straw had
investigated and the biosorption capacity was 23.8 mg g [36]. The study [37] on copper and lead removal from aqueous
solutions by using Saccharomyces cerevisiae had resulted in the way that the maximum biosorption capacity of Pb?* had
better than Cu?* (72.5 mg gt and 29.9 mg g%, respectively). Cadmium biosorption of the high cadmium resistant fungus
Paecilomyces lilacinus had investigated for living and dead biomass. Adsorpted cadmium amounts had determined was
36.43 mg g* and 41.99 mg g for living and dead biomass respectively [38].

Biosorption capacity of immobilized Bacillus subtilis beads (IBSB) for cadmium ions had studied and the
equilibrium biosorption capacity had found to be 251.91 and 188 mg g™ at temperatures of 45 °C and 25 °C, respectively.
The results had showed that the biosorption capacity increased with increasing temperature [39].

Immobilized Bacillus subtilis chitosan beads (BICB) had used for removal of copper ions from aqueous solution
[40]. The equilibrium studies had described by four isotherm models as Langmuir, Freundlich, Temkin, Dubinin-
Radushkevich and the Langmuir isotherm model had been the best description of the copper adsorption mechanism. The
maximum adsorption capacity of copper had found 100.70 mg g

Micrococcus luteus DE2008 has the ability to absorb lead and copper. The microorganism had showed a greater
tolerance for lead than copper. The hiosorption capacities had found 408 mg g* for copper and 1965 mg g™ for lead [41].
The biosorption of heavy metals (Cd(ll), Pb(Il) and Cu(ll)) from artificial wastewaters onto the dry fungal biomass of
Phanerochaete chryosporium had studied. The Langmuir isotherm model had fitted well for the adsorption equilibrium
data and the biosorption capacities had found to be 23.04 mg g%, 69.77 mg g* and 20.23 mg g™ for cadmium, lead and
copper, respectively [42]. According to study of on copper biosorption by a wild type (BY4741) and two engineered S.
Cerevisiae biomass (Rim101A, OchlA) [43], maximum biosorption capacities of copper had found to be 28.8, 8.0, 7.5
mg g at pH=6 for wild type, Rim101A and OchlA respectively. The bioaccumulation capacities of these three strains
had not found significantly different.

3.6. FTIR analyses

FTIR analyses were carried out for determining the metal binding sites on fungal cell surface. As seen on Fig.3
the copper binding sites on living fungus cell surface were isopropyl group (1380-1360 cm-?), sulphones (1335-1295 cm
1), vinyl compounds (950-900 cm). Upon dead fungus cell surface, the copper were binding on primer amides (1420-
1400 cmY), pridin N-oxydes (1300-1200 cm), ethers (1240-1070 cmt), vinyl compounds (950-900 cm™), vinylidenes
(900-865 cm™Y), triazine (820-800 cm™) groups. Besides, the cadmium hinding sites on living fungus cell surface were
esters (1750-1740 cm™?), primer amides (1420-1400 cmY), alkyl aril esters (1285-1240 cm™). Upon dead fungus cell
surface, the cadmium were bhinding on carbonyl compounds (1870-1650 cm™), aliphatic nitro compounds (1575-1545 cm
1), primer amides (1420-1400 cmY), 1.2.4-trisubst benzenes (890-805 cm™) (Fig.4).

The biosorption behaviors for copper by a novel extracted exopolysaccharide (EPS) from Arthrobacter ps-5 had
studied and the biosorption capacity of copper had found 169.15 mg g*. Interactions between metal ions and O—H, C=0,
C—0-C, C=0-C groups of the EPS had determined by FTIR [44]. The FTIR spectra of Saccharomyces cerevisiae had
had several functional groups as carboxyl, hydroxyl, amino and carbonyl groups on the cell wall [45]. Results of the
biosorption of Cu*? ions by Saccharomyces cerevisiae verified that sorption was a combination of intracellular metal
accumulation and metabolic-independent surface phenomenon [37].
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Figure 3. FTIR spectra of copper. (a) Bioaccumulation by living fungus. Blue lines in spectra presented control groups;
black lines have indicated the metal-treated samples
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Figure 3. FTIR spectra of copper. (b) Biosorption by dead fungus. Blue lines in spectra presented control groups; black
lines have indicated the metal-treated samples
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Figure 4. FTIR spectra of cadmium. (a) Bioaccumulation by living fungus. (b) Biosorption by dead fungus. Blue lines in
spectra presented control groups; black lines have indicated the metal-treated samples
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3.7. SEM micrographs and EDX spectra

SEM micrographs (Fig.5) have shown that the metal absorbed filaments of dead fungus were more apparent than
living fungus for Cu?*. The exact opposite situation were observed for Cd?* absorbed fungus filaments. Metal filled living
fungus filaments were clearer than dead fungus filaments of living and dead biomass.

EDX determinate removal of cadmium were 97% and 95%; copper removal ratios were 90% and 88% for living
and dead biomass respectively. EDX spectra have shown by Fig.6.

(c) (d)
Figure 5. SEM micrographs of copper. (a) Bioaccumulation by living fungus. (b) Biosorption by dead fungus. SEM
micrographs of cadmium. (c) Bioaccumulation by living fungus. (d) Biosorption by dead fungus.
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Figure 6. EDX spectra of copper. (a) Bioaccumulation by living fungus. (b) Biosorption by dead fungus. EDX spectra of
cadmium (c) Bioaccumulation by living fungus. (d) Biosorption by dead fungus.

4. Conclusions and discussion

Ceramic waste sludge revealed ten fungi strains in Aspergillus sp. (2 strains), Mucor sp., Penicillium sp. (5
strains), Rhizopus sp. and Trichoderma sp.). Regard to MIC values Aspergillus sp. strains were chosen for copper
and cadmium bio removal experiments.

The removal efficiencies for cadmium and copper with two Aspergillus strains were found to be 90-95% and 85-
90%, respectively.

The sorption capacities of live and dead fungi for copper were 5.3676 mg g, 18.661 mg g* and for cadmium
were 0.1977 mg g?, 0.1772 mg g respectively. Negative values were obtained in Langmuir and Freundlich
isotherm constants for copper and cadmium biosorption processes. According to that results, Langmuir and
Freundlich isotherm models did not fit the experimental data of biosorption and bioaccumulation. The studies
may continue by working higher initial concentration or using other isotherm models.

FTIR analysis have shown that copper ions bound to vinyl compounds (950-900 cm?) and cadmium ions bound
to primer amides (1420-1400 cm™®) mainly.

SEM micrographs were shown that the metal absorbed filaments of living fungus and dead fungus had different
appearance for Cu?* and Cd?*. EDX analyses have proven that Aspergillus spp. was a good biosorbent for
cadmium and copper.

As a result, the initial metal concentration was found to be significant and effective for biosorption capacity.
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As a result, besides physical or chemical adsorption methods of heavy metals, it is possible to obtain high yields
in removal by biosorption method. In experimental studies it was observed that initial concentration and fungus strain
were effective in biosorption yield. If this work is to be continued; biosorption experiments can be performed with
different heavy metals or different concentrations of the same metals. It is also possible to determine the optimum
conditions for biosorption studies that can be performed by changing parameters such as pH, temperature, agitation speed,
contact duration. Biosorption experiments with metal-resistant bacteria can also be performed.
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Abstract

In our study, the isolation, identification and optimization of Bacillus subtilis from soil samples were performed
and the ability to produce a-amylase of industrial importance was investigated. Bacteria identified as B. subtilis by 16S
rRNA analysis, morphological and biochemical tests. Maximum growth was determined at 32 hour, 37°C and pH 7.0.
Enzyme optimization was performed after determination of bacterial amylase in starchy medium. Optimum conditions
for amylase production were determined as 37°C, pH 7.0 and 48 h. When the effect of metals on enzyme activity was
examined, it was determined that Cu2+ increased enzyme activity, Zn2+, Hg2+ and Fe2+ were partially inhibited the
enzyme activity, and Ca2+ was showed close activity to the control. It was observed that carbon sources had inhibitory
effect on bacterial growth and enzyme production.

Key words: Bacillus subtilis, identification, a,, -amylase, production, characterization

*

SmF yontemiyle topraktan izole edilen bacillus subtilis’den amilaz iiretimi

Ozet

Calismamizda Ergani Makam Dagi’ndan alinan toprak 6rneginden Bacillus subtilis’in izolasyonu, tanimlanmasi
ve optimizasyonu gergeklestirilerek endiistriyel oneme sahip a-amilaz iretme yetenegi arastirildi. Morfolojik ve
biyokimyasal testler ile 16S rRNA analizi yapilarak B. subtilis olarak tanimlanan bakterinin 32. saat, 37 oC ve pH 7.0’
de maksimum tireme gosterdigi tespit edildi. Nisastal besiyerinde bakterinin amilaz iirettigi tespit edildikten sonra enzim
optimizasyonu yapildi. Amilaz tiretimi i¢in optimum kosullar 37 oC, pH 7.0 ve 48. saat olarak belirlendi. Enzim aktivitesi
tizerine metallerin etkisi incelendiginde Cu+2’ nin enzim aktivitesini artirdigi, Zn+2, Hg+2 ve Fe+2 enzim aktivitesini
kismen inhibe ettigi, Ca+2 ise kontrole yakin bir deger gosterdigi goriildii. Karbon kaynaklarinin bakteri gelisimi ve enzim
iiretimi iizerine inhibisyon etkisi yaptig1 gézlendi.

Anahtar kelimeler: Bacillus subtilis, tanimlama, a,, -amilaz, liretim, karakterizasyon
1. Giris

Biyokimyasal reaksiyonlar1 katalizleyen enzimlerin, hiicrelerde ¢ok 6nemli metabolik gorevleri olup genis
endiistriyel uygulamalara sahiptirler. Ayn1 zamanda birgok biyoteknolojik siire¢ ve iiriinde anahtar olarak rol almaktadir
[1]. Enzim teknolojisinin hizla gelismesi, elde edilen iiriinlerin uygulama alanlarinin genisligi ve ayrica ekonomik avantaji
gibi nedenlerden dolay1 bu yondeki arastirmalar daha fazla énem tasimaktadir [2-4]. Ozellikle diisiik sicaklikta aktif olan
enzimler; endiistriyel siiregleri sonunda dogalligin1 bozmazken ayni zamanda iiretim maliyetlerini de diislirdiigii i¢in
bir¢ok prosesde tercih edilmektedir [5]. Termostabil enzimlere yogun ilgi olsa da yakin gelecekte amilaz mithendisliginin
odak noktasinda degisim olacaktir [6]. a-Nisasta ve glikojen molekiillerini hidrolize eden amilaz (EC 3.2.1.1), bilinen en
eski endiistriyel enzim olup yiyecek, i¢ecek, nigasta, deterjan, tekstil, tipve analitik alanlarda genis ¢apta kullanilmaktadir.
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Endiistriyel enzimlerin %90 civar1 mikroorganizmalardan elde edilmektedir [7]. Bunun nedeni; mikrobiyal
enzimlerin daha yiiksek katalitik aktivite gostermesi, daha kararli ve ekonomik olmasi, toksik olmamast ve yiiksek
miktarlarda iiretilebilmeleridir [8]. Pek ¢ok mikrobiyal enzimin dogada genis bir yayilig alanina sahip olan Bacillus tiirleri
ve alt tiirleri tiirler tarafindan sentezlendigi bilinmektedir. [9,10]. 1970’lerden itibaren a-amilazlarin endiistriyel
uygulamalarinda, B. subtilis, Bacillus amyloliquefaciens, B.stearothermophilus ve B. licheniformis tiirleri
kullanilmaktadir [11].

Bu ¢aligmada topraktan izole edilerek Bacillus subtilis olarak tanimlanan mikroorganizmanin optimizasyonu ile
a-amilazin iiretimi ve karakterizasyonu gerceklestirildi.

2. Materyal ve yontem

Topraktan izole edilen B. subtilis NBA kiiltiir ortaminda tiretilip, gram boyama, nisasta hidroliz testi, tireaz testi,
hareket testi, hemoliz testi gibi morfolojik ve biyokimyasal tanimlamaya yo6nelik testlere tabi tutuldu.

B. subtilis pH 7.0, 37 °C’ de 48 saatlik inkiibasyon sonrasi kiiltiir ortami santrifiijlenerek Bernfeld metoduna gore
enzim aktivitesine bakildi [12]. Protein miktar: Lowry metoduyla tayin edildi [13]. Enzim substrat ile (%0.5’ lik nisasta
¢ozeltisi) 37 °C de 30 dakika inkiibasyona birakildi. Bu siire sonunda reaksiyonu durdurucu olarak DNS (Dinitro salisilik
asit) ilave edildi. DNS, sicakta sekerlerin indirgen uglariyla reaksiyona girerek reaksiyonu durdurur ve renk olusumunu
saglayarak spektrofotmetrede 6l¢iilmesini saglar.

2.1 B. subtilis ve Amilaz Uretimine Sicaklik, pH ve Inkiibasyon Siiresinin Etkisi

B. subtilis ekilerek 25 - 55 °C sicakliklarinda iiremeve amilaz iiretimi i¢inoptimal degerleri belirlendi. Bakteri
gelisimi ve enzim iiretimi {izerine pH etkisini belirlemek amaciyla pH4.0 ile 11.0 arasindaki pH’ larda bakteri tiretildi
enzim aktivitesi olgtldii. Bakterinin gelisimi ve amilaz iiretimine inkiibasyon siiresinin etkisini incelemek i¢in 4-96
saatleri 6rnek alinarak Glgiimleri yapildi. Aktivite tayini igcin enzim kaynagi olarak tist sivi kullanildi.

2.2 B. subtilis ve Amilaz Uretimi Uzerine Karbon (C) ve Azot (N) Kaynaklar: Etkisi
Nisasta, glukoz, siikroz ve galaktoz, maltoz, laktoz ve fruktoz azot kaynag: olarak tercih edilirken, karbon kaynagi
olarak ta pepton, tripton, iire, amonyum siilfat, amonyum klortir, amonyum nitrat ve sodyum nitrat kullanildu.

2.3 Amilaz Aktivitesine Sicaklik ve pH Etkisi
Amilaz aktivitesine sicaklik ve pH etkisi deneyinde; 20 °C’den 60 °C’ye ve pH 4.0 ile 11.0’¢ kadar degisen
degerlerde calisildi. Amilaz aktivitesi 6l¢iilerek rolatif enzim aktivitesi hesaplandi.

2.4 Amilaz Aktivitesi Uzerine Deterjan ve Metal Etkisi

Amilaz aktivitesine CaCly, CuCly, ZnCly, MgCl,, HgClz, MnCl, ve FeCl; etkisini saptamak igin 0.1 M pH 7.0
Tris-HCI tamponunda, final konsantrasyonu 1.5 mM olacak sekilde metal ¢ozeltileri hazirlandi.

0.1 M pH 7.0Tris-HCI’de hazirlanan %0.5 oraninda SDS, Tween-80, Triton X-100 ve Brij kullanilarak enzim
aktivitesi lizerine deterjan etkisi deneyi gerceklestirildi.

3. Bulgular

Tanimlamaya yo6nelik yapilan B. subtilis’ e ait morfolojik ve biyokimyasal testler ¢izelge 1°de gosterilmistir.
Ergani Makam Dagi’ndan izole edilerek tanimlanan B.subtilis’in filogenetik agac1 Sekil 1°de verilmistir.

Tablo 1. B. subtilis‘in belirlenmesinde kullanilan morfolojik ve biyokimyasal test sonuglari

Ozellikleri A8 Bacillus

Gram boyama ) D

Koloni morfolojisi Basil Basil, Kok, virgiil
Hareketlilik Hareketsiz Hareketli-Hareketsiz
Katalaz +) +)

Hemoliz (+) D

Ureaz (+) (+)
NisastatNBA (+) (+)

Seker (Glukoz, laktoz Sukroz) O] )

Sicaklik aralig 20-45 20-75

pH aralig1 10-4 4-10

(+) pozitif sonug (—) negatif sonug (D) degisken
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Bacillus subtilis

og | AYB2
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Sekil 1. B.subtilis’in filogenetik agaci

3.1 Inkiibasyon siiresinin mikroorganizma gelisimi Ve o-amilaz iiretimi iizerine etkisi

Farkli inkiibasyon siirelerinin B. subtilis’in {iremesi ve enzim {iretimineolan etkisini incelemek amaciyla 4-96.
saatleri arasinda yapilan incelemede en iyibakteri tiremesinin 32. saatte, enzim tiretiminin ise 48. saat oldugu sekil 2.” de
gosterilmektedir.
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Sekil 2. Inkiibasyon Siiresinin Mikroorganizma Gelisimi ve a-Amilaz Uretimi Uzerine Etkisi
3.2 Sicakligin mikroorganizma geligimi ve o-amilaz iiretimi iizerine etkisi

Sicaklik etkisini arasgtirmak igin; 25 °C *den 55 °C ’ye kadar inkiibasyona birakildi. inkiibasyon siiresi sonunda
gerek bakteri tiremesi gerekse enzim iiretimi i¢in en iyi sicaklik 37 °C olarak tespit edildi. (Sekil 3.)
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Sekil 3. Sicakligin mikroorganizma gelisimi ve a-amilaz tiretimi lizerine etkisi

3.3 pH 'min mikroorganizma gelisimi ve a-amilaziiretimi iizerine etkisi

pH4.0’ den pH 11.0’e kadar degisik pH’larda inkiibasyona birakildi. Inkiibasyon siiresi sonunda sekil 4’te
goriildiigii gibi bakteri gelisimi ve enzim i¢in optimum pH’s1 7.0 olarak belirlendi.
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Sekil 4. pH’nin mikroorganizma gelisimive a-amilaz iiretimi lizerine etkisi

3.4 B. subtilis ve a-amilaz diretimine iizerine c ve n kaynaklart etkisi

NB besiyerine %1°lik karbon ve azot kaynaklari (Sekil 5); %1°lik azot (Sekil 6) ayr1 ayri eklendi. Bu
besiyerlerine ekim yapilarak 48 saat ve 37 °C’de inkiibasyona birakild1 ve enzim aktivite testi yapilarak protein miktarina
bakildi. Bu sekilde spesifik aktivite (U/mg) hesaplandi.
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Sekil 5. B. subtilis ve a-Amilaz iiretimi iizerine karbon kaynaklarimin etkisi
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Sekil 6. B. subtilis ve enzim tretimine azot kaynaklari etkisi
3.5 a-Amilaz aktivitesi iizerine sicakligin etkisi

Optimum kosullarda iiretilen mikroorganizdan elde edilen iist sivi kullanilarak 20-60 °Caraliginda yapilan
sicaklik ¢alismasinda maksimum enzim aktivitesi i¢in en iyi sicaklik degeri 40 °C olarak bellirlendi (Sekil 7).
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Sekil 7. a-Amilaz aktivitesine sicaklik etkisi
3.6 Enzim aktivitesine pH etkisi

Optimum kosullarda iiretilen mikroorganizmanin inkiibasyon sonrasinda; pH 4.0-11.0 araliginda yapilan pH
deneylerinde amilaz aktivitesinin pH 7.0 de en yiiksek degerde oldugu tespit edildi Sekil 8.
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Sekil 8. a-Amilaz aktivitesine pH etkisi

3.7 Amilaz aktivitesine bazi metallerin etkisi

Amilaz aktivitesine metallerin etkisini saptamak i¢in CaCl,, CuCly, ZnCl,, MgCl;, HgCl2, MnCl, ve FeCl;0.1 M
pH 7.0 Tris-HCI’de1.5 mM konsantrasyonda olacak sekilde 30 dakika bekletildi ve nzim aktivitesitest edildi. Kontrolle
kiyaslandiginda enzimin tiim metallere direng gdsterdigi tespit edildi Sekil 9.
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Sekil 9. a-Amilaz aktivitesi lizerine bazi metallerin etkisi

3.8 a-Amilaz aktivitesi iizerine bazi deterjanlarnetkisi

Optimum kosullarda iiretilen B. subtilis’ten elde edilen enzim aktivitesi {izerine deterjan etkisi incelendiginde
deterjanlarin% 40 civarinda azalmaya neden oldugu goriildi. Enzim aktivitesi iizerine deterjan etkisi Sekil 10.’da
verilmistir.
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Sekil 10. a-Amilaz aktivitesi tizerine bazi deterjanlarin etkisi
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4. Sonuglar ve tartisma

a-Amilaz 6nemli ve en eski endiistriyel enzimlerden biridir. Dogada ¢ogu organizma amilaz iiretir, fakat
bunlardan ¢ok azi dogal nisastay1 pargalama yeteneginde olan amilazlari iiretebildiginden dogal nisasta hidrolizi i¢in yeni
enzim kaynaklarina ihtiyag duyulmaktadir [14]. Calismamizda B. subtilis’den a-amilaz iretimi iizerine fiziksel
parametrelerin etkisini arastirarak optimum kosullar: belirleme yoluna gidildi. Topraktan izole edilen B. subtilis’in
tiremesi iizerine sicakligin, pH’ nin ve inkiibasyon siiresinin etkisi ¢alisildi. Bakterinin optimal degerleri 37 °C, pH 7.0 ve
32. saat olarak tespit edildi. Bakterilerin enzim iiretim kapasiteleri bulunduklari ortama baglidir ve bu ortam sartlarinin
degistirilmesi enzim iiretimine etki etmektedir. Ozellikle besiyerinin sicakligi, pH’1, havalandirilmasi, inkiibasyon
miktari, inkiibasyon siiresi gibi faktorler oldukca etkilidir [15]. Mikroorganizma, biiylime ortamindaki besin azalinca
duragan evreye girerek sekonder metabolit {iretir, enzim sentezinde azalis goriiliir [16]. Ayrica besi ortamindaki diger
bilesikler ile etkilesir ve enzim denatiirasyonudan dolay1 aktivitesindede azalis gortiliir [17].

Al-Johani ve ark. [18] optimuminkiibasyon siiresini 48 saat, optimum pH 8.5 ve sicakligi 45°C belirtmiglerdir.
Asgher ve ark. [19]. B.subtilis JS-2004 igin optimal tireme degerlerini 48 saat, 50°C ve pH 7.0 olarak ifade etmislerdir.
Ortamin fiziksel 6zellikleri enzimlerin aktiviteleri lizerinde biiyiik 6l¢iide etki etmektedir. Enzimler optimum sicaklik ve
pH smurlart iginde en iyi aktiviteyi gosterirler. Bu sinirlar arasinda aktivitenin en iyi oldugu optimal deger belirlenir.
Ayrica mikroorganizmalarin liremeleri igin besiyeri pH’sinin optimal sinirlan igerisinde bulunmasi gerekmektedir.
Mikroorganizmanin gelisme ortaminin pH’s1 morfolojik degisimlere yol agmakta ve buna paralel olarak enzim sentezini
arttiric etki yapmaktadir.

Calismamizda B. subtilis’den elde edilen amilaz igin optimum sicaklik degeri 40 °C, pH degeri ise 7.0 olarak
bulunmustur. 40 °C’ nin altinda ve iizerinde enzim aktivitesinde azalma oldugu gozlemlenmistir. Diger yandan pH
degerlerine bakildiginda ise pH 7.0’ nin altinda ve iistiinde enzim aktivitesinde azalmalar goriilmiistiir. Ekstraseliiler o —
amilaz i¢in optimal pH degerleri 3.0 ile 10.0 arasindadir. Calismamizda elde ettigimiz ekstarseliiler a-amilazin notral
kosullarda maksimum aktivite gdstermesi endiistriyel islemler i¢in uygun oldugunu gostermektedir. Benzer bulgular
baska arastiricilar tarafindan da ifade edilmistir. Rezzukoglu ve ark. [9] yaptig1 caligmada Lactococcus sp. PS-2A a-
amilaz Giretiminin; optimum 16. saatte, 35 °C ve pH 7.0’ de gerceklestirdigini belirlemislerdir. Ticari 6neme sahip Bacillus
suslarmin iremesive ekstraselliiler a-amilaz i¢in optimal pH 6.0- 9.0 olarak rapor edilmistir. Femi-Ola ve ark. [20] izole
ettikleri Bacillus subtilis BS5’ten iirettikleri a-amilazin optimal pH 6.0, sicakligimi ise 50°C olarak belirlemislerdir.
Vidyalakshmi ve ark. [21] submerged fermantasyonla Bacillus sp.’den elde ettikleri ekstraseliilar amilaz1 optimize
etmisler, en iyi enzim aktivitesini 35 °C ve pH 7.0’ de gosterdigini belitmislerdir. Ray ve ark. [22] tugla topragindan izole
edilmis Bacillus brevis MTCC 7521 susu ile Ca*? bagimsiz o-amilaz iiretimi ¢aligmalar1 yapimiglardir. Enzimin optimal
sicaklik 50°C, pH 6.0 ve inkiibasyon siiresi 36. saat olarak tespit edilmistir. Sankaralingam ve ark. [23] yapmuis olduklar1
bir ¢alismada SmF yontemiyle Bacillus licheniformis’ten a-amilaz tiretimi {izerine inkiibasyon siiresi, sicaklik ve pH’ nin
etkisini aragtirmiglar. Calismada a-amilaz iiretimi i¢in optimum inkiibasyon siiresinin 48. saat, optimum sicakligin 30°C
ve optimum pH’nin 7.0 oldugu saptanmustir. Shafiei ve ark. [24] Nesterenkonia sp. F susuna ait ekstraselliiler amilazin
biyokimyasal karakterizasyonunu yaparak enzimin optimum sicaklik ve pH’sinin 45°C ve pH 7.5 oldugunu
bildirmiglerdir.

Calismada azot kaynaklarmin enzim {izerine etkisini belirlemek igin besiyerlerine % 1 oraninda azot
kaynaklarindan eklenmis olup daha sonra hazirlanan besiyerlerine bakteri ekimleri yapilarak inkiibasyona birakildi. 48
saatlik inkiibasyon siiresinin sonunda yapilan aktivite tayini sonucunda kullanilan azot kaynaklarinin amilaz {iretimi
tizerine etkisi arastirildi. Arastirma sonucunda kontrol ile kiyaslandiginda, azot kaynaklarinda kontrole yakin amilaz
aktivitesi elde edildi. Enzim tiretimi iizerine karbon kaynaklarmin etkisine bakildiginda, biitiin karbon kaynaklarinda
kontrole gore daha diisiik amilaz aktivitesi elde edildi. Ray ve ark. [22] B.brevis MTCC 7521 susu ile amilaz {iretimi
calismasinda azot kaynaklarindan et 6ziitliniin, pepton, maya 6ziitii ve kazein ile karsilagtirildiginda amilaz iiretimini daha
¢ok arttirdigini, asparajin, potasyum nitrat, amonyum siilfat, amonyum nitrat ve iirenin enzim liretimini azalttigin tespit
etmiglerdir.

Enzim aktivitesi iizerine bazi metallerin etkisi incelendiginde enzim aktivitesinin metallerden etkilenmedigi
metallere kars1 oldukea direngli oldugu gézlendi. Optimum kosullarda B. subtilis’ten iiretilen amilaz aktivitesine deterjan
etkisi arastiriliginda ise deterjanlarin enzim aktivitesini kismen inhibe ettigi tespit edildi. Shafiei ve ark. [24] Zn*?, Fe*3,
Cu*? ve Al*diyonlan ile amilaz aktivitesinde inhibisyon meydana geldigini, Ca*? ile enzim aktivitesinin arttigmni
bildirmislerdir. %0.5 SDS, %0.2 Triton X-100, Tween 80, Tween 20’ye kars1 stabilite gosterdigini belirlemislerdir. Ray
ve ark. [22] amilaz aktivitesi iizerine Ca*?veya surfaktanlarin (Tween 20, Tween 40, Tween 60, Tween 80, sodyum lauril
siilfat % 0.02) enzim aktivitesine etki etmedigini belirtmislerdir.

Endiistriyel alanlarda tercih edilen enzimlerin, ekonomik yonden kisa zamanda ve az maliyetle yiiksek verimle
iiretilebilmesi, degisik uygulamalarda kullanilabilir &zellikte olmasi gerekir. Yaptigimiz ¢alismada amilaz aktivitesine
kisa siirede ve disiik sicaklikta ulasildigi gortilmiis, bu fiziksel parametrelerin optimum degerlerinin kullanilmasiyla
enzim aktivitesinde artig saglanabilecegi belirlenmistir. [1-Amilaz 40°C’de maksimum aktivite gostermesi 6zelligi ile
diisiik 1sida yikama iglemini gergeklestiren ¢amasir ve bulasik makinesi deterjanlarinin igeriginde kullanilabilir. Bu
konuda yapilacak kapsamli ¢aligmalar sonucunda enzim verimi daha da arttirilabilir ve endiistride yaygin kullanim alani

bulabilir.
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Abstract

One of the most important environmental pollutants is cement dust. In this study, RAPD technology was used to
define the potential genotoxic impact of cement dust on plants. For this purpose, the DNA comparison of 12 plant species(
Convolvulus sepium, Astragalus christianus, Taraxacum androssovii Medicago varia, Alyssum murale, Artemisia
spisigera, Falcaria vulgaris, Anchusa strigose, Glaucium leiocarpum, Salvia syriaca, Cryciata taurica Tragopogon
albinervis)collected from the areas of 10000 m (Control area) or 0-100 m away from Askale cement factory in Erzurum;
was performed. 16 primers were used, and 390 bands were obtained. Important differences were observed in plant RAPD
profiles collected from 0-100 m areas when compared to their respective controls (10000 m away from the factory). Some
bands in control plants got lost, and new band formations were observed. The Genomic template stability (GTS) value
decreased significantly in plants collected from 0-100 m area as compared to the controls (%56.20). Soil samples from 0-
100 m and control area were collected and examined for their heavy metal contents. According to the analysis results,
Nickel, Cadmium, Zinc, Lead and Copper concentrations were found to be dramatically high in the soil collected from O-
100 m as compared to the control area. These results indicate that the high heavy metal content in the soil causes the
changes in RAPD profiles and GTS in plants. The data also indicated that RAPD and GTS assays are basic, effective and
reproducible means of the genotoxicity control of environmental pollution.

Key words: Cement dust, Plants, Soil, Heavy Metals, Genotoxicity

k

Cimento tozu kirliligine maruz kalan bitkilerde RAPD analizi ile genomik stabilite ve DNA hasarinin analizi

Ozet

En 6nemli g¢evre kirleticilerinden biri ¢imento tozudur. Bu caligmada, ¢imento tozunun bitkiler iizerindeki
potansiyel genotoksik etkisini tanimlamak i¢in RAPD teknolojisi kullanilmistir. Bu amagla, Erzurum'da Askale ¢imento
fabrikasma 10000 m (Kontrol alani) ve 0-100 m uzaklikta toplanan 12 bitki tiiriiniin ( Convolvulus sepium, Astragalus
christianus, Taraxacum androssovii Medicago varia, Alyssum murale, Artemisia spisigera, Falcaria vulgaris, Anchusa
strigose, Glaucium leiocarpum, Salvia syriaca, Cryciata taurica Tragopogon albinervis)DNA karsilastirmasi yapildi.
Calismada 16 RAPD primeri kullanilmis ve 390 bant elde edilmistir. 0-100m alanlardan toplanan bitki RAPD
profillerinde, kontrollerine gore (fabrikadan 10000 metre uzakta) onemli farkliliklar gézlenmistir. Kontrol bitkilerinde
bazi bantlarin kayboldugu ve yeni bantlarin olustugu goriilmiistiir. Ayrica, GTS (Genomic template stability) degeri, 0-
100 m alandan toplanan bitkilerde, kontrollerinkilerle karsilastirildiginda 6nemli dlgiide azaldigi gorilmiistiir( %56.20).
0-100m ve kontrol alanindan toprak ornekleri toplanmis ve agir metal igerikleri bakimindan incelenmistir. Analiz
sonuglarma gore, 0-100 m'den toplanan topraklarda Nikel, Kadmiyum, Cinko, Kursun ve Bakir konsantrasyonlariin,
carpict sekilde yiiksek oldugu bulunmustur. Bu sonuglar topraktaki yiiksek agir metal igeriginin bitkilerde RAPD
profillerinde ve GTS’de degisikliklere neden oldugunu gdstermektedir. Sonuglar RAPD ve GTS testlerinin gevre
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kirliliginin bitkiler lizerindeki genotoksik etkisini tanimlamak i¢in temel, etkili ve tekrarlanabilir yontemler oldugunu
gostermistir.

Anahtar kelimeler: ¢imento tozu, bitki, toprak, agirmetal, genotoksisite
1. Introduction

Environmental pollutants can have deleterious effects on living organisms. The cement dust contains some toxic
substances like nickel, lead, cadmium, zinc, magnesium, copper, beryllium, fluoride and sulfuric acid and its dispersal in
the environment leads to some deleterious effects [1; 2; 3; 4]. Wind, rain, etc. provide the dispersion of cement dust over
a wide area, and it accumulates in soil, humans, animals and plants. Cement dust pollution has been reported to have
negative effects on plant development and growth. It has been reported that the toxicity mechanisms of cement dust in
the organism are associated with accumulation of high heavy metal concentrations in the soil [5; 6; 7]. When rats are
exposed to inhalation of cement dust, symptoms, such as focal pulmonary emphysema and atrophy of elastic fibers, have
been observed in the pulmonary tissue [8]. Another study has reported the widespread prevalence of bronchitis and higher
respiratory symptoms, as well as bronchial asthma, in workers exposed to cement dust when compared to unexposed
individuals [9]. An increase in the risk of stomach cancer has been observed in cement factory workers. The increased
prevalence of lung cancer has been observed among masons working with cement [10]. Moreover, laryngeal cancer,
colorectal cancer, and colorectal tumors have been observed in workers exposed to cement dust and engaged in Portland
cement production [11; 12]. The prolonged exposure to it has been expressed as a risk factor in terms of right-sided colon
cancer [13]. Additionally, the mutagenic potential and genotoxic effects of cement dust have been assessed by using the
analysis of chromosomal aberrations [14]. However, the effect of cement dust on DNA damage and GTS has not been
elucidated in plants, and genotoxic effects of pollutants are measurable. In the present article, our aim was to identify the
genotoxic impacts of cement dust pollution in different plant species, growing around a cement factory using the RAPD
molecular technique.

2. Materials and methods

2.1. Plant samples

The plants utilized in the present study were collected at flowering stage in July 2013 from areas near Askale
cement factory, Erzurum, Turkey. 12 wild plant species were collected at a distance of 10000 meters from the external
regions of the cement factory. The above-mentioned species were identified by comparing with the voucher specimens
stored in Ata Herbarium at the Department of Biology, Faculty of Science, Atatiirk University, Erzurum, Turkey. The
specimens of the same plant species were then collected from a distance of 0-100 meters from the external region of the
cement factory. Similar-aged leaves were collected and left in thermos containing ice for later use in the experiment. The
leaf specimens were rapidly transported and stored in a deepfreeze (-80°C) until required for analysis. For the purpose of
eliminating superficial contamination by cement dust, deionized water was used to wash all leaf specimens gathered from
both sampling sites (10000 m and 0-100 m from the factory) before subjected to analysis.

Two soil samples were collected near Askale cement factory and from the control area (10000 m away from the
factory) and transported to the laboratory. These samples were air dried in the laboratory. The grinding of the soil samples
was done and these were sieved through a 2mm sieve. The analysis of the specimens for heavy metal contents was carried
out by using “Inductive coupled plasma-optical emission spectroscopy (ICP-OES)”.

2.2. DNA extraction and RAPDs

Genomic DNA was isolated following the method described by Zeinalzadehtabrizi et al., [15] with small
alterations. Standard 10-base primers provided by Operon for RAPD were utilized for screening the control (unexposed)
groups. PCR reaction mix contents and PCR conditions are presented in Table 1. Screening of 40 oligonucleotide primers
in total was performed, and 16 primers were chosen among them and utilized for further studies. PCR amplifications were
carried out in a Bio-Rad thermocycler (Bio-Rad Laboratories Inc., Hercules, CA, USA). The reaction mixtures 30
microliter (ml) were fixed in the way described below: 100 ng of gDNA, 1x buffer (10 mM Tris—HCI, 50 mM KClI,
pH=8.3), 2.5 mM of MgCI2, 10 mM of dNTP, 5 U of Taq polymerase (Cinagen Co., Iran) and 5 of mM each primer.

The PCR products were separated with agarose (1.5% wi/v) gel electrophoresis at 70 V for 150 min. The nanodrop
spectrophotometer (Qiagen, Qiaxpert Instrument, Germany) was utilized for checking quality and quantity of the
amplified DNA products.

The RAPD bands were assessed by means of Total Lab TL120 computer software program. Genomic template
stability percentage (GTS, %) was computed as described below: GTS=100-(100 x a/n), where a represents the average
number of polymorphic bands determined in every specimen treated, and n represents the number of total bands in the
control. RAPD profile polymorphisms were manifested as, the disappearance of a normal band and the appearance of a
new band in comparison with the control. The average value was counted up for every experimental group. For the
purpose of computing the polymorphism value %, the 100 x a/n formula was utilized.
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Table 1. PCR reaction mix contents and conditions
PCR Reaction Mix Contents

PCR buffer 1X
MgCl2 2.5mM
Dntp 10 mM
gDNA 100 ng
Primer 5mM
Taq DNA polymerase 5U
Total volume of each sample 30 uL

PCR Conditions

2 min at 95°C; 2 cycles of 30 s at 95°C, 1 min annealing at 37°C, 2 min extension at 72°C; 2 cycles of 30 s
at 95°C, 1 min at 35°C, 2 min at 72°C; 41 cycles of 30 s at 94°C, 1 min at 35°C, 2 min at 72°C; by a final 5-min
extension at 72°C.

3. Results

Table 2 presents the RAPD profiles of plants collected from 0-100 m and 10000 m, generated from 16 primers.
Differences were determined in the banding patterns upon examining the plant RAPD profiles, which were distinctly
demonstrated by the appearance/disappearance of a number of bands when comparison of plants growing around the
cement factory and from control sites was performed. All RAPD profiles showed the differences. All the bands formed
varied in the range of 50 bp and 2000 bp. There were polymorphic bands in every plant for primers. The polymorphism
value was determined as; P (%) = 0, 37.8, 33.3, 43.7, 33.9, 25.76, 40.8, 23.02, 24.39, 22.66, 31.07, 24.34 and 21.31 for
12 wild plant species, respectively (Table 2). Polymorphism resulted from the loss and/or gain of amplified bands in the
plants exposed to dust as compared to the controls under all conditions. Alterations in the RAPD patterns were recorded
as decreases in GTS.

The results of the heavy metal analyses of soil samples collected from 0-100 m and 10000 m from the cement
factory are presented in Table 3. The cadmium concentrations of the soil at 0-100 m and 10000 m from the factory were
0.024 ppm and 0.338 ppm respectively. The lead Copper nickel and zinc concentrations around the factory were
approximately four times higher than the control soil. This situation can be attributed to the fact that the heavy metal
contents of the soil around the cement factory increases due to dust em erging during cement production.

4. Conclusions and discussion

The cement industry is an important source of air pollution. Some authors have shown that the dust emerging

during cement production causes negative impacts on the health of cement factory employees, plants and some animals
[14; 16]. Earlier papers on the effect of cement dust indicate that it causes liver abnormalities, carcinogenesis, pulmonary
disorders and affects chromosomal aberrations frequency in the cement factory workers [12; 13; 14].
In the present study, RAPD profile changes and a decrease in GTS were observed in the plants exposed to cement dust.
Various polymorphic bands in RAPD band were acquired, and decrease in GTS demonstrated that cement dust is
genotoxic (Table 2). A possible mechanism that can explain the effect observed in our study is the generation of reactive
oxygen species (ROS). Some studies have demonstrated that exposure to cement dust causes the overproduction of ROS
and suppresses the activity of enzymatic antioxidants in plant tissues, and leads to oxidative stress [3; 17; 18; 19; 20].

Deoxyribose, purine and pyrimidine bases in the DNA molecule may be attacked by ROS, which can lead to
DNA strand break. As a result of this the possibility of chromosome/chromatid fragmentation may increase, and therefore
RAPD band changes may take place. The heavy metal content analysis of the soil surrounding the cement factory has
revealed that the concentrations of lead, cadmium, copper, nickel and zinc were generally observed low at a distance
higher than 10000 m from the cement factory. Different scientists have obtained similar findings in relation to genotoxic
impacts of the same heavy metals on various plants using RAPD [21; 22].

Although copper, nickle and zinc are very important for plant development and growth, high concentrations of
these elements adversely affect organisms and may generate ROS in the cells. Nearly all cellular macromolecules, as well
as DNA, may be damaged by free radicals [21; 23; 24]. Different genotoxic tests, including RAPD, comet, micronucleus,
or chromosome aberration assays, have been employed in various studies to demonstrate the genotoxic impact of lead
and cadmium on plants. Their genotoxic effects have been been explained as affecting the DNA synthesis and their
functioning as an enzymatic inhibitor of the enzyme system, which is necessary for the chain reaction of DNA synthesis
and lesions caused by ROS [21; 22; 23; 25;26].

In conclusion, it can be said that cement dust has a genotoxic effect and leads to DNA damage in different plant
species, growing around cement factories without filters in the outlet chimneys, and this can be attributed to the presence
of heavy metals in the soil surrounding the cement plant.
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Table 2. Changes of GTS and polymorphism values of all used primers
Primers Control Conv_olvulus Ast_ragalus Taraxacum_ Met_jicago ngf;rem Ar_te_misia Falcar_ia An_chusa G!aucium Sal_via Cryqiata Tra_gopo_gon
sepium christianus androssovii varia Spisigera Ulgans St”gose Ie|00arpum Syriaca taurica albinervis

OPA-13 100 78.00 91.00 69.00 56.70 8430 [000  [7830  [o140  [10000  [57.90 8420  [63.90
CAGCACCCAC

o ere | 100 35.00 76.00 64.30 60.00 7950 10000 [9240  [8930  [77.60 77.80 8730 [79.50
e AGeTG | 100 43.00 62.80 47.90 70.00 5070 8200  [10000 [6750  [79.40 43.90 7610 [59.30
O eceTTe | 100 38.00 45.10 44.20 85.00 8310 [6100  [87.70  [56.00  [67.50 75.60 9040  [60.90
o cTeAc | 100 75.90 31.00 79.00 10000 |5560 [r270 130 |oooo o170 71.80 7530 [84.70
o eaTTaG | 100 83.00 42.40 87.00 71.00 9320 W700 6790  [p0.10  [49.80 89.40 6410  [91.90
e sacca | 100 42.00 10000 | 40.00 67.00 6050 [59.00  [71.70  [6430  [87.30 85.70 5630 [87.80
S eacTeACe | 100 86.00 39.50 35.90 78.00 7800 [36.00  [9340  [71.90  [65.80 64.30 8200 [73.50
o atere | 100 59.00 74.00 61.00 65.90 9400 8O0  [6500  [7480  [54.60 80.00 6480  [69.60
e AGAGCA | 100 51.70 57.00 74.00 47.00 8300 6450  [7240  [8490 9240 76.00 7880 [70.70
o et | 100 60.00 81.00 39.80 80.00 9100 [5400  [87.30  [19.90  [7550 67.00 69.30  [55.00
e A ATGT | 1200 44.00 94.20 48.90 63.80 7200 [57.00  [800  [8650  [56.80 67.80 60.80  [74.90
o aree | 100 69.60 10000 | 50.00 75.60 68.00 [3300  [1430  [8340  [84.40 74.00 0190  [78.30
o caces | 100 72.00 44.40 54.00 64.00 89.00 [5570 4320  [6660  [79.00 60.00 7760 [86.40
o caTeA | 100 81.00 71.00 72.00 42.90 5200 [67.00  [7400  [1340  [82.70 90.20 7090  [60.70
o TAAG | 100 76.10 89.00 42.00 36.50 5400 [39.00 4480  [59.80  [93.00 89.30 8000 [66.00
GTS % 100 62.10 66.70 56.20 66.0 7424 5910  [16.98  [1561  [17.34 b8.93 7566 [12.60
Polymorphism % | 0 37.80 33.30 43.70 33.90 2576|1080 302 439 2266 31.07 p434  pLal
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Abstract

In this study, the pollen structure of species belonging to the genus Petrorhagia (Ser.) Link (Caryophyllaceae)
in Turkey with micromorphological method which is scanning electron microscopy (SEM) were examined. The genus is
represented by 12 species, 4 of which are endemic. Species examined in this study and their endemism status: Petrorhagia
lycica (P.H.Davis) P.W.Ball. & Heywood (endemic), P. cretica (L.) P.W.Ball & Heywood, P. alpina (Hablitz) P.W.Ball.
& Heywood subsp. alpina, P. alpina (Hablitz) P.W.Ball. & Heywood subsp. olympica (Boiss.) P.W.Ball. & Heywood,
P. saxifraga (L.) Link, P. pamphylica (Boiss. & Balansa) P.W.Ball. & Heywood (endemic), P. peroninii (Boiss.)
P.W.Ball. & Heywood (endemic), P. prolifera (L.) P.W.Ball. & Heywood, P. dubia (Raf.) G.Lopez & Romo. Petrorhagia
species, which generally spread in habitats such as stony areas, fields and road sides, were collected in the project between
2003-2007. As a result of the study, it was found that the pollen shape of the genus was spheroid and the pollen species
were porous in all species. However, among the species; pollen sizes, number of pores, pollen and operculum
ornamentations show differences.

Key words: Caryophyllaceae, Petrorhagia (Ser.) Link, pollen, micromorphology, SEM

*

Petrorhagia (Ser.) Link taksonlarinin polen mikromorfolojisi
Ozet

Bu ¢aligmada Tiirkiye’de yayilig gosteren Petrorhagia (Ser.) Link (Caryophyllaceae) cinsine ait tiirlerin polen
yapilar1 mikromorfolojik ydntemle, taramali elektron mikroskobu (SEM) kullamilarak incelenmistir. Cins Ulkemizde 4
tiiri endemik olmak tiizere 12 tiirle temsil edilmektedir. Bu g¢aligmada incelenen tiirler ve endemizm durumlari:
Petrorhagia lycica (P.H.Davis) P.W.Ball. & Heywood (endemik), P. cretica (L.) P.W.Ball & Heywood, P. alpina
(Hablitz) P.W.Ball. & Heywood subsp. alpina, P. alpina (Hablitz) P.W.Ball. & Heywood subsp. olympica (Boiss.)
P.W.Ball. & Heywood, P. saxifraga (L.) Link, P. pamphylica (Boiss. & Balansa) P.W.Ball. & Heywood (endemik), P.
peroninii (Boiss.) P.W.Ball. & Heywood (endemik), P. prolifera (L.) P.W.Ball. & Heywood, P. dubia (Raf.) G.Lopez &
Romo. Genellikle taslik alanlar, tarla ve yol kenarlar1 gibi habitatlarda yayilis gdsteren cinsin tiirleri 2003-2007 yillar1
arasinda proje kapsaminda toplanilmigtir. Caligma sonucunda Petrorhagia cinsi polen seklinin sferoid oldugu ve tiirlerin
tamaminda polenlerin porlu (poliporat) yapida olduklari bulunmustur. Ancak tiirler arasinda; polen biiyiikliikleri, por
sayilari, polen ve operkulum ornemantasyonlari farkliliklar gostermektedir.

Anahtar kelimeler: Caryophyllaceae, Petrorhagia (Ser.) Link, polen, mikromorfoloji, SEM
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1. Giris

Caryophyllaceae familyasinda yer alan Petrorhagia (Ser.) Link cinsi ile ilgili ilk ¢alismalar 1890’lara kadar
gitmektedir. Ancak o donemlerde cinse ait tiirler Tunica auct. cinsi igerisinde tanimlanmis olup ‘Synopsis of the genus
Tunica’ baslikli makalede cinsin o giine kadar ki durumuna ag¢iklik getirilmeye ¢alisilmig ve 27 Tunica tiirii verilmigtir

[1].

Petrorhagia cinsi ilk olarak Link tarafindan 1831 yilinda 4 tiirii olan bir cins olarak olusturulmustur. Burada
Link’in temel aldig1 6rnekler aslinda Seringe tarafindan 1824 yilinda, Gypsophila cinsinin Petrorhagia seksiyonu olarak
verilmis olan tiirlerdir [2].

Petrorhagia’nin asil olarak Ball ve Heywood [2] tarafindan yapilan revizyonu, hem cinsin durumunu netlestirici,
hem de o donemlerde yazilmakta olan Avrupa Florasi [3]’na hazirlayict bir baglanti gérevi listlenmektedir. Arastiricilar
bu ¢alismada Tunica L., Dianthus L., Gypsophila L. cinsleri basta olmak iizere farkli cinslere ait 50’nin {izerinde takson
inceleyerek, Petrorhagia cinsinin 25 tiir, 4 alt tiir ve 4 varyeteyi igeren revizyonunu yayinlamiglardir. Bu ¢alisma, cinse
ait o giline kadar yapilan en kapsamli ¢calisma olup, bir¢ok sorunun ¢oziimiinii saglamistir.

Petrorhagia diinya iizerinde 34 takson ile tanimlanmaktadir. Temel olarak dogu Akdeniz bodlgesinde ve
giineydogu Avrupa’da yetisen cinsin yayilisi, Madeira’nin batisina ve Kanarya Adalari’na (birer tiir) ve doguda Pakistan
ve Kagmir’e ulagmakta (birer tiir), kuzey Afrika’da ise birkag¢ tiirii bulunmaktadir. P. saxifraga, P. prolifera ve P.
nanteuilii disinda dogu, bati, orta ve kuzey Avrupa’da yayilis gostermemektedir. Tiir sayisinin en fazla oldugu tilkeler
Tiirkiye (12 tiir) ve Yunanistan (18 tiir)’dir. 4 tiir Tiirkiye, 8 tiir Yunanistan ve Ege Adalari, 3 tiir kuzey Afrika, 2 tiir
Girit, 1 tiir Iran igin endemiktir. Diinyada kozmopolit olarak yayilis gosteren 4 yaygin tiirii mevcuttur. Bu tiirler: P.
saxifraga (merkez ve giiney Avrupa’dan giineybati Asya’ya kadar); P. prolifera (merkez Avrupa ve gliney Avrupa
daglar1, Kafkaslar, kuzey Anadolu ve kuzey Afrika’nin batisi); P. alpina (merkez ve bat1 Asya daglarindan Bulgaristan’in
glineyine kadar); P. dubia (Akdeniz havzasi) [3-5].

Cins Ulkemizde 12 tiir ile temsil edilmekte olup 4 tiir endemiktir, endemizim oram % 33’diir [6-9].

Petrorhagia, morfolojik olarak karakterize edilmesi zor bir cinstir. Clinkii baz1 karakterlerinde degiskenlikler
vardir ve bu degisken karakterler hem Dianthus hem de Gypsophila cinsleri i¢in baskin taksonomik kriterlerdir [2]. Bu
nedenle polen ve tohum gibi ayirt edici karakterlerin ayrintili olarak c¢alisilmast cinsin baskin 6zelliklerinin
belirlenmesinde dnemli olacaktir.

Caryophyllaceae familyasinin polen morfolojisi Bittrich [10]’de genel olarak verilmistir. Chanda [11] tarafindan
Iskandinavya’da yetisen Caryophyllaceae familyasinin 9 cinsine ait 36 tiiriin polen morfolojileri calisilmis ve bu
calismada polenlerin ayrintili betimleri ve polen anahtar1 verilmistir. Ayrica Yildiz [12], Caryophyllaceae familyasindan
15 cinse ait 45 tiiriin polen yapisin1 mikromorfolojik 6zellikleri ile tammlamustir. Bu ¢alismada Petrorhagia alpina subsp.
alpina tiirii de yer almaktadir.

Petrorhagia cinsi ile ilgili yapilmis olan polen galismalarma bakildiginda; Candau [13], giiney Ispanya’dan
Caryophyllaceae familyasinin Silenoideae alt familyasindan 7 cinse ait 19 tiiriin polen yapilarini ¢alismistir. Bu caligmada
P. prolifera, P. nanteuilii ve P. velutina tiirleri de yer almaktadir. Ayrica Aktas ve ark. [14] cinse ait 10 taksonun polen
morfolojisini karsilagtirmali olarak ¢aligmiglardir. Bu ¢alismada P. dubia’nin en biiyiik ¢apli, P. alpina subsp. alpina’nin
en kii¢iik capli polenler oldugunu ve cinsin 12 ile 22 arasinda degisen por sayilari bakimindan P. saxifraga ve P. dubia’nin
12-14 porlu, P. alpina subsp. alpina, P. alpina subsp. olympica ve P. hispidula’nin ise 20-22 porlu oldugunu
belirtmiglerdir. Caligmada mikromorfolojik goriintiiler ve Petrorhagia polenlerinin kantitatif karakterlerine dayal kiime
analizi sonuglarini gosteren dendrogram da yer almaktadir.

Familyanin diger cinslerine ait polen mikromorfolojisi ¢alismalar1 incelendiginde: Bolanthus (Ser.) Rchb. [15];
Dianthus L. [16-18]; Gypsophila L. [19]; Minuartia Loefl. [20]; Paronychia Mill. [21]; Saponaria L. [22-24];
Scleranthus L. [25]; Silene L. [26-31]; Velezia L. [32] ait farkli ¢alismalar bulunmaktadir.

Bu ¢aligma, Petrorhagia cinsine ait tiirlerin polen yapilarinin mikromorfolojik 6zelliklerini belirlemek amaciyla
yapilmistir.

2. Materyal ve yontem

2003-2007 yillar1 arasinda dogal yayilis ortamlarindan toplanilarak standart herbaryum tekniklerine gore [33]
herbaryum 6rnegi haline getirilmis Petrorhagia tiirleri, Eskisehir Osmangazi Universitesi herbaryumunda OUFE kayit
numaralari ile saklanilmaktadir (Tablo 1). Calismada kullanilan polenler bu herbaryum 6rneklerinin giceklerinden temin
edilmigstir (Tablo 1’de ** ile isaretli).

Polen yapisinin belirlenmesinde Elektron Mikroskobu (SEM) kullanilmistir [34]. Her tiiriin poleni, ¢ift tarafli
yapiskan bant kullanilarak inceleme stublari {izerine monte edilmistir. Daha sonra her 6rnek 60 saniye boyunca Polaron
SC7620°da 100-A kalinliginda altin tabakasi ile kaplannustir. Son olarak Jeol 5600 LV Scanning Electron Microscope’da
incelenerek fotograflanmistir.
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Tablo 1. Petrorhagia tiirlerinin toplandigi lokaliteler

Tiirler Toplandig: Lokaliteler
P. lycica C2 Mugla: Fethiye, Babadag, esek bayiltan mevkisinin giineyi, 1525-1540 m, 21.07.2006, N 36° 31" 67.4"" E
29° 11" 76.6"", IEP 104, OUFE 13479**
P. cretica B2 Balikesir: Harmancik-Dursunbey arasi, ¢gesme kenari, 310 m, giiney yamag, 30.06.2006, N 39° 37" 55.7""

E 28°46° 41.6"", IEP 96, OUFE 13482. Kiitahya: Tungbilek, Omerler komiir ocag girisi, 932 m, 25.06.2005,
N 39°40° 48.5" E 29° 27" 16.4"", IEP 80, OUFE 13481**, C3 Isparta: Sarkikaraagag, Kizildag Milli Parki,
ca. 1200 m, 14.6.2004, IEP 24, OUFE 13480

alpina

P. alpina subsp.

C4 Nigde-Aksaray: Hasan dag1, Taspimar yaylasi, 1730 m, 15.06.2006, IEP 95, OUFE 13483 **

olympica

P. alpina subsp.

A2 Bursa: Uludag, Saralan, 1634 m, 06.07.2006, IEP 102, OUFE 13486. Dumlupinar, Oysu kdyii ¢ikis1,
Juniperus-Pinus orman, taslik kuzey yamag, 1090 m, 29.05.2006, N 38° 58" 20.2"" E 29° 51" 17.8”", IEP 91,
OUFE 13485. C4 Konya: Kurugay-Sariot yaylasi, 1730 m, 16.7.2004, kuzey dogu yamaglar, Cedrus-Abies
karigik orman alt1, Karamkoglu Olugu kiimesine 100 m kala, N 37° 13.402", E 32° 00.333", iEP 37, OUFE
13484**

P. saxifraga

A5 Samsun:. Ladik, Hamamayagi-Ladik, kuzey dogu taslik yamag, 795 m, 28.06.2005, N 40° 58" 9.2"" E 35°
47" 14.8”", IEP 83a, OUFE 13493**; Ladik, Hamamayagi’na ca. 9 km kala, taghk kuzey yamag, 930 m,
28.06.2005, N 40° 55" 57.5"" E 35° 50" 24.3"’, IEP 84, OUFE 13488

P. pamphylica

C2 Antalya: Korkuteli-Antalya, 33. km, 415 m, yolun giiney dogusu, Diizlercanu kdpriisiinden sonra, yol
kenari, IEP 105, OUFE 13489**. C3 Antalya: Gebiz, kuzey bat1 ydniinde 20 m, yer yer Quercus ve Pinus alt,
23.07.2006, N 37°07" 22.2"" E 30° 54" 74.9"’, IEP 106, OUFE 13490

P. peroninii

C4 Antalya: Antalya: Alanya, Mahmutlar-Goziikiigiiklii, bigilmis tarla i¢i, giiney-giiney bati yamag, 109 m,
06.09.2006, N 36°29° 38.1”" E 32°07" 24 9°", IEP 110, OUFE 13491 **

P. prolifera

A3 Zonguldak: Devrek-Egerci yolu, Ozbagr’na 300 m kala, 190 m, 30.7.2004, cay kenarinn iist kismi, yol
kenari, IEP 43, OUFE 13492. A5 Samsun: Ladik, Hamamayagi-Ladik, kuzey dogu taslik yamag, 795 m,
28.06.2005, N 40° 58” 9.2"" E 35° 47" 14.8"", IEP 83b, OUFE 13487%*

P. dubia

A1(A) Canakkale: Canakkale-Lapseki arasi, 3-5. km, ekilmemis tarla i¢i, 148 m, 20.05.2005, N 40° 09" 27.3"" E 26° 27"
36.3", IEP 69, OUFE 13495%*; Canakkale-Lapseki yolu, kuzey yamag, 120 m, 02.07.2006, N 40° 09" 55.4"" E 26° 28’
14.7", IEP 100, OUFE 13497. 24.3"", IEP 84, OUFE 13488. B1 Canakkale: Ayvacik’tan 3-4 km sonra, giiney bat1 yamag
ve yol kenari, 02.07.2006, N 39° 39" 42.1"" E 26° 23" 37.3”, IEP 98, OUFE 13496; Ayvacik’a 11 km kala, 392 m,
20.05.2005, N 39° 34" 17.7"" E 26° 35" 38.9”", IEP 98, OUFE 13498. Balikesir: Hiiseyinbeyobasi’ndan 4.5 km sonra,
Havran’a 25 km kala, ca. 400 m, 15.7.2003, IEP 5, OUFE 13470; Kaz Dag, Sarikizyaylasi’na dogru, 195 m, 15.5.2004,
IEP 14, OUFE 13474**; Akgay-Altinoluk aras1, 3. km, 5 m, 15.5.2004, [EP 15, OUFE 13475; Behramkale’ye 10 km kala,
18 m, 15.4.2004, IEP 16, OUFE 13476; Behramkale, ca. 200 m, 15.5.2004, iEP 17, OUFE 13477; Balikesir-Edremit yolu,
2.5.km, 405 m, dogu yonii, tashk yamang, P. nigra alt1, 19.05.2005, N 39°39° 19.1"" E 27°48"22.9"", IEP 66, OUFE 13478.
Manisa: Turgutlu’ya 7 km kala, Derbent girisi, 220 m, 18.4.2004, IEP 9, OUFE 13500; Spil dag1, 312 m, 21.05.2005, N 38°
36"16.6"", E 27°26" 50.4"", IEP 71, OUEE 13502; Spil dag1, 700 m, bat1 yonii, yol kenari, 21.05.2005, N 38° 35" 31.2"", E
27°26° 01.1”", IEP 72, OUEE 13503** Izmir: Emiralem-Muradiye arasi, taghk giiney yamag, 70 m, 21.05.2005, N 38° 27"
48.7"" E 27° 12" 18.7"", IEP 70b,0UFE 13506. B1/2 Manisa: Bozdag, gamurbanyolar1 mevkii, yolun batis1, yamag, 295 m,
21.05.2005, N 38°27" 25.1"", E 28°03" 07.6"", IEP 73, OUFE 13504; Bozdag, Gkkdy’den 8 km sonra, bat1 yamag, 930 m,
N 38°25" 15.7"" E 28° 04" 59.4", IEP 74, OUFE 13505. B2 Balikesir: Dursunbey’e 20 km kala, 420 m, 14.5.2004, IEP 11,
OUFE 13471; Dursunbey’e 10 km kala, 540 m, 14.05.2004, iEP 12, OUFE 13472; Dursunbey-Balikesir yolu, Balikesir’e
10 km kala, 540 m, 14.5.2004, fEP 13, OUFE 13473; Manisa: Selendi-izmir yolu kavsag1, 508 m, 17.4.2004, IEP 8, OUFE
13499; Sart Harabeleri, 230 m, 18.4.2004, IEP 10, OUFE 13501. B3 Bilecik: Boziiyiik-Bilecik girisi, 873 m, 21.6.2003, iEP
1, OUFE 10456**. C2 Denizli: Babadag, 960 m, 10.7.2004, I[EP 34, OUFE 13507. Mugla: Fethiye-Kas, Minare’ye dogru,
Caykenari-Arifler yolu, P. nigra alti, ca. 130 m, 23.04.2005, IEP 45, OUFE 13508; Fethiye, Minare koyiine giderken,
giineybat1 yamag, zeytin alt1, 190 m, 23.04.2005, N 36° 29" 27"" E 29° 16" 22", IEP 46, OUFE 13509; Fethiye, Esme
Jandarma Karakolu 6nii, 80 m, 24.04.2005, N 36° 27" 48" E 29° 17° 15°", IEP 47, OUFE 13510; Pinara Antik kenti, 330
m, 23.04.2005, N 36° 29" 36.7°" E 29° 15" 26.6”, [EP, OUFE 13511. Antalya: Kas-Kale, Kekova kavsagindan 5 km sonra,
giiney, Quercus alt1, 420 m, 24.04.2005, N 36° 15" 46.4"" E 29° 57" 04.0”’, IEP 48, OUFE 13516; Kas-Kale, Kale girisi,
Demre girisine 3 km kala, 30 m, 24.04.2005, N 36° 14" 09.9"" E 29° 58’ 19.9"", IEP 49, OUFE 13517; Demre-Beymelek,
yol kenari, 2 m, 24.04.2005, [EP 50, OUFE 13518. C3 Antalya: Askeri havaalani yanu, refiij, 27.05.2006, N 36° 56" 18.1"
E 30°29° 11.5”, IEP 87, OUFE 13530; Abdurrahmanlar-Gebiz, Gebiz’e 12 km kala, yol kenar1, 71 m, 26.04.2005, N 37°
00 '16.9"" E 30°57" 17.1"", IEP 61, OUFE 13527; Gebiz, Tongiislii koyii, yol kenari, 99 m, 26.04.2005, N 37° 03" 40.7"" E
30°58" 04.7”, IEP 62, OUFE 13528; Cirali’ya 1.5 km kala, giiney bat1 yoniinde, 261 m, 25.04.2005, N 36° 25" 58.7"" E 30°
26°02.4"", IEP 55b, OUFE 13512; Kemer-Kumluca, Beycik sapagina 300 m kala, 390 m, 28.5.2004, IEP 18, OUFE 13513;
Beldibi-Kurugay kopriisiine ca. 40 m kala, 26 m, 28.5.2004, IEP 19, OUFE 13514; Diiden cayi ilerisi, 6 m, 28.5.2004, [EP
20, OUFE 13515; Kumluca Otogari karsisi, giiney yamag, 82 m, 25.04.2005, N 36° 21" 50.0"", E 30° 18" 22.5”, IEP 51,
OUFE 13519; Mavikent-Cavuskoy arasi, Mavikent ¢ikisi, giiney yamag, 40 m, 25.04.2005, N 36° 18" 01.7”, E 30° 21"
38.9”, IEP 52, OUFE 13520; Adrasan Plajina giderken, yol kenari, bati yoniinde, 25 m, 25.04.2005, N 36° 18" 11.1"" E 30°
27°25.4",IEP 53, OUFE 13521; Adrasan Turistik Dinlenme Tesisleri, 20 m, 25.04.2005, N 36° 18" 07.3"" E 30°27" 58.1",
IEP 54, OUFE 13522; Ciral sapagindan 2 km sonra, yol kenari, giiney yon, 225 m, 25.04.2005, N 36° 25" 58.1"" E 30° 26°
11.7”, IEP 57, OUFE 13523; Kemer-Goyniik arasi, yol kenari, zaman zaman P. nigra alti, giiney bati yoniinde, 65 m,
26.04.2005, N 36°39° 04.3"" E 30° 32 18.5"", IEP 58, OUFE 13524**; Beldibi, 40 m, 26.04.2005, N 36° 40" 55.0"" E 30°
34709.6"", IEP 59, OUFE 13525; Antalya-Aksu yolu, Diiden cayi ilerisi, yol kenar1, 95 m, 26.04.2005, N 36° 56" 21.8"" E
30°48° 53.0", [EP 60, OUFE 13526; Mahmutlar-Goziikiigiiklii, Kervansaray caddesi sapagindan sonra, yol kenari boyunca,
27.04.2005, N 36° 29" 36.5"" E 32° 06" 30.1"", IEP 63, OUFE 13529

IEP: ilham EROZ POYRAZ toplayici no; OUFE: Eskisehir Osmangazi Universitesi Herbaryum kayit no; ** : Calismada kullanilan

herbaryum 6rnekleri.
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3. Bulgular
Incelenen Petrorhagia tiirlerinin polen &zellikleri Tablo 2°de verilmistir (Sekil 1-3).

Tablo 2. Petrorhagia tiirlerinin polen 6zellikleri

Tiirler Polen ¢ap1 (nm) Polen Polen Por Polen Operkulum
A B sekli tipi sayisi ornemantasyonu ornemantasyonu

P. lycica (E) 24,29 23,57 sferoid poliporat 12-14 skabrat-perforat skabrat

P. cretica 30,43 29,57 sferoid poliporat 15-16 skabrat- skabrat
mikroperforat

P. alpina subsp. 20,63 19,06 sferoid poliporat 17-18 foveolat-granulat skabrat

alpina

P. alpina subsp. 16,42 15,71 sferoid poliporat 10-12 skabrat-perforat skabrat

olympica

P. saxifraga 25,00 22,86 sferoid poliporat 12-14 foveolat-granulat granulat

P. pamphylica (E) 37,89 34,74 sferoid poliporat 12-14 skabrat- skabrat
mikroperforat

P. peroninii (E) 34,29 33,81 sferoid poliporat 14-15 skabrat- skabrat
mikroperforat

P. prolifera 35,26 33,16 sferoid poliporat 17-18 skabrat-perforat psilat-rugulat

P. dubia 32,38 31,90 sferoid poliporat 18-20 foveolat-granulat skabrat

A: uzun eksen; B: kisa eksen; E: endemik tiirler

P. lycica

P. cretica

P. alpina subsp. alpina

Sekil 1. P. lycica, P. cretica, P. alpina subsp. alpina tiirlerinin polen mikromorfolojileri

Pollen micromorphology of Petrorhagia (Ser.) Link taxa
Ilham EROZ POYRAZ*, Ebru ATASLAR



74 Biological Diversity and Conservation — 12 / 3 (2019)

P. alpina subsp. olympica

P. saxifraga

P. pamphylica

Sekil 2. P. alpina subsp. olympica, P. saxifraga, P. pamphylica tiirlerinin polen mikromorfolojileri

peroninii

P.

P. prolifera

P. dubia

*Sum 0001 &7
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Sekil 3. P. peroninii, P. prolifera, P. dubia tiirlerinin polen mikromorfolojileri
4. Sonuglar ve tartisma

Bu ¢aligmada Petrorhagia (Ser.) Link (Caryophyllaceae) cinsine ait tiirlerin polen yapilart mikromorfolojik
yontemle, taramali elektron mikroskobu (SEM) kullanilarak incelenmistir. incelenen 9 tiirden 3’ii Ulkemiz icin
endemiktir [6-9].

Incelenen tiirlerin tamamu sferoid sekillidir ve porlu (poliporat) polen tipine sahiptir. Bu &zellik hem
Caryophyllaceae familyasinin polen yapisi ile uygunluk gostermekte [10-12], hem de daha once yapilan ¢alismalarda
belirtilen polen 6zellikleri ile uygunluk gostermektedir [13, 14] (Sekil 1-3, Tablo 2).

Polen biiyiikliikleri bakimindan, P. pamphylica 37,89 um ¢ap ile en biiyiik, P. alpina subsp. olympica 16,42 pm
cap ile en kiiciik polen yapisina sahip tiirlerdir (Sekil 2, Tablo 2). Aktas ve ark. [14]’min sonuglarinda P. dubia polen ¢ap1
en buyiik (37,80 um), P. alpina subsp. alpina polen ¢ap1 en kiigiik (18,57 um) polenlerdir. Bu durum ¢alismamz ile
uygunluk gostermemektedir. Yildiz [12] P. alpina subsp. alpina’da polen ¢apinin 20,68 pm oldugunu belirtmistir. Bizim
galisgmamizda bu taksonun polen ¢apt 20,63 pm olarak Sl¢iilmiis olup Yildiz [12] ile uyum igerisindedir. Candau
[13]’unun calismasi ile ortak olan tiirlerimiz P. prolifera ve P. velutina (P. dubia’nin sinonimi)’dir. Arastirici P.
prolifera’da polen ¢apin1 40 um, P. velutina’da polen ¢apini 32 pm olarak bulmustur. Bizim ¢alismamizda P. prolifera
35,26 pm, P. dubia 32,38 olarak bulunmustur. Bu durumda P. dubia’da polen ¢ap1 Candau [13] galismasi ile uygunluk
gostermektedir.

Por sayilar da tiirler arasinda farklilik gostermektedir. P. dubia 18-20 por sayisi ile en fazla, P. alpina subsp.
olympica 10-12 por sayist ile en az por sayisina sahiptir (Sekil 2-3, Tablo 2). P. alpina subsp. olympica ayni zamanda en
kiiciik ¢apl1 polen olup por sayist da en azdir. Por sayilari ile iligkili sonuglar diger calismalar ile karsilagtirildiginda Aktas
ve ark. [14] ile tam tersi sonuglari elde etmis bulunmaktayiz. Ciinkdi, biz ¢aligmamizda P. dubia tiiriinii en fazla pora
sahip polen olarak bulurken, Aktas ve ark. [14]’na gére en az porlu; tam tersi biz P. alpina subsp. olympica’y1 en az por
sayisina sahip bulurken Aktas ve ark. [14] en fazla porlu bulmuslardir. Candau [13] calismasinda Petrorhagia tiirleri por
sayist i¢in ortak bir deger vererek 18 porlu olduklarindan bahsetmistir. Biz ¢alismamizda P. alpina subsp. alpina ve P.
prolifera tiirleri i¢in 17-18 por sayisini1 gézlemlemis bulunmaktayiz. Yildiz [12] ¢alismasinda P. alpina subsp. alpina’nin
‘Dianthus type’ igerisinde yer aldigin1 ve bu grupta da por sayilarmin 11-20 arasinda degistigini vurgulamistir. Biz
calismamizda P. alpina subsp. alpina’nin 17-18 porlu oldugunu buldugumuz i¢in Y1ildiz [12] ile uyum saglamaktadir.

Incelenen tiirlerin polen ornemantasyonu, skabrat-perforat veya skabrat-mikroperforat yap1 gostermektedir.
Ancak P. alpina subsp. alpina, P. saxifraga ve P. dubia’da foveolat-granulat polen ornemantasyonu bulunmaktadir (Sekil
1-3, Tablo 2). Aktas ve ark. [14] SEM ile elde ettikleri sonuglarda inceledikleri tiirlerin tamaminin microechinate
ornemantasyon gosterdigini belirtmiglerdir. Yildiz [12] ‘Dianthus type’ igerisinde yer alan tiirlerin microperforate,
reticulate ornemantasyon gosterdigini belirtmistir. Candau [13] ise inceledigi Petrorhagia tiirleri i¢in spiniillerin diizenli
dagilimindan s6z etmektedir.

Operkulum ornemantasyonlar1 ise genel olarak skabrat yapidadir. Ancak P. saxifraga’da granulat; P.
prolifera’da ise psilat-rugulat operkulum ornemantasyonu goriilmiistiir (Sekil 1-3, Tablo 2). Aktas ve ark. [14]
caligmalarinda operkulum ornemantasyonu ile ilgili herhangi bir veriden bahsetmemislerdir. Yildiz [12] ise ‘Dianthus
type’ i¢in 6zel bir operkulum ornemantasyonu belirtmeyip, genel veriler igerisinde, operkulum yapilariin spiniillii
oldugunu belirtmistir. Ayni sekilde Candau [13]’da ¢alismasinda genel olarak operkulumun ornemantasyonunun spiniillii
oldugunu belirtmistir.

Bu ¢aligmada Petrorhagia cinsine ait tiirlerin polen yapilarinin mikromorfolojik 6zellikleri belirlenmis olup
tiirler arasindaki benzerlik ve farkliliklar daha 6nce yapilan caligmalar ile de karsilastirilarak, Caryophyllaceae familyasi
ile ¢alisan arastiricilarin bilgisine sunulmaktadir.

Ayrica; Tejaswini [35], Dianthus caryophyllus ve D. chinensis tiirleri ve genotiplerine ait popiilasyonlar arasinda
polen polimorfizmi gézlemlemis, ¢cimlenme kapasitesi ve polen tiipii biiyiimesinin polen biiyiikligii ile olan iligkisini
gostermis ve farkli polen boyut siniflarinin varliginin bir hayatta kalma stratejisi oldugunu 6ne stirmiistiir. Jiirgens ve ark.
[36] ise Caryophylloideae alt familyasindaki 53 tiirii; polen boyutu varyasyonu, polen sayisi, polen ¢api ve stilus uzunlugu
acisindan incelemis ve bu degerler ile tiirleri diurnal, nakturnal ya da kendi tozlasan tiirler olarak siniflandirmiglardir. Bu
calismada; bir ¢ok tiiriin anterlerinde iki farkli, daha az bir kisminda ise {i¢ farkli polen boyutu oldugu, ayrica stilus
uzunlugu ile polen c¢api arasinda pozitif bir iligki bulundugu gosterilmektedir. Bizim ¢aligmamiz, Petrorhagia
taksonlarina ait polen mikromorfolojisi ile ilgili sonuglarin, benzer ya da farkl tiirlerin polenleri ile yapilmis ¢aligmalar
ile polen boyutu, por sayisi, polen ve operkulum ornemantasyonlar1 gibi polen morfolojik karakterleri agisindan tiir igi ya
da tiirler arasi farkliliklarin oldugunu gostermistir. Bu sonug, Caryophyllaceae familyasi iiyelerinin polen polimorfizmi
ile ilgili olarak, tiirlerin farkli habitatlardan toplanmis oldugu g6z ontinde bulunduruldugunda, farkli tozlagsma ajanlari,
gece-giindiiz ya da kendine tozlagsma tercihleri veya stilus uzunlugu ve ona bagl olarak tozlagsma sonrasi olusacak polen
tipli uzunlugu gibi her cicege Ozgli farkliliklarin incelenmesi i¢in yeni ¢alismalarin yapilmas: geregini de
desteklemektedir.
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Tesekkiir

Bu c¢alismadaki Petrorhagia tiirleri, 2003-2008 yillar1 arasinda devam etmis olan “Tirkiye Velezia L.,
Petrorhagia (Ser.) Link., ve Saponaria L. Cinsleri Uzerinde Taksonomik, Morfolojik ve Anatomik Calismalar” baslikli,
200319054 no’lu Eskisehir Osmangazi Universitesi Bilimsel Arastirma Projesi kapsaminda toplanilmis ve polen
calismasi Eskisehir Osmangazi Universitesi, Elektron Mikroskobu Laboratuvari’nda gergeklestirilmistir.
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Abstract

The healing effects of plants are known to stem from the components in their contents. In today's science, the
studies on plant contents and biological activities as well as the discovery or development of new therapeutic agents are
very popular. In this study, the biological activities of Lallementia canescens (L. canescens) and Lallementia peltata (L.
peltata) were investigated to provide valuable data for the literature in the treatment of various diseases and new active
substance design. The corresponding plants, which benefits and contents have not been completely elucidated yet, were
collected from Bitlis province in Turkey and converted into herbarium material. Ethanol (EtOH) extracts were prepared
from the aerial parts (leafs) of the plants using the soxhlet extraction method. The concentrations of 17 phenolic
compounds (antioxidants) were determined in these extracts by HPLC. Moreover, the in vitro antioxidant activities of
such extracts were compared with the standard antioxidants: Butylated hydroxyanisol (BHA), Butylated hydroxytoluene
(BHT) and Alpha tocopherol (a-Toc). Hollow agar and agarose gel electrophoresis methods were used to investigate the
antimicrobial effects on various microorganisms and protective effects on pBR322 plasmid DNA, respectively. The
results showed that some phenolics such as kaempferol, gallic acid, and salicylic acid could not be identified in EtOH
extracts, while the extracts showed strong antioxidant and antimicrobial activity, particularly on the yeasts. On the other
hand, DNA protective activities of the extracts were found to be very limited. It can be concluded that the plants are
generally rich resources of phenolic compounds. The plants have potential to exhibit strong antioxidant antifungal
activities as similar to the standards.

Key words: Antimicrobial; antioxidant; DNA protection; HPLC; Lallemantia

Lallementia canescens (L.) Fisch. & C.A.Mey. ve Lallementia peltata (L.) Fisch. & C.A.Mey. fenolik 1¢erikleri ve
antimikrobiyal, antioksidan ve DNA koruyucu etkileri

Ozet

Bitkilerin iyilestirici etkilerinin igerdikleri bilesenlerden kaynaklandigi bilinmektedir. Bugiiniin bilim
diinyasinda, yeni terapétik ajanlarin gelistirilmesi ve kesfinde oldugu gibi bitki igerikleri ve biyolojik aktiviteleri {izerine
¢aligmalar ¢ok popiilerdir. Bu ¢calismada, ¢esitli hastaliklarin tedavisi ve yeni aktif madde dizayninda literatiir i¢in degerli
data elde etmek amaciyla, Lallementia canescens (L. canescens) ve Lallementia peltata (L. peltata)’nin biyolojik
aktiviteleri arastirildi. Heniiz yararlar1 ve igerikleri tam aydinlatilmamis olan bu bitkiler Bitlis ilinden toplandi ve
herbaryum materyaline cevrildi. Bitkilerin toprak iistii kisimlar1 kullanilarak soxalet ekstraksiyon metodu ile etanol
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(EtOH) 6zleri hazirland1 ve HPLC kullanilarak bu 6zlerde 17 fenoligin konsantrasyonlar aragtirildi. Daha sonra standart
antioksidan olarak bilinen biitillenmis hidroksianisol (BHA), biitillenmis hidroksitoluen (BHT) ve alfa tokoferol (a-
Toc)’e karst Ozlerin in vitro antioksidan aktiviteleri, oyuk agar metodu ile gesitli mikroorganizmalar iizerindeki
antimikrobiyal etkileri ve agaroz jel elektroforezi ile pBR322 plazmid DNA’s1 iizerindeki koruyucu etkileri arastirildi.
Kamferol (kaempferol), gallik asit (gallic acid) ve salisilik asit (salycilic acid) gibi baz1 fenolikler saptanamasa da genel
olarak dzlerin zengin antioksidan igerige sahip oldugu belirlendi. Bu etkiye paralel olarak bitki 6zlerinin standartlara
yakin in vitro antioksidan aktivite sergiledigi belirlendi. Ayrica 6ziitlerin 6zellikle mantarlar {izerinde daha giiglii
antimikrobiyal etki gosterdikleri ancak sinirli derecede DNA koruyucu aktiviteye sahip olduklar1 saptandi.

Anahtar kelimeler: Antimikrobiyal; Antioksidan; DNA koruma; HPLC; Lallemantia
1. Introduction

The world health organization (WHO) has reported that the total amounts of medicinal plants used for treatment
are approximately 20,000 based on the compilation of publications on pharmacy and medical plants from 91 different
countries [18]. The plants, mainly used as a source of food and medicine in the past, have been used as tea and spice in
the present day [3]. The studies on this topic have revealed that the healing properties of plants stem from various
components such as essential oils [36], phenolic substances and various antioxidants [1; 16]. It is known that these
components are important in the regulation of cellular ROS, antimicrobial protection and in the fight against several
diseases such as cancer [20]. Increased ROS concentration in a cell by the effects of endogenous and exogenous agents
can cause various neurodegenerative diseases by interacting with the many macromolecules such as DNA, lipid and
protein [7; 8; 21]. Although excessive concentration of ROS is harmful to the cell, many plants can voluntarily produce
the ROS in cellular metabolic pathways, which are essential both for pathogen defense and for progression of many
mechanisms carrying with the signal transduction [25] and most scientists have stated that plants have antioxidants and
antimicrobial properties [23].

The cosmopolitan family of Lamiaceae, which is a member of the flowering plants, includes mostly fragrant
single or perennial herbaceous plants and several shrubs. The endemism rate in Turkey is 44% and it has got 250 genera
and 6900-7200 species in the world [15; 34]. Furthermore, Turkey has got 45 genera, 546 species and 731 taxon including
the other subspecies [2]. Lallementia genera, which can be used as food and medicine, is represented by three species
[26]. These are L. peltata, L. iberica and L. canescens [9]. The length of the Lallementia canescens can be 20-45 cm and
has an important distribution in Turkey. It blooms between May and July, and grows usually on the slopes, roadsides,
volcanic and limestone ridges. The length of the L. peltata can be 10-40 cm and shows an important distribution in Turkey
and grows on empty fields, worn slopes, roadsides, and on the creek beds in the inner parts of the north and south of
Turkey.

This study focused on the biological activities of Lallemantia canescens and Lallemantia peltata and thus, it was
aimed to expand the plant literature by providing important data for advance pharmacological studies. For this purpose
the EtOH extracts were prepared from aerial parts of L. canescens and L. peltata, and then the concentrations of 17
phenolic and in vitro biological activities in this extracts were investigated.

2. Materials and methods
2.1. Plant collection and extract preparation

The plants collected from Bitlis province during vegetation period and stored in Science and Technology
Application and Research Center Laboratory in Bitlis Eren University with herbarium codes (L. canescens: M.KURSAT
6041; L. peltata: M.KURSAT 6042). The aerial parts of the plants which were dried in the shade and pulverized by a
mixer. Ethanol extracts were then prepared from 50 g of plants using the soxhlet extraction method and stored at -18 °C
in dark glass bottles [1]. Soxhlet extraction method is one of the methods used to obtain extracts from plants in the simplest
and cheapest way.

2.2. Quantitative analysis of phenolic compounds by HPLC

The phenolic contents of EtOH extracts were determined by HPLC. For this purpose, standard phenolics were
prepared at 10 mg/mL concentrations and placed into 50 ml flasks and then 1% acetic acid and acetonitrile were then
mixed (9:1 respectively) and a homogeneous solution was obtained. Stock solution was prepared by mixing the previous
prepared homogeneous solution and methanol (1:1). Previous prepared 10 mg/mL phenolic standards were dissolved in
stock solution and standard samples (100 mM, 75 mM, 50 mM, 25 mM, and 10 mM) were prepared to form the HPLC
standard chromatograms [28]. EtOH extract samples were then prepared at 20 mg/mL concentration and filtered using
the 0.45 pm membrane filter. The experimental conditions followed in HPLC were shown in Table 1.
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Table 1. HPLC operating conditions and gradient elution program

HPLC operating conditions Gradient elution
Model Agilent Technologies 1260 Infinity |1 Time (min) | A (%) | B (%)
Colon ACE 5 C18 (250x4.6 mm id) 0 90 10
Colon Oven G7130A 25 60 40
Detection 1260 DAD WR 39 40 60
Pump 1260 Quat Pump VL 50 10 90
Mobile phase A: 1% Acetic Acid / B: Acetonitrile 55 90 10
Wavelength 272,280 and 310 nm
Auto sampler 1260 Vialsampler
Flow Rate 1 mL/min
Colon Temperature | 28 °C
Injection 20 pl

2.3. Sample preparation and antimicrobial activity assay

Nutrient Broth and Sabourand 2% Glucose Broth were used respectively in the production of bacteria and yeast.
1% of each microorganism developed in liquid media was again planted in the same media and incubated for 18 hours.
The microorganisms were inoculated into the previous prepared Nutrient Broth and Sabourand 2% Glucose Broth media
and the wells with a diameter of 10 mm were formed on the media. The 0.1 g of previous prepared extracts was dissolved
in 1 mL of DMSO to prepare the extract solutions. The 5 ul, 10 pl, 20 pul, 40 pl and 80 ul of the extract solutions were
inoculated into the wells and incubated at 4 °C for 1 hour. Bacteria and yeasts were inoculated into culture media and
then incubated at 37 °C and 27 °C (bacteria and yeasts respectively) for 18-24 hours. The blurs (10° CFU s/mL) of bacteria
and yeasts are adjusted according to the 0.5 standard of Mc Farland [17]. Antimicrobial activity assays were performed
on 10 different microorganisms according to the method of [27]. According to this, EtOH extracts were prepared as 100
mg/mL and inoculated into hollow agar wells. The diameters of inhibition zones were measured and compared with the
results of antibiotics used as control.

The microorganisms were obtained from the Central Research and Application Center in Mus Alparslan
University and these are as follows; the seven of microorganisms are pathogenic bacteria; Gr*; Bacillus subtilis ATCC
6633, Staphylococcus aureus ATCC 25923 and Bacillus megaterium DSM 32 and Gr; Enterobacter aerogenes ATCC
13048, Escherichia coli ATCC 11229, Pseudomonas aeruginosa 9027 and Klebsiella pneumonia 13883 and three of
organisms are fungi; pathogenic: Yarrowia lipolytica and Candida albicans ATCC 10231 and non-pathogenic:
Saccharomyces cerevisiae. Antibiotics were purchased from OXOID and these are Erythromycin (E-15),
Ampicillin/Sulbactam (SAM-20), Rifampicin (RD-5), Amikacin (AK-30) and Fluconazole (FCA-25).

2.4. Determination of in Vitro Antioxidant Activities

2.4.1 Total Antioxidant Activity assay

Total antioxidant activity assay was performed by ferric thiocyanate method of [24] using Shimadzu 1800
spectrophotometer. According to this, 1 mg/mL stock solutions were prepared and, by diluting the stock solutions, 100
pL samples were prepared at 25 pM, 50 pM and 100 uM concentrations. The volume of each sample was then completed
to 2.5 mL by adding previous prepared buffer solution and 2.5 mL of linoleic acid was added to each tube and thus total
volume was elevated to 5 mL. In this assay, control tube contains 2.5 mL of buffer solution, 2.5 mL of linoleic acid and
100 uL of distilled water, and blank tube contains 4.8 mL of ethanol and 100 pL of Fe?* and SCN-. The samples, control,
and blank tubes were incubated at 37 °C and then 4.7 mL of ethanol and 100 uL of Fe?* and SCN- were added on,
respectively. Absorbance values were read at 500 nm and the inhibition percentages of linoleic acid emulsions were
calculated at 40" hour when the control absorbance reached its maximum value.

2.4.2. Ferric iron (Fe®") reduction assay
2.4.3. Cupric ion (Cu*?) reduction assay

The cupric cation (Cu*?) reduction capacity was carried out according to the CUPRAC method used by [37]. For
this purpose, 0.1 mL of samples having the different concentrations (25 pg/mL, 50 pg/mL and 75 pg/mL) were prepared
and their volumes were completed to 1 mL with the distilled water and then 0.25 mL of CuCl;solution (0.01 M), ethanolic
neocuprin solution and 1M ammonium acetate buffer were added in the empty test tubes and briefly vortexed. Previous
prepared samples at different concentrations were transferred to test tubes and incubated for 30 min. The increase in
absorbance values at 450 nm shows the reduction capacity of cupric cation.

2.4.4. ABTS radical scavenging

ABTS™" (2.2'-azinobis (3-ethylbenzthiazoline-6-sulfonate) scavenging activity was performed according to the
method of [35]. According to this, the same proportions of 2.45 mM potassium persulphate (K»S,0g) and 7 mM ABTS
solution were reacted and the samples were incubated for 16 hours to generate the ABTS™. The radical solution was
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diluted with methanol until the absorbance value of them reach to control absorbance (1.660+0.02) at 734 nm. 4 mL of
ABTS™" solution and 2 mL of extracts having different concentrations were transferred into test tubes and the values of
sample absorbance were measured against the blank (Phosphate Buffer pH: 7.4) at 734 nm.

2.4.5. DPPH free radical scavenging

The DPPH (1,1-Diphenyl 2-picrylhydrazyl) free radical scavenging activity was performed according to the
method of [5]. The different concentrations of extracts and standards (25 pg/uL, 50 pg/uL and 100 pg/ul) were prepared
in test tubes and total volumes were completed to 3 mL by adding pure ethanol. 1 mM DPPH radical solution was prepared
and transferred into test tubes. After the incubation for 30 min at room temperature and dark, absorbance values were
measured against the blank (ethanol) at 517 nm. The following equation was used in the calculation of DPPH radical
scavenging percentages.

ScavengingCapacityof DPPHRadical(%) = (1

Absorbanceofsample) 1)

- Absorbanceofcontrol

2.5. DNA protective activity study

Protective effects of the extracts on pBR322 plasmid DNA were imaged by agarose gel electrophoresis according
to the [29] method. Stock extract solutions at 200 mg/mL concentration were prepared with the dissolution of extracts in
DMSO. By the re-dilution of them in DMSO at different concentrations, fresh extracts were prepared and mixed with the
different chemicals and materials (pBR322 DNA (200 ng), H.0, and DMSO) according to the amounts given in Table 2
and loading samples at different concentrations (25 mg/mL, 50 mg/mL and 100 mg/mL) were obtained. These samples
were incubated at 37 °C in dark for 3, 6, 12 and 24 hours and 5 pL of them were mixed with loading buffer. After loading
the samples onto the agarose gel, Electrophoresis was performed in TBE buffer at 40 volts for 2 hours and agarose gel
was viewed by Londershausen (1996) imaging system (Figure 2).

Table 2. The amounts and components of samples for electrophoresis
Extracts (10 pL) and

DNA (uL) H202 (uL) DMSO (nL) Concentrations PW (uL) Total Volume (uL)
10 = - - 15 25
10 5 - - 10 25
10 5 10 - - 25
10 - 10 - 5 25
10 5 - Leaf/ EtOH (100 mg/mL) - 25
10 5 - Leaf/ EtOH (50 mg/mL) - 25
10 5 - leaf/ EtOH (25 mg/mL) - 25
10 - - Leaf/ EtOH (100 mg/mL) 5 25
10 - - Leaf/ EtOH (50 mg/mL) 5 25
10 - - Leaf/ EtOH (25 mg/mL) 5 25

2.6. Statistical Analysis

All experimental assays were repeated as three measurements. Statistical comparisons of both antioxidant
activity results and antimicrobial activity results were performed by One-way ANOVA followed by Dunnett’s multiple
comparisons test using GraphPad Prism version 7.00 for Windows, GraphPad Software, La Jolla California USA. All
data compared statistically were presented as Mean + standard deviation and P values below 0.05 were considered
significant. Fe®*cation reduction study was performed according to the FRAP method proposed by [33], and BHA, BHT,
and a- Toc were used as standard antioxidants. Extracts and standards at different concentrations were added in test tubes
and total volume was completed to 1 mL with the distilled water. 2.5 mL of phosphate buffer (0.2 M, pH:6.6) and 2.5 mL
of 1% potassium ferricyanide [KsFe(CN)s] were added and incubated at 50 °C for 20 minutes. After the incubation, 2.5
mL of 10% trichloroacetic acid (TCA) was added in the reaction mixture and centrifuged at 3000 RPM for 10 min. 2.5
mL from top phases of sample tubes was taken and transferred in empty tubes, and then 2.5 mL distilled water and 0.5
mL FeCl; were added on, respectively. The absorbance values of control and samples were read against the blank (pure
water) at 700 nm..

3. Results

3.1. Quantitative Phenolic contents

Concentrations (ug/mL) of 17 phenolics were determined by HPLC (Table 3) and according to this, salycilic
acid and gallic acid could not be detected in both extracts. Apigenin as the highest phenolic (504.710 pg/mL) and 3,4-
Dihydroxybenzoic acid as the lowest phenolic (0.016 pg/mL) were found in the L. canescens extract. Besides catechol as
the highest phenolic (112.701 pg/mL) and abscisic acid as the lowest phenolic (1.164 pg/mL) were detected in the L.
peltata extract (Table 3). The phenolic chromatograms of plant extracts are given in supplemental data Figure 2 and
Figure 3.
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Table 3. The phenolic concentration (pg/mL) in the EtOH extracts of L. canescens ve L. peltata. The lowest and highest
concentrations of phenolics in the both of extracts were written in bold type

Phenolics L. canescens L. peltata Phenolics L. canescens L. peltata
Ascorbic acid 71.176 92.862 Curcumin 7.848 5.939
Gallic acid N/A N/A Catechol 20.182 112.701
Myricetin 2.229 9.941 Vanillin 0.522 12.801
Abscisic acid 64.687 1.164 Caffeic acid 9.663 69.673
Quercetin 13.789 15.958 Cinnamic acid 3.661 2.837
Apigenin 504.710 72.485 Rosmarinic acid 21.012 31.435
Kaempferol 20.182 5.295 Salicylic acid N/A N/A
3,4-Dihydroxybenzoic acid  0.016 N/A Trans-p-coumaric acid  3.99 1.589
4-Hydroxybenzoic acid 2.003 2.605

3.2. Antimicrobial activities

Antimicrobial activity studies were performed by hollow agar method. The antimicrobial effects of the extracts
were tested on 10 microorganisms at different volumes (50 uL, 100 pL, and 150 pL) and the most significant effect was
observed at 150 pL (Table 4). The diameters of hallow agar wells treated with antibiotic and EtOH extracts were measured
as mm and 150 uL results were compared statistically by One-way ANOVA followed by Dunnett’s multiple comparisons
test using GraphPad Prism version 7.00 for Windows, GraphPad Software, La Jolla California USA. Statistical evaluation
results were expressed as Mean = Standard Deviation in Table 4. According to this, the highest activity of L. canescens
was observed on Y. lipolytica (30 mm) and the highest activity of L. peltata extract was observed on C. albicans (26+0.57
mm). The antimicrobial effects for 50 pL and 100 pL are given in supplemental data Table 1.

Table 4. The effects of 150 mg/mL EtOH extract and antibiotics on the microorganisms and statistical evaluation of results

Organism Antibiotics Erythromycin éﬂg;g;gm/ Amikacin  Rifampicin  Fluconazole
Antibiotic results 20+0.00 14+1.15 11£1.00 21+0.00 =
B. subtilis L. canescens 15£1.00 Fkxk ns S Saleie Fkxk
L. peltata — N/A N/A N/A N/A N/A
Antibiotic results 21£1.00 10£0.00 9+0.00 18+1.15 =
¢  S.aureus L. canescens - N/A N/A N/A N/A N/A
= L. peltata 17+1.00 x S e ns N/A
=3 B Antibiotic results 25+0.00 — 10+£1.00 16+0.00 —
= mégaterium L. canescens 15+0.00 falaia N/A S Ralaialed ns N/A
15} L. peltata 16£1.00 faatoled N/A Saaiaieel ns N/A
Antibiotic results 27+1.00 10£1.00 9+0.00 16+1.00 =
E. aerogenes | L. canescens 15+0.57 Fkxk RAIE RAIE ns N/A
L. peltata 18+1.15 fiakelol 4K Ak ns N/A
Antibiotic results 19£1.52 13£0.00 13£0.00 18+0.00 =
E. coli L. canescens 16+1.52 * +* +* ns N/A
L. peltata 17+0.57 ns +x* +x* ns N/A
Antibiotic results 19+0.00 - 14+£1.15 8+0.00 =
2 P.aeroginosa | L. canescens 17£1.15 * N/A +x* S ekl N/A
=3 L. peltata 15+1.00 Fedk N/A ns i N/A
= Antibiotic results 19£1.73 16+0.57 10+0.00 19£1.73 =
£ K. pneumonia | L.canescens - N/A N/A N/A N/A N/A
o L. peltata 18+1.00 ns ns s ns N/A
Antibiotic results - - - - 2140.00
Y. lipolytica L. canescens 30+1.00 N/A N/A N/A N/A S akeialel
L. peltata 23+1.00 N/A N/A N/A N/A +*
Antibiotic results — — — — 23+1.52
C. albicans L. canescens 26+1.73 N/A N/A N/A N/A ns
L. peltata 26+0.57 N/A N/A N/A N/A ns
» Antibiotic results — — — — —
§> S. cerevisiae L. canescens 19+0.57 N/A N/A N/A N/A N/A
T L. peltata 20+0.57 N/A N/A N/A N/A N/A

N/A; Not Available, —; Inhibition zone not formed, +; shows a higher antimicrobial effect than antibiotics. *; was used as
a symbol of statistical significance in the comparison of antimicrobial effects, *P<0.05 (significant); **P<0.01 (very significant);
***P<0.001 and ****P<0.0001 (extremely significant); "P>0.05 (not significant), All data are shown as Mean+SD (n=3); All p values
are derived from Dunnett's multiple comparisons test, One Way ANOVA
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3.3.In vitro antioxidant studies

Total antioxidant activities of the extract and standards were performed by measuring one time per 10 hours at
500 nm. The measurements were terminated with the maximum absorbance of control. The extracts showed the most
important activity at a concentration of 100 pg/mL. The change in total antioxidant activity for 40 hours is shown in
Figure 1a. The line graph of total antioxidant activity was given in supplemental data Figure 1a. The calculations were
determined according to the following equation (2) and the definitions of the parameters used in the equation are as
follows; Asample: the value of sample absorbance when the control absorbance reached to maximum and Acontrol: the
value of control absorbance when control absorbance reached the maximum.

. . s Asample
Lipid Peroxidation Inhibition (%)=100- (— XlOO) 2
Acontrol

The peroxidation percentages of linoleic acid emulsion for 100 pg/mL were as follows; L. canescens and L.
peltata: 73.25% and 75.32%, respectively and standard antioxidants (BHT, BHA, and a-Toc) 72.76%, 72.34%, 57.87%,
respectively (Figure 1a).

Iron reduction activity for different concentrations of extracts were tested and statistical analysis for 100 pg/mL
having the most effect was performed (Figure 1b). Accordingly, iron reduction results were listed as follows; BHA > L.
peltata > BHT > a- Toc > L. canescens. The other results were present in supplemental data Figure 1b.

Cupric reduction capacities for different concentrations of extracts and standards were determined at 505 nm.
Consequently, cupric ion reduction capacity increased depending on the extract concentration and the statistical
comparison was performed for 75 pg/mL concentration results having the most important effect. The results and statistical
evaluation are present in Figure 1c. Eventually, the cupric reduction capacity of L. peltata EtOH extract was found to be
particularly similar to a-Toc. However, the cupric ion reduction capacity of L. canescens EtOH extract was lower than
all standards. The other concentration results were given in supplemental data Figure 1c.

ABTS radical scavenging activities for two concentration (50 ug/mL and 100 ug/mL) were measured. Although
the results of both concentrations were close to the standards, statistical evaluation was performed for 100 pg/mL results
due to the optimum dose in such studies. Accordingly, ABTS radical scavenging percentages and rankings for 100 pg/mL
were as follows; BHT (96.16%) > a-Toc (96.15%) > BHA (96.04%) > L. peltata (95.86%) > L. canescens (95.50%)
(Figure 1d). 50 pg/mL results are present in the supplemental data Figure 1d.

DPPH radical scavenging activities were tested for different concentrations (25 pg/mL, 50 pg/mL and 100
pg/mL) and the best effects were observed for 100 pg/mL concentration known as optimum dose (Figure le). Statistical
comparison was performed for 100 pg/mL concentration and especially the DPPH radical scavenging activity of L. peltata
EtOH extract was found to be significantly close to the standards. However, DPPH radical scavenging activity of L.
canescens EtOH extract was significantly lower than standards (Figure 1e). DPPH radical scavenging percentages were
as follows; BHA (91.74%) > a-Toc (91.23%) > L. peltata (90.67%) >BHT (90.50%) > L. canescens (75.56%). The other
concentration results were present in supplemental data Figure le.

3.4. DNA protection activity results

Protective effects of different concentrations of extracts on pBR322 plasmid DNA were tested using agarose gel
electrophoresis (Figure 2). Contrary to the destruction of DNA in the samples with H,O; alone, it was observed that form
I and 11 structures were stabilized in the samples with only DMSO as pure DNA sample. As a result, L. canescens extract
did not remove the harmful effect of H.O, even when applied alone (Line 5, 6, 7) and did not have an important positive
effect on DNA stabilization (Line 8, 9, 10). As seen in the results of the study, when H.O, was applied alone, form | was
erased (Figure 2 Line 2), but preserved when L. peltata extract was added on the same sample (Figure 2 Line 11).
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Figure 1. Graphs of in vitro antioxidant studies a) Total antioxidant activity by thiocyanate method, b) Fe3* reducing power by
FRAP, c) Cu?* reducing power by CUPRAC, d) ABTS radical scavenging activity and percentages, €) DPPH radical scavenging
activity and percentages. Standard antioxidants; BHA (Butylated hydroxytoluene), BHT (Butylated hydroxytoluene) and a-Toc (Alpha
tocopherol) Extracts; Lc (L. canescens), Lp (L. peltata). All data are shown as Mean+SEM (n=3); All p values are derived from
Dunnet’s multiple comparisons test, One Way ANOVA *; Symbol of statistical significance in comparison of BHA and extracts; ©;
symbol of statistical significance in comparison of BHT and extracts; *; Symbol of statistical significance in comparison of a-T and
extracts; *°/*P<0.05 (significant); **°°**P<0.01 (very significant); ***/cco/*e*p<(,001 and ****/ccoo/eeeep<() 0001 (extremely
significant). The symbols are also shown as the exponent of standard antioxidants
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Figure 2. Visualization of the effects of L. canescens (Line 5-10) and L. peltata (Line 11-16) on DNA by Agarose Gel
Electrophoresis, The numbers in parentheses are the concentrations of extracts used in the preparation phase of the
electrophoresis solution, EtOH: Ethanol extract
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4. Conclusions and discussion
4.1. Quantitative analysis of Phenolic contents

In total phenolic concentration, it is clear that L. canescens extract is richer than L. peltata extract. However, this
result was not observed in several in vitro antioxidant activities and DNA protective activity results. Biological activity
studies are of great importance in the scientific world as they are often a starting point for advance studies. A study
performed emphasized that high concentration of rosmarinic acid (4.23 mg/g) and the presence of caffeic acid (0.19-0.62
mg/g) in the Lamiaceae family [6] and another study again emphasized the high concentration of rosmarinic acid and the
absence of caffeic acid [10]. A study reported that phenolic contents and their concentration may vary according to the
extract type [30]. The reason for the differences in phenolic and their concentrations in this study may be the differences
in plant species and solvents used and this difference may allow the usage of the plants in different scientific fields, the
production of new active substances, and the treatment of new diseases.

4.2. Antimicrobial activities of extracts

Both plant extracts were found to be more effective on fungal media than bacterial media. The antibiotics except
for fluconazole were shown to be partially effective on fungal media. In addition, higher inhibition diameters were
observed on fungal media treated with 150 uL volume of the plant extracts. This data may be proof that plants can be
used in the treatment of some fungal diseases or a new beginning point for pharmaceutical industry studying on the
treatment of microbial disease. A study on a genus of Lallementia reported that the extracts other than water extract have
antibacterial activity [22] and showed high antibacterial activity on B. subtilis, B. sphaericus and P. aeruginosa [19].
Similarly, a study on Lamiaceae family reported that extracts prepared by using solvents other than water showed
antibacterial activity [37]. It is clear that both extracts are also power antimicrobial agents and this study provides
important data for advance studies performed on this field when compared with the previous studies.

4.3.1n vitro antioxidant studies

Similarity of total antioxidant activity with the standards or higher than them at 40™ hours is remarkable data and
supports previous studies (Figure 1a). As a matter of fact, in a previous study, it was stated that the extracts prepared from
a member of Lamiaceae family showed higher activity than BHA and BHT [12]. Similarly, L. peltata extract showed
higher iron (Fe®*) reduction activity other than BHA. However, the iron reduction activity of L. canescens extract was
lower than all standards (Figure 1b). It is well known that heavy metals such as iron and copper may increase H20-
production through the fenton reaction [7; 8] or by causing cellular toxicity in the cell [13]. According to this data, the
high activity of the extracts in cupric and iron reduction activities may be a proof to limit cellular H>O, production and
this shows that the extracts are antioxidants. L. peltata extract showed similar positive results in the other in vitro studies
such as total antioxidant activity, DPPH and ABTS radical reduction activities (Figure 1), and especially antifungal
activity (Table 4). Although L. canescens extract was generally weaker than L. peltata extract in antimicrobial and in
vitro antioxidant activities, it is clear that the phenolic content of L. canescens was quite high (Figure 3). L. peltata may
have undetermined rich phenolic content in this study, which causes this reverse effect. Although total antioxidant activity,
ABTS radical scavenging activity, and phenolic content of L. canescens extract were quite good, it generally showed a
weaker effect compared to L. peltata extract (Figure 1). As a result, both plants are good antioxidants, but L. peltata is
better. Essential oils of S. hortensis, a member of the Lamiaceae family, have been reported to exhibit lower iron reduction
activity than the standards used [37]. This result is on the line of the L. canescens results. A similar effect was observed
in cupric ion reduction activity results. When the results of ABTS radical scavenging activity are examined, it can be said
that both extracts are good radical scavengers. In the previous study, it was stated that methanol extract obtained from
Ajuga postii Briq and Ajuga relicta had 70% power in the ABTS radical scavenging capacity [31]. The reason for
incompatibility in our results may be due to the different solvents and plant species used. Similarly, the DPPH radical
scavenging activity of L. peltata extract was highly similar to the standards, but L. canescens extract was found to be
weaker. A study performed on Salvia steminea extract emphasized that the plant extract have lower DPPH radical
scavenging activity than standards [11] and the another study emphasizes that Origanum marorana extract exhibited
lower DPPH radical scavenging activity than standards such as BHA, BHT and ascorbic acid [12]. It can be said that the
results of L. canescens are similar to the literature, but the L. peltata results showed better activity than literature.
According to the in vitro antioxidant results, we can say that both plants are a good source of antioxidants and good
antimicrobial agents. Thus, we believe that our study can provide important basic data for advance studies focusing on
active substance design and drug production.
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4.4. DNA protection activity results

From the simplest compounds to the most complex molecules, many molecules can interact with DNA and
disrupt its natural structure. As a result, form | structure by breaking the first strand of DNA and form Il by breaking the
second strand of the DNA can be occurred [38]. These construction forms were shown in Figure 2. Although these plants
are expected to have power DNA protective activity due to their antioxidant properties, this effect was minimal. The
reason for this may be due to insufficient antioxidant content in plants. As a data supporting this result, we have already
mentioned that L. peltata extract was better than L. canescens extract in the DNA protective activity results. It may also
be another molecule produced by the plant, which may inhibit the protective effect of the plants on DNA. As stated in
many previous studies, plants can voluntarily produce reactive oxygen species to defend themselves against pathogens or
other adverse conditions [25]. Despite the positive effect of L. peltata extract on the form I structure in the line 11, the
absence of this effect in the line 14, 15 and 16" is quite ambiguous. Both L. peltata extract and H,O alone were observed
to have deleterious effect on plasmid DNA, however, this effect was partially disappeared when they were added together.
The minimal view of form | in Figure 2 line 16 supports to this. The phenolic content of L. peltata extract was observed
to be dramatically lower than L. canescens extract (Figure 3). The reason for this may be due to the excessive height of
undetermined phenolic content in L. peltata extract. As a matter of fact, the efficacy of L. peltata on form Il stabilization
supports this idea and both of the plants extracts did not show generally a significant protective effect on plasmid DNA
damaged by H,0,. This can be also attributed to an inhibitory molecule produced by plant or insufficient antioxidant
content [32] reported that Lamiaceae family water extracts, depending on concentration, showed protective effect on the
pBR322 plasmid DNA damaged by H-0, and UV and essential oils of the same family were reported to have the
stabilization of plasmid DNA [4]. In addition, Leucas aspera water extract was reported to have a protective effect on
DNA [14]. In addition to the partial effect of our EtOH extracts on the stabilization of plasmid DNA, the form | was
transformed into form 11 by an unknown effect of the high concentration of the extracts.
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Abstract

The fruit and seed morphologies of five taxa (Al. desertorum Sapf., Al. linifolium Stephan ex. Willd. var.
teheranicum Bornm., Al. minus (L.) Rothm. var. minus, Al. strigosum Banks & Sol. subsp. cedrorum (Schott & Kotschy)
and Al. strigosum Banks & Sol. subsp. strigosum) belonging to Alyssum L. were investigated with scanning electron
microscopy (SEM) in order to determine the significance of fruit and seed features as taxonomic characters. This study
presents macro- and micromorphological characters, including seed shape, winged, measures, epidermal cell pattern and
fruit shape, colour, measures, trichome morphology. Three epidermal cell patterns were observed; micro-reticulate,
normal-reticulate, rugose-foveate and the same number trichome morphologies were distinguished; glabrous,
monomorphic (stellate), dimorphic (bifurcate and stellate). The results showed that the morphological characteristics of
fruit and seed could be used as criteria to distinguish taxa.

Key words: Alyssum, Brassicaceae, Fruit, Micromorphology Seed, Silicula

*

Anadolu’dan baz1 Alyssum (Brassicaceae) taksonlarmin meyve ve tohum morfolojisi

Ozet

Alyssum L. cinsine ait olan beg taksonun (Al. desertorum Sapf., Al linifolium Stephan ex. Willd. var.
teheranicum Bornm., Al. minus (L.) Rothm. var. minus, Al. strigosum Banks & Sol. subsp. cedrorum (Schott & Kotschy)
ve Al. strigosum Banks & Sol. subsp. strigosum) meyve ve tohum morfolojileri, taramali electron mikroskobu (SEM) ile
incelenerek taksonomik karakter olarak 6nemleri belirlendi. Makro- ve mikromorfolojik karakterleri, tohum sekli, kanati,
dlgiisii, epidermal hiicre modeli ve meyve sekli, rengi, biiyiikliigii, tiiy morfolojisi incelendi. Ug epidermal hiicre modeli;
mikro-retikulat, normal-retikulat, rugoz-foveat gozlendi ve aym sayida tity morfolojisi; tek morfolojili (stellat), ¢ift
morfolojili (bifurkat ve stellat) tespit edildi. Sonu¢lar meyve ve tohumlarin morfolojik karakterlerinin taksonlarin
ayriminda kullanilabilecegini gdstermistir.

Anahtar kelimeler: Alyssum, Brassicaceae, meyve, mikromorfoloji, silikula, tohum
1. Giris

Brassicaceae familyas1 diinyada 372 cins ve 4060 tiir, Tiirkiye’de ise 85 cins ve 567 takson igerir [1]. Ekonomik
ve bilimsel acidan 6nemlidir [2]. Brassicaceae’nin oymak (Tribus) diizeyinde siniflandirilmas: problemlidir ¢iinkii bu
seviyede geleneksel olarak kullanilan karakterler cok az sayidadir. Bu karakterler cins igerisinde degiskendir ve oymaklar
ile cinsler arasindaki dagilim modelleriyle ¢atisir ve bundan dolay1 dogal gruplar desteklemez [3].

Alyssum cinsi 6zellikle Avrupa, Giineybati Asya ve Kuzey Afrika’da yayilig gosterir [4,5]. Bununla birlikte
birkag tiir Orta Asya, Sibirya ve Kuzey Amerika’da dagilmistir [6,7]. Cins Tiirkiye Florasi’nda 89 taksonla temsil
edilirken [8] daha sonra bu say1 99’a yiikselmis [9] ve Alyssum amasianum da tanimlanmasiya [10] 100’e ulasmustir.

Sistematikgilerin ¢ogu Angiosperm taksonlarinin siniflandirilmasi i¢in meyve ve tohumlarin makro— ve mikro
yapilariyla alakali bilgilerin ¢ok 6nemli olduklari konusunda hemfikirdir. Sistematik problemlerin ¢éziimiinde taramali
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elektron mikroskobu (SEM)’nun etki ve dnemine dikkat c¢ekilmistir [11]. Son zamanlarda SEM’in meyve ve tohum
yiizeyine uygulanisi oldukca yayginlasmistir. Brassicaceae familyasiyla ilgili tohumlarin ekzo— ve endomorfik
karakterleri ile ilgili calismalar mevcuttur [3, 12, 13, 14, 15, 16].

Tiy morfolojisi de ayrica Brassicaceae’nin siniflandirilmasinda birgok yazar tarafindan bir karakter olarak
kullanilmistir [17, 18,19]..

2. Materyal ve yontem

Calisma materyalini 2018’de Tiirkiye’de dogal habitatlarindan toplanan Alyssum cinsine ait 5 taksonun olgun
tohum ve meyveleri olusturmaktadir. Ornekler Konya Selcuk Universitesi Fen Fakiiltesi Herbaryumu (KNYA)’nda
depolanmustir. Calisilan taksonlarin lokaliteleri ve toplayici numaralari Tablo 1’de verilmis, tohum ve meyve
mikromorfolojik karakterleri sirasiyla Tablo 2 ve Tablo 3’de gosterilmistir. Caligmalar esnasinda her taksondan 100’er
tohum ve meyve incelenmistir.

Taramali elektron mikroskobu (SEM) analizlerinde kullanilan &rnekler 6ncelikle alkol serilerinden (sirastyla
%70, %80, %96 ve %100’lik ve her seride 20’ser dakika) gecirildi. Daha sonra altinla kaplanip ZEISS EVO LS-10
model elektron mikroskobunda yiiksek vakum modunda 30x, 1000x ve 2000x’lik biiyiitmelerle yilizey gozlemleri yapilip
fotograflanmistir.

Tohum mikromorfolojisi terminolojisi [20, 21, 22] ¢alismalarina gére yapilirken, meyve mikromorfolojisinde
ise [23,24] referans alinmustir.

Tablo 1. Taksonlar ve toplandigi lokaliteler

Takson Lokalite

Al. desertorum C2 Antalya: Elmali, Avlan Golii kuzey tarafi, Cedrus libani agikliklari, 1700 m,
19.04.2018, E. Sirin 712 & H. Giinal (KNYA)

Al linifolium var. teheranicum C4 Konya: Selguk Univ. kampiisii, Ziraat Deresi kuzeydogusu, Pinus nigra—C.
libani fidanhig igleri, 1050 m, 07.04.2018, E. Sirin 677 & H. Giinal (KNYA)

Al. minus var. minus C4 Konya: Seydisehir, Kuyucak Koyii’nlin kuzeyi, kayalik alanlar, 1450 m,
11.04.2018, E. Sirin 700 & H. Giinal (KNYA)

Al strigosum subsp. cedrorum C4 Konya: Cumra—Bozkir yolu 15. km, tarla kenar1, 1020 m, 08.04.2018, E.
Sirin 680 & H. Giinal (KNYA)

Al strigosum subsp. strigosum C4 Konya: Seydisehir, maden ocaklar1 dogusu, Abies cilicica agikliklari, 1550

m, 11.04.2018, E. Sirin 693 & H. Giinal (KNYA)

3. Bulgular

Calisilan bes taksona ait tohum ve meyve mikrograflart Sekil 1 ve 2°de gosterilirken tohum ve meyveye ait makro-
ve mikromorfolojik 6zellikler ise Tablo 2 ve 3’de verilmistir.
Al. desertorum Stapf.: Tohum orbikular, kanatli, kahverengi, 1.1—1.3 x 0.9—1 mm ve mikro-retikulat (Tablo 2, Sekil
1). Meyve orbikular, koyu kahverengi, 2.9—3.5 x 2.7—3.1 mm ve tiiysiiz (Tablo 3, Sekil 2).
Al linifolium Stephan ex. Willd. var. teheranicum Bornm.: Tohum orbikular, kanatsiz, kahverengi, 0.9—1.1 x 0.7—0.8
mm ve normal retikulat (Tablo 2, Sekil 1). Meyve obovat, koyu kahverengi, 3.3—4.3 X 2.2—2.6 mm ve tiiysiiz (Tablo 3,
Sekil 2).
Al. minus (L.) Rothm. var. minus: Tohum ovat, kanatli, kahverengi, 1—1.2 x 0.8—1 mm ve normal retikulat (Tablo 2,
Sekil 1). Meyve orbikular, sarims1 kahverengi, 3—3.9 X 2.8—3.2 mm, esit veya esit olmayan 8—10 koluyla kiigiik veya
biiylik stellat tiiylii (Tablo 3, Sekil 2).
Al strigosum Banks & Sol. subsp. cedrorum (Schott & Kotschy) Dudley: Tohum ovat, kanatl, kahverengi, 1.3—1.5 x
1.1—1.2 mm ve rugoz-foveat (Tablo 2, Sekil 1). Meyve orbikular, sarimsi kahverengi, 5.3—6 x 3.9—4.7 mm, tabanda
tiiberkiillii ve kollar1 esit olmayan bifurkat ve 6—8 kollu yatik stellat tiiylii (Tablo 3, Sekil 2).
Al strigosum Banks & Sol. subsp. strigosum: Tohum ovat, kanatli, kahverengi, 1.5—1.6 x 1.2—1.4 mm ve rugoz-foveat
(Tablo 2, Sekil 1). Meyve orbikular, sarimsi kahverengi, 3.7—4.2 X 3.3—3.9 mm, tabanda tiiberkiillii ve kollar1 esit
olmayan bifurkat ve 6—8 kollu yatik stellat tiiylii (Tablo 3, Sekil 2) .
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Sekil 1. Taksonlara ait tohumlarin mikrograflari: Al. desertorum (a-Genel gériiniim, b-1000x’lik bilyiitme, ¢-2000x’lik
biiyiitme), Al. linifolium var. teheranicum (d-Genel goriiniim, e-1000x’lik biiyiitme, f-2000x’lik biiyiitme), Al. minus var.
minus (g-Genel goriiniim, h-1000x’lik biiyiitme, i-2000x’1ik biiyiitme), Al. strigosum subsp. cedrorum (j-Genel goriiniim,
k-1000x’lik bityiitme, 1-2000x’lik bityiitme) ve Al. strigosum subsp. strigosum (m-Genel goriiniim, n-1000x’lik bityiitme,
0-2000x’lik biiyiitme)

Fruit and seed morphology of some Alyssum (Brassicaceae) taxa from Anatolia
Emrah SIRIN




92 Biological Diversity and Conservation — 12 / 3 (2019)

@ SgralA=SE1  EHT=2000W  pag= 48 » EHT=20000/  ag= 1o0kx (% . EHT=2000KY  yag= 200KX
WD « 13.0 mm 1Probe = 100 pA ‘. 1 Probe PA

EHT =2000kV Signal A = SE1 EHT =20.00kV
IProbe= 100 pA WD = 95mm IProbo= 100pA
5 T »] R # X

Mag= 200KX

»

s o8 R . ) ST : e -
Signal A= SE1 EHT=2000KV  pag= 235X . Signal A = SE1 EHT =20.00kV
@ WD =205 mm 1Probe= 100 pA -2

WD = 80mm 1 Probe = 100pA.

Signal A = SE1 EHT =20.00 kV Signal A = SE1

Signal A = SE1 EHT =2000kV
WD = 145 mm 1Probe= 100pA

=145 mm WO =145 mm IProbe= 100pA

)

@ onm IR e E @@ onm IR e BT @@ onm SIRRN e P ey
Sekil 2. Taksonlara ait meyvelerin mikrograflari: Al. desertorum (a-Genel goriiniim, b-1000x’lik bilyiitme, ¢c-2000x’lik
biiyiitme), Al. linifolium var. teheranicum (d-Genel goriiniim, e-1000x’lik biiyiitme, f-2000x’lik biiyiitme), Al. minus var.
minus (g-Genel goriiniim, h-1000x’lik biiyiitme, i-2000x’1ik biiyiitme), Al. strigosum subsp. cedrorum (j-Genel goriiniim,

k-1000x’lik biiyiitme, 1-2000x’lik bitylitme) ve Al. strigosum subsp. strigosum (m-Genel goriiniim, n-1000x’lik biiyiitme,
0-2000x’lik biyiitme)
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Tablo 2. Taksonlara ait tohumlarin makro- ve mikromorfolojik karakterleri

Takson Sekil Kanat Olcii (mm) Epidermal Hiicre Modeli
Al. desertorum OrbikularKanath 1.1—1.3x0.9—1 Mikro-retikulat

Al linifolium var.

teheranicum OrbikularKanatsiz 0.9—1.1x0.7—0.8 Normal retikulat

Al. minus var. minus Ovat Kanatli 1—12x0.8—-1 Normal retikulat

Al strigosum subsp.

cedrorum Ovat Kanatlt 1.3—-15x11-12 Rugoz-foveat

Al. strigosum subsp.

strigosum Ovat Kanatli 15-16x12—14 Rugoz-foveat

Tablo 3. Taksonlara ait meyvelerin makro- ve mikromorfolojik karakterleri

Takson Sekil Renk Olcii (mm) Tiiy Morfolojisi
Al. desertorum OrbikularKoyu kahverengi 2.9—3.5x2.7—3.1 Tiiysiiz

Al linifolium var.

teheranicum Obovat Koyu kahverengi 3.3—4.3x2.2—2.6 Tiiysiiz

Al. minus var. minus OrbikularSarimsi k.rengi  3—3.9 x 2.8—3.2 Stellat

Al strigosum subsp.

cedrorum OrbikularSarims1 k.rengi ~ 5.3—6 x 3.9—4.7 Bifurkat ve stellat

Al. strigosum subsp.

strigosum OrbikularSarims1 k.rengi ~ 3.7—4.2 x 3.3—3.9 Bifurkat ve stellat

Not: Meyve dl¢limlerine stilus boyu dahil degildir.
4. Sonugclar ve tartisma

Tohum, meyve ve yaprak yiizeyi model karakterlerinin farkli familya ve cinsler i¢in kullanigh karakterler
oldugunu SEM caligmalar1 ortaya koymustur [25, 26, 27]. Tohum yiizeyi modeli, tohum rengi ve tohum boyutlar
Brassicaceae’de taksonlarin ayriminda degerli karakterlerdir [20, 28, 29].

Yapilan ¢alismada tohumlarda ¢ogunlukla ovat sekli gozlemlenirken, benzer durumu [30] Alyssum ile iligkili
olmayan Lepidium L. taksonlarinda tespit etmistir. Al. linifolium var. teheranicum tohumunun kanatsiz olusuyla diger
calisilan taksonlardan kolaylikla ayrilmaktadir. Aym sekilde Brassica juncea (L.) Czern., Eruca sativa Mill., Raphanus
sativus L. da kanatsiz tohuma sahip tiirlerdir [31]. Tohum olgiilerine gore Al. strigosum subsp. strigosum en biiyiik
tohumlara sahipken, Al. linifolium var. teheranicum en kiigiik tohumludur. Incelenen taksonlarda iic tip epidermal hiicre
modeli tespit edilirken sadece Al. desertorum mikro-retikulat tiptedir. Raphanus raphanistrum L., Enarthrocarpus
pterocarpus (Pers.) DC., Erucaria hispanica (L.) Druce ve Didesmus aegyptius (L.) Desv. gibi bazi tiirlerin tohumlarinin
ise mikro-retikulat epidermal hiicre modeline sahip oldugu belirtilmistir [21].

Tiirkiye Florasi’nda ¢alistigimiz taksonlarin tohumlari sadece kanatli olup olmamasi yoniinden incelenmisken
[8] tohumlarin sekli, ebatlar1 ve epidermal hiicre modelleri ilk defa ¢alisgilmistir. Meyvelerin makro- ve mikromorfolojik
karakterleri Tiirkiye Florasi [8] ile uyumlu iken meyvedeki tiiylerin kol sayilari ilk defa ¢aligilmustir.

Taksonlarin ¢ogu orbikular tohum sekline sahipken Al. linifolium var. teheranicum obovat sekliyle farklilik
gosterir. Bazi taksonlarin meyve rengi sarimsi kahverengiyken digerleri ise koyu kahverengidir. Al. strigosum subsp.
cedrorum en biiyiik meyvelere sahip olmasiyla digerlerinden ayrilir. Meyvedeki tiiy morfolojisi gozlemlerine gore
taksonlar; tiiysiiz, tek morfolojili (stellat) ve ¢ift morfolojili (bifurkat ve stellat) olmak iizere tige ayrilmis olup sadece Al.
minus var. minus tek morfolojili tiiye sahiptir. [24] Alyssum cuneifolium’un ise tek morfolojili (stellat) meyve tiiyline
sahip oldugunu gozlemlemislerdir

[32] A. dasycarpum Stephan ex. Willd., A. turkestanicum Regel & Schmalh. ve A. szovitsianum Fisch. & C. A.
Mey.’un meyve boylarin1 3.3—4 mm enlerini 3-3.7 mm, tohumlarin boylarmi 1.6-2 mm enlerini ise 0.3-1.5 mm
bulmustur. A. strigosum subsp. cedrorum meyve biiyiikliigii ile ayrilirken, ¢alisgtigimiz taksonlarin tohumlari [32] nin
caligtig1 tiirlerin tohumlarindan daha kisadir.

Sonug olarak caligilan karakterlerin Alyssum igin cins bazinda Brassicaceae igerisinde ayirt edici olmadiklari
fakat tohumun; kanat yapisi, 6l¢iileri ve epidermal hiicre modeli ile meyvenin; sekli, dl¢iileri ve tiiy morfolojisinin takson
bazinda ayirt edici karakterler oldugu tespit edilmistir.
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Abstract

In the last half century, decreasing biodiversity caused by anthropogenic factors turned into ecosystem health
problem. With the decrease of biodiversity, the degradation of the ecological balance also poses a threat to public health.
The damages caused by ecological and anthropogenic factors are the main triggers for the development of Emerging
Zoonotic Diseases (EZDs). In this context, persistent EZDs due to multiple factors have reached more dangerous levels
in terms of human, animal and environmental health. Increasing land-use changes, intensified agriculture and animal
husbandry practices, global climate changes, changes in people's food consumption preferences, intensive migration from
rural to urban areas, ecological distortions due to changing trade and tourism mobility are all human-induced dynamics,
all of which lead to socioeconomic threats. In recent years, both ecosystem related problems resulting from the decline of
biodiversity and the dynamic interactions between human, animal and environment (HAE) have made interdisciplinary
cooperation more important than in the past. It has become an inevitable necessity to eliminate the accumulated
Anthropocene remains in the last 150 years, to solve the health problems at the HAE-interface and to make the health and
well-being of humanity sustainable. These accumulated problems of today can be solved with ‘One Health” which is
defined as multi-interdisciplinary understanding, joint effort and thought system which is worked on local, national,
regional and global-scale in order to obtain the optimum health for humans, animals and our environment. As a result,
interdisciplinary cooperation should be prioritized to solve common problems of complex health problems and threats.
Therefore, the ‘One Health’ approach should be functionalized, institutionalized and expanded. Because exponentially
growing ecological, anthropogenic disasters increase microbial threats. Therefore, in the 21st century, humanity has no
more than 50 years to lose.

Key words: decreased biodiversity, emerging zoonotic diseases, one health, anthropogenic factors

*

Biyocesitliligin azalmasi ve yenicikan zoonotik hastaliklar sorununa tek saghk yaklasim

Ozet

Son yarim yiizyilda antropojenik faktorlerin sebep oldugu biyocesitliligin azalmasi, ekosistem saglig1 sorununa
doniismiistiir. Biyogesitliligin azalmasiyla birlikte ekolojik dengenin bozulmasi halk sagligi yoniinden de tehdit
olusturmaktadir. Ekolojik ve antropojenik faktorlerin neden oldugu zararlar Yenigikan Zoonotik Hastaliklar (YZH)"1
hazirlayan baslica tetikleyicilerdir. Bu baglamda, ¢oklu faktdrlere bagli olarak siiregelen YZH’lar, insan hayvan ve gevre
(IHCQ) saghg1 bakimindan gegmisten daha tehlikeli boyutlara ulasmislardir. Artan oranda arazi kullammi degisiklikleri,
yogunlastirilmis tarim ve hayvancilik uygulamalari, kiiresel iklim degisiklileri, insanlarin gida tiiketim tercihlerindeki
degisim, kirsaldan kentlere yogun gogler, degisen ticaret ve turizm hareketliligine bagli ekolojik bozulmalar insan
kaynakli dinamikler olup, bunlarin hepsi sosyoekonomik tehditlere yol agmaktadirlar. Son yillarda, hem biyogesitliligin
azalmasindan kaynaklanan ekosistem ile ilgili sorunlar hem de insan hayvan ¢evre (IHC)-arayiiziinde siiregelen dinamik
etkilesimler, gegmisten daha ¢ok disiplinlerarasi igbirligini zorunlu hale getirmistir. Son 150 yillik siiregte birikmis
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Antroposen kalintilarim ortadan kaldirmak, {HC-arayiiziindeki saglik sorunlarini ¢dziime kavusturmak ve insanligin
saglik ve gonencini siirdiiriilebilir kilmak kaginilmazdir. Giiniimiiziin birikmis bu sorunlari, “insanlar, hayvanlar ve
¢evremiz i¢in en uygun saglik elde etmek amaciyla yerel, ulusal, bolgesel ve kiiresel 6l¢ekte ¢alisilan ¢oklu disiplinlerarasi
anlayis, ortak c¢aba ve diislince sistemi” olarak tanimlanan ‘Tek Saglik’ ile ¢oziimlenebilir. Sonug olarak, devingen
ozellikteki karmasik saglik sorunlart ve tehditleri “ortak diisiince ile ¢6zmek™ i¢in disiplinlerarasi igbirligi dncelenmelidir.
Bu yiizden, ‘Tek Saglik’ yaklagimi iglevsellestirilmeli, kurumsallagtiriimali ve yayginlastirilmalidir. Ciinkii katlanarak
biiyiiyen ekolojik, antropojenik felaketler mikrobiyal tehditleri artirmaktadir. Bu yiizden, 21. yiizyilda, insanligin
kaybedecek bir 50 yil1 daha kalmamuistir.

Anahtar kelimeler: biyogesitliligin azalmasi, yenigikan zoonotik hastaliklar, tek saglik, antropojenik faktorler
1. Introduction

Biodiversity or biological diversity is a term that refers to the diversity of all biological systems at the molecular,
organism, population, species and ecosystem levels, and includes diversity within and between species [1]. Although it
may seem difficult to talk about the existence of a direct link between biodiversity and human health at first [2], studies
has gained momentum about urbanization, industrial activities, climate changes, invasive species alone or their
combinations that change the natural environment and biodiversity, and thus affect human health [3].

2. Biodiversity, loss of biodiversity and its effects on health

Biodiversity is potentially effective on health through 3 different mechanisms. These are positive / negative
effects on physiological and psychological health values, effects on the course of chronic diseases and infectious diseases
[2]. Allergy, autoimmune diseases, chronic inflammatory diseases such as inflammatory bowel disease (IBD), the
presence of cancer and psychiatric diseases are the main examples of these effects. Biologically diverse environments are
reported to be capable of altering and enhancing the endogenous human microbiota, which is essential for the presence
of a balanced and functional immune system, and thus affects human health [4-6].

Interacting with forests, urban parks and other semi-natural environments, even for a short time, improves self-
confidence, mood and mental perception while reducing stress symptoms and attention deficiencies as well as physical
health. Moreover, biodiversity has been suggested to be effective even in prenatal development and in the early stages of
life and has a positive effect on the birth weight of infants. It should be noted that plant diversity has direct or indirect
effects on reducing air pollution, which can cause allergies, asthma, cardiovascular diseases and premature births [6].

Various scientific studies on the positive effects of interacting with natural environment and biodiversity
environments on human health and welfare are summarized in Table 1.

Table 1. Studies on the effects of natural environment / biodiversity on health effects

Relationship between biodiversity / natural environment and human health / References
welfare level

Physiological / Psychological / Psychiatric effects 7-11
Chronic disease and immune system effects 12-19
Infectious disease effects 20-23

In addition to the studies in Table 1, Ray and Jakubec (2014) reported in their meta-analysis that the survival
of a nature-based life has therapeutic effects in cancer patients[24]. It should also be noted that the ethnobotanical-based
drug development strategies still remain valid in the treatment of diseases such as cancer [25, 26]. Further animal
modeling and epidemiological studies should be conducted to assess the health effects of biodiversity [6] and new
strategies should be developed. On the other hand, the loss and / or reduction of biodiversity caused by various reasons
leads to increased infectious disease agents in nature, transmission of pathogens at the HAE-interface, displacement of
vectors and loss of our ability to fight infectious diseases [21-23].

Therefore, this review will focus on the increase of infectious disease agents due to loss and/or reduction of
Biodiversity and their interactions at the HAE-interface.
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3. Emerging zoonotic diseases

The concept of “emerging zoonoses" which entered the literature in the last quarter century; “An emerging zoonosis
is a zoonosis that is newly recognized or newly evolved, or that has occurred previously but shows an increase in incidence
or expansion in geographical, host or vector range." [27].

In recent years, Emerging Zoonotic Diseases (EZD’s), which have caused serious problems in human and animal
health, are important both in terms of clinical services and epidemiological features. In addition, EZD’s remain one of the
most important health problems of the 21st century in terms of livestock economy, biosecurity and Global Health Safety
[28).

Especially in the last quarter of the 150-year that is defined as the ‘ Anthropocene Age’, ecological and anthropogenic
factors have multiplied, the acceleration of latent potential has increased and threats have become globalized [29]. The
degradation of the ecosystem and the increase in globalization due to anthropogenic reasons have accelerated the loss of
species and the decrease of biodiversity. It has increased ecosystem degradation that alters infectious disease patterns,
accumulation of toxic pollutants and invasion of wild species / pathogens [30].

In many areas of life, EZD’s caused by pathogens (Figure 1, Tables 3 and 4) pose a threat with dynamic interactions
at the HAE-interface in the last 40-45 years. According to current data [29-35], there are two main causes of these multiple
and complex threats namely ecological and anthropogenic factors.

3.1 Ecological and Anthropogenic Factors in Emerging Zoonotic Disease

In recent years, land use, climate change, human movements and animal-commodity transport are important factors
that lead to regional and global spread of Re-emerging Disease and/or Emerging Zoonotic Disease [30-34]. As with all
infections, it should not be ignored that the occurrence dynamics of EZDs or Re-Emerging Zoonotic Diseases are complex
and involve many sectors in the prevention / protection process. In recent years, these have been the focus of increasing
interest in infectious diseases, medical and veterinary services, and many other health institutions [35].

Examples of Emerging and Re-emerging Infectious Diseases

Anl‘m:lcro‘:lal- West Nile virus Cryptosporidiosis Ebola virus disease Diphtheria - MERS-CoV
resistant threats P / . coli
- CRE Enterovirus D68 °:'I:"::’2 OEI-O‘;‘:’H‘ /Drug-reslstant malaria / o Akhmeta virus
- MRSA Heartiand 4 L\ Rift Valley fever
- C. difficile <\ mesfapiEre T N\F : DT o Typhoid fever
- N. gonorrhoeae NSy, ?,_ — P -' SFTSV
H3N2v influenza —___ ‘\ =\ /7 oatitis CJG e — bunyavirus
Cyclosporiasis — \\ i~ _Heps s 0.’. 7 » — - -
E. coli O157:H7 —4A IS0 ° —— O157:M7
Measles — 'y me ') 3
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Figure 1. Emerging and Re-emerging Infectious Diseases defined by the world until 2017 (Adapted from Paules, C.1I.,
2017).

Most of the factors on the map are zoonotic. Red dots and blue dots respectively indicate newly identified,
existing and redefined pathogens. Considering that only AIDS exists on the map in the 1980s, the identification of so
many pathogens poses a serious threat to public and ecosystem health in the last 37 years. In addition, according to
Morand et al. [32] report and Table 2, there is a positive relationship between the decrease of biodiversity and local /
regional spread of pathogens and increase of Re-emerging disease. Therefore, as shown in the map in Figure 1 and in
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Tables 2 and 3, when the effects of pathogens on human and animal health are reviewed, it is understood that there are
many “preparatory factors” in the background of the increase and spread of EZD’s [33].

Table 2. Examples of reduced biodiversity and increased transmission of pathogens (Adapted from Morand, S. et al.,

2014)
Host species Location Pathogens
USA Hantavirus (Sin Nombre Virus)
Southeast Asia Hantavirus (Seoul Virus)
Rodents - :
Belgium Hantavirus (Puumala Virus)
USA Bartonella spp.
Rodents and other mammals USA Borrelia burgdorferi (Lyme disease)
Small mammals USA Anaplasma phagocytophilum
Birds USA West Nile virus (BNV )
Germany Himasthla elongata (helmint)

Table 3. Some emerging pathogens endemicly located in different parts of the world (Adapted from Kilpatrick A.M., and
Randolph S.E. 2012)

Pathogens Regions at risk Endemic region Pathways
haliti

Ja_lpanase encephalitis America Asia Infected livestock
virus

Ameri Medi
Rift Valley Fever Virus meriea, editerrancan Africa, Asia Infected livestock

Europe
Chikungunya virus Europe, America, Australia Africa, Asia Infected human
Mayaro virus Africa, Asia, Europe South America Infected human
Zika virus Europe, America Africa, Asia Infected human
Dengue virus Southern Europe Southern hemisphere Infected human
West Nile virus Central Europe, Turkey Africa, Asia, Europe, Australia Migratory birds

3.2 Ecological factors

Decreased biodiversity due to global climate change, land use and deforestation and Vector-borne Diseases
(VBDs) due to disruption in the ecosystem are important issues for regional and global health [1, 2, 6, 32-36]. As shown
in Figure 2, continuous and dynamic interactions at the IHC-interface in nature are important in terms of environmental
changes and pathogen microorganism-host relationships. Meantime, the ongoing dynamism at the IHC-interface is
valuable to predict risks arising from zoonoses.
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Figure 2. Ecology of emerging infectious and re-emerging infectious diseases (Adapted from Karesh, W.B., 2012)
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Considering the relationships between wild animals, domestic animals and humans given in Figure 2; the
ongoing dynamics of emerging infectious diseases are highly influenced by ecological factors. The red, pink and green
colors in the figure represent respectively the transmission and multiplication of infections in humans, the transmission
of a pathogen from wild animals to humans, the ability of the pathogen to contact and the outbreak [37].

These zoonotic risks may vary according to geography and seasons, and the results may depend on factors such
as land use, weather, climate or environmental changes. Researches on the dynamics of zoonotic pathogens in wildlife
reservoirs can be considered as an early warning system to report the risk of an outbreak in livestock or humans and
reduce the number of human disease cases [34, 37]. In this context, characteristics of the host, pathogen and vector are
largely influenced by environmental conditions. Interactions and complex health problems in Figure 2 are similar to the
close relationship and interaction between human, animal and environmental health in “One Health”.

As seen in Figure 3 and Table 3, When Turkey's condition is evaluated by the data, West Nile Virus continues to
be a regional problem in the European continent and the Mediterranean coastal countries in recent years. Based on the
latest data, the West Nile Virus and Sindbis virus, which also spread with migratory birds, maintains the potential for
regional risk [34, 36].

The distribution of West Nile Virus among humans, equids and birds in 2019

= l Among human

-I Among cquids and birds

I No report

I Not included

~a

I 29 November 2019

Figure 3. Outbreaks of West Nile virus between humans, equids and / or birds in European Union countries as of
November 29, 2019 (Adapted from ECDC, 2019)

3.3. Anthropogenic Factors

Similar to ecological factors, humanity has caused unexpected changes in nature and the HAE-interface in the
last half century. Intensified and industrialized agricultural practices, an increasing trend in tourism and travel [38] and
anthropogenic factors such as expansion of trade volume, land use changes and rapidly increasing urbanization have led
to the emergence of infectious diseases in certain countries or regions [39]. In this context, there is a correct relationship
between the density of human population in cities and the spread of infections.

Traveling of 55% of the tourists with the aim of recreation across the continents increases the potential of the
global threat of EZD pathogens such as SARS-CoV, MERS-CoV Ebola, Zika virus, and this dynamism makes
unpredictable risks permanent and threatens global health safety [38, 40, 41]. A study about zoonoses problem with 'One
Health' perspective reported the presence of at least more than 10 EZD pathogens in Turkey [42].
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4. Emerging zoonotic diseases and “One Health” approach

Zoonotic outbreaks caused by old zoonotic pathogens (Bacillus anthracis, Mycobacterium tubeculaosis,
Brucella spp., Rabies virus) and emerging zoonotic pathogens (Borrelia burgdorferi, Bartonella henseleae, MERS-CoV
Ebola virus, Zika virus) have threatened human health throughout history [33, 37, 39, 41]. The intellectual history of the
idea of One Health, which protects public health from these threats, begins in the 1850s [43]. But in the current sense, the
emergence of One Health concept coincides with the early years of the 21st century [2002-2004]. “One Health” is a
multidisciplinary understanding and a common effort working at local, national, regional and global scale to achieve
optimal health for people, animals and our environment [44]. With this comprehensive expression, “One Health” has
gained importance as a transdisciplinary thinking system in order to produce solutions to “complex health problems” that
arise from multifactorial reasons [40, 41,43]. Instead of the traditional approach to health, it is recommended to
functionalize the core competencies of One Health Education in the education processes to place and spread this thinking
system, to take advantage of preventive and protective dynamics [45].

4, Conclusions and discussion

In the 21st century we live in, the “paradigm shift” is inevitable in order to solve the health problems related to
EZDs and to avoid possible risks, which have accumulated by neglect [46]. In this context, taking into account the EZDs
with ecological and anthropogenic factors, One Health does not only mean combating infections that are on the agenda
in the 21st century. Based on the prediction of the future, the One Health approach includes health problems [47],
Antimicrobial resistance-AMR [48], and AMR combating and surveillance systems [49] caused by global climate
changes. Ecosystem health problems resulting from the rapid migration of people from rural to urban areas and distorted
urbanization and the degradation / degradation of urban vegetation forced by other anthropogenic factors [reduction of
green space, air pollution) affect urban ecology and lead to a decrease in biodiversity [50]. It also includes preventing the
problem of anthropogenic factor-based obesity and obesogens, and preventing social threats from endocrine disrupting
chemicals [51] and complex non-infectious health problems. Attempts to prevent all these health risks and reduce
unforeseen infectious and non-infectious threats are possible through transdisciplinary thinking system, with
interdisciplinary cooperation as a priority. This system is a ‘One Health’ thinking system and approach, which should be
should functionalized, institutionalized and expanded and the system has vital importance as air and water. Today,
ecological and anthropogenic disasters growing exponentially accelerate the decline of biodiversity and increase
microbial threats caused by EZDs and the AMD crisis with climatic disasters. Therefore, in the 21st century, humanity
has no more 50 years to lose in the 21st century. All humanity should see the coming hurricane of huge problems. The
only way to prevent an impending hurricane is to institutionalize the “One Health” thought ve and transfer it to life
immediately.
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Abstract

In this research, economic value analysis was performed whit determination of production, goods and service
value functions of Fritillaria imperialis' in Turkey. Economic valuation techniques, ecological and socio-cultural value
criteria were used in the value analysis. In the study, the sum of the flow values for the service functions provide by F.
imperialis is calculated as $ 72.96 / year for a per unit F. imperialis. The total economic value of F. imperialis is $
14,592,000 / year for the 2000 000 unit which annual export quantity of F. imperialis. It has an annual export revenue of
$ 52,416 and this estimate value is considerably higher than the annual export revenue. When positive value added created
by non-material values in the ecological and socio-cultural processes, wealth and inheritance value are added to this value,
F. imperialis' economic value is significantly higher. In addition, biological control value of use from the value functions
($13.6 / da / year), the conservation value ($ 37 / da / year), the value of use as an ornamental plant ($ 8.07 / unit/ year)
and the value of use as a nutrient ($ 3.6 /unit/ year) was determined to be important. Blue tits have also been shown to
be an extremely important pollinator for this species.

Key words: Economic valuation techniques, Fritillaria imperialis, biodiversity, sustainable development, Turkey

*

Tiirkiye’de Fritillaria imperialis’ in Ekonomik Deger Analizi

Ozet

Bu aragtirmada Tiirkiye’de Fritillaria imperialis’ in iiretim, mal ve hizmet deger fonksiyonlarinin saptanmasi
ile ekonomik deger analizi yapilmistir. Deger analizinde ekonomik degerleme teknikleri, ekolojik ve sosyokiiltiirel deger
kriterleri kullanilmistir. Arastirmada F. imperialis’ in sundugu hizmet fonksiyonlari i¢in akim degeri toplami, birim adet
F. imperialis i¢in 72,96 $/y1l olarak hesaplanmstir. F. imperialis’ in toplam ekonomik degeri, yillik ihracat miktari olan
2000 000 adet F. imperialis i¢in ise 14,592,000 $/y1l dir. Tahmin edilen bu deger F. imperialis’ in y1llik ihracat geliri olan
52,416 $’dan olduk¢a yiiksektir. Bu degere, ekolojik ve sosyo-kiiltiirel siireglerde yer alan, maddi olarak ifade
edilemeyen degerlerin yaratigi pozitif katma deger, servet ve miras degeri de eklendiginde F. imperialis’ in ekonomik
degerinin 6nemli oranda yiiksek oldugu goriiliir. Ayrica deger fonksiyonlarindan biyolojik kontrolde kullanim degeri
(13,6 $/da/y1l), koruma degeri (37$/da/yil), siis bitkisi olarak kullanim degeri (8,07 $/adet/y1l) ve besin olarak kullanim
degerinin (3,6 $/adet/yi1l) 6nemli oldugu tespit edilmistir. Blue tits 'in, bu tiir i¢in son derece onemli bir polinatér oldugu
da ortaya konmustur.

Anahtar kelimeler: Ekonomik degerleme teknikleri, Fritillaria imperialis, biyolojik ¢esitlilik, stirdiiriilebilir gelisme,
Tiirkiye

1. Giris

Son yiizyilda siirdiiriilebilir gelisme politikalar1 kapsaminda gerek ekologlar gerekse ekonomistler tarafindan
biyolojik gesitliligin ekonomik degerine yonelik galismalarin gerekliligine dikkat gekilmektedir. Ozellikle biyolojik
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gesitliligin kaynak olarak siirdiiriilebilir kullaniminin saglanmasi, tiim insanligin bu kaynaklardan esit ve adil olarak
faydalanabilmesi ekolojik siire¢lerin ekonomik siireclerle birlikte degerlendirilmesiyle miimkiindiir.

Ekonomik agidan kit kaynaklar olarak ele aldigimiz biyolojik ¢esitlilikte kiiresel 1sinma, iklim degisikligi, niifus
artigl, gida yetersizligi gibi sorunlar hem ekolojik kayiplara hem de ekonomik deger kayiplarmma neden olmaktadir.
Kiiresel ekonominin %40’nin biyolojik siireclerle ilgili oldugu [1] ve kiiresel biyolojik ¢esitliligin ekonomik degerinin
2,9 trilyon $/y1l [2] oldugu g6z Oniine alimirsa biyolojik ¢esitlilikteki olasi bir kaybin ekonomik siireleri ne sekilde
etkiledigi/etkileyecegi, olasi ekonomik deger kayiplar agikga goriilebilir. S6z konusu deger kayiplariin rasyonel bir
sekilde ortaya konmasi biyolojik ¢esitliligin ekonomik deger analizlerinin yapilmasi ile miimkiindiir.

Ekonomik deger biyolojik ¢esitliligi tim yonleriyle ele alan, biyolojik ¢esitlilik ve bilesenlerinin sundugu servis
ve hizmetlerin kullanim ve kullanim dis1 degerlerin toplamudir [3]. Biyolojik ¢esitliligin kullanim degeri hammadde
olarak kullanimi, gida, tip ve eczacilikta kullanimi, doga turizmi, havza ve toprak koruma, erozyonu 6nleme, su temini,
karbon tutma vb aktivitelerden olusurken kullanim dis1 degeri ise varlik ve miras degerinden olusur [4,5,6].

Bu yoniiyle degerlendirildiginde bitki cesitliliginin sundugu hizmet ve servislerinin degeri piyasa
mekanizmasinda arz-talep iliskisine gore sekillenecektir. Bitki tiirlerinin kamu mali niteligi tagimasi, kamu mallarinin da
erisim kolayliginin olmasi, serbest mal 6zelligi tagmasi bu tiirlere talebi artiracaktir. Bu durum biyolojik ¢esitliligi, telafisi
imkansiz, geriye doniisiimii son derece gii¢ olan tahribatla karsi karsiya birakmakta, ayni zamanda zaman, ekolojik ve
ekonomik kaynak kayiplarini da beraberinde getirmektedir.

Soganli bir bitki tiirli olan ve halk arasinda “Ters lale, aglayan gelin” olarak bilinen Fritillaria imperialis (F.
imperialis) kiiresel olarak kuzey Irak, iran, Afganistan, Pakistan Kesmir bolgesi gibi genis bir cografyada yayilis
gostermektedir. Tiirkiye’de ise genel olarak Adiyaman, Bing6l, Bitlis, Elaz1g, Gaziantep, Hakkari, Kahramanmaras,
Kayseri, Malatya, Mus, Siirt, Sirnak, Tunceli ve Van bolgelerinde yetisir [7,8]. Nisan- mayis ayinda ¢igeklenir, saridan
portakal rengine kadar degisen ¢iceklerinin giizelligi nedeniyle ¢ok sevilen ve aranan bir soganl bitkidir. Bu 6zelligi
nedeniyle Avrupa’da park ve bahgelerde peyzaj uygulamalarinda siis bitkisi olarak yaygin kullanilir. 1000-2500 m
arasindaki kayalik yamacglarda, ¢aliliklar arasinda ve tarla kenarlarinda yetisir [9,10,8]. Sogan ve diger aksamlarinda
tasidig1 primer ve sekonder metabolitler nedeniyle de geleneksel tipta ve modern ilag endiistrisinde 6nemli dl¢iide talep
edilen bir bitkidir. Bu nedenle F. imperialis, hem siis bitkisi olarak hem de tipta kullaniliyor olmasindan dolay1 piyasada
arz ve talep yaratan bir “ekonomik degere” sahiptir. iktisadi agidan metalasan ve arz-talep iliskisine bagl olarak piyasada
olusan bu deger F. imperialis’ in ger¢ek degeri midir? Tiirlin dogal habitatinda ekosistemin ve ekolojik dongiiniin bir
pargasi olarak sundugu hizmetler goz Oniine alindiginda olusan piyasa degeri tiiriin gergek degerini kargilar mi1? Bu
aragtirmada bu sorulara yanit aranmustir. Bu arastirma kapsaminda F. imperialis’ in ekonomik ve ekolojik sistem
igerisinde sundugu mal ve hizmetler goz Oniine alinarak, kullanim ve kullanim dist degerleri dogrultusunda “toplam
ekonomik degeri” belirlenmistir. Elde edilen veriler {ilke gen kaynaklarinin siirdiiriilebilir kullanim1 yoniiyle rasyonel
olarak degerlendirilmistir. Bu yoniiyle arastirma sonuglarinin literatiire onemli bir katki saglayacagi diigiiniilmektedir.

2. Materyal ve yontem

1.1.Verilerin Toplanmasi ve Analizi

Literatiir verileri kullanilarak F. imperialis’ in oncelikli olarak ekolojik 6zellikleri belirlenmistir. Ekolojik
ozellikleri ve bitkinin yasadig1 habitat géz oniine alinarak bitkinin ekosistem igindeki hizmet ve fonksiyonlar1 tespit
edilmistir (Sekil 1). F. imperialis’ in belirlenen hizmet ve deger fonksiyonlari; [11,5,12]’den uyarlanarak ve literatiir
bilgilerinden elde edilen veriler dogrultusunda iiretim, bilgi, habitat ve ekosistem fonksiyonlari, opsiyon, miras ve varlik
degeri olmak {izere 7 ana kategoride ifade edilmistir (Sekil 1). Bu kategorilerde kendi iginde alt kategorilerle temsil
edilmistir.

1.2. Verilerin Analizi

Verilerin analizinde, [11,5,12,6]’dan uyarlanarak gelistirilen, ekonomik deger yaklasimi, ekolojik deger ve
sosyokiiltiirel deger yaklasimlari kullanilarak, F. imperialis’ e ait tiretim, mal ve hizmetlerin nicel ve nitel olarak deger
analizi yapilmistir (Sekil 1). Niceliksel degerlemede F. imperialis’ in fonksiyonlar1 parasal bir birim olarak USA $/ha/y1l
veya USA $/Adet/Y1l olarak ifade edilmistir. Nitel Degerleme ise, F. imperialis’ in ekosistem degeri, bilgi fonksiyonu
degeri gibi spesifik ekolojik kriterleri belirlemede uygulanmis olup, + (Az degerli), ++ (Orta diizeyde degerli), +++ (Cok
degerli) seklinde, sozel olarak ifade edilmistir.
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1.2.1. Ekonomik deger yaklagimi

Ekonomik deger yaklagiminda bitki tiirlerinin piyasa degeri, tiretim fonksiyonu geliri ve koruma maliyeti g6z
Oniine alimustir [11,5,12,6].
1.2.1.1. Dogrudan piyasa analizi: Bu yaklasim mal ve hizmetlerin niteliksel ya da niceliksel degisim degerlerinin
belirlenmesinde kullanilir [6,13]. Cevresel hasar veya gelisme, pazarlanan girdiler veya ¢iktilarmn fiyatlarindaki degisiklik
miktar1 artig gosterdigi zaman, degisikligin degeri toplam tiiketici ve tiiketici artanindaki degisikliklerle dlgiilebilir
[11,5,12]. Biyolojik kaynaklardan elde edilen mal ve hizmetlerin, 6zellikle piyasalarda ticareti yapilanlarinin, belirli bir
piyasa fiyatinin olmasi beklenir. F. imperialis’ de piyasada alinip satilabilen bir ticari mal dzelligi tasidigindan dogrudan
pazarda olusan parasal degeri temel alinarak ilgili ekosistem, mal ve hizmetlerin ekonomik analizi yapilmistir.
1.2.1.2. Koruma-dnleme maliyeti: Habitatlarin, biyolojik cesitliligin veya ekosistemlerin in-situ (alanda) veya ex-situ
(alan dig1) korunmasina yonelik alinan onlemlerin ve korumanin siirdiiriilebilirligi i¢in yapilan harcamalarin tamami
olarak ifade edilir [12,6]. Bu baglamda F. imperialis’ in insitu ve exsitu koruma 6nlemlerinin maliyeti temel alinarak
tiirtin ilgili fonksiyonlar1 ve hizmetleri analiz edilmistir.
1.2.1.3. Uretim fonksiyonu geliri: Uretim siireci icindeki hava, su gibi piyasa dis1 bir girdinin tedarikindeki degisimin
fiyat, ¢ikt1 driinin karhihigindaki degisime gonderme yapilarak tahmin edilir. Bu yaklasim diizenleyici ekolojik
fonksiyonlarin ekonomik aktivitelere katkilarmin tespiti ile, dolayli kullanim degerlerinin elde edilmesi amagh
kullamlir[12]. F. imperialis lokal olarak tarimsal iiretimi yapilan bir ticari tiirdiir. Bu nedenle {iretime iliskin girdi ve
ciktilar gdz &niine alinarak iiretim fonksiyonu geliri hesaplanmustir. Uretim fonksiyonu gelirinin bireysel gelire ne kadar
katk: sagladigi hane halki geliri olarak tespit edilmis olup, ekosistem fonksiyonlari, mal ve hizmetleri degerlendirilmistir.
Bu yaklasim iki asamali bir siirecten olusur. i1k dnce, ¢evrenin ekonomik aktiviteler iizerindeki fiziksel etkileri belirlenir.
Ikinci agsmada ise, ekolojik fonksiyonlarin parasal degeri tahmin edilir. Uretim fonksiyonu asagidaki gibi ifade edilir [14].

Q=f(K,L,N,E...))

Uretim fonksiyonunda K,L.N,E terimleri siras1 ile kullanilan sermaye, emek, toprak ve enerji miktarini gosterir.
Q ise s6z konusu girdilerin kullanilmasi ile elde dilen maksimum ¢ikti miktarini gosterir. Burada {iretim fonksiyonu
girdilerle ¢iktilar arasindaki parasal iligkileri degil, fiziksel iliskileri yansitan bir kavramdir [14].
1.2.2. Ekolojik deger analizi yaklagimi

Ekosistem fonksiyonlarinin siirekliliginin saglanmasi ve kapasite kullanimi ekosistem bilesenlerinin sundugu
mal ve hizmet fonksiyonlarinin agiklanmasi ile miimkiindiir. Bu servis akiglarinin degerlendirilmesinde bitiinliik,
esneklik ve dayaniklilik gibi ekolojik kriterler belirleyici nitelik tasirlar. Ekolojik kriterler ekosistemlerin diizenleme ve
habitat fonksiyonlar: ile iligkilidirler. Bu fonksiyonlarin 6l¢iimiinde biyolojik kaynaklarin zenginligi, ¢esitliligi ve
komplex yapist kullanilir[11,5,12,6]. Bu calismada da ekolojik kriter olarak, endemik ve biyolojik cesitlilik i¢in
uluslararasi ve ulusal ekolojik deger kriterlerinin yer aldigr “Red Data Book of Turkish Plants - Kirmizi Kitap” [15],
“Tiirkiye’nin 122 Onemli Bitki Alam1 - OBA” [16], verileri biyolojik cesitliligin korunmasindaki uluslararasi sdzlesmeler
(Biyolojik ¢esitlilik sozlesmesi, Bern s6zlesmesi, CITES (Convention on International Trade in Ednangered Species of
Wild Fauna and Flora), Tiirkiye Dogal Cicek Soganlari iiretim ve ticaretine iliskin yonetmelik (2018) [17] referans olarak
kullanilmistir. Bu veriler goz oniine alinarak nitel degerleme yapilmistir.

1.2.3. Sosyo-kiiltiirel deger analizi yaklasimi

Birgok literatiirde sosyal nedenlerin; ruhsal degerler ve 6zgiirliik, kiiltiirel ¢esitlilik ve kimlik, egitim, zihinsel ve
fiziksel saglhigi vurgulamada, ¢evresel fonksiyonlarm ve biyolojik kaynaklarin 6nemini tanimlamada 6nemli bir rol
oynadigindan s6z edilmektedir. Dogal sistemler ve biyolojik kaynaklar siirdiiriilebilir bir toplum i¢in zorunlu ve maddi
olmayan iyiliklerin 6nemli bir kaynagim olusturur [6]. Bu arastirmada F. imperialis’ in deger fonksiyonlarindan bilgi
fonksiyonunun deger analizinde, sosyo-kiiltiirel deger yaklasimdan faydalanilmistir. insanlarin bu tiire géstermis oldugu
sevgi, kurmus oldugu duygusal baglar ve duygusal olarak vermis oldugu degerler gbz oniine alinarak, kiiltiirel zenginlige,
insanlarin tarihsel ve sanatsal birikimine katkisi, bilim ve egitime katkisi, eko turizme olan katkisi sosyo-kiiltiirel deger
analizi kapsaminda nitel olarak degerlendirilmistir.
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Sekil 1. F. imperialis’ in deger fonksiyonlar1 ve ekonomik degerleme metotlar: matriksi [11,5,12]’den uyarlanmustir)

F. imperialis’ in Deger Fonksiyonlari Niceliksel Degerleme Niteliksel
Degerleme

Dogrudan | Koruma Uretim fonksiyonu
Piyasa maliyeti geliri
analizi

Uretim fonksiyonu degeri

Uretim geliri
Biyoteknolojide kullanim degeri

Geleneksel tipta kullanim degeri

Ticari kaynak degeri

X X[ X]X| X
X[ X X X[ X

Siis bitkisi kullanim degeri

Bilgi fonksiyonu degeri
Estetik degerler

X

Kiiltiirel degerler

Tarihi ve sanatsal degerler

Bilimsel ve egitim amacl kullanim degeri

X[ X| X[ X]| X

Eko turizm degeri
Habitat degeri
Biyolojik gesitlilik degeri

X

X

Endemik ¢esitlilik degeri

Koruma degeri X

Ekosistem degeri
Madde dongiisii degeri X

Besin dongiisii degeri X X

Polinasyon degeri X X

Opsiyon degeri X

X

Varhk degeri

Miras degeri X

3. Bulgular

F. imperialis’ e ait liretim, mal ve hizmet deger fonksiyonlari i¢in, nitel ve niceliksel degerlendirmelerle deger
akim semasi elde edilmistir. Bu akim semasinda, deger fonksiyonlarinin nitel ve nicel degerlerinin toplamu ile sekil 2 de
verilen F. imperialis’ in toplam ekonomik degerine ulasilmistir.

Sekil 2°de gorildigii izere F. imperialis’ in liretim, mal ve hizmet deger fonksiyonlarinin, 6l¢iilebilen faydalara
yonelik toplam ekonomik degeri, birim adet F. imperialis i¢in yillik 72,96 $ olarak tahmin edilmistir. F. imperialis’ in
toplam ekonomik degeri, yillik ihracat miktar1 olan 200 000 adet F. imperialis i¢in ise 14,592,000 $/y1l dir. Tahmin edilen
bu deger F. imperialis’ in yillik ihracat geliri olan 52.416 $’1n [18] ¢ok lizerindedir. Bu degere, ekolojik ve sosyo-kiiltiirel
stireglerde yer alan, maddi olarak ifade edilemeyen degerlerin yaratigi pozitif katma deger, miras ve servet degeri de
eklendiginde F. imperialis’ in ekonomik degerinin 6nemli oranda yiiksek oldugu ortaya ¢ikar.

Toplam ekonomik deger igerisinde iiretim geliri degeri, her bir F. imperialis sogani i¢in 0,18 $/y1l olarak tahmin
edilmistir. F. imperialis’ in Giretimini yapan 5 kisilik bir aile i¢in hane halk geliri 297 $/da/yi1l dir. Bununla birlikte 6nemli
bir gen kaynagi ve hammadde degeri tasiya F. imperialis’ in Tirkiye’de doku kiiltiirii gibi biyoteknolojik yontemler
araciligr ile tiretiminin gergeklestirilmesi iiriin kalitesinde ve iiretim miktarinda artisa neden olacaktir. Biyoteknoloji
araciligi ile {iretimde saglanacak %10’luk bir artisin piyasa degeri yaklasik 31 $/kg/da/y1l ve 0,02 $/adet/y1l olacaktir.

Bu bitkinin tarla kenarlarinda yetistirilmesi ¢iftciye biyolojik kontrol konusunda, tarla fareleriyle miicadelede
onemli katki saglamaktadir. Bu yoniiyle bakildiginda biyolojik kontrolden saglanan toplam faydanin degeri 13,6 $/da/Y1l
olarak hesaplanabilir. Bu bitkiyi ¢ift¢i yetigtirmekle her y1l yaklagik 14 $ yillik kar edecektir.

F. imperialis’in elde edilen “Bei Mu” adli ilag yiiksek ates, siit yetersizligi, apselerin tedavisinde, oksiiriik, astim,
bronsit ve balgam giderici olarak yaygin kullanilmakta ve tek kullanimlik 1 paket Bei Mu’nun piyasa degeri 20 $’dir
[19,21].
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Sekil 2. F. imperialis’ in Ekonomik Deger Akim Semasi ve Analiz Tablosu

F. imperialis’ in FONKSIYONU EKONOMIK DEGER
Ekonomik degeri
US $*/Adet /Y1l veya US $ /da/yil
Uretim Fonksiyonu Degeri
Uretim geliri degeri/Hane halki geliri 0,18 $/Adet/Y1l/ 297 $/Da/Y1l
Biyoteknolojide Kullanim Degeri 0,02 $/Adet/Y1l
Biyolojik Kontrolde Kullanim Degeri 13,6 $/Da/Y1l
Geleneksel tipta kullanim degeri 1,33 $/Adet/Y1l
Ticari kaynak degeri 0,26 $/Adet/Y1l
Siis bitkisi degeri 8,07 $/Adet/Y1l
Bilgi Fonksiyonu Degeri
Estetik degerler 8,07 $/Adet/Y1l
Kiiltiirel degerler +++
Tarihi ve sanatsal degerler +++
Bilimsel ve egitim amac¢h kullanim degeri +++
Eko turizm degeri +
Habitat Fonksiyonu Degeri
Biyolojik gesitlilik degeri +++
Endemik cesitlilik degeri +++
Koruma degeri 37,71
Ekosistem Fonksiyonu Degeri
Madde dongiisii degeri ++
Besin dongiisii degeri 3.6 $/Adet/Y1l
Polinasyon degeri 0,12 $/Adet/Y1l
Opsiyon Degeri(Farmakolojik) +++
Varlik Degeri +++
Miras Degeri +++
Toplam Deger 72,96 $/Adet/Y1l

*2019, Haziran ay1 Merkez Bankast kur diizenlemeleri kullanilmis olup, 1 US $ 6, 30 Tl olarak alinmistir.

Tahmin edilen toplam deger igersinde diger 6nemli bir parametre ise koruma degeridir. Birim dekar alanda
yetisen F. imperialis in koruma proje gelirleri goz dniine alinarak tahmin edilen insitu ve exsitu korumanin toplam degeri
37,71 $/y1l olarak tahmin edilmistir.

Tiirkiye’de kota dahilinde yalmzca Fritillaria’'min 2 tiriin, F. imperialis’in ve F, perscia, ticaretine izin
verilmekte olup, ticari degeri birim adet F. imperialis’in sogan igin 0,26 $/Adet/Y1l olarak tahmin edilmistir. Avrupa
pazarlarinda ise siis bitkisi olarak, F. imperialis’in piyasa degeri yaklagik 8,07 $/Adet/Y1l dir [22]. Anadolu insani bu
gigeklerle i¢ ige yasayarak, duygusal baglar kurarak, tarihi, kiiltiirel ve sanatsal eserlerinde bu gicekleri yasatarak, F.
imperialis’i Anadolu kiiltiiriiniin 6nemli bir pargasi yapmustir.

%75 oraninda zengin aminoasit iceren nektar tireten F. imperialis’in giinlik sabah saatlerinde irettigi nektar
miktar1 ortalama 133.3 pl/cigek dir. Eger metabolik aktivitelerini gerceklestirebilmek icin ihtiya¢ duydugu enerjinin
tamamini bu ¢icekten karsilayacagi var sayilirsa giinliikk en az 5 ziyareti 45 giin siire ile yapmak zorundadir. Bu ziyaret
sonucu elde ettigi nektarin besin olarak kullaniminin degeri ise 3.6 $/adet/yildir. Ayrica 10 ¢icek poleni {izerine yapilan
bir arastirmada F. imperialis’in kendi igine tozlasmada veya arilarla tozlagsmada iiriin olusturmadigi, buna karsilik Blue
tits (Parus caeruleus) gergeklesen tozlagsmada 7 polenden 4’ iinde iriin olustugu (%57), ve capraz tozlagmada ise 10
polenden 7’ sin de iiriin olustugu (%70) gorilmiistiir [26]. Bu durumda 10 polenin 7 tanesinin bitkiye doniismesinin
polinasyon degeri 0,12 $/adet/y1l olacaktir. Otiicii kuslar bu bitkilerin usta bahcivanlaridir. Bu verilerle
degerlendirildiginde F. imperialis’in ekolojik siireclerdeki rolii géz dniine alindiginda, besin dongiisii ve polinasyon
degerinin son derece dnemli ve yiiksek oldugu agik¢a goriilebilir.

4. Sonugclar ve tartisma

Bu arastirma ile, F. imperialis 'in ve tiir ¢esitliliginin ekonomik, ekolojik ve sosyokiiltiirel siireclere olan katkisi
ortaya konmus ve bu katki F. imperialis ’in tiretim, mal ve hizmet fonksiyonlar1 akim degerleri olarak ifade edilmistir. Bu
kapsamda yapilan ekonomik deger analizinde; F. imperialis 'in akim degerleri toplaminin her bir adet F. imperialis sogani
i¢in y1llik 72,96 $ oldugu tahmin edilmistir. F. imperialis’ in toplam ekonomik degeri, yillik ihracat miktari olan 200 000
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adet F. imperialis i¢in ise 14,592,000 $/y1l dir. Bu degere, nicel olarak hesaplanamayan, nitel verilerle degerlendirilen
sosyokiiltiirel degerler, miras ve servet degeri eklendiginde, toplam ekonomik degerin rasyonel olarak dnemli oranda
artacagi ve pozitif katma deger yaratacagi da agik¢a goriilmektedir.

F. imperialis’ in tiretimi genellikle aileler tarafindan kiiciikk alanlarda, bahgelerde, tarla kenarlarinda
yapilmaktadir. Bu bitkinin yetistigi bolgelerde iiretici ailelerin birey sayisi ortalama 5 kisi olup, is¢ilik faaliyetleri bedava
isgiicii olan bu aile bireyleri tarafindan yapilmaktadir. F. imperialis’ in iiretimini yapan 5 kisilik bir aile i¢in hane halk
geliri 297 $/da/yil dir. Iscilik, giibreleme, sulama, yabani ot kontrolii gibi iiretim maliyetlerinin oldukga diisiik olmas1
tiretim olanaklar1 agisindan biiyiik bir avantajdir. S6z konusu hane halki iiretim gelirinin, heniiz her hangi bir iiriiniin
metaya doniismedigi bir donemde pesin olarak ¢iftciye 6denmesi ve ¢ift¢i igin bir ek gelir niteligi tagimasi son derece
onemlidir. Uretimin desteklenmesi, bu yonde iiretici tesviklerinin uygulanmasi, profesyonel bitki yetistiriciligi kiiltiiriiniin
benimsenmesi bitkinin siirdiiriilebilir {iretiminin ve ticaretinin gelistirilmesinde dnemi rol oynayacag: diisiiniilmektedir.
F. imperialis’ in doku kiiltiirii gibi biyoteknolojik yontemler aracilifi ile iiretiminin gergeklestirilmesi iiriin kalitesinde ve
dretim miktarmnda artiga neden olacaktir (yaklagik 31 $/kg/da/yil). Bu durum piyasa arz-talep dengesi agisindan
degerlendirildiginde piyasa talebinin yiiksek olmasi hem hane halki {iretim gelirlerinde artisa neden olacak hem de F.
imperialis’ in akim degerlerinin tamaminda artisa yol agacak ve pozitif katma deger yaratacaktir. Bu durum F. imperialis’
in biyoteknolojide kullanim degeri ile iligkilidir.

Ureticiler agisindan bitkinin biyolojik kontrolde kullamim faydasi da (13,6 $/da/Y1l) son derece yiiksektir. Tarla
faresi tarim liriinlerine zarar veren, ortalama 15 gr/giin iiriin tiiketen ve ¢ok hizli tireme potansiyeli olan bir canlidir. Bu
nedenle iiretimde onemli iiriin kayiplarina yol agmasi nedeniyle tarla fareleriyle miicadele iireticiler i¢in son derece
onemidir. Tarla faresiyle miicadele ya biyolojik yolla ya da kimyasal yolla yapilabilir. Kimyasal miicadelede 1 doniim
iretim alani i¢in yaklasik 50 gr ilaca ihtiyag vardir. Ve bunun maliyeti 4,67 $/da/y1l dir. Buna karsilik biyolojik miicadele
tercih edilirse herhangi bir maliyete yol agmayacaktir. F. imperialis yetistigi bolgedeki ciftgiler i¢in bir iiretim materyali
olmakla birlikte iyi bir biyolojik miicadele yontemidir. Bitkinin salgiladigi, yaydig1 koku tarla farelerini kagirict yonde
etkilemekte, boylece tarim zararlilari ile biyolojik miicadelenin dogal yontemini teskil etmektedir. Ayni zamanda bu bitki
ticari nitelik tagidigindan bir sonraki yil hasat edilerek yaklagik 8,93 $ iiretim geliri elde edebilir. Bu da giftginin
sagladigi/saglayacagi diger bir katma degerdir.

F. imperialis igermis oldugu steroidal alkoloidler, saponinler, terpenoidler, glycosidler, impericine, forticine,
delavine, edpetilidine, verticinone, isoverticine, cevanine steroidal alkoloid, imperialine vb etken maddelerden dolay
Ozellikle geleneksel tipta halk arasinda kullamlmaktadir [19, 20]. F. imperialis romatizma, bogaz agrisi, 6ksiiriik, astim,
kalp ilaglarinin yapiminda, bronsit, adrenal tiimédrlerde, balgam sokiicii, idrar soktiiriicli, yumusatict ve ¢dziicii madde
olarak yaygin kullanilir [19]. F. imperialis’ in kuru soganlarindan elde edilen “Bei Mu” adli ilag (piyasa degeri 20 $’dir
[19,21]) yiiksek ates, siit yetersizligi, apselerin tedavisinde, oksiiriik, astim, bronsit ve balgam giderici olarak yaygin
kullanilmaktadir. Giinlik kullanim dozu 3-9 gr dir. Bunun i¢in 10-15 adet F. imperialis’ in kurutulmus soganina ihtiyag
vardirn [19,21]. Ayrica Irak, Hindistan, Rusya vb. tilkelerde yumusatici, ¢oziicii, idrar soktiiriicii olarak, Tiirkiye’ de ise
romatizma hastaliklarinda kullanimi son derece yaygindir. Yapilan arastirmalar bu bitkinin i¢erdigi primer ve sekonder
metaloitlerin yakin bir gelecekte modern tipta kullanilan ilaglarin ana etken maddesini veya katki maddesini olusturma
potansiyelinin de yiiksek oldugunu gostermistir.

Kiiresel olarak 167 tiirli bulunan Fritillaria’ nmin 43 tiri Tirkiye’ de yetismekte olup, bunun 19 tiirli endemik
ozellik gostermektedir. Tiirkiye dogasinda yetisen bu tiirlerin IUNC kategorilerine gore siniflandirilan 122 OBA [16]
icinde 34 OBA da yetisme alan1 bulmasi F. imperialis 'in biyolojik ve endemik cesitlilik degerinin de yiiksek oldugunu
gostermektedir. S6z konusu bu habitatlarin 6zel koruma alanlari olarak degerlendirilmesi, F. imperialis’in koruma
degerinde de artirici rol oynamaktadir. Ayrica, F. imperialis’in CITES Ek II listede yer almasi, Bern ve Biyolojik
Cesitlilik Sozlesmelerinin baglayict hiikiimlerinin olmast ve ticaretinin liretimden serbest tiirler dahilinde, “Tiirkiye dogal
¢icek soganlart tiretim ve ticaretine iliskin yonetmelikle” denetleniyor olmasi koruma degerini artiran diger dnemli bir
etken olup, siirdiiriilebilir ekonomik politikalarla desteklendiginin de gostergesidir.

Tiirkiye’de kota dahilinde yalmzca Fritillaria’min 2 tirin, F. imperialis’in ve F, perscia, ticaretine izin
verilmekte olup, ticari degeri 0,26 $/Adet/Y1l olarak tahmin edilmistir. Siis bitkisi olarak, F. imperialis’in piyasa degeri
ise yaklasik 8,07 $/Adet/Y1l olup oldukga yiiksektir [22]. F. imperialis in 70-80 cm kadar ulagsan boyu, saridan- kirmiziya
kadar degisen c¢icek rengi, ¢an seklindeki ¢igegi, listlinde daginik bir sekilde duran parlak yesil yaprak demetleriyle
yetistigi alana muhtesem bir goriintii ve canlilik kazandirmaktadir. Bu nedenle peyzaj diizenlemelerinde, yol kenarlarinin,
kaya bahgelerinin, bina girislerinin, beton ¢igekliklerin, balkonlarin ve pencere altlarinin vazgegilmez bitkisidir. Bu bitki
¢ok yillik ve yapragini doken aga¢ ve cali tiirleriyle peyzaj uygulamalarinda kullanilabilir, Bu bitki, agaclar
yapraklanmadan erken ilkbaharda ¢igcek agtigimdan, agag¢ altlarinin daha canli goriinmesine ve muhtesem bir
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kompozisyon olusturmasina imkan verir. Ulkemizde peyzaj uygulamalarinda kullanimi yaygin degildir. Bir diger yonden
bu bitki, iniversitelerin biyoloji, biyoteknoloji, peyzaj mimarligi gibi alanlarda 6nemli aragtirma konularindan biri olmasi,
birgok aragtirma projeleri ve tezlerin konusu olmasi bilimsel agidan degerin yiiksek oldugunu gostermekte ve pozitif
katma deger yaratmaktadir.

Cigek yapraklarinin i¢ tabanlarinda bulunan nektar bezlerinden zaman zaman bal 6zii damlar. Bu nedenle
Anadolu insani F. imperialis’e “aglayan gelin” adin1 vermistir. Bitki bu 6zelliginden dolay1 dogu Anadolu bolgesinde
mezar taglarina motifi islenmistir. Mezarliklarda yaygin olarak kullanilan bu bitki sevdigini kaybetmenin arkasindan gelen
gdzyasini, aciy1, dzlemi ifade etmektedir. Bir efsaneye gore Hz Isa carmiha gerildiginde Hz Meryem’in gdzyaslari, bir
diger efsaneye gore Hz Hasan ve Hiiseyin’in kerbelada sehit edilisinin liziintiisiidiir [23]. F. imperialis bir baska efsanede
Ferhat’la Sirin’in agkina konu olmus, kederin giizellie doniismesini simgelemistir. Bu agidan degerlendirildiginde
sosyokiiltiirel agcidan da 6nemli bir deger parametresi olarak karsimiza ¢ikmakta ve insanlar1 sosyal agidan olumlu yonde
etkilemektedir.

Arastirma bulgulari, F. imperialis in mal ve hizmet akim degerlerinin ekolojik siirecler acisindan da son derece
onemli oldugunu ortaya koymustur. Oncelikli olarak yetisme alani bulduklar1 habitat icinde var olmalar1, diger canli
tiirlerinin de var olmalarina ve varliklarii siirdiirmelerine katki saglamaktadir. Ekosistem igersinde biyotik etkiler
aracilig1 ile olusturduklart mikro habitatlar bir¢ok mikroorganizma tiiriiniin, bocek ve kus tiirlerinin ve etkilesimde
bulundugu diger canli gruplarinin yasama alanidir. Bu canli gruplar ile olusturdugu muttalisi yagam, bir taraftan F.
imperialis’in yasamsal ve iireme fonksiyonlarinin devamliligini saglarken, diger taraftan da etkilesimde oldugu canlilarin
besin kaynagim olusturarak varliklarimi siirdiirebilmelerinin giivencesidir. F. imperialis’in tohumdan tekrar tohuma
doniisiim siiresinin yaklasik 120-160 giin /y1l olmasi ve ¢igeklenme siiresinin yaklasik 45 gilin/y1l olmasi ekosistemdeki
ekolojik dongtideki roliinii agiklayacaktir.

F. imperialis’in tozlasmas1 Blue tits (Parus caeruleus) gibi 6tiicti kuslar araciligi ile gerceklesir. F. imperialis,
ornitofilik ¢iceklerin karakteristik kriterlerini yerine getirecek biiyiik ve bol miktarda iiretilen, sakkaroz icermeyen,
seyreltik nektarlar iiretir ve “ornithophilous flowers” olarak adlandirilirlar [24]. %75 oraninda zengin aminoasit iceren
nektar iireten F. imperialis in giinliik sabah saatlerinde trettigi nektar miktar1 ortalama 133.3 pl/cigek dir. Bu nektarin
polinatérii olan Blue tits sabah saatlerinde bu ¢igegi ziyaret ettiginde 76,65 pl nektar alir [25]. Bu miktar polinatoriin
giinliik enerji ihtiyacinin %20-25 ine karsilik gelmektedir. Eger metabolik aktivitelerini gerceklestirebilmek icin ihtiyag
duydugu enerjinin tamamini bu ¢igekten karsilayacagi var sayilirsa giinlilk en az 5 ziyareti 45 giin siire ile yapmak
zorundadir. Bu ziyaret sonucu elde ettigi nektarin besin olarak kullaniminin degeri ise 3.6 $/adet/y1ldir.

Ulke gen kaynaklar1 yonii ile rasyonel bir degerlendirme yapilacak olursa: yaylalari ve yiiksek dag yamagclarini
stisleyen F. imperialis’in dogal giizelliklerimiz yaninda, biyolojik zenginligimizin ve gen kaynaklarimizin énemli bir
pargasini olusturmasi, ila¢ endistrisinde kullanilmasi, hammadde kaynagi olmasi, modern biyoteknolojinin
hammaddesini olusturmasi vb. hizmet fonksiyonlari ekolojik ve ekonomik agidan F. imperialis’in gergek degerinin
yiiksek oldugunu gostermistir. Goriildiigi iizere iktisadi anlamda yiiksek deger tasiyan F. imperialis’in varligim
stirdiirmesi ve bugiiniin kosullar ile gelecek kusaklara aktarilmasi ekolojik, ekonomik ve sosyo-kiiltiirel degerlerin
devamlilig1 agisindan da 6nemlidir. Ayrica, F. imperialis’in Giretim mal ve hizmet fonksiyonlarinin tespit edilmesi ve her
bir hizmet fonksiyonun degerinin belirlenmesi tiiriin dogru kullanim alanlarin saptanmasinda 6nemli rol oynayacak ve
dogal kaynak tahribati da engelleyecektir.

F. imperialis de oldugu gibi, diger gen kaynaklarinin da mal ve hizmet akim fonksiyonlarinin tespit edilerek,
iktisadi siireclere dahil edilmesi, ekonomik deger analizlerinin yapilmasi, siirdiiriilebilir kullanimin saglanmasinda 6nemli
bir kosul olarak goriilmelidir. Biyolojik ve endemik cesitliligin, tiir temelinde korunmasi ve siirdiiriilebilir yonetiminin
saglanabilmesi i¢in karar verme diizeyindeki analizlerde toplam iktisadi degerin bir biitiin olarak ele alinmasinin ve karar
alma mekanizmalar1 igine dahil edilmesinin gerekliligi de bu c¢alismayla ortaya konmustur. Bu yoniiyle
degerlendirildiginde yapilmasi gereken, biyolojik kaynaklarin iktisadi siireglerle birlikte degerlendirilmesi, yerel yonetim
planlarina dahil edilmesi ve buna uygun politikalarin benimsenmesidir. Ancak bu sekilde etkin, siirdiiriilebilir kaynak
kullaniminin saglanabilecegi ve s6z konusu biyolojik kaynaklarin gelecek kusaklara aktariimasi miimkiindiir.
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Abstract

The current study deals with anatomical, palynological and micromorphological aspects of endemic Silene
tunicoides for the first time. With morphological analysis, the descriptions of species were enlarged as different from
previous studies in point of calyx and corolla dimensions, androecium and gynoecium dimensions. With anatomical
analysis, the shape of leaves of cross sections, presence of starch grains in pith cells are found different. Pollen and seed
morphology can be useful to distinguishing species. Pollen dimensions, pore shape and structure, microechinae number,
ornamentation are the most important were determined as pollen traits. Seed shape, suture structure, surface, teeth shape
and dimensions are the most valuable seed characteristics.

Key words: anatomy, Caryophyllaceae, pollen, seed, Silene, SEM

*

Endemik Silene tunicoides Boiss. (Caryophyllaceae) iizerine morfolojik, anatomik ve palinolojik arastirmalar

Ozet

Mevcut ¢aligma, endemik Silene tunicoides’i anatomik, palinolojik ve mikromorfolojik yonlerden ilk defa
incelemektedir. Morfolojik analizler ile tiiriin deskripsiyonu, kaliks ve korolla boyutlari, erkek ve disi organ boyutlari
acisindan onceki ¢aligmalardan farkli olarak genisletilmistir. Anatomik analizler ile yaprak enine kesitlerinin sekli ve 6z
hiicrelerinde nisasta tanelerinin varlig1 farkli bulunmustur. Polen ve tohum morfolojisi tiirleri ayirmada faydalidir. Polen
boyutlari, por sekli ve yapisi, mikroekina sayist ve ornamentasyonu polen &zelligi bakimindan en 6nemli olarak
belirlenmistir. Tohum sekli, sutur, yapisi, dis sekli ve boyutlar1 en 6nemli tohum karakterleridir.

Anahtar kelimeler: anatomi, Caryophyllaceae, polen, SEM, tohum
1. Introduction

Silene L., the largest genus in the family Caryophyllaceae with 700 species [1], is represented in Southwest Asia,
with 119 species (34 endemic) in Turkey [2], about 139 species (48 endemic) in Iran, and 37 species in Iraq [3,4]. After
Coode & Cullen’s (1967) study, and with addition of new species the total number of Silene genus have been increased
to 166 in Turkey [2,5,6,7,8].

Silene genus has been subjected many times in palynological and micromorphological studies but little times in
anatomical ones [9,10,11,12,13,14,15,16,17]. The main consensus of these researches that the shape of leaf, starch in pith,
the pore dimensions and numbers, microechinae structure, ornamentation, seed shape, testa cell types, ridge features can
be useful to distinguish species in taxonomic levels.

Silene tunicoides is an endemic, distinct, semi-shrub plant only grows in Kemer, Antalya province which is its
type locality from section Tunicoideae (Boiss.) Chowdhuri. This species can be distinguished from the other two relatives
(S. ozyurtii and S. brevicalyx) by the shape of the capsule, calyx teeth and petal limbs, length of calyx and petal. It has
been no study conducting the anatomy, palynology and micromorphology of this Turkish species. The aim of this paper
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to investigate the mentioned features of Silene tunicoides and to discuss these properties whether important for species
taxonomy.

2. Materials and methods
2.1. Plant material

The materials used in this study were collected from type locality of species (Kemer, Antalya) during the first
author master thesis field excursion. These collected materials were stored as herbarium materials and some of them were
put in 70% ethyl-alcohol as anatomical materials. The species were photographed in nature (Figure 1).

2.2. Morphological methods
2.2.1. Macro-morphological investigations

In macromorphological investigations, the collected plant materials were prepared according to standard
herbarium techniques and were identified using Davis (1988) literature [18]. The herbarium materials were stored in
KNY A herbarium. When the descriptions of the species were made, such as stem height, leaves and flowers dimensions
were measured at least 20 times for each characters.

2.2.2. Micro-morphological investigations

In micromorphological investigations, the mature fruit and seed were selected under a stereomicroscope and
were stored in paper bag. At least 20 samples of fruits and seeds were measured by several characteristics such as fruit
length, and seed length. Then these fruits and seeds were transferred to the aluminium stab and, were covered with gold
and were micro photographed aid of a Zeiss Jeol Evo LS 10 SEM.

2.3. Anatomical analysis

For anatomical investigations, the paraffin method were applied to root, stem and leaf of species. The cross
sections were taken using a microtome [19]. The woody and herbaceous stems cross sections were taken by hand using a
razor blade. The paraffin sections were stained with safranin-fast green and they were mounted with entellan. Slides were
observed Leica DM1000 light microscope and were photographed with a Canon EOS 450D camera. Measurements were
made with Cameram 21 programme.

2.4. Palynological analysis

The pollen slides were made according to Wodehouse (1935) technique [20]. The pollen grains were directly
taken the glass-slides and were washed with ethyl-alcohol. A few drops glycerine-jelly with safranin were added the
heated slides and they were left to dry [20]. The pollen slides were examined under a light microscope (Leica DM 1000)
and were photographed with Canon EQS 450 D camera. For SEM investigations, non-acetolysis pollen grains were put
aluminium stabs and were micro photographed at several magnifications using a Zeiss SEM. Punt et al. (2007) was
followed for pollen terminology [21].

All of the measurements were given in minimum, maximum and mean values.

3. Results
3.1. Macro-morphological Results

Perennial, with many erect, slender stems arising from a very woody branched at base. Stems up to 40 cm,
diameter 0.63-0.85 mm, with short, retrorse indumentum below, glabrous and viscid above. Cauline leaves linear,
setaceous, callous, 7-13 mm, margins setose. Inflorescence paniculate, the branches wide-spreading and cymose. Calyx
5%1.5 mm, teeth 1.5x1 mm, glabrous, ovoid, bracts 0.4-0.8 mm, Petals cream-transparent with an entire limb. Anthophore
1.5 mm. Anther 1 mm, filaments 3.5 mm. Ovary 1 mm, style 0.2 mm, stigma capitate. Capsule 3-4 mm, included in the
calyx. Fl. 6. Cliffs, pine forests, c. 100 m.
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Figure 1. A. The general view of Silene tunicoides in nature conditions. B. Flowers and capsule

3.2. Micro-morphological Results
3.2.1. Fruit micromorphology

The fruits are capsule, 4.16-4.4x 2.6-2.99 mm, globose-ovoid, tuberculate in ornamentation. Ovoid at base,
carpels are not separated, narrowed and truncate in apex (Figs. 2-3).
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Figure 3. A. The general view of fruits of Silene tuni-coides (SEM) B. Ornamentation
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3.2.1. Seed micromorphology

The seeds of S. tunicoides are reniform, dark-brown and shiny, 0.81-1.2 x 1.04-1.33 mm, the ratio length-width
being 1.18, seed outline is rectangular-orbicular, chalazal pole is obtuse, micropylar pole is emarginate, seed surface type
convex-sometimes flat, shape of tubercle rounded, seed surface granulation fine, suture is sinuous, ridge is absent or
indisctinct, flat, the number of teeth is 10, teeth shape is rectangular, 8.21-10.85 x 9.45-11.05 um, testa cells 117.08-
146.22 x 109.72-138.91 um, the ratio length-width of testa cells 1.05 (Figs. 4-5).

Figure 4. The general view of eds of Silene tunicoides (M).

Figure 5. A. The general view of seeds of Silene tunicoides (SM) B. Ornamentation

3.3. Anatomical Results

Root anatomy
Peridermis which is characterized many layered, partly broken with phellem cells is an outermost layer of roots

in S. tunicoides (Figure 6-a). Cortex cells are parenchymatic and their shape is defined as rectangular-oval. The vascular
tissue composed of phloem and xylem elements is well-developed. Trachea cells were measured as 47.16 um in mean
values. Th re of roots contalnsonly sclerenchymatlc cells (Flgure 6-b).
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Figure 6. The root cross sections of Silene tunlcmdes A General view of roots pe perldermls co: cortex ph: phloem
x: Xylem. B. the centre of roots tr: trachea, c: center of root.
Woody stem anatomy
The cross sections taken from woody stems of S. tunicoides were showed that secondary structure developed.
The outermost surface of roots is limited by peridermis (Figure 7-a). Cortex is characterized with sclerenchymatic cells.
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Endodermis is one layered. Phloem and xylem follow endodermis towards the centre. The centre of stem is covered with
parenchymatic pith cells containing abundant starch grains (Figure 7-b).

Figure 7. The cross sections of wood : : sclerenchyma, en: endodermis, ph:
phloem, x: xylem, p: parenchyma cell, pi: pith region, s: starch.

Herbaceous stem anatomy

The outermost surface of stem is limited with a single layered epidermis with a few cells gland-trichomes (Figure
8-a,b). The cortex which is characterized by parenchymatous cells is oval shaped with chloroplasts. Sclerenchyma is
covered large area in stem. Phloem and xylem are well-developed. The pith is composed of parenchymatic cells with
starch grains (Figure 8-a).

5 E
et & T 5 il o . resind
Figure 8. The cross sections of herbaceous stem of Silene tunicoides ep: epidermis, co: cortex parenchyma, sc:

sclerenchyma, ph: phloem, x: xylem, p: parenchyma cell, pi: pith region, s: starch, t: trichome.

Leaf anatomy
The cross sections of leaves clearly show the three main parts: epidermis, mesophyll, and vascular tissue (Figure

989). The epidermis in a single layer is covered the leaf. Stomata occurs both upper and lower epidermis. Also, the hairs
are positioned on epidermis of both sides. Mesophyll tissue is composed of two types of cells as palisade and sponge
parenchyma. Druse crystals are present into the leaf mesophyll. Central vascular bundle is larger and collateral in type
(Figure 9).
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i
Figure 9. The cross sections of leaves of Silene tunicoides ue: upper epidermis, le: lower epidermis, pp: palisade
parenchyma, sp: spongy parenchyma, vb: vascular bundle, sc: sclerenchyma, dr: druse crystal, t: trichome.

3.3. Pollen morphology

The pollen grains of S. tunicoides are monad, periporate, and spheroidal. The pollen diameter is 26.24-30.7 pm.
The pore diameter is 5.1 x 5.6 um with orbicular-shaped. The numbers of pore are 20-25, the distance between two pore
is 1.92-2.12 um. The pori is operculate with 14-17 microechinae which is triangular shaped. The microechinae dimensions
1-1.14 x 1.35-1.76 um. The micro perforation is 1.74-2.17 um. The exine structure is semitectate and the sculptruing is
microechinate-microperforate. The exine and intine are 2.18 um and 0.82 pm thick, respectively (Figs. 10-11).

Figure 10. The light microscope (M) photographs of Silene tunicoides A. The general view of pollen B. The
sculpturing
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Figure 11. The scanning electron microscope (SEM) photographs of Silene tunicoides A. The general view of pollen B.
The sculpturing of pollen

4. Conclusions and discussion

The measurements and observations of Silene tunicoides is congruent with the study of Coode and Cullen (1967)
[2]. However, dimensions and properties of bracts, ovary, style, stigma, and stamen were presented for the first time as
different from previous research.

In the root cross-section, S. tunicoides had filled with xylem elements in root centre. Atasagun et al. (2016) had
declared that S. brevicalyx had parenchymatous cells in the root centre, whereas S. ozyurtii had a sclerenchymatic centre
of root [16]. There are reports that Silene genus had calcium oxalate crystals in the endodermis of some species and
multicellular hairs on the epidermis in the stem anatomy of Silene [16, 22,23,24]. These findings were consistent with our
findings. In addition, S. tunicoides have starch grains inside its pith cells. However, S. ozyurtii didn’t have any starch [16].

For the classification and identification of species in Caryophyllaceae family can use pollen and seed
morphological traits [25]. The members of Caryophyllaceae family had usually medium size, ranging from 25-50 pm
pollen grains [9,10,11,15,26,27]. We determined that the pollen grains of S. tunicoides has the same dimensions as above
mentioned. Caryophyllaceae was included in polypantoporate group by Moore et al. (1997) [28]. Our findings are in
agreement with their results. There were also some differences in pollen characters between S. tunicoides and S. ozyurtii.
S. ozyurtii had the bigger pollen grains, little numbers of pore, the bigger pore diameters and the smaller exine thickness
than the S. brevicalyx [16] also than S. tunicoides. Structure of pore was slightly receding in S. ozyurtii, whereas structure
of pore was protuberant in S. tunicoides.

The seed morphology of the Silene species showed seed type was reniform, reniform-circular, orbicular, semi-
orbicular, or flabellate [15,29,30]. S. ozyurtii and S. brevicalyx had identified as reniform seed shape [16] as the same in
S. tunicoides. S. ozyurtii had serrate suture outline, coarsely medium surface, triangular teeth shape, with concave lateral
surface but S. tunicoides and S. brevicalyx have sinuous suture outline, fine surface, rectangular teeth shape, with convex
lateral surface.

As a conclusion, these three species can easily separate each other according to anatomic (leaf shape, presence
of starch in stem), pollen (microechinae structure, pore humber) and seed characteristics (shape, suture structure, teeth
shape).
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Abstract

At this study, it is aiming to biosorption of the silver from low contentration leach solution that is extracted from
the hydrometalurgical processes and the waste solution which includes silver ions by using the mint (Mentha x piperita)
extracts. With the help of biological processes, it is also aimed to clean the waste water that is polluted with silver ions.

The study was actualized under four main title as preparing the biosorbent, preparing the adsorbent, making the
biosorption experiments and interpret the findings. In order to analyze the balance properties at removing the silver ions
from the liquid solutions, Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherms are used.

As a result of the performed statistical assessments, the highest correlation coefficient is obtained from Temkin
isotherm (R?= 0,9736). It is followed by Dubinin-Radushkevich (R?= 0,9665), Langmuir (R?>= 0,9174) and Freundlich
(R?= 0,9163) respectively. It is determined that the mint extract bond the silver ion with %99.48 efficiency. Per these
results, it is seen that the mint extract shows high biosorption capasity for silver ions and it has usage potential for
immobilisation the silver from waste solutions.

The results of the experiments shows that it is possible to recycle the silver ions that is in leach solutions or
wastes which are considered economic lost by using mint extract. Also, since the silver is an important pollutant factor in
solutions, it is determined that mint can be used as full natural cleaning method the industrial wastes that come out from
ore processing.

Key words: biosorption, silver, isotherms, removal, equilibrium, Mentha piperita

*

Langmuir, Freundlich, Temkin ve Dubinin-Radushkevich isotherms arastirmalari, Nane ektrakti ile giimiisiin
sulu ¢ozeltiden biyosorpsiyonu

Ozet

Bu ¢alismada Nane (Mentha x piperita) bitkisinden elde edilen ekstraklar kullanilarak cevher isleyen
hidrometalurjik proseslerden ¢ikan diisiik konsantrasyonlu li¢ ¢ozeltileri ile giimiis iyonlar1 igeren atik ¢ozeltilerden
glimiigiin biyosorpsiyonu amaglanmistir. Ayrica arastirma konusu olan giimiis iyonlari ile kirlenmis atik sularin biyolojik
prosesler yardimiyla temizlenmesi hedeflenmistir.

Calisma biyosorbentin hazirlanmasi, adsorbat hazirlanmasi, biyosorpsiyon deneylerinin yapilmasi ve
bulgularin yorumlanmasi olmak {izere dort ana baslik altinda gerceklestirilmistir. Gliimiis iyonlarinin sivi ¢ozeltiden
uzaklagtirmasinda denge Ozelliklerini analiz etmek i¢in Langmuir, Freundlich, Temkin ve Dubinin-Radushkevich
izotermleri kullamilmigtir. Yapilan istatiksel degerlendirmeler sonunda en yiiksek korelasyon katsayisi Temkin
izoterminden (R?= 0,9736) elde edilmistir. Temkin modelini, Dubinin-Radushkevich (R?= 0,9665), Langmuir (R>=
0,9174) ve Freundlich (R?= 0,9163) ve modelleri izlemektedir. Nane ekstraktnini siv1 ¢dzeltiden Giimiis iyonlar1 %99,48
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verim diizeyinde bagladigi belirlenmistir. Bu sonuglara gére Nane ekstraktinin, glimiig iyonlari i¢in yiiksek biyosorpsiyon
kapasitesi gostermekte olup, glimiisiin kirli ¢ézeltilerden immobilizasyonu i¢in kullanilabilme potansiyeli tagimaktadir.

Yapilan deneyler sonunda, li¢ ¢dzeltilerinde veya atiklarda bulunan ve ekonomik kayip olarak nitelenen giimiis
ionlarinin Nane ekstrakti ile geri kazaniminin miimkiin oldugu belirlenmistir. Ayrica sivi ¢dzeltilerde bulunan giimiis
onemli bir kirlilik unsuru oldugundan, cevher isleme siireglerinde ortaya ¢ikan endiistriyel atiklarin temizlenmesinde
tamamen dogal biyolojik bir yontem olarak nanenin kullanilabilecegi saptanmustir.

Anahtar kelimeler: biyosrpsiyon, giimiis, izoterm, giderme, denge, Mentha X piperita
1. Giris

Glimiis (Ag); atom numarasi 47 ve atom agirlig1 107,87 g/mol ve 6zgiil agirligr 10,5 g/cm? olan bir elementtir.
Glimiis; daha ¢ok altin, bakir, civa ve diger metallerle alagimlar halinde veya saf olarak bulunur. En ¢ok rastlanan filizleri;
giimus kloriir (AgCl) ve argentit (Ag»S) olmakla birlikte, arsenik veya antimonla karigmus siilfiir filizleri de vardir.

Giimiis madenciligi Anadolu da antik donemlerden giiniimiize kadar devam etmistir. Amasya-Gilimiishacikdy
ve Nigde-Bolkardag giimiis madenciliginin ilk yapildig1 yerlerdir. Giiniimiizde Tiirkiye’deki isletilen tek giimiis yatagi,
Kiitahya-Giimiiskoy’diir. Tiirkiye’ de birincil kaynaktan giimiis {iretimi, Kiitahya/Giimiiskdy’de 1987 yilinda kurulan
tesislerde (Eti Holding Glimiis A.S.) yapilmaktadir. Bu tesis, % 99,9 saflikta 85 ton/yil giimiis tiretmektedir [1]. Ayrica
Rize-Cayeli ve Kastamonu-Kiire-Asikdy bolgesinde bakir iiretiminin yan tirlini olarak giimiis elde edilmektedir.

Glimiig™iin elektronik, taki siis esyas1 yapimi, ¢esitli alasimlar, discilik, bilgisayar role kontaklarinda, ayna
sirlarinin yapiminda, pil yapimi, kaplama, fotografcilik, bazi ilaglarin yapiminda ve metal alasimlarin hazirlanmasinda
kullanilir. Ayrica saf glimiis, boyalar, asetik asit, ve toz halinde, cam ve ahsabi elektrik iletkeni yapmak i¢in yeni seramik
tipi kaplama islerinde kullanilmaktadir. Dis hekimliginde giimiis, civa ve kalay ile birlikte amalgam ad1 verilen restoratif
bir materyal olarak kullanilmaktadir. Giimiis tiim bu faydali kullanim bigimlerine karsin insan, hayvan, bitki ve
mikroorganizmalarda kronik ve akut giimiis toksisitesine neden olmaktadir [2, 3].

Glimiis tiretimi, genel olarak, cevherdeki giimiisiin anyonik siyaniir kompleksleri halinde ¢oziindiiriilerek sulu
faza oziitlenmesi (li¢) ve sulu fazdan kazanilmasi proseslerini kapsamaktadir. Siyaniirleme sonucu kat1 fazdan siv1 faza
Oziitlenen giimiisiin siv1 fazdan geri kazanimi, giimiis derisimlerine ve ¢6ziinme kinetiklerine bagli olarak, CIP (Carbon
In Pulp), CIL (Carbon In Leach) ve CIC (Carbon In Column) gibi aktif karbona yiizey sogurma (adsorption) ve geri
styirma (Desorption) islemleriyle 6n zenginlestirmeden sonra veya dogrudan ¢inko tozu ile ¢oktiirme veya elektroliz
(electrowinning) ve ergitme yoluyla gerceklesmektedir tiretmektedir [1, 4]. Uygulanan bu iiretim prosesleri sonucu toz,
asidik sular, giimiis iyonu salim1 gibi sonuglar ortaya ¢ikmaktadir. Bu siire¢lerde kullanilan sular, kullanilan kimyasal
¢oziciileri, askida kat1 maddeleri ve diisiik diizeyde ¢6ziilmiis glimiis iyonlarimi igerebilir. Sularda bulunan metallerin
aritilarak izin verilebilir sinir degerler seviyesine diisiiriilmesi ¢evre sagligi bakimindan biiyiik 6nem tasimaktadir [3].
Metallerin elde edilmesinde kullanilan proseslerin ¢evre kirliligine neden olmasi nedeniyle son yillarda Biyoli¢ (Biyo-
hidrometalurjik) yontemi kullanilmaya baslanmistir [5, 6]. Biyo-hidrometalurjik proseslerin daha az enerjiye ihtiyag
duymasi, ayrilma seviyesinin iyi olmasi, geri kazanilan iriinlerin saflik derecesi yiiksek olmasi gibi avantajlar
bulunmaktadir [7].

Bu calismada Giimiis igeren cevherlerin saflagtirilmasi veya ikincil {riinlerden geri kazanilmasi siirecinde
endiistriyel atik sularda bulunan Giimiis iyonlarinin nane ekstrakti ile dogal yolla, insan ve gevre sagligina zarar
vermeyecek bir sekilde geri kazanilmasi amaglanmistir.

2. Materials and methods
Caligma dort islem basamagindan olugmaktadir.
2.1. Biyosorbentin hazirlanmasi

Nane (Mentha x piperita) yapraklar1 laboratuvar kosullarinda kurutulup 6giitiildiikten sonra total bitki ekstrakti
¢ikartilmigtir. Rotary evaporator’de filtrat konsantre edilerek liyofilize hale getirilmistir. Deneyler i¢in kullanilmak {izere,
+4°C’ de steril buzdolab1 ortaminda saklanmistir. Biyosorbent miktarinin biyosorpsiyondaki etkisini belirlemek i¢in, 0.6,
1.6 ve 1.8 mg L* miktarlarda liyofilize nane ektrakti biyosorbent olarak kullanilmustir.
2.2. Adsorbat

Biyosorpsiyon testleri igin ticari olarak temin edilebilen Giimiis (I) iyon tuzlari kullanilmugtir. Iyonize su

(4H20) ile 100 mg/L Giimiis stok ¢ozeltiler hazirlanarak cam siselere konmus, deneylerde kullanilmak tizere +4°C’ de
steril ortamda muhafaza edilmistir.
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2.3. Batch experiments

Biyosorpsiyon deneyleri i¢in 100 mL’lik ependorf tiip igine dnceden hazirlanmis olan giimiis iyonlarini i¢eren
stok ¢ozeltiden 50 ml konmustur. Daha sonra ependorf tiiplere farkli miktarlarda (0.6 mg, 1,6 mg ve 1.8 mg) liyofilize
nane ekstrakti biyosorbent olarak ilave edilmis, Ependorf tiipler 6000 rpm’de 80 dakika santrifiij edilmis, dipte olusan
koyu renkli ¢okelti tiip i¢inde birakilmis, istte kalan sivi kisim yeni tiipe aktarilmistir. Yeni tiipe aktarilan sivi ICP
(Inductively Coupled Plasma) Spektroskopisi kullanilarak sividaki kalintt metal iyonu miktar1 belirlenmistir.

2.4. Biosorption isotherm models

The Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm models were employed to describe
the uptake of Ag ions by Mint ektrakt. Isotherm and correlation coefficients (R%) were calculate from linearized equations
of these isotherms in Microsoft Excel program [8, 9].

Langmuir isotherm
ge /gmax = KLCe /(1+KLCe)

Freundlich isotherm
ge= KF Ce !n

Temkin isotherm
ge = BlnA + BlnCe
B = RTbht

Dubinin-Radushkevich isotherm
Inge = Inqgm — €2
&€= RTIn(1 +1/ce).

3. Bulgular

Giimiis metal iyonlarinin sivi ¢ozeltilerden Nane ekstrakt1 ile biyosorpsiyonuna yonelik yapilan bu ¢aligmada
baslangic biyosorbent miktar1 ve biyosorpsiyon parametreleri arastirilmis ve elde edilen bulgular asagida verilmistir.
Yapilan deneylerde biyosorbent miktarinin artisina bagli olarak biyosorpsiyon miktarinda dogrusal yonde bir artig
olmustur. Nane ekstrakti ile suda bulunan, Ag iyonlarini % 99,48 oraninda geri kazanim sagladigi belirlenmistir. Glimiis
iyonlarimin tamamina yakinimnin sivilardan geri kazanilacak olmasi, bu sektérdeki ekonomik kayiplarin 6nlenmesi ve ¢evre
sagligi i¢in biiyiik 6nem tagimaktadir.

Glimiis iyonlarinin sorpsiyonunun denge 6zelliklerini analiz etmek i¢in Langmuir, Freundlich, Temkin ve
Dubinin-Radushkevich izotermleri kullamilmistir. Sorbent miktar1 0,6; 1,2 ve 1,8 g olarak degistirildiginde izoterm
modelleri tarafindan elde edilen grafikler Sekil 1-4’de; tiim sabitler ve R? degerleri Tablo 1'de verilmistir. En yiiksek
korelasyon katsayilar1 (R? degeri), giimils uzaklastirmasi i¢in Langmuir izoterminden elde edilmistir. Biyosorpsiyon
verilerine gore Langmuir modelinin Freundlich modelinden daha uygun oldugu goriilmektedir. Bu sonug, liyofilize
edilmis nane ekstraktinin giimiis giderimi i¢in homojen biyosorpsiyon yolunu izledigini gostermektedir.

Temkin izotermi korelasyon katsayilari, Dubinin-Radushkevich izotermi katsayilarina gore daha yiiksektir.
Dubinin-Radushkevich izotermi i¢in, & degeri 8-16 kJ/mol arasinda olmas1 ve kimyasal biyosorpsiyonun, 8 kJ/mol’den
daha az olmasi fiziksel biyosorpsiyonun gerceklestigini géstermektedir (Tablo 1). Dubinin-Radushkevich izoterminin
korelasyon katsayilar1 diisiik oldugu i¢in deneysel verilere iyi uymadigi belirlenmistir (Tablo 1). Ayrica, hesaplanan &
degeri de fiziksel biyosorpsiyonun gergeklestigini gostermesi bakimindan 6nemlidir.
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Sekil 3. Giimiisiin Mentha x piperita ekstrackti ile Temkin modeli biyosorpsion izotermi
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Sekil 4. Gimiisiin Mentha x piperita ekstrackti ile Dubinin—Radushkevich modeli biyosorpsion izotermi

Tablo 1. Glimiisiin Mentha x piperita ekstrakti ile biyosorpsiyonu i¢in Langmuir, Freundlich, Temkin ve Dubinin -
Radushkevich modelinin izoterm sabitleri

Model Parametreler Ag
Langmuir modeli R? 0,9174

gmax (mg/q) 12,8700

KL (L/mg) 0,367028814
Freundlich modeli R? 0,9163

n 1,6622

KF 3,3916E+00
Temkin modeli R? 0,9736

B 2,9301

bt (J/mol) 0,001183

A (L/g) 3,42167
Dubinin- R? 0,9665
Radushkevich gm (mg/g) 8,402254
modeli B (mol?/kJ) 3,00E-07

E (KJ/mol) 1,290994

4. Sonuglar ve tartisma

Tirkiye’de yillik 200 ton civarinda giimiis kullanilmakta olup, bunun yaklagik % 30’u Eti Holding Giimiis
Isletmesi tarafindan karsilanmaktadir. Resmi rakamlara géte ortalama 20 ton civarinda giimiis ithalati yapilmaktadir.
Ayrica tamamu ithal edilen rontgen filmlerindeki giimiisiin degerlendirilmesi, hurda glimiis doniisii, glimiis ithalat1 ve
gayr1 resmi glimis girisi yillik gimiis arzin1 olusturmakta; giimiis iiretimi Tiirkiye’de 85 ton/yil, diinyada ise 16378,4
ton/y1l olarak bildirilmektedir [1]. Buna gére birincil ve ikincil kaynaklarda onemli miktarda glimiis {retimi
yapilmaktadir.

Giimiis cevre kirliligine neden oldugu bilinen agir metallerden biridir [2]. Insanlar giimiise dermal, radyografik
ve fotografik malzeme, dis amalgami, gida, su ve ilaglar ile glimiis igeren iiriinlerin kullanim1 yoluyla maruz kalabilir.
Giimiis insanlarda asir1 duyarlilik reaksiyonlari, astim, kronik bronsit, tekrarlayan akitilar, karin agrisi, deri ve goz
yanmasi, gece goriisiinde azalma gibi toksik ve akut zehirlenmelere neden olur. [10, 11]. Yerlesim yerlerinin atik sularinda
cesitli patojenler ve hastalik etmeni mikroorganizmalar bulunmaktadir. insan veya hayvanlar tarafindan idrar ve digki ile
sulara atilan patojenler iyi yikanmamuis gidalarla insanlara tasinmaktadir. Bu nedenle evsel ve endiistriyel atik sularin
yeterince aritilmadan alici ortamlara desarj edilmesi insan sagligi acgisindan biiyiik riskler tasimaktadir. Nane ugucu
yaginin antimikrobiyal [12, 13] ve antioksidan [14] etkisinin oldugu yapilan bilimsel ¢alismalar sonucuna gore agikga
kanitlanmigtir [15]. Buna gore nane ekstrakti aym1 zamanda kirli sularin biyolojik olarak aritilma potansiyeli de
tasimaktadir.
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Yapilan galismalar sonunda biyosorpsiyon verilerinin, Langmuir modelinin Freundlich modelinden daha
uygun oldugunu gostermistir. Buna gore, liyofilize edilmis nane ekstraktinin giimiis giderimi i¢in homojen biyosorpsiyon
yolunu izledigini gostermektedir. Ayrica Temkin izotermi modelinin Dubinin-Radushkevich izotermine gore daha uygun
oldugu belirlenmistir.

Bu ¢aligmada sulu bir ¢6zeltiden glimiis iyonlarinin maksimum ¢ikarilmasi i¢in segilebilir girdi parametreleri;
biyosorbent 0.6 mg, 1,6 mg, 1.8 mg; pH 6.0; 25°C sabit sicaklik; 180 dakika kontak zaman ve 6000rp santrifiij hizi
kullanilmistir. Ancak yapilacak yeni ¢alismalarla adsorbat ile biyosorbent arasindaki biyosorpsiyon siirecinde degisik
girdi parametreleri (temas siiresi, pH, sicaklik, biyosorbent miktar1 vd.) kullanilarak yeni sonuclar elde edilebilir.

Glmiis tiretimi, genel olarak, cevherdeki glimiigiin anyonik siyaniir kompleksleri halinde ¢oziindiiriilerek
yapilmaktadir. Siyaniiriin ¢evresel, teknik ve ekonomik zorluklar1 goz 6niine alinarak alternatif reaktif sistemleri iizerine
uzun yillardir ¢ok sayda ¢aligma yapilmustir [16, 17, 18, 19]. Ancak yeni bir yontem olarak nane ektraktinin kullanildigina
iliskin yapilmis bir arastirmaya rastlanmamaistir.

Sonug olarak; Mentha x piperita bitkisinden elde edilen ekstraktlar kullanilarak, diisiik konsantrasyonlu lig
¢ozeltilerinden giimiis iyonlarmin geri kazanimiin miimkiin oldugu belirlenmistir. Giimiis iyonlarint i¢eren sularin
kimyasal olarak aritilmasina yonelik, zararli etkisi olmayan tamamen dogal bir reaktif olarak Nane bitkisinden elde edilen
ekstraktlarin kullanilabilecegi saptanmustir. Ayrica aritma sistemlerinde, kirli sularin fiziksel kimyasal ve biyolojik olarak
aritilmasi ve koku kirliliginin 6nlenmesi igin ekolojik bir ¢dzlim olarak, nane ekstraktinin kullanimi miimkiindiir.
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Abstract

Egyptian vulture is an endangered vulture species all over the World. Turkey holds the substantial amount of the
global population of the species in Western Palearctic. Middle and Upper Sakarya Region is an important host for the
breeding Egyptian vulture population in Anatolia. In total 37 occupied nests were recorded in 2013 and 2014 years. In
order to determine the nest characteristics 11 nest variables and cliff features were evaluated in this study. Egyptian
vulture nests were determined both in hollows (n= 24) and on ledges (n= 13) at the middle part of the small limestone
cliffs in the study area. The mean + SD of cavity width and height are 2.0 + 1.0 and 1.5 + 0.6, respectively. Nests were
situated predominantly southwestern exposure. Although the first data is given in this study about nest characteristics in
the region, detailed studies are required on the relationship between nest site quality and breeding parameters to undertake
conservation strategies for Egyption vulture in Turkey.

Key words: Anatolia, cave nesting, endangered vultures

Orta ve Yukar: Sakarya Bolgesi’ nde dagilim gosteren Kiiciik Akbaba (Neophron percnopterus)’ nin yuva
ozellikleri

Ozet

Kiigiik akbaba soyu kiiresel 6lgekte tehdit altinda olan bir akbaba tiiriidiir. Bat1 Palearktik bolgede dagilim
gosteren populasyonun biiyiik bir kismu Tiirkiye’ de yer almaktadir. Anadolu' da Orta ve Yukar1 Sakarya Bolgesi kiigiik
akbabalar i¢in 6nemli bir {ireme alanina sahiptir. 2013 ve 2014 yillarinda gergeklestirilen ¢alismalar ile bolgede kiigiik
akbaba tarafindan kullanilan 37 yuva tespit edilmistir. Bu calismada populasyonun yuva o6zelliklerinin belirlenmesi
amaciyla yuvalarin yer aldig1 kaya ve yuvalara ait 11 6zellik degerlendirilmistir. Kii¢iik akbaba ¢alisma alanindaki kireg
tas1 olusumlu kaya kiitlelerinin orta kisimlarinda yer alan oyuklara (n= 24) ve ¢ikint1 setlere (n= 13) yuva yapmaktadir.
Yuva oyugunun geniglik ve yiikseklik i¢in ortalama degerleri sirasiyla 2.0 + 1.0 ve 1.5 + 0.6 m olarak belirlenmistir.
Yuvalar ¢gogunlukla kayalarin giineybati1 yoniine bakan yiizeylerinde konumlanmaktadir. Bu ¢alismayla yuva 6zelliklerine
ait bolgedeki ilk veriler elde edilmistir. Ancak Tiirkiye'de kiiciik akbaba tiiriinii korumaya yonelik yapilacak ¢aligmalarda,
yuva alani 6zelliklerinin {ireme basarilar1 lizerine etkilerini detayli bir sekilde degerlendirmek gerektigi diisiiniilmektedir.

Anahtar kelimeler: Anadolu, magara tipi yuva, tehlike altindaki akbabalar
1. Introduction

Egyptian vulture is a medium sized Old World vulture species. Global populations mainly distrubute in north of
the equator in Africa, southern Europe, Middle East, Caucasus and in India easternmost. Some populations in northwest
of Africa and Asia and all European populations are migratory while others are resident in Sahel Region, East Africa,
Ethiopia, India and Spanish archipelagos [1]. Populations mostly concentrate below 2000 asl. except some resident
populations such as Caucasian, Himalayan and Ethiopian [1; 2]. Egyptian vulture is found in high rocky plains, savannas,
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semi-desert grasslands and croplands in wintering sites. However in the breeding season, it is seen in montainous terrains,
woodlands, plateaus, canyons and cultivated areas near human settlements [1; 3; 4; 5].

Species is one of the sixteen threatened vultures worldwide and classified globally endangered [6; 7]. The
underlying reasons for this threat level of Egyptian vulture populations are reported as food source reduction, direct and
indirect poisoning, illegal hunting, habitat degradation, electrocution and wind turbine collision both in wintering and
breeding areas [8; 9; 10; 11; 12; 13; 14]. These threats have negative impacts on adult survival rate and accordingly
viability of populations result in decrease of populations [15; 16; 17; 18].

Even though Turkey holds one of the largest breeding population in Europe [7; 19], only two detailed studies
were perfomed [19; 20]. Apart from these studies, there are limited data on distrubution of the species in Turkey [21].
Although it has been published records on the altitude, nest height and slope of the nests in Beypazar1 [19], detailed
information on the nest characteristics of the Egyptian vulture in Turkey remains unknown.

It is known that nest-site features have an important role to promote adult survival and breeding success which
are crucial for population viability of threatened vulture species such as Egyptian vulture [22; 23; 24; 25; 19]. Cave type
nests provide safer place and positive impact on breeding success for cliff nesting vulture species [26]. According to
studies on nest characteristics, Egyptian vulture is a cliff nesting species typically nests in caves, sheltered or open ledges
on limestone cliffs in Italy, Spain, Yemen, Bulgaria, Greece, Macedonia and Ethiopia, [2; 4; 5; 23; 26; 27; 28; 29]. They
occassionally nest on large trees, electric pylons, buildings and even on the ground in Canary Islands and Bulgaria [30;
31; 32]. The goal of this study is to collect data about nest characteristics of the Egyptian vulture in Turkey and to
contribute to national conservation activities of the species classified globally endangered.

2. Materials and methods

1.1 Study Area

The study was conducted in Upper and Middle Sakarya Region, in the western part of the Central Anatolia
comprising 7970 km? area (Figure 1). Vegetation vary by the regions in the study area. Northern and southwestern parts
are covered by fir, pine, oak and juniper forests. In contrast, cultivated areas, highland and lowland steppes, grassland and
shrub vegetation are mostly found in central and eastern part [21].

Figure 1. The study area

Climate is continental Central Anatolian thermal regime with the average temperature of 11 °C and annual
rainfall 403.2 mm [33]. Besides there is Mediterranean climate in Saricakaya region which shows microclimatic features
along the Sakarya river. Sakarya and Porsuk rivers are the main water resources in the region [21].

Alluvial plains, sand stone, clay stone, limestone, basalt, tufa and granite rocks are common geological
formations. The highest and lowest altitudes are 1826 m and 190 m to asl in the study area [21].

Other than Neophron percnopterus; two vulture species, Bearded vulture (Gypaetus barbatus) and Cinereous
vulture (Aegypius monachus), breed in the region. Some cliff nesting species breed in the study area such as Long-legged
buzzard (Buteo rufinus), Black stork (Ciconia nigra), Peregrine (Falco peregrinus), Raven (Corvus corax) which have
similar breeding habitat with Egyptian vulture [21; 34; 35].
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1.2 Nest Survey and Measurements

The field surveys were carried out in 2013 and 2014 years to determine the nests occupied by Egyptian vulture
at least for one breeding season. Occupied nests were located during the breeding season between April and August. In
order to avoid disturbance, the measurement of the nest characteristics was conducted in September after birds left the
area. Totally 37 occupied nests were determined and located by GPS. Because of the rough land structure, approaching
to sufficient distance or climbing every occupied nest for measurements was not possible. To determine nest
characteristics 11 variables were evaluated. In order to determine the dominant rock structure, geological formation of
the nesting cliffs were identified based on database of general directorate of mineral research and exploration [36]. Study
area include historical man made caves which is used for the nesting by the species. Thus, it was assessed whether the
nest cave is natural formation or man-made based on the locational data of the ancient settlement [37; 38]. Also nests
were classified as cave or ledge type. Furthermore Cliff Height (CH): Vertical distance between peak and base of the
cliff, Nest Height (NH): Vertical distance between cliff base and nest, Nest Position (NP): Lower/middle/upper parts of
each cliff, Cavity Length (CaL): Distance between enterance and end of the cave/ledge, Cavity Width (Caw): Distance
between left and right side of the cave/ledge, Cavity Height (CaH): Distance between bottom and top of the cave/ledge,
Altitude (A), Nest Aspect (NA) were also determined [39]. Measurements were performed by tapeline and Vertex 1V
altimeter. Altimeter device was used to measure the nest height and cliff height at a distance from the nest. To determine
NP, it was hypothetically divided every single cliff in 3 parts as lower, middle and upper and classified each nest as where
they situated on the cliff. In order to determine altitudes, it was used GPS and Google Earth programme. Nest aspects
were recorded by using compass. Data were reported as minimum, maximum and mean =+ standard deviation for ratio
variables (SD).

3. Results

Overall 37 Egyptian vulture nests were recorded in the area during the field surveys in 2013 and 2014 years.
Geological formations of nesting cliffs vary by the region. But the dominant formation was limestone (h= 11) following
by pyroclastic rocks (n=8). The rest of the nesting cliffs were several different rock type such as granitoid, marble, schist
and other clastic rocks. Other than the 31 nests on natural rock formations, 6 nests were found in hollows on ancient man-
made structures. Twentyfour nests were found in hollow and thirteen on ledge. The minimum, the maximum, the mean
and the standard deviation values of the cliff and nest measurements were presented in table (Table 1). NP and NA data
of the nests were given as diagrams (Figure 2 and 3).

Table 1. Outcomes of cliff and nest measurements

N Min(m) Max(m) Mean=SD (m)
CH 25 35 37.7 11.846.7
NH 25 2.0 26.2 6.7+4.5
CaL 12 0.8 35 1.9+0.9
Caw 13 0.7 5.0 2.0£1.0
CaH 13 0.5 3.0 1.5£0.6
A 37 288.0 1292.0 858.0+£236.0

CH: CIiff Height, NH: Nest Height, CaL: Cavity Length, CaW: Cavity Width, CaH: Cavity Height, A: Altitude

mUpper =Middle = Lower

4% 24%

- .

Figure 2. Nest positions in the cliff Figure 3. Aspects of the nests
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4, Conclusions and discussion

In Middle and Upper Sakarya Region, the majority of the 37 Egyptian vulture nests were located on the limestone
and pyroclastic cliffs. Similarly, limestone is the common rock formation of nesting cliffs in Europe and Africa, also [2;
26; 27]. Depends on the proportion of mineral composition, limestone and pyroclastic cliffs easily erodible and may
provide many hollows and ledges. These natural formations offer a save shelter for Egyptian vultures to nest and raise
their fledgelings [2; 23; 27; 40].

Other than natural formations some hollows carved by ancient civilizations were recorded as a nest site in our
study area. These ancient settlements ruins such as symbolic tombs are from the Phrygians. Similar case was reported in
different area in Turkey [41].

Egyptian vulture nests on small cliffs in the Middle and Upper Sakarya Region. This phenomenon has been
reported in other breeding areas in Europe [4; 27; 29; 42; 43]. Nevertheless the mean cliff height (11.8 + 6.7 m) is much
more lower in our study area when compare to the other populations in European such as Balkan populations with 37 +
38 m [29], Sicilian population with 78.1 + 51 [4], Italian population with 135 + 125 m [23] and the population in norhtern
Spain with 53.6 + 68.7 m [40].

The mean nest height (6.7 + 4.5 m) is similar to the findings of populations in Bulgaria and Greece. Although
the mean value is relatively higher in Balkan populations, most of the nests (53%) situated 1-10 m height [29]. However
the mean nest height is quite high in other regions in Europe; Sicily with 47.3 £ 41.7 and Italian penninsula with 41.6 [4;
23].

The Egyptian vulture nests are mainly located at the middle part of the rocks in the Middle and Upper Sakarya
Region (Figure 2.). Although some researchers report that nest are situated at the upper part of the rocks which is possibly
the most inaccesible [23; 26] alternatively nesting at the base of the cliffs may minimise the energy consumption in
carrying food to the nest [42] or provide good weather conditions to individuals [2]. These are also might be the possible
explanations of the low cliff and nest height in our study area.

In addition, low pressure of being hunted by predators or lower human disturbance might have an impact on
choice of small rocks. It has been emphasized in a study with another cliff nesting raptor species Bonelli's eagle
(Hieraaetus fasciatus) that cliff height is effected by human related disturbance. Lower cliffs were prefered more when
they are far from the paved road whereas higher cliffs were used in the case of heavy human pressure [44]. Raven Corvus
corax, stone marten Martes foina and Eurasian eagle owl Bubo bubo are common possible predators and threats for
Egyptian vulture among European populations [19; 29; 45]. There is a phenomenon which eggs or juveniles may be
hunted by predators if the nest are easily accessible. Clutch replacement in order to tolerate this type of reproductive
failures is less frequent among large size and single brooded raptors [46]. It has been recorded that Egyptian vulture
succesfully breed after clutch replacement in case of failure [22; 45]. Still prevalance of replacement is low. Alternatively
constructing inaccessible nest seems required less energy comparing to cost of relaying process. Accordingly we expect
the nest would be located high in our study area as well. However according to the results of measurement not only but
one of the possible explanations of the low nest height may be associated with low presure of preadators in the study area.

The dominant nest type was cave form and the nests are deep (mean + SD= 1.9 = 0.9 m) and wide (mean + SD=
2.0 £ 1.0 m) according to the outcomes of the nest measurements in Middle and Upper Sakarya Region (Table 1). Deep
hollows may offer individuals a shelter to overcome unfavorable weather conditions during the breeding season. This
argument also could explain the abundance of cave type nests in the study area. There are only few informations about
the nest type, CaL, CaW and CaH for other Egyptian vulture populations. It has been reported that nests are approximately
1 m in width and depth in Greece and Yemen [26; 43]. Similar study has conducted with another cliff nesting vulture
population (Gyps fulvus) in Gamla Nature Reserve and authors reported that the nest-sites in caves are more successful
and productive than the nest-sites on open ledges [47]. However we did not analyze statistically whether the nest-site
features are preference or not. Thus interpretations of nest-site preference remain limited.

The mean altitude value of nest sites is relatively higher than the one in Beypazari region where another
significant population exist close to our study area. Unlike the elevation report of Beypazari population [19] the half of
the nest sites (n:19) are above 900 m in our study area. Also the data of other European populations are consistent with
the mean altitude in the study area in Middle and Upper Sakarya Region [1; 4].

It is known that Egyptian vulture's nests are predominantly southfacing [4; 19; 23; 28]. In our study area
southwestern exposure was relatively higher which is identical to findings in Balkan populations [29] . Use of sunlight
[29] or exploitation of potential good microclimatic features [28] might be related with preference of the southfacing nest.
A study conducted with other cliff-nesting raptor Bonelli eagle Aquila fasciata reported that sunny orientation offers a
dry environment thus decreases the number of ectoparasites in the nest [48]. This is also a strong argument considering
the self protection of adults from arthropods and other parasites and the raising chicks in a healthier environment.

As a conclusion, Turkey holds one of the largest Egyptian vulture populations in Europe [10; 19]. Middle and
Upper Sakarya Region population is an important constituent with 53 territorial pairs [20]. Individuals mainly use
limestone rock formation and nests are located on small rocks and the mean nest height is low. Aspect of the nests is
predominantly southwestern and the most abundant nest type is cave which provides individuals wider and safer breeding
environment. Also ancient man-made constructions were alternative nesting fields in our study area. Middle and Upper
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Sakarya Region is an important area where individuals may use different types of nesting areas. Although we did not
evaluate the anthropogenic impacts on nest characteristics, low cliff and nest height may be indicate the low predator
stress and human disturbance in our study area. Contrary to this, abundance of the cave type nest in our study area which
provides more inaccessible and invisible breeding environment may link to better protection against predators. In order
to clarify these factors detailed researches are required on the nest-site quality and habitat use in relation to breeding
parameters and stress factors as predators and human induced activities. Furthermore threats to the species should be
determined both locally and throughout the country in order to undertake essential conservation actions for the Egyptian
vulture in Turkey.
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Abstract

In this study, the families Ixodidae (hard ticks) ticks of the species in Turkey pheromones of some derivatives
were synthesized and their pheromone properties were investigated. In the first phase of the study, aniline derivatives of
the pheromones to be used in the synthesis were obtained. By using hydrochloric acid or sulfuric acid with sodium nitrite,
diazonium salts were produced from these aniline derivatives. The novel pheromone derivatives were synthesized by
reacting to a series of diazonium salts with pyrrolidine, morpholine and piperidine bases separately. Structures of the
synthesized compounds were determined by Fourier-Transform Infrared Spectroscopy (FTIR), Nuclear Magnetic
Resonance (*H-NMR, C-NMR) and Mass Spectrometry (MS). Whether the synthesized compounds show pheromone
feature has experimented on the live ticks under the supervision of an expert.

Key words: Tick, pheromone, the chemical structure of pheromones, triazene

*

Kene feromonlarinin bazi yeni tiirevlerinin sentezi ve feromon 6zelliklerinin incelenmesi

Ozet

Bu ¢aligmada, Ixodidae familyasina bagli kenelerin Tiirkiye'de yasayan tiirlerine ait bazi feromonlarn yeni
tiirevleri sentezlenmis ve feromon 6zellikleri incelenmistir. Caligmanin ilk asamasinda, sentezde kullanilan feromonlarin
anilin tirevleri kullamlmistir. Bu anilin tiirevlerinden hidroklorik asit veya siilfiirik asit beraberinde sodyum nitrit
kullanilarak diazonyum tuzlar1 elde edilmistir. Bir dizi diazonyum tuzu pirolidin, morfolin ve piperidin bazlariyla ayri
ayrn tepkimeye sokularak yeni feromon tiirevleri sentezlenmistir. Sentezlenen bilesiklerin yapilar1 Fourier-Transform
Infrared Spektroskopisi (FTIR), Niikleer Manyetik Rezonans (*H-NMR/“C-NMR) ve Kiitle Spektrometresi (MS)
yontemleri ile aydinlatilmistir. Sentezlenen bilesiklerin feromonik 6zellik gosterip gostermedikleri uzman denetiminde
canli keneler lizerinde incelenmistir.

Anahtar kelimeler: Kene, feromon, feromonlarin kimyasal yapis, triazen
1. Giris

Son yillarda yaygin olan Kirim-Kongo Kanamali Atesi (KKKA) adinda bir hastalik tiirii biiyiik bir problem
olarak ciddiyetini korumaktadir. KKKA hastaligina sebep olan virlis viicuda kene tutunmasiyla yerlesmektedir. Bu
viriisleri bulastirmada ve tasimada etkin rol oynayan kene iilkemizin baz1 bolgelerinde sik¢a goriilmektedir. Birgok
canlinin yaptig1 gibi keneler de toplanmak veya karsi cinsi etkilemek amaciyla feromon adi verilen baz1 kimyasal
maddeler salgilamaktadirlar. Kenelerin kontrol edilebilmesi veya zararsiz hale getirilebilmesi amaglanarak yapilan bu
caligmada Ixodidae familyasina bagli olan kenelerin Tiirkiye'de yagayan tiirlerine ait feromonlarin bazi pirolidin, morfolin
ve piperidin tiirevleri sentezlenmistir. On alt1 tanesi yeni olan bu bilesiklerin feromon 6zellikleri, uzman denetiminde
canli keneler kullanilarak incelenmistir. Ayrica dogal feromonlarin ¢ogu ugucu oldugundan, sentezlenen bilesiklerin yeni
feromon tiirevleri olarak dogada daha uzun siire kalabilmeleri 6nemlidir. Bu amagla, sentezlenen bilesiklerin asidik
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kosullarda yavas yavas bozunarak tekrar feromonlara doniismesi ve sahada feromon tuzagi olarak kullanilmasi miimkiin
olabilir.

Sakirga veya yavsi gibi isimlerle de bilinen kene insan ve hayvanlardan kan emerek beslenen bir bocektir.
Diinyanin birgok bolgesinde yasayabilen keneler agik arazide, agag, otlarin bol oldugu yerlerde bulunur. Keneler “Haller”
adindaki duyu organi sayesinde 1s1, hava kogullari, koku ve bazi kimyasallari tespit ederler [1, 2].

Basta yabani ve evcil memeliler olmak {izere bir¢ok canliya saldiran keneler, kuslar da dahil birgok hayvana
zarar vermektedirler. Bu zarar, kenenin hayvan viicuduna yapistiktan sonra orada ¢ogalmasindan tiim viicudu sararak
hayvanin éliimiine kadar uzanmaktadir. insanlara ve hayvanlara bu denli zarar1 olan kenelerin diinyada birgok tiirii vardur.
Bugiin bilinen 907 kene tiirliniin (Ixodidae: 720, Argasidae: 186 ve Nuttalliellidae: 1) ailelerine ait oldugu kabul
edilmektedir. Ixodidae keneleri hem tiir sayisinin fazlaligi hem de hastalik etkenlerini tasimalari bakimindan diger
tirlerden ¢cok daha 6nemlidirler. Bu tiirlerden 33'iiniin insan1 bir konak olarak tercih ettigi ve 28'inin de dogrudan hastalik
etkenlerini bulastirdig: bilinmektedir [2, 3, 4].

5mm

i Yetiskin disi h Yetiskin erkek Nimf Larva

Sekil 1. Kenelerin yagam evreleri

Ixodidae tiirleri, genellikle ilkbahar ve sonbahar mevsimleri arasinda aktiftirler. Keneler hayatlar1 boyunca her
donemde (larva-nimf-yetiskin) kan emmek zorundadirlar. Keneler kan emme esnasinda ciftlesirler. Ortalama 3.000 ile
20.000 arasinda yumurta yapabilen disi keneler yumurtalarini tas, toprak ve merada yapraklarin altina, toplu bir sekilde
brrakirlar. Yumurta biiytikliikleri yaklagik 0,8 mm’dir. Disiler yumurtladiktan sonra 6liirler (Argasidae tiirleri 6lmez).
Keneler tiirlerine gére konaklardan farkli siirelerde kan emerler ve kan emdikten sonra yine gémlek degistirerek nimf
olurlar. A¢ olan nimfler kan emer doyar ve gémlek degistirdikten sonra ag¢ olgun hale gelir. Bu dongii boyle devam eder
[4, 5].

Tirkiye iklimi, yiizey sekli ve bitki ortiisii bakimindan kenelerin yasayabilmesi i¢in uygun sartlara sahip bir
tilkedir. Kayitlara gore bu giine kadar Tiirkiye'de 10 cinse ait 32 kene tiiriine rastlanmistir. Ixodes, Hyalomma,
Dermacentor, Haemapyhsalis ve Rhipicephalus soylarina ait kene tiirlerine daha sik rastlanilmaktadir [2, 6, 7].

Kirim-Kongo kanamali atesi hastaligi

KKKA ilk kez 1944 yilinda Bat1 Kirim’da Sovyet askerleri arasinda goriilmiis ve hastaliga Kirim Hemorajik
Atesi adi verilmistir. Daha sonra 1956 yilinda Kongo’da (Zaire) atesli bir hastada tespit edilmis ve Kongo viriisii
denilmistir. 1969°da ise bu iki viriisiin ayn1 viriis oldugu belirlenmis ve hastaliga Kirim-Kongo Kanamali Atesi ad1
verilmistir.

Kenelerin neden oldugu enfeksiyonlar siklikla belirli cografik bolgelerde 6n plana ¢ikarken, KKKA Afrika,
Asya, Orta Dogu ve Dogu Avrupa'da endemik olarak gériilmektedir. Son yillarda Kosova, Arnavutluk, Iran, Pakistan ve
Giiney Afrika'dan sporadik (seyrek) ve epidemik (salgin) vakalar bildirilmistir [1, 8, 9].

Tiirkiye’de bu hastalia ilk defa 2002 yilinda rastlanmis ve 2003 yilinda tanimlanmistir. Hastaligin goriilmeye
bagladig1 ilk yer Tokat yoresi olmasina ragmen, yapilan arastirmalara gére bu konuda halkin hala bilgi diizeyinin yetersiz
oldugu goriilmektedir. Ayn1 zamanda kene vakalarinin yogun oldugu yerlerde KKKA hakkinda egitimlerin tiim halka
ulagilarak verilmesinin énemli oldugu vurgulanmistir [10]. En ¢ok ilkbahar ve yaz mevsimlerinde rastlanan KKKA
hastalig1 genellikle I¢ Anadolunun kuzeyi, Karadeniz’in giineyi ve Dogu Anadolu’nun kuzeyinde goriilmektedir.
Hastaligin en ¢ok goriildiigii iller Erzurum, Erzincan, Giimiishane, Bayburt, Tokat, Yozgat, Sivas, Amasya, Corum,
Cankir1, Bolu, Kastamonu ve Karabiik’tiir [11, 12, 13].

KKKA'nin belirtileri: Ani yiikselen ve 40 derece civarinda gezen ates, bas donmesi, burun akintisi, ishal ve
kusma gibi belirtiler goriilmektedir. Kirsal bolgelerde yasayan insanlar hala bu hastalik yiiziinden hayatlarini kaybetmeye
devam ediyor [15]. Yiiksek ates, bas, karin, kol ve bacaklarda siddetli agrilar, yogun halsizlik, ishal, kusma, yiizde
kizariklik, ileri agsamalarda burun ve viicudun farkli yerlerinde kanamalar, kol, bacak ve bedende morluklar, idrar ve
diskida kan goriilebilmektedir [11, 14].

KKKA'dan korunma yontemleri: Ahir ve agillara, kirsal alanlara ve piknik alanlarmna gidenler miimkiin
oldugunca viicutta agik kisim kalmamasina 6zen gostermeli kenelerin daha kolay fark edilmesi nedeniyle agik renkli
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elbiseleri giymeyi tercih etmelidirler. KKKA vaka ve 6liim sayilari: Subat 2017'de yaymlanan T.C. Saglik Bakanlig1
Tirkiye Halk Sagligi Kurumu Faaliyet Raporu 2016 verilerine gére Tiirkiye’de son 13 yilda KKKA nedeniyle 479 kisi
hayatin1 kaybetti. Bakanligin KKKA vaka ve 6liim raporuna gére 2004-2016 yillar1 arasinda 10.069 kene vakasi yasandi.
63'ii 6liimle sonuglanan en fazla vaka 2009 yilinda 1318 olarak tespit edildi. 2016 yilinda 432 KKKA vakasi ve 16 6lim
goriilmiis olup KKKA vaka ve 6liim sayilar1 2016 yilinda son 10 yilin en diisiik seviyelerinde seyretmistir [15].
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Sekil 2. KKKA vaka ve 6liim sayilar1 (2004-2016) [15]

Feromon: Feromonlar, bocekler, diger hayvanlar ve insanlar tarafindan kimyasal iletisimi saglamak amaciyla
disariya salinan ve o tiiriin diger bireyleri tarafindan hissedilerek tepki gostermelerine sebep olan kimyasal maddelerdir.
Ornegin cinsel gekici feromon, disi bocegin erkegini kilometrelerce uzaktan bulabilmesini saglayacak kadar etkindir. Bu
feromonlar, disi bocekler tarafindan ¢iftlesmeye hazir olduklarini belli etmek ve erkek bireylerin disileri izleyerek
bulabilmeleri i¢in salgilanirlar.

Bocekler toplanma, alarm ve iz birakma gibi feromonlar1 da salgilamaktadirlar. Feromonlarin etkileri ¢ok
onceden beri bilinmektedir. Feromon ilk defa 1954 yilinda ipek bdceklerinin koku salgi bezlerinden elde edilerek
tanimlanmis ve erkekleri ¢ektigi belirlenmistir [6, 16]. Feromonlar, ¢ok uzak mesafelerden bile hava hareketleri ile
taginabilir ve erkek boceklerin antenleri araciligiyla algilanirlar. Bu antenler molekiil seviyesinde bile ayirt edebilecek
duyarliktadirlar [4].

Kene feromonlarinin kimyasal yapilar:
Kenelere ait feromonlarin ¢ogu fenol tiirevi olan kimyasal maddelerden olusmaktadir. Bilinen kene
feromonlarinin tiirleri ve isimleri asagida goriilmektedir.

Toplanma feromonlar (¢ekici feromon):

Fenol [17, 18, 19], 2-klorofenol, 2-bromofenol, 2-nitrofenol [17, 18, 20], o-kresol, benzil alkol [20, 21], p-
kresol [17, 18, 19], benzoik asit, benzaldehit, salisilik asit, salisilaldehit [18, 20, 21, 22, 23], metil salisilat [17, 18, 20,
21, 22, 23, 24, 25].

Ciftlesme feromonlar1 (cinsel ¢ekici feromon):

2,6-dibromofenol ve 2,6-diklorofenol [18, 19, 20, 23, 26].

Bu maddelerin feromon 6zelligi gosterebilmesi i¢in ayrica feromon aktiflestirici olarak bilinen ve genellikle
ucucu olan bazi organik maddeler de bulunmaktadir [18, 20, 23, 25].

Bilinen baz1 feromon aktiflestirici maddeler: Biitirik asit, izobiitirik asit, miristik asit, palmitik asit, pelargonik
asit, kaprik asit, limonen ve diger orta zincirli yag asitleridir. Yukaridaki kimyasal bilesiklerin feromon o6zelligi
gosterebilmeleri i¢in feromon aktiflestirici maddelerle belirli oranlarda karigsmis olmalidirlar. Bu oran feromonlarin
kimyasal yapilarina gore degisebilmektedir. Ancak feromonun uguculugu daha iyi olmasi igin feromon aktiflestirici
maddenin derisimi daha yiiksek (6rnegin 4-8 kati1) olmalidir [22, 24]. Feromon aktiflestirici madde olarak rol oynayan
organik yag asitlerine bazi bitki ¢ekirdeklerinde ve 6zlerinde de rastlanmaktadir [27].

Bugiine degin akarlarda alarm, esey, toplanma ve iz isaret feromonu olmak iizere, dort tip feromonun bahsi
gecmigtir. Akar feromonlari igerisinde, iizerinde en fazla ¢alisilan feromon alarm feromonu olmustur. Genellikle bir
akardan tek tip feromon elde edilmistir. Fakat iki farkli feromona sahip olan tiirler de vardir. Hatta baz tiirlerde alarm,
esey ve toplanma olmak iizere ii¢ farkli feromon aktivitesi birden tespit edilmistir. Bu farkli aktiviteler ya farkli bilesenlere
sahip olunarak ya da tek bilesenin degisik sartlar altinda farkli etkiler gostermesi ile saglanmaktadir [28].
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Kene feromonlariyla ilgili yapilan bazi1 ¢calismalar

Birgok kene tiiriinde feromonla birlikte, farkli oranlarda feromon aktiflestirici madde bulundugu bildirilmistir.
Ayrica kenelerin ¢ok kiigiik derisimlerdeki (ng/L) feromonlara bile tepki gosterebilecegi bilinmektedir [17, 18, 22, 24].

Amblyomma variegatum tiiriine ait bir feromonun o-nitrofenol, metil salisilat ve feromon aktiflestirici olarak da
kiigiik zincirli bir yag asidi olan pelargonik asitten olusan bir karisim oldugu bulunmustur [24].

Kenelerde iletisimi veya fizyolojik ve ekolojik etkilesimleri saglayan bazi fenolik ve aromatik bilesikler de
vardir. Bunlar; fenol, 2,6-diklorofenol, p-kresol, salisilldehit, metil salisilat, 2-nitrofenol, benzaldehit'tir. Birgogu fenol
tiirevi olan bu feromonlarin yaninda; piirinler ve bazi steroitler ile izobiitirik asit, pelarganik asit, miristik asit ve oleik
asit gibi bazi yag asitleri bulunmaktadir [18].

Disi kenelerden elde edilen oziitiin fenol ve p-kresol i¢erdigi bulunmustur. Ayni fenoller New York'ta Ixodidae
familyasinin 5 farkli sert kene (hard tick) tiirinde de bulunmustur. Bu bes tiiriin iigiiniin ayrica 2,6-diklorofenol de igerdigi
gbzlenmigtir [17].

Kenelerde seks feromonu olarak bilinen 2,6-diklorofenol, farkli tiirlerde farkli miktarlarda bulunmustur.
Ornegin, Gaz Kromotografisi ile belirlenen, 1000 tane beslenmemis H. dromedarii disisinin heksan ekstraktinda kene
bagina 35 ng 2,6-diklorofenol bulunurken, 1100 tane beslenmemis Hyalomma anatolicum excavatum disisinin heksan
ekstraktinda kene basina 20 ng 2,6-diklorofenol bulunmustur. Beslenmis 56 tane Hyalomma dromedarii erkek
orneklerinde ise 2,6-diklorofenol olduguna dair hi¢bir kanit bulunamamustir. Boylece Hyalomma tiirlerinin ¢iftlesme
davranislari ile ilgili yapilan bu ¢alismada disi kenelerin ugucu bir feromon yaydiklari belirtilmistir [19].

Ciddi hastaliklara ve hatta 6liime sebep olabilecegi vurgulanan bir baska ¢alismada aktarildigina gore; keneler
biyolojik vektor olarak rol alirlar ve kan emme sirasinda tiikiiriik bezlerindeki sporozoitleri konaklarma aktarirlar.
Boylece kana gegen sporozoitler eritrositlere yerlesmekte ve konaktaki tiim siire¢ bu hiicrelerde gegmektedir. Hastaligin
klinik bulgular1 da yine s6z konusu eritrositlerin yikimu ile iligkilidir. Muhtemel bulgular arsinda ates, sarilik, anemi ve
6liim vardir. Baz1 kene tiirlerine ait etkenin sebep oldugu hastaligin ates ve sarilik ile izledigi bildirilmistir. Ote yandan
yaslt sigirlarda patojen oldugu ve akut olgularda birkag giin i¢inde 6liimiin giindeme gelebilecegi belirtilmistir [29, 30].

Birincil arilaminlerin diazonyum tepkimeleri

Aminlerin nitroz asitle verdigi en 6nemli tepkime birincil aril aminlerle olanidir. Bunun nedeni, elde edilen
arendiazonyum tuzundan genis yelpazeli (fenoller, aril halojeniirler, aril siyaniirler ve benzen tiirevleri) tiriinlerin elde
edilmesidir. Arendiazonyum tuzlart ¢ok kararli olmamakla birlikte alifatik diazonyum tuzlarina gére c¢ok daha
kararlhidirlar. Tepkime karigiminin 5°C'nin altinda tutuldugunda ¢ozelti icerisinde belirli bir siire karali kalabilirler.
Birincil aminlerin diazolama tepkimeleri olduk¢a 6nemlidir. Cilinkii diazonyum grubu ( N=N) diger fonksiyonel gruplarla
yer degistirebilirler [31, 32].

2. Materyal ve yontem

Deneysel ¢alismalarda kullanilan tiim kimyasallar Merck, Sigma-Aldrich, Acros ve Fluka firmalarindan temin
edilmigtir. Kullanilan kimyasal maddeler sentezler i¢in yeterli saflikta olduklari igin ileri bir saflagtirma islemi
uygulanmamustir.

2.1. Materyal

1H-NMR ve 13C-NMR spektrumlart;

Bruker 300 MHz NMR Spektrometresi (Gazi U. Fen Fakiiltesi)

Bruker 400 MHz NMR Spektrometresi (Hacettepe U. Fen Fakiiltesi)

IR spektrumlari; Thermo Nicolat 6700 ATR cihazi ve Mattson-1000 FT IR cihazi

(First v1.60, 1992, Mattson Instruments Inc.) (Gazi U. Fen Fakiiltesi)

Kiitle spektrumlari; Waters LCT Premier XE LTOF (TOF MS) cihaz1 (Gazi U. Eczacilik Fakiiltesi).
Sentezlenen bilesiklerin erime ve kaynama noktalar1 igin;

Elektrotermal 9100 Erime Noktas1 Cihaz1 (Gazi U. Fen Fakiiltesi)

Melting Point Biichi M-560 Erime/Kaynama Noktas1 Cihazi (Kastamonu U. Egitim Fakiiltesi)
Vakum pompasti

Feromonik inceleme ¢alismalari i¢in Kastamonu ve gevresinden toplanan toplam 83 adet kene

Ozel olarak yaptirilmis dért kollu cam balon;

Cam balonun (250mL) tabanina (1x30)cm boyutlarinda 4 adet cam boru kaynatilarak hazirlanmustir.
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Sekil 3. Dort kollu cam balon
2.2. Yontem

Bu ¢aligma ii¢ asamadan meydana gelmistir. Bunlar;

e Ixodidae familyasina bagli olan kenelerin Tiirkiye'de yasayan tiirlerine ait feromonlarin kimyasal
yapilari, literatiir calismasiyla belirlenmistir.

e On altis1 yeni olan 28 tane feromon tiirevi sentezlenmis ve bilesiklerin yapilar1 aydinlatilmistir.

e Sentezlenen bilesiklerin canli keneler lizerinde feromonik 6zellikleri incelenmistir.

Feromonlarin kimyasal yapilarini belirleme c¢alismalar1 6nceki boliimlerde ayrintili olarak verilmistir. Bu
feromonlarin anilin tiirevleri kullanilarak, sentezlenen bilesiklerin ¢oziiniirliigiine gore HCl veya H»SOs ile
stibstitiieanilinyum tuz c¢ozeltileri hazirlanmistir. Elde edilen anilinyum tuzlart NaNOj'in sulu ¢ozeltisi ile
stibstitiiebenzendiazonyum tuzlarina doniistiriilmistiir. Diazonyum tuz ¢ozeltileri, uygun pH araliklarinda (genellikle
5-6) ve belli oranlarda pirolidin, morfolin ve piperidin ¢ozeltileri ile karigtirilarak triazen (-N=N-N<) seklinde
kenetlenmeleri saglanmis ve feromon tiirevi olduklart disiiniilen yeni bilesikler elde edilmistir. Sentezlenen bu
bilesiklerin tepkime mekanizmalari asagida verilmistir.

Pirolidin bazh feromon tiirevlerinin sentezi

R! R R R
1. NaNO,/HCI veya H,SO,
R" NH, > R" NZN—N<:|
2. Pirolidin ~ (pH=5-6)

Feromonun Pirolidin bazli feromon tiirevi
Anilin tiirevi (a)

al) R=COOH, R', R"=H a7) R=H, R'=OH, R"=COOCHj5 (yeni)
a2) R, R"=H, R'=COOH (yeni)  a8) R=H, R'=NO,, R"=0OH (yeni)
a3) R, R'=H, R"=COOH a9) R=H, R'=Cl, R"=0H (yeni)

a4) R=CH»-OH, R', R"=Ha10) R=0H, R', R"=H (yeni)

a5) R, R"=H, R'= CH»-OH all) R, R"=H, R'=0OH (yeni)

a6) R, R'=H, R"= CH»-OH (yeni) al2) R, R'=H, R"=0H (yeni)

Morfolin bazh feromon tiirevlerinin sentezi

R! R R R
1. NaNO,/HCl veya H,SO, /\
R" NH, > R N=N—N 0
2. Morfolin ~ (pH=5-6) __/

Fer.o .moilun . Morfolin bazli feromon tiirevi
Anilin tiirevi (b)

b1) R=COOH, R', R"=H b4) R=CH,-OH, R', R"=H (yeni)
b2) R, R"=H, R'=COOH b5) R, R"=H, R'= CH,-OH (yeni)
b3) R, R'=H, R"=COOH b6) R, R'=H, R"= CH,-OH (yeni)
b7) R=H, R'=OH, R"=COOCHj (yeni)
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Piperidin bazh feromon tiirevlerinin sentezi

R! R R! R
1. NaNO,/HCl veya H,SO,4
R” NHz . Rn N :N_N
2. Piperidin ~ (pH=5-6)
Feromonun

Anilin tiirevi Piperidin bazl(lcf)eromon tlirevi
c1) R=COOH, R', R"=H c¢4) R=CH,-OH, R', R"=H (yeni)

c2) R, R"=H, R'=COOH ¢5) R, R"=H, R'= CH2-OH (yeni)

c3) R, R'=H, R'=COOH ¢6) R, R'=H, R"= CH2-OH (yeni)

¢7) R=H, R'=OH, R"=COOCH; (yeni)

3. Bulgular

Feromonlarin anilin tiirevleri kullanilarak bir dizi siibstitiie triazen bilesigi sentezlendi (al-al2, b1-b7, c1-c7).
Sentez basamaklari ve bunlara ait karakterizasyon sonuglari agsagida verilmistir.

2-(Pirolidin-1-ildiazenil)benzoik asit sentezi (al):

0,69 g (5 mmol) 2-Aminobenzoik asit tizerine 5 mL su ve 2 mL %37'lik HCI ile hazirlanmus asit ¢ozeltisi ilave
edildi ve oda sicakliginda karistirilarak ¢oziildii.

Cozelti manyetik karistirict iizerinde tuz-buz banyosuna yerlestirilerek karigtirilmaya devam edildi.

Tepkime boyunca sicakligin 0-5°C arasinda olmasina dikkat edildi. Buz banyosu {izerindeki ¢ozelti iizerine
10 mL suda ¢6ziinmiis 0,42 g (6 mmol) NaNO; ¢ozeltisi damla damla ilave edildi.

Ilave islemi tamamlandiktan sonra ¢ozelti 30 dakika daha karistirildi. Bu karisim onceden hazirlanmus ve
sogutulmus olan 10 mL suda ¢6ziilmiis 3,3 mL (8 x 5 mmol) pirolidin ¢ozeltisi lizerine yavas yavas ilave edildi. Yine
tepkime sicakliginin 0-5°C arasinda kalmasi saglandi.

Uriin olusumu pH'ya bagl oldugu igin karisim iizerine pH=5-6 civarma gelene kadar damla damla 3M HCI
¢ozeltisi ilave edildi. Bu sekilde 20 dakika daha karistirildiktan sonra olusan kati iiriin siiziilerek ayrildi.

Elde edilen {iriin vakum etiiviinde kurutulduktan sonra Flash kromatografisi yontemiyle silikajel dolgulu kolonda
kloroform-metanol (3:1) ¢6zict ¢ifti kullanilarak ayrildi.

Doner buharlastirici ile ¢oziiciiler uzaklastirilarak tiriin saflastirildi. Verim: %80, e.n: 121-123°C;

IR vmax1(cmt) (ATR): 3520-2160 (-OH), 3020 (C=C-H), 2970 (C-H), 1667 (C=0), 1594, 1573, 1466 (C=C);
!H-NMR (DMSO-ds), & (ppm): 13.80-14.30 (yayvan, 1H), 7.98 (i, 1H), 7.65 (i, 1H), 7.57 (ii, 1H), 7.27 (ii, 1H), 3.55-4.10
(g, 4H), 2.06 (¢, 4H); BC-NMR, & (ppm): 167, 149, 134, 132, 126, 122, 116, 53-48, 24; MS C11H13N30, (M*) (m/z):
220.11.

Diger triinler de benzer sekilde sentezlendi. Ancak, al-al2 iriinlerinin sentezindeki pirolidin yerine, b1-b7
iiriinlerinin sentezinde morfolin ve c1-c7 {irlinlerinin sentezinde ise piperidin kullanildi.

3-(Pirolidin-1-ildiazenil)benzoik asit (a2): Verim: 83%; e.n. 107-110°C; IR vmax1(cm™?) (ATR): 3355-2160
(-OH), 3020 (C=C-H), 2970 (C-H), 1670 (C=0), 1604, 1577, 1452 (C=C); *H-NMR (DMSO-ds), & (ppm): 7.87 (i, 1H),
7.67 (i-i, 1H), 7.51 (i-i, 1H), 7.42 (ii, 1H), 3.50-4.00 (i, 2H), 1.98 (b, 4H); 3C-NMR, § (ppm): 168, 152, 133, 130, 126,
125, 121, 51-46, 24; MS, C11H13N30, (M) (m/z): 220.11.

3-(Pirolidin-1-ildiazenil)benzoik asit (a3): Verim: 91%; e.n. 185-186°C; IR vma[/(cm?) (ATR): 3456 (-OH),
3020 (C=C-H), 2970 (C-H), 1667 (C=0), 1598, 1575, 1450 (C=C); 'H-NMR (DMSO-dg), § (ppm): 12.7 (b, 1H), 7.37 (i,
4H), 7.89 (i, 2H), 3.80-4.00 (g, 2H), 3.50-3.70 (g, 2H), 1.90-2.06 (g, 4H); *C-NMR, & (ppm): 168, 155, 131, 127, 120,
52-47, 24; MS, C11H13N302, (M*) (m/z): 220.10.

2-(Pirolidin-1-ildiazenil)fenil)metanol (a4): Verim: 70%; e.n. 66-67°C; IR vma/1(cm?) (ATR): 3348 (-OH),
3069 (C=C-H), 2977, 2855 (C-H), 1580, 1480, 1444 (C=C); *H-NMR (CDClz), § (ppm): 7.49 (i, 1H), 7.19-7.27 (¢, 2H),
7.06-7.11 (¢, 1H), 4.80 (b, 2H), 4.10-4.50 (yayvan, 1H), 3.50-4.10 (i, 4H), 1.90-2.20 (b, 4H); 3C-NMR, & (ppm): 149,
134, 132, 128, 125, 116, 65, 51-47, 24; MS, C11H1sN3O (M*) (m/z): 206.13.

3-(Pirolidin-1-ildiazenil)fenil)metanol (a5): Verim: oily; k.n. 148-150°C; IR vmax|(cm™) (ATR): 3336 (-OH),
3030 (C=C-H), 2970, 2870 (C-H), 1589, 1483, 1446 (C=C); *H-NMR (CDCls), & (ppm): 7.40 (i, 2H), 7.31 (i, 2H), 7.08
(i, 1H), 4.50-4.80 (¢, 2H), 3.60-4.00 (g, 4H), 2.14 (yayvan, 1H), 2.02 (¢, 4H); 3C-NMR, & (ppm): 151, 142, 129, 124,
119, 119, 65, 51-47, 24; MS, C11H15N30 (M*) (m/z): 206.13.

4-(Pirolidin-1-ildiazenil)fenil)metanol (a6): Verim: 66%; e.n. 53-54°C; IR vmax(cm™) (ATR): 3353 (-OH),
3026 (C=C-H), 2963, 2880 (C-H), 1604, 1500, 1442 (C=C); *H-NMR (CDCls), & (ppm): 7.37 (b, 1H), 7.24-7.33 (¢, 2H),
7.08 (i, 1H), 4.50-4.70 (b, 2H), 3.50-3.90 (¢, 4H), 2.60-3.00 (yayvan, 1H), 1.97 (¢, 4H); *C-NMR, § (ppm): 150, 138,
128, 120, 65, 50-45, 24; MS, C11H15N30 (M*) (m/z): 206.13.
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Metil 2-hidroksi-4-(pirolidin-1-ildiazenil)benzoat (a7): Verim: 81%; e.n. 134-135°C; IR vmax(cm™?) (ATR):
3456 (-OH), 3016 (C=C-H), 2970, 2855 (C-H), 1667 (C=0), 1609, 1566, 1455 (C=C); *H-NMR (CDCl3), & (ppm): 10.88
(b, 1H), 7.78 (i, 1H), 7.00-6.94 (¢, 2H), 4.10-3.40 (¢, 7H), 2.20-1.90 (¢, 4H); *C-NMR, & (ppm): 170, 162, 158, 31, 112,
109, 108, 52, 47, 24; MS, C12H15N303, (M*) (m/z): 250.12.

2-Nitro-4-(pirolidin-1-ildiazenil)fenol (a8): Verim: 64%; e.n. 97-98°C; IR vmax ! (cm™) (ATR): 3456 (-OH),
3016 (C=C-H), 2970 (C-H), 1581, 1524, 1477 (C=C); 'H-NMR (DMSO-ds), & (ppm): 7.73 (b, 1H), 7.52 (i, 1H), 7.06 (i,
1H), 3.65-3.85 (g, 4H), 1.90-2.10 (¢, 4H); *C-NMR, & (ppm): 151, 143, 129, 128, 120, 115, 45-46, 24; MS, C10H12N4O3
(M*) (m/z): 237.10.

2-Kloro-4-(pirolidin-1-ildiazenil)fenol (a9): Verim: 72%; e.n. 81-82°C; IR vmax[/(cm™) (ATR): 3460 (-OH),
3016 (C=C-H), 2972 (C-H), 1604, 1503, 1455 (C=C); *H-NMR (DMSO-ds), & (ppm): 9.70-10.20 (yayvan, 1H), 7.26 (i,
1H), 7.12 (i-i, 1H), 6.91 (i, 1H), 3.50-4.00 (yayvan, 4H), 1.94 (i, 4H); 3C-NMR, & (ppm): 151, 145, 127, 121, 120, 117,
53-43, 24; MS, C10H12CIN3O (M*) (m/z): 226.07.

2-(Pirolidin-1-ildiazenil)fenol (a10): Verim: 68%; e.n. 49-50°C; IR vmax!!(cm™) (ATR): 3443 (-OH), 3020
(C=C-H), 2970 (C-H), 1588, 1480, 1455 (C=C); 'H-NMR (CDCls), 3 (ppm): 8.00-9.00 (yayvan, 1H), 7.39 (i-i, 1H), 7.04
(¢, 1H), 6.88 (¢, 2H), 3.60-4.10 (¢, 4H); *C-NMR, & (ppm): 150, 136, 126, 121, 120, 116, 49-46, 24; MS, C1oH13N30
(M*) (m/z): 192.04.

3-(Pirolidin-1-ildiazenil)fenol (all): Verim: 61%; e.n. 99-101°C; IR vmax/(cm™) (ATR): 3650-2430 (-OH),
3062 (C=C-H), 2924 (C-H), 1604, 1504, 1462 (C=C); *H-NMR (CDCls), § (ppm): 7.18 (ii, 1H), 7.01 (i, 1H), 6.94 (ii,
1H), 6.63 (¢, 1H), 3.50-4.10 (g, 4H), 4.30-5.50 (yayvan, 1H), 2.02 (ii, 4H); *C-NMR, & (ppm): 158, 151, 129, 112, 111,
106, 52.8-53.6, 24; MS, C1oH13N30 (M*) (m/z): 192.11.

4-(Pirolidin-1-ildiazenil)fenol (al12): Verim: 71%; e.n. 106°C; IR vmax[J(cm™?) (ATR): 3650-2290 (-OH), 3020
(C=C-H), 2977 (C-H), 1605, 1503, 1450 (C=C); *H-NMR (CDCl3), § (ppm): 9.10-9.40 (yayvan, 1H), 7.16 (¢, 2H), 6.70
(¢, 2H), 3.70-3.90 (g, 4H), 1.93 (¢, 4H); 3C-NMR, & (ppm): 154, 141, 122, 115, 54-52, 24; MS, C1oH13Nz0 (M*) (m/2):
192.11.

2-(Morfolinodiazenil)benzoik asit (b1): Verim: 62%; e.n. 132-134°C; IR vmax1(cm™?) (ATR): 3650-3340 (-OH),
3016 (C=C-H), 2970 (C-H), 1680 (C=0), 1596, 1576, 1467 (C=C); *H-NMR (DMSO-ds), & (ppm): 12.00-13.00 (yayvan,
1H), 7.75 (i, 1H), 7.46-7.56 (¢, 2H), 7.57 (i, 1H), 7.27-7.32 (¢, 1H), 3.80 (b, 4H), 3.72 (ii, 4H); *C-NMR, & (ppm): 169,
149, 133, 130, 126, 126, 118, 65, 48-44; MS, C11H13N303 (M*) (m/z): 236.10.

3-(Morfolinodiazenil)benzoik asit (b2):Verim: 57%; e.n. 93-95°C; IR vmax[1(cm) (ATR): 3650-3150 (-OH),
3015 (C=C-H), 2970 (C-H), 1681 (C=0), 1598, 1587, 1456 (C=C); *H-NMR (DMSO-ds), & (ppm): 7.93 (b, 1H), 7.77 (i-
i, 1H), 7.60 (i-i, 1H), 7.49 (ii, 1H), 3.70-4.00 (¢, 8H); 3C-NMR, & (ppm): 168, 150, 133, 130, 127, 125, 121, 66, 64; MS,
C11H13N303 (M*) (m/z): 236.10.

4-(Morfolinodiazenil)benzoik asit (b3): Verim: 72%; e.n. 180-182°C; IR vmax_(cm) (ATR): 3490-3330 (-OH),
3030 (C=C-H), 2966 (C-H), 1698 (C=0), 1603, 1577, 1457 (C=C); *H-NMR (DMSO-ds), & (ppm): 12.50-13.50 (yayvan,
1H), 7.94 (i, 2H), 7.45 (i, 2H), 3.70-4.00 (¢, 8H); *C-NMR, & (ppm): 168, 154, 131, 128, 121, 66, 63; MS, C1H13N303
(M*) (m/z): 236.10.

2-(Morfolinodiazenil)fenil)metanol (b4): Verim: 68%; e.n. 100-101°C; IR vmaxJ(cm™) (ATR): 3457 (-OH),
3016 (C=C-H), 2970, 2855 (C-H), 1509, 1479, 1465 (C=C); *H-NMR (CDClz), § (ppm): 7.52 (i, 1H), 7.17-7.23 (¢, 2H),
7.30-7.33 (g, 1H), 4.70-5.00 (¢, 2H), 3.90 (¢, 4H), 3.81 (¢, 4H); 3C-NMR, & (ppm): 148, 135, 129, 128, 127, 117, 66, 64,
48; MS, C11H1sN3O2 (M*) (m/z): 222.12.

3-(Morfolinodiazenil)fenil)metanol (b5): Verim: oily; k.n. 92-95°C; IR vmax1(cm™) (ATR): 3630-3080 (-OH),
3026 (C=C-H), 2969, 2859 (C-H), 1600, 1484, 1446 (C=C); *H-NMR (CDCls), & (ppm): 7.42 (b, 1H), 7.26-7.35 (¢, 2H),
7.15 (i, 1H), 4.50-4.80 (¢, 2H), 3.77-3.80 (g, 4H), 3.70-3.73 (b, 4H), 2.40-3.10 (yayvan, 1H); 3C-NMR, & (ppm): 150,
142, 129, 125, 120, 119, 66, 65, 48; MS, C11H15N30, (M*) (m/z): 222.12.

4-(Morfolinodiazenil)fenil)metanol (b6): Verim: 70%; e.n. 95-97°C; IR vmax I (cm™) (ATR): 3427 (-OH), 3020
(C=C-H), 2970, 2857 (C-H), 1606, 1504, 1456 (C=C); 'H-NMR (CDCl3), & (ppm): 7.44 (i, 2H), 7.36 (i, 2H), 4.60-4.80
(g, 2H), 3.86 (g, 4H), 3.79 (¢, 4H); *C-NMR, & (ppm): 150, 139, 128, 120, 66, 65, 48; MS, C11H15N30, (M*) (m/z):
222.13.

Metil 2-hidroksi-4-(morfolinodiazenil)benzoat (b7): Verim: 68%; e.n. 90-100°C; IR vmax[/(cm™) (ATR): 3100
(-OH), 3012 (C=C-H), 2967, 2855 (C-H), 1665 (C=0), 1612, 1573, 1455 (C=C); *H-NMR (CDCl3), § (ppm): 10.60-
11.20 (yayvan, 1H), 7.80 (i, 1H), 7.03-6.96 (¢, 2H), 4.04-3.86 (¢, 7H), 1.50-2.10 (¢, 4H); 3C-NMR, & (ppm): 169, 152,
133, 130, 128, 126, 122, 71, 52, 48; MS, C12H15N304 (M*) (m/z): 265.11.

2-(Piperidin-1-ildiazenil)benzoik asit (c1): Verim: 68%; e.n. 173-174°C; IR vmax[1(cm™) (ATR): 3457 (-OH),
3016 (C=C-H), 2970, 2855 (C-H), 1678 (C=0), 1587, 1485, 1450 (C=C); *H-NMR (DMSO-ds), 5 (ppm): 12.90-13.10 (yayvan,
1H), 7.90 (ii, 1H), 7.72 (g, 1H), 7.57 (¢, 1H), 7.43-7.49 (¢, 1H), 3.70-3.90 (b, 4H), 1.50-1.80 (b, 6H); *C-NMR, & (ppm): 168,
151, 132, 130, 127, 125, 121, 44, 25, 24; MS, C12H15N30, (M*) (m/z): 234.12.

3-(Piperidin-1-ildiazenil)benzoik asit (c2): Verim: 73%; e.n. 83-84°C; IR vmax[|(cm™) (ATR): 3458 (-OH), 3015
(C=C-H), 2970, 2855 (C-H), 1683 (C=0), 1593, 1496, 1467 (C=C); *H-NMR (DMSO-ds), & (ppm): 13.20-13.50 (yayvan,
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1H), 7.83 (¢, 1H), 7.54 (¢, 1H), 7.27 (¢, 1H), 3.70-4.00 (¢, 4H), 1.50-2.00 (¢, 6H); *C-NMR, & (ppm): 168, 149, 133, 131,
126, 124, 117, 53-44, 24; MS, C12H15N30, (M) (m/z): 234.12.

4-(Piperidin-1-ildiazenil)benzoik asit (c3): Verim: 83%; e.n. 170-172°C; IR vmax[/(cm™) (ATR): 3480-3130
(-OH), 3016 (C=C-H), 2968, 2858 (C-H), 1683 (C=0), 1594, 1550, 1440 (C=C); *H-NMR (DMSO-ds), & (ppm): 7.85 (i,
2H), 7.30 (i, 2H), 3.70-4.00 (¢, 4H), 1.50-1.90 (¢, 6H); *C-NMR, & (ppm): 170, 152, 135, 130, 120, 44, 25, 24; MS,
C12H15N302 (M*) (m/z): 234.12.

2-(Piperidin-1-ildiazenil)fenil)metanol (c4): Verim: 73%; e.n. 81-83°C; IR vmax[1(cm™) (ATR): 3456 (-OH),
3016 (C=C-H), 2970, 2852 (C-H), 1582, 1480, 1436 (C=C); *H-NMR (CDCls), & (ppm): 7.50 (¢, 1H), 7.24-7.29 (¢, 2H),
7.12 (¢, 1H), 4.70-4.90 (¢, 2H), 3.60-3.90 (¢, 4H), 1.73 (¢, 4H), 1.58 (¢, 2H); *C-NMR, & (ppm): 149, 134, 128, 127, 126,
117, 64, 47, 25, 24; MS, C12H17N30 (M*) (m/z): 220.15.

3-(Piperidin-1-ildiazenil)fenil)metanol (c5): Verim: Oily; k.n. 150-152°C; IR vmax[(cm™) (ATR): 3630-3115
(-OH), 3026 (C=C-H), 2970, 2854 (C-H), 1598, 1483, 1438 (C=C); 'H-NMR (CDCl3), & (ppm): 7.43 (¢, 1H), 7.34 (g,
1H), 7.29 (¢, 1H), 7.14 (¢, 1H), 4.60-4.80 (¢, 2H), 3.76 (¢, 4H), 1.90-2.20 (yayvan, 1H), 1.60-1.90 (b, 6H); *C-NMR, &
(ppm): 151, 142, 129, 124, 120, 119, 65, 48, 25, 24; MS, C12H17N30 (M*) (m/z): 220.15

2-(Piperidin-1-ildiazenil)fenil)metanol (c6): Verim: 64%; e.n. 71-73°C; IR vmax[1(cm™) (ATR): 3459 (-OH),
3016 (C=C-H), 2970, 2856 (C-H), 1600, 1502, 1439 (C=C); 'H-NMR (CDCls), & (ppm): 7.42 (i, 2H), 7.33 (i, 2H), 4.50-
4.70 (¢, 2H), 3.77 (¢, 4H), 1.50-1.90 (¢, 6H); 3C-NMR, & (ppm): 150, 138, 128, 121, 65, 48, 25, 24; MS, C12H17N30 (M*)
(m/z): 220.14.

Metil 2-hidroksi-4-(piperidin-1-ildiazenil)benzoat (c7): Verim: 74%; e.n. 90-100°C; IR vmax[(cm™) (ATRY):
3457 (-OH), 3016 (C=C-H), 2970, 2854 (C-H), 1665 (C=0), 1611, 1572, 1454 (C=C); 'H-NMR (CDCls), § (ppm): 10.60-
11.00 (yayvan, 1H), 7.78 (i, 1H), 7.01-6.98 (¢, 2H), 4.10-3.89 (¢, 7H), 2.00-1.50 (¢, 6H); *C-NMR, & (ppm): 170, 162,
158, 131, 112, 109, 108, 52, 47, 24; MS, C13H17N303 (M*) (m/z): 263.13.

3.1. Sentezlenen bilesiklerin feromonik ézelliklerinin incelenmesi

Feromonik 6zelliklerin incelenmesi li¢ asamadan olugmaktadir;
. Farkli bolgelerden degisik tiirlerde keneler toplandi,
. Sentezlenen biitiin bilesiklere ait numuneler hazirlandi,
. Dort kollu cam balon ve vakum pompasindan olusan deney diizenegi kurularak kenelerin
sentezlenen bilesiklere karsi davraniglar: gézlendi.
[ ]
3.2. Kenelerin toplanmast

Kastamonu, kene vakalarinin yogun olarak yasandigi yerlerden biridir. Bu sebeple Kastamonu’nun bazi
bolgelerinde belirli araliklarla arazi ¢caligmasi yapildi ve bu ¢alisma kapsaminda kullanmak iizere toplam 83 adet kene
toplandi. Bunlar;

Ilgaz dag eteklerindeki Kuzyaka kdyiinden 12 adet Ixodes ricinus tiirii sigir kenesi, Thsangazi ilgesindeki bazi
koylerden 13 adet, Arag ilgesindeki baz1 kdylerden 24 adet ve Ilgaz yoresindeki Kadidagi mevkiinden 16 adet Hyalomma
marginatum tiirii koyun kenesi ve Kastamonu'nun Devrekani ilgesine bagli Kinik kdyiinden 18 adet Dermacentor
marginatus tiirii koyun kenesidir.

Keneler konak iizerinden kene kart1 veya ince pens yardimiyla ¢ikarildi. Bu islem yapilirken kenenin zarar
gérmemesi igin dikkat edildi. Toplanan keneler kapagina kiiciik delikler agilmis cam siselere alindi ve siselerin
iizerine numunenin alindig: tarih, yer ve konaga ait bilgilerin bulundugu etiketler yapistirild.

Tablo 1. Caligma bolgeleri ve toplanan kenelere ait tiir, adet ve konak bilgileri

Bolge (Yerlesim yeri) Kene tiiri Adet Kaynak (konak)
Ilgaz Dagi Ixodes ricinus 12 Sigir

Arag Hyalomma marginatum 24 Koyun
Ihsangazi Hyalomma marginatum 13 Koyun

Kad1 dag1 Hyalomma marginatum 16 Koyun
Devrekani Dermacentor marginatus 18 Koyun

Tabloda belirtilen tarihlerde bes farkli bolgeden toplanarak Kastamonu Universitesi Egitim Fakiiltesi arastirma
laboratuvarma getirilen bu kenelerin Hyalomma marginatum, Dermacentor marginatus ve Ixodes ricinus tiirlerine ait
olduklar1 kene uzmani tarafindan tespit edildi. Bu tiirlerden ilk ikisi (6zellikle de Hyalomma marginatum), Kirim-Kongo
Kanamali Atesi hastaligina sebep olmaktadirlar.
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Sentezlenen bilesiklerin feromonik 6zellikleri bu kene tiirleri {izerinde incelendi ve bilesiklerin bu tiirlere karsi
feromon 6zelligi gosterip gostermedikleri belirlenmeye ¢alisildi.

Kenelerde feromonla birlikte, feromona oranla daha fazla miktarda (~ 1:10) feromon aktiflestirici madde
bulundugu bilinmektedir. Bu ¢alismada da sentezlenen feromon tiirevlerinin yaninda feromon aktiflestirici olarak 1:10
oranda pelargonik asit (nonanoik asit) kullanildi.

3.3. Numunelerin hazirlanmasi

Sirastyla 1x10t M’dan 1x1071° M’a kadar (10, 102, 103, 104, 105, 10¢, 107, 108, 10°°, 10"° molar) seklinde
on farkli derisimde feromon ¢6zeltileri hazirlandi. Bunun i¢in 1 mmol feromon tiirevi ve 10 mmol nonanoik asit alind1 ve
10 mL metanolde ¢oziilerek 1x107? M ¢ozelti hazirlandi. Daha sonra bu stok ¢dzeltiden 1’er mL aliarak 1x10° M olana
kadar 10 farkli derisimde ¢6zelti hazirlandi. Boylece, sentezlenen her bir bilesik i¢in on farkli derisimde numuneler
hazirlandi.

3.4. Feromonik inceleme calismalari

Cozeltilerinin her birinden sirasiyla bir par¢a pamuga 0,2 mL numune damlatilarak ¢éziiciisii uzaklastirildi
(Tablo 2). Dort kollu cam balonun kollarindan birinin ucuna numune damlatilmis pamuk, diger uglara ise temiz pamuk
yerlestirildi. Toplanan keneler dort kollu cam balon igerisine birakilarak numunelere karst gosterdikleri davranislar
gozlendi. Farkl tlirlerdeki keneler igin ayri ayr1 denemeler yapildi. Gézlem sirasinda vakum pompasi yardimiyla ¢ok

diisiik miktarda vakum uygulandi.

Tablo 2. Kenelerin sentezlenen feromon tiirevlerine karsi tepkilerinin incelenmesi

Bilesik Ad1 Kene Tiirii Kene Tepkisi
2-(pirolidin-1-ildiazenil)benzoik asit (al) Dermacentor marglnatus —
Hyalomma marginatum +

3-(pirolidin-1-ildiazenil)benzoik asit (a2) D.marginatus / H.marginatum -+
4-(pirolidin-1-ildiazenil)benzoik asit (a3) D.marginatus / H.marginatum -+
2-(pirolidin-1-ildiazenil)fenil)metanol (a4) D.marginatus / H.marginatum +/+
3-(pirolidin-1-ildiazenil)fenil)metanol (a5) D.marginatus / H.marginatum +/+
4-(pirolidin-1-ildiazenil)fenil)metanol (a6) D.marginatus / H.marginatum +/+
Metil 2-hidroksi-4-(pirolidin-1-ldiazenil) benzoat (a7) D.marginatus / H.marginatum +/+
2-kloro-4-(pirolidin-1-ildiazenil)fenol (a8) D.marginatus / H.marginatum +/+
2-nitro-4-(pirolidin-1-ildiazenil)fenol (a9) D.marginatus / H.marginatum +/+
2-(pirolidin-1-ildiazenil)fenol (al0) D.marginatus / H.marginatum -/ -
3-(pirolidin-1-ildiazenil)fenol (all) D.marginatus / H.marginatum -/ -
4-(pirolidin-1-ildiazenil)fenol (al2) D.marginatus / H.marginatum -/ -
2-(morfolinodiazenil)benzoik asit (bl) D.marginatus / H.marginatum -+
3-(morfolinodiazenil)benzoik asit (b2) D.marginatus / H.marginatum -+
4-(morfolinodiazenil)benzoik asit (b3) D.marginatus / H.marginatum -+
2-(morfolinodiazenil)fenil)metanol (b4) D.marginatus / H.marginatum +/+
3-(morfolinodiazenil)fenil)metanol (b5) D.marginatus / H.marginatum +/+
4-(morfolinodiazenil)fenil)metanol (b6) D.marginatus / H.marginatum +/+
Metil 2-hidroksi-4-(morfolinodiazenil) benzoat (b7) D.marginatus / H.marginatum +/+
2-(piperidin-1-ildiazenil)benzoik asit (c1) D.marginatus / H.marginatum —/+
4-(piperidin-1-ildiazenil)benzoik asit (c2) D.marginatus / H.marginatum -+
3-(piperidin-1-ildiazenil)benzoik asit (c3) D.marginatus / H.marginatum -+
2-(piperidin-1-ildiazenil)fenil)metanol (c4) D.marginatus / H.marginatum +/+
3- piperidin-1-ildiazenil)fenil)metanol (c5) D.marginatus / H.marginatum +/+
4-(piperidin-1-ildiazenil)fenil)metanol (c6) D.marginatus / H.marginatum +/+
Metil 2-hidroksi-4-(piperidin-1-ildiazenil) benzoat (c7) D.marginatus / H.marginatum +/+

Tablodaki gozlem sonuglarinda kullanilan “Kene Tepkisi” dl¢iitlerinden; "+" kenelerin dort kollu cam balonun, numune
bulunan ucuna gitmeleri veya burada bir miiddet kalmalar (tepki verdikleri) seklinde degerlendirilmistir.
""-"" ise kenelerin numuneye hi¢ gitmemeleri (hi¢ tepki vermedikleri) seklinde degerlendirilmistir.
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Her bir deney yaklasik olarak 15-20 dakika siirdii. Kenelerin, kullanilan maddelere ait kokularinin etkilerinden
kurtulmalari i¢in her denemeden sonra yaklasik 1 saat ara verildi. Bu aralarda dort kollu cam balon asetonla temizlenerek
kurutuldu ve bir sonraki deney igin laboratuvar havalandirildi.

Sentezlenen bilesiklerden 10 farkli derisimde hazirlanan ¢ozeltilerin her biriyle keneler {izerinde denemeler
yapildi. 11k 9 deneyde kenelerin tepkilerinin giderek azaldig1 hatta 10 M ve 10° M derisimlerindeki numunelerde yok
denecek kadar azaldig1 gdzlendi. Son deneyde hazirlanan 1x1072° M’lik feromon ¢dzeltisine kars: ise kenelerin tepkisi
hemen hemen hi¢ gézlenmedi.

Ozetle; yapilan gozlemlerde, 1x10* M’dan 1x10° M’a kadar olan derisimlerdeki feromon ¢ozeltilerine karst
kenelerin tepkileri giderek azalsa da ilgi gosterdikleri gézlendi. Ancak daha diisiik derisimlerde hazirlanan feromon
¢ozeltilerinden olugan numunelere karsi kenelerin tepki vermedikleri gézlendi.

Ilgaz Daglarimin eteklerinden toplanan Ixodes ricinus tiirii keneler hi¢bir numuneye karsi ilgi gostermediler.
Oleik asit ve izobiitirik asit gibi farkli feromon aktiflestirici maddeler kullanilmasina ragmen sonug¢ degismedi.

Ixodes ricinus tiirii kenelerin, sentezlenen feromon tiirevlerine karst hig ilgi géstermemeleri, konak, tiir ve
bolgesel farkliliklara bagli olabilir. Caligmanin 6nemi agisindan zaten bu tiirle ilgili davranislar fazla Gnemsenmemistir.
Clinkii Ixodes ricinus tiirii kenelerde Kirim-Kongo Kanamali Atesi hastaligina sebep olan virlisiin varhigi
kanitlanamamustir [4, 5].

Diger iki tiire ait kenelerin (Hyalomma marginatum, Dermacentor marginatus), sentezlenen feromon tiirevlerine
kars1 gosterdikleri tepkiler agagidaki tabloda toplu olarak verilmistir.

4. Sonugclar ve tartisma

Ulkemizde son yillarda yaygin olarak goriilen KKKA hastalifina neden olan viriisii bulastiran Ixodidae
familyasina bagli olan kene tiirlerinin feromonlarinin kimyasal yapilari arastirilmis ve bu feromonlarin bazi tiirevleri
sentezlenmistir.

Sentezlenen bu yeni bilesiklerin feromonik 6zellikleri farkl tiirlerde keneler kullanilarak incelenmistir. Yapilan
feromonik inceleme calismalarinda, sentezlenen bilesiklere karst hem erkek hem de disi kenelerin tepki verdikleri
gdzlenmistir.

Ancak, yapilan deneylerde 1x10"° M veya daha diisiik derisimlerdeki feromon c¢ozeltilerine karsi kenelerin
higbir tepki gostermedigi gbzlenmistir. Buradan, s6z konusu deneylerde kullanilan feromon derigimlerinin, kenelerin
tepki vermesi i¢in yeterli olmadig1 sonucuna varilmistir.

Feromon caligmalar1 Kastamonu’ya bagli Devrekani, Ihsangazi ve Arag ilgeleri ile Ilgaz Dag1 etekleri ve
Kadidag1 mevkii olmak iizere bes farkli yerlesim bolgesinden alinan ti¢ farkli kene tiirii iizerinde yapilmistir. Bu tiirler
Hyalomma marginatum marginatum, Dermacentor marginatus ve Ixodes ricunus'tur.

Bunlarn ilk ikisi bircok hastalig1 tastyan kene tiirleridir. Ozellikle Hyalomma marginatum; KKKA hastaligin
bulagtirmada, insanlara tutunmada ve belirgin bir popiilasyon artisinda one ¢ikmaktadir. Bu yonleriyle de en tehlikeli
kene tiirii olarak bilinmekte ve hatta avei kene seklinde siniflandiriimaktadir [3, 4].

Hyalomma marginatum tiirii bu ¢alismada da belirgin bir sekilde 6ne ¢cikmustir; Ozellikle yapisinda benzoik asit
ve benzil alkol bulunan feromon tiirevlerine kars1 diger tiirler tepkisiz kalirken, bu Hyalomma marginatum tiirii biitiin bu
feromon tiirevlerine ilgi gdstermistir.

Ancak Ixodes ricunus ile yapilan deneylerde farkli aktiflestirici maddeler kullanilmasina ragmen kenelerin
hicbiri feromonlara karsi ilgi gdstermemistir. Bu tiir keneleri ¢calismamizdaki diger kenelerden ayiran bolge, tiir ve konak
(s1g1r) gibi parametreler bulunmaktadir. Kenelerin feromonlara karsi ilgi gdstermemeleri bahsedilen parametrelere bagh
olabilir. Zaten bu tiir kenelerin insana tutunmamasi ve KKKA hastaligina sebep olan viriisii tasidig1 kanitlanamamis
olmasi1 bakimindan diger keneler kadar tehlikeli olmadig1 bilindigi i¢in bu tiirle yapilan deney ve gozlem sonuglari da gok
onemli bulunmamustir.

Bu ¢aligma kapsaminda, sentezlenen bilesiklerden dogada daha uzun siire kalabilen yeni feromon tiirevleri elde
edilmeye ¢alisilmistir. Cilinkii orijinal feromonlarin ¢ogu ugucu oldugundan dolay1 dogada ¢ok uzun kalamamaktadir.

Daha 6nce yapilan bir makalede ¢alismasinda anilin tiirevlerinin piperazin ve pirolidin gibi bazlarla kenetlenmesi
sonucu elde edilen triazen bilesiklerinin asidik ortamda ¢ok yavas bozunan maddeler oldugu bulunmustu [31].

Bu caligmada da benzer sekilde kenelere ait baz1 feromonlarin anilin tiirevleri temin edilerek pirolidin, morfolin
ve piperidin bazlar ile kenetlenmesi saglanmis ve triazen bilesikleri elde edilmistir. Boylece elde edilen bilesiklerin
dogada yavas yavas bozunarak feromon 6zelligini uzun siire devam ettirmesi ve feromonlu tuzak olarak kullanilmasi
saglanmis olacaktir.

Bu ¢alisma kapsaminda sentezlenen ve feromon tiirevi oldugu diigiiniilen maddeler kullanilarak kenelerin; insan
ve evcil hayvanlarin yasamadigi alanlara ¢ekilmesi saglanabilir ve kenelerin insan sagligina zarar vermesi engellenebilir.

Ayrica bu g¢alisma Tiirkiye'de yasayan bu tiir keneler iizerinde, yeni feromonlarin belirlendigi ilk c¢aligma
olacaktir. Ayni zamanda literatiire yeni bilesikler (16 tane) kazandirma bakimindan da 6nem tagimaktadir.
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Feromon kullanilarak yapilan biyolojik miicadeleyi digerlerinden farkli tutan en 6nemli 6zellik kitle imha
yontemine gerek kalmamasidir. Sentezlenen gekici feromonlar sayesinde keneler daha zararsiz olabilecekleri yerlere
taginmak {izere veya baska bilimsel ¢aligmalarda kullanilmak {izere toplanabilecektir.

Bu ¢aligma kapsaminda sentezlenen bilesikler i¢erisinde feromon 6zelligi gosteren maddelerin daha sonra uzman
denetiminde, kene bulunmasi muhtemel sahalarda feromonlu tuzak olarak kullanilmasi ve etkilerinin aragtiritlmasi
planlanmaktadir.

Bu ¢alismada elde edilen feromonlarin biyolojik miicadeleye kimyasal yonden destek vermesi beklenmektedir.
Hatta veterinerlik, ziraat, biyoloji ve tip alanlarinda yapilan benzer ¢aligmalarda, birlikte hareket edilerek daha kapsamli
aragtirmalar yapilabilir.

Ayrica bu calismaya benzer sekilde, insanlar ve hayvanlar i¢in rahatsiz edici veya tehlikeli olabilen 6riimcek ve
akrep gibi diger akarlarin da feromonlar1 incelenerek onlar i¢in de yeni feromon tiirevleri sentezlenmesi diisiiniilebilir.
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Abstract

This study aims to contribute to the taxonomy of the genus Cousinia, by revealing anatomical, palynological
and micromorphological properties of Cousinia cataonica Boiss. & Hausskn. and C. intertexta Freyn & Sint., which are
part of sect. Cousinia in the family Asteraceae. Detailed descriptions and photographs of C. cataonica and C. intertexta,
alongside their distribution as shown on the map are provided. Anatomical characteristics of the stem, leaf and midrib of
C. cataonica and C. intertexta are studied in detail. Among the anatomical characters, the numbers of cortex parenchyma
layers and of sclerantimatic layers were found to be significant. Pollen photographs were taken under light microscope
and exin, intin, colpus and P/E measurements are provided in table format. A SEM microscope was used to observe pollen
and achene surface ornamentation. While the pollen ornamentation of both investigated species is verrucose-perforate,
the number of verrucose per um? have proven different between the two species. In addition, C. cataonica and C. intertexta
show clear differences in achene surface ornamentations.

Key words: Anatomy Asteraceae, Cousinia, palynology

Tiirkiye’ye Endemik Cousinia cataonica ve Cousinia intertexta Tiirlerinin Anatomik, Morfolojik, Palinolojik ve
Mikromorfolojisi

Ozet

Bu ¢alismada Asteraceae familyasina ait Cousinia cinsi igerisinde yer alan C. cataonica Boiss. & Hausskn. ve
Cousinia intertexta Freyn & Sint. tiirlerinin anatomik, morfolojik, palinolojik ve mikromorfolojik ozellikleri ortaya
¢ikarilarak cinsin taksonomisine katki saglamasi amaglanmigtir. C. cataonica ve C. intertexta tiirlerinin genis betimi,
tiirlere ait fotograflar1 ve dagilis alanlart harita tizerinde verilmistir. C. cataonica ve C. intertexta tiirlerinin gévde, yaprak
ve midrip Ozellikleri anatomik olarak caligilmistir. Anatomik karakterlerden korteks parenkima tabaka sayisi ve
sklerantimatik tabaka sayisinin 6nemli oldugu tespit edilmistir. lgik mikroskobu altinda polen fotograflari cekilerek
ekzin, intin, kolpus ve P/E dlgtimleri tablo halinde verilmistir. Polen ve aken yiizey ornamentasyonunu tespit etmek igin
SEM mikroskobu kullamlmistir. Her iki tiiriin polen yiizey ornamentasyonu verrukoz-perforat iken, um? basina diisen
verrukoz sayisi her iki tirde farklilik gostermistir. Ayrica C. cataonica ve C. intertexta tirleri aken yiizey
ornamentasyonlarinda belirgin farkliliklar gézlenmistir.

Anahtar kelimeler: Asteraceae, Cousinia, anatomi, palinoloji
1. Giris
Tiirkiye zengin ve ilging bitki ¢esitliligi agisindan dnemli bir tilkedir. Bu zenginlik ve ilginglik; Anadolu’nun

cesitli iklim tipleri, jeolojik yapi, cografik durum, farkli topografik yapilar, toprak gruplari, ti¢ farkl fitocografik bolgenin
kesigim noktas1 olmasi gibi faktorlerden kaynaklanir [1].
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Asteraceae familyasi diinyada yaklagik olarak 1100 cins ve 25000 tiir ile temsil edilmekte olup ¢igekli bitkilerin
en fazla tiire sahip familyasidir [2]. Bu familya Tiirkiye’de ise 152 cins, 1230 tiir, 133 alt tiir, 75 varyete olmak {izere
toplam 1438 takson ile temsil edilmektedir [3]. Cousinia cinsi 1827 yilinda Cassini tarafindan Carduus orientalis Adams.
tiiri esas alinarak tanimlanmistir. Cinsin ilk kapsamli siniflandirmasi [4] tarafindan yapilip, cinsi 23 seksiyon igerisinde
126 tiir ile temsil edildigini ortaya koymustur. [5, 6] “Flora Orientalis” adli eserinde Cousinia cinsini 14 seksiyon
icerisinde 141 tiirle temsil etmistir. Tiirkiye Florasi’nda [1] Cousinia cinsini Cassini yazmigtir. Tirkiye’de bu cins 6
seksiyon igerisinde toplam 38 tiir ile temsil edilmekte ve bunlarin 26’s1 endemiktir [1]. Tiirkiye bitliker listesine gore
“Kizandikeni” olarak bilinen Cousinia tilkemizde 39 tiirle yayilis gostermektedir. [7]. Ayrica son zamanlarda tilkemizde
Cousinia cinsine ait taksonomik ¢aligmalar yaninda, palinolojik ¢aligmalar da yapilmistir [8, 9].

Bu ¢alisma Cousinia Cass. (Asteraceae) cinsi Cousinia seksiyonu igerisinde yer alan C. cataonica ve C intertexta
endemik tiirlerinin morfolojik, anatomik, palinolojik ve mikromorfolojik galismalarini yaparak cinsin taksonomik
calismalarina katki saglamasi amaciyla yapilmistir.

2. Materyal ve yontem

Endemik iki tiir olan Cousinia cataonica ve C. intertexta tiirlerine ait 6rnekler Tiirkiye Florasi’nda belirtilen
yayilig gosterdigi tip lokalitelerinden fotograflanmis ve toplanmigtir. Toplanan bitki 6rnekleri preslenerek kurutulmus ve
morfolojik incelemeleri Tiirkiye Florasi temel kaynak olarak kullanilarak mikroskop altinda teshisleri yapilmugtir. Alan
¢aligmasi sirasinda anatomik c¢alismalar i¢in kullanilacak govde ve yaprak kisimlart % 70°lik alkol igerisine alinmustir.
Calismada parafine gdmme metodu kullanilarak mikrotom ile kesitler alinmistir. Kesitleri alinan 6rnekler Fastgreen-
safranin boyama metoduyla boyanarak entallan ile sabit preparat haline getirilmistir [10]. Hazirlanan preparatlarin 11k
mikroskobu ve kamera altinda fotograflar1 cekilmistir. Iki tiiriin polenleri [11] teknigi kullamilarak preparat haline
getirilerek 151k mikroskobu ile morfolojik &zellikleri ortaya konulmustur. Polen yiizey siisleri ise taramali elektron
mikroskobu (SEM) ile fotograflanmistir. Her iki tiiriin akenlere ait 6l¢limler makromorfolojik olarak yapilmistir. Aken
yiizey susleri taramali elektron mikroskobu (SEM) ile fotograflanmigtir. Anatomik, palinolojik ve mikromorfolojik
caligmalar i¢in iki tlire ait tiim karakterler i¢in 30’ar 6l¢iim yapilarak verilmistir.

Yapilan galigmalarda su drnekler incelenmistir;

C. cataonica; Malatya; Beytepe etekleri, step, 940 m, 27.07.2012, O.Tugay 7.839, D.Ulukus & M.A.Canbulat
(KNYA); Malatya; Dogu yamaglar, step, 920 m, 25.07.2013, O.Tugay 8.487 & D.Ulukus (KNYA); Malatya; Arapkir
arasi, step, 800 m, 25.07.2013, O.Tugay 8.488 & D.Ulukus (KNYA); Malatya; Venk arasi, taslik step, 1400 m,
26.07.2013, O.Tugay 8.500 & D. Ulukus (KNY A); Malatya; Dogu yamaglar, step, 1000 m, 30.06.2014, O.Tugay 9.651 &
D.Ulukus (KNYA).

C. intertexta; Elazig; Keban, bati yamaglar, step, 1080 m, 26.07.2012, O.Tugay 7.805, D.Ulukus &
M.A.Canbulat (KNYA); Malatya; Hekimhan, step, 910 m, 27.07.2012, O.Tugay 7.850, D.Ulukus & M.A.Canbulat
(KNYA).

3. Bulgular
3.1. Morfolojik bulgular

Cousinia cataonica Boiss. & Hausskn. in Boiss.,Fl. Or. 3: 483 (1875) (Sekil 2 A, B).

Tip: [Turkey B7 Malatya] in monte Begdagh (Bey Da.) prope Malatia, 1200 m, Haussknecht (holo. G!).

Betim: Cok yillik, 18-52 c¢m, genellikle dikotom dalli. G6vde ince, silindirik, yogun araknoid-tomentoz tiiylii. Yaprak
ust yiizeyi seyrek araknoid, alt ylizeyi yogun tomentoz tiiylii; taban yapraklar {istte gevsek araknoid, altta yiinsii tomentoz,
oblong, 4.5-15.9 x 2.3-5.1 cm, kisa petiyollii, pinnatipartit, lanseolat-linear segmentli, segmentler 4-6 ¢ift; gévde
yapraklar1 tedricen kiigiillir, dekurrent kanatli, 1.2-3.8 cm uzunlugunda, gévde iist yapraklar1 genis ve yirtikli disli.
Kapitula yaklagik 8-14 sayida, kapitula 27-37 gigekli. involukrum globoz, dikenler dahil 1.9-2.4 cm genisliginde; fillariler
113-134, tabandaki fillariler lanseolat kisa akiiminat uglu, tist kisimdaki fillariler yar1 kiiresel geriye kivrik yaklasik 11.5
mm, dikenler araknoid-yiinsii tityler iginde gomiilmiis; dis fillariler 4.1-5.2 x 1 mm, orta fillariler 11.2-12.3 x 1 mm, i¢
fillariler 14.1-15.3 x 1.1-1.4 mm. Reseptakulum bristleri diiz; 10.4-12.1 mm. Cigekler sari, 13.1-14.2 mm. Aken a¢ik
kahverengi, oblong-obovat, 4.6-5.1 x 1.9-2.6 mm, belirgin boyuna ¢izgili, burusuk, u¢ kisimda belirgin kenarli ve agikca
disli; pappus bristleri barbellat; 3.1-4.2 mm. Cigeklenme Temmuz-Agustos; Tarla kenar1 ve step; 850-1500 m., fran-Turan
elementi, Endemik, IUCN Tehlike Kategorisi; Tehlike altina girebilir (NT).

Cousinia intertexta Freyn & Sint. in Ost. Bot. Zeitschr. 42(5): 169 (1892) (Sekil 2 C, D).

Tip: [Turkey B7 Erzincan] Egin (Kemaliye) prope Kainartschar, in pascuis lapidosis, 13 vii 1890, Sintenis 2908 (holo.
LD foto).

Betim: Cok yillik, 23-42 c¢m, ¢ok dalli, siklikla genis ¢ali seklinde. Govde yuvarlak, uzunluguna ¢izgili, araknoid-yiinsii.
Yaprak iist ylizeyi seyrek araknoid, alt yiizeyi beyaz yiinsii-tomentoz tiiylii; yapraklar az ¢ok dikenli; taban yapraklari
oblongtan genigge obovata kadar, 19 x 13.5 cm, pinnatilobat, oblong-lanseolattan genisge triangular segmentliye kadar,
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4-6 ¢ift, 2.3-6.1 x 1.1-2 cm; gdvde yapraklari tedricen kiigiiliir, tisttekiler az derin lobludan diiz kenarliya dogru, 6.9 x 2.1
cm kadar, hepsi genis kuneat kanatli, dekurrent kanatlar 1.2-3.6 cm uzunlugunda. Kapitula 11-34, 14-25 ¢igekli.
Involukrum genisge ovoidden globoza kadar, dikenler dahil 2.2-3.1 ¢cm genisliginde; fillariler 86-113, yogun araknoid
tiiyld, alttaki kisim basik, 1.9 mm, lanseolat, tist kisimlar linear dan akiiminata kadar, 4.1-7.9 mm geriye dogru kivrik-
yaygmn; dis fillariler 6.3-7.8 x 1 mm, orta fillariler 14-15.8 x 1.1-1.6 mm, i¢ fillariler 16.2-16.8 x 0.9-1.6 mm.
Reseptakulum bristleri diiz; 16.3-17.8 mm. Cigekler sar1, 15.2-16.1 mm. Akenler agik kahverengi, enine koyu kahverengi
dalgali, obovat, 4.3-5.2 x 2.4-3.1 mm, belirgin boyuna ¢izgili, u¢ kisimda belirin kenarl ve agikga disli; pappus bristleri
barbellat; 2.4-3.1 mm. Ciceklenme Haziran-Temmuz, Tashik yamagclar ve step; 700-1650 m., iran-Turan elementi,
Endemik, IUCN Tehlike Kategorisi; Tehlike altina girebilir (NT).
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Sekil 1. Cousinia cataonica (@) ve Cousinia intertexta (W) tiirlerinin Tiirkiye dagilimi
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Sekil 2. C. cataonica (A, B) habitat ve kapitula; C. intertexta (C, D) habitat ve kapitula goriiniimii (Foto: O. Tugay)
3.2. Anatomik bulgular

Govde

C. cataonica tiiriine ait gévde enine kesitleri incelendiginde govde ince bir kutikulayla ¢evrelenmis dairesel ve
tek sira halinde dizilmis epidermis hiicrelerinden olugmaktadir. Epidermis hiicreleri dikdortgen seklinde olup hiicre
boyutlar1 17.98-4.18 x 10.88-4.71 um’dir. Epidermis tabakasimnin hemen alt kisminda korteks parenkimasi yer alip 3-5
tabakali hiicrelerden olusmaktadir. Korteks parenkima hiicreleri diizensiz sekillere sahip olup parenkima hiicrel boyutlar1
16.22-6.7 x 27.97-17.59 pm arasindadir. Korteks tabakasinin hemen altinda 4-6 sirali sklerankima hiicreleri
bulunmaktadir. Govde bikollateral iletim demetine sahip olup en dista sklerankima hiicreleri hemen altinda dis floem,
kambiyum, ksilem, i¢ floem ve 6z bélgesinden olusmaktadir. Sirasiyla dig floem ve i¢ floem ¢evresindeki sklerankima
lifleri 35-55 pm ve 15-30 um kalinligindadir. Ksilem iletim demetleri igerinde yer alan trake hiicre boyutlar1 6.27-14.72
X 21.39-10.41 pm arasindadir. Oz bolgesi ok sayida dairesel sekilli parenkimatik hiicrelerden olusmaktadir. Parenkima
hiicre boyutlar1 39.9-13.11 x 47.08-11.5 pm arasindadir (Sekil 3 A, B).

C. intertexta tiiriine ait gévde enine kesitleri incelendiginde gévde ince bir kutikulayla ¢evrelenmis dairesel ve
tek sira halinde dizilmis epidermis hiicrelerinden olusmaktadir. Epidermis hiicreleri dikdortgen seklinde olup hiicre
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boyutlari 6.09-3.23 x 10.81-5.2 um arasinda degismektedir. Epidermis tabakasinin hemen alt kisminda korteks parakimasi
yer alip 5-8 tabakali hiicrelerden olusmaktadir. Korteks parenkima hiicreleri diizensiz sekillere sahip olup parenkima
hiicre boyutlari 31.58-8.99 x 47.5-8.16 um arasindadir. Korteks tabakasinin hemen altinda 3-6 sirali sklerankima hiicreleri
bulunmaktadir. Govde bikollateral iletim demetine sahip olup en dista sklerankima hiicreleri hemen altinda dis floem,
kambiyum, ksilem, i¢ floem ve 6z bolgesinden olusmaktadir. Sirasiyla dig floem ve i¢ floem g¢evresindeki sklerankima
lifleri 40-60 pm ve 20-30 um kalinhigindadir. Ksilem iletim demetleri igerinde yer alan trake hiicre boyutlari 26.6-13.3 X
23.27-8.16 um arasindadir. Oz bélgesi cok sayida dairesel sekilli parenkimatik hiicrelerden olugmaktadir. Parenkima
hiicre boyutlar1 54.39-14.19 x 53.47-20.03 um arasindadir (Sekil 3 C, D).

e & -:/1 um s L B4 :
Y SR = e ot S |
Sekil 3. C. cataonica (A,B) ve C. intertexta (C, D) gévde enine kesiti; Ep: Epiderma, Ko: Korteks tabakasi, Sk:
Sklerankima tabakasi, F1: Floem tabakasi, Ks: Ksilem tabakas1, Oz: Oz Bolgesi.

Yaprak

C. cataonica tiiriine ait yaprak enine kesiti incelendiginde dista ince bir kutikula tabakast, altta ve Gistte tek siralt
oval ve dikdortgen seklindeki hiicrelerden olusan epidermis tabakasi bulunmaktadir. Mezofil tipi bifasiyal olup palizat,
palizat ve siinger, siinger tabakalarindan meydana gelmistir. Ana damar enine kesitinde biri diger ikisine gore biyiik 3
iletim demeti g6zlenmistir. Floem ve ksilemin etrafi alt ve Ustte genis, yanlarda ise dar sekilde sklerankimatik lifler
tarafindan desteklenmektedir. Demetlerin hem alt tarafinda hem de iist tarafinda parenkimatik hiicreler gézlenmektedir.
Yapilan 6l¢limlere gore list epiderma boyutlar1 16.09-6.67 x 21.56-5.53 um, alt epiderma boyutlar1 14.26-3.27 x 18.18-
3.99 um, palizat parenkimasi boyutlar1 49.01-16.80 x 10.22-4.31 um, siinger parenkimasi boyutlar1 11.38-3.25 x 20.58-
3.63 um olarak tespit edilmistir (Sekil 4 A, B).

C. intertexta tiiriine ait yaprak enine kesiti incelendiginde dista ince bir kutikula tabakasi, altta ve istte tek sirali
oval ve dikdortgen geklindeki hiicrelerden olugan epidermis tabakasi bulunmaktadir. Mezofil tipi bifasiyal olup palizat,
palizat ve siinger, siinger tabakalarindan meydana gelmistir. Ana damar enine kesitinde biri diger ikisine gore biiyiik 3
iletim demeti gozlenmistir. Floem ve ksilemin etrafi alt ve istte genis, yanlarda ise dar sekilde sklerankimatik lifler
tarafindan desteklenmektedir. Demetlerin hem alt tarafinda hem de iist tarafinda parenkimatik hiicreler gozlenmektedir.
Yapilan dlgiimlere gore {ist epiderma boyutlar1 17.94-9.01 x 24.5-8.74 pm, alt epiderma boyutlar1 9.81-4.50 x 19.55-5.57
um, palizat parenkimasi boyutlar1 43.48-13.64 x 17.02-4.38 um, siinger parenkimasi boyutlar1 8.16-2.60 x 14.89-7.39
pum, olarak tespit edilmis (Sekil 4 C, D) ve (Tablo 1) verilmistir.
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Sekil 4. C. cataonica (A, B) ve C. intertexta (C, D) yaprak enine Kesiti. Ue; Ust epidermis, Pp: Palizat parenkimast, Sp:
Stinger parenkimasi Ae: Alt epidermis

Orta Damar

C. cataonica ana damardan alinan enine kesitlerle hazirlanan preparatlar incelendiginde yar1 orbikular sekilde
olup, biri bilyiik 2 tanesi kiiglik olmak tizere 3 iletim demeti gdzlenmistir. Floem ve ksilemin etrafi alt ve iistte genis,
yanlarda ise dar gekilde sklerankimatik lifler tarafindan desteklenmektedir. Demetlerin hem alt tarafinda hem de {ist
tarafinda parenkimatik hiicreler gézlenmektedir. Orta damar parenkima hiicre boyutlar1 23.07-5.67 x 34.42-5.43 pm
olarak belirlenmistir. Ksilem trake hiicre boyutlar1 18.53-6.82 x 19.8-7.21 um olarak dl¢tilmiistiir (Sekil 5 A, B).

C. intertexta ana damardan alinan enine kesitlerle hazirlanan preparatlar incelendiginde yar1 orbikular sekilde
olup, biri bilyiik 2 tanesi kiiciik olmak {izere 3 iletim demeti gézlenmistir. Floem ve ksilemin etrafi alt ve {istte genis,
yanlarda ise dar sekilde sklerankimatik lifler tarafindan desteklenmektedir. Demetlerin hem alt tarafinda hem de st
tarafinda parenkimatik hiicreler gbzlenmektedir. Midrip parenkima hiicre boyutlar1 24.26-8.17 x 49.13-13.96 um olarak
belirlenmistir. Ksilem trake hiicre boyutlar1 13.42-3.68 x16.61-3.73 pum olarak ol¢tilmiistiir (Sekil 5 C, D).

13 2 v
7 . 2 Y =3
Sekil 5. C. cataonica (A, B) ve C. intertexta (C, D) midrip enine kesiti Sk: Sklerankima, Ks: Ksilem, FI: Floem

3.3. Palinolojik Bulgular

C. cataonica poleni monad, striiktiir tektat, apertiir tipi trikolporattir. Polen sekli subprolattir (P/E: 1.39 pm).
Polar eksen 29.85-24.36 pum ve ekvatoral eksen 21.83-16.69 um’dur. Kolpus siirlar1 belirgin olup kutup uglarina kadar
uzanmamaktadir. Kolpus uzunlugu 25.47-20.97 um, ve kolpus genisligi 4.9-1.94 pm *dir. Ekzin 0.97-0.33 pm, intin 0.51-
0.11 um’dur. Ekzin ornamentasyonu verrukoz-perforattir. iki verrukoz arasi ortalama mesafe 0.8-1.5 um olup her 25 pm?
bagina ortalama 15-23 verrukoz bulunmaktadir (Sekil 6 C, D).

C. intertexta poleni monad, striiktiir tektat, apertiir tipi trikolporattir. Polen sekli subprolattir (P/E: 1.37 pm).
Polar eksen 33.66-23.69 pm ve ekvatoral eksen 24.07-23.69 um’dur. Kolpus simirlari belirgin olup kutup uglarina kadar
uzanmamaktadir. Kolpus uzunlugu 29.85-20.97 um ve kolpus genisligi 7.34-2.61 pm’dur. Ekzin 0.68-0.25 pum, intin 0.66-
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0.16 um’dur. Ekzin ornamentasyonu verrukoz-perforattir. iki verrukoz arasi ortalama mesafe 0.9-1.3 um olup her 25 pm?
bagina ortalama 28-37 verrukoz bulunmaktadir (Sekil 6 A, B).

190 0D SOy Lr 1 i idy con .y gure

Sekil 6. C. cataonica (A, B) ve C. intertexta (C, D) polen SEM fotograflari

3.4. Aken morfoloji ve mikromorfolojisi

C. cataonica akenleri agik kahverengi, oblong-obovat olup belirsiz ¢izgili, burusuk u¢ kisminda belirgin kenarl
ve agikca dislidir. Akenler 4.6-5.1 mm uzunlugunda ve 1.9-2.6 mm enindedir. Yiizey ornamentasyonlari retikulat-
sitriattir. Retikiilasyonlarda muriler genis ve 6-8 pum kalinliginda; luminalar, 15-25 um uzunlugunda ve 8-20 pm
genigligindedir. Pappus bristleri barbellat olup 3.1-4.2 mm’dir (Sekil 7 A, B).

C. intertexta akenleri agik kahverengi, enine koyu kahverengi dalgali ve belirgin obovattir. Boyuna ¢izgili
belirgin kenarli ve dislidir. Akenler 4.3-5.2 mm uzunlugunda ve 2.4-3.3 mm enindedir. Yiizey ornamentasyonu belirsiz
retikulat-sitriattir. Retikiilasyonlarda muriler genig ve 8-10 um kalinliginda; luminalar, 15-25 um uzunlugunda ve 8-20
um genisligindedir. Pappus bristleri barbellat olup 2.4-3.1 mm’dir (Sekil 7 C, D).

Yapilan calismalarda tiirlerle ilgili Tiirkiye Florasi’nda verilen tanimlamalardaki eksiklikler giderilmis ve tablolar halinde
verilmistir (Tablo 4, Tablo 5).

Sekil 7. C. cataonica (A, B) ve C. intertexta (C, D) aken SEM fotograflar
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Tablo 1. Caligilan tiirlerin kargilagtirmali olarak govde, yaprak ve orta damar anatomik 6zelliklerinin 6l¢tim degerleri; minimum, maksimum
ve ortlama

C. cataonica C. intertexta
Boy (um) En (um) Boy (um) En (um)
min-max | ortalama | min-max | ortalama | min-max | ortalama min_max ortalama
Epidermis hiicre 4.18-17.98 6.14 4.71-10.88 6.83 5.2-10.81 7.79 3.23-6.09 4.69
wr | Korteks hiicre 671622 | 1114 | 5057 | 2266 | 8993158 | 1925 | 816475 | 2878
Q .
> .. 14.72- 10.41-
8 Trake hiicre 26.27 19.46 2139 15.05 13.3-26.6 20.49 9.03-23.27 17.47
- 11.15- 14.19-
Oz hiicre 13.11-39.9 27.43 4708 32.83 5439 32.83 20.03-53.47 38.39
h”;érip'derm's 6.67-16.09 | 11.88 | 5.53-21.56 | 12.96 | 9.01-17.94 | 1217 | 8.74-2451 | 15.98
< hAf'ltcfep'derm'S 327-1426 | 509 | 3.99-188 | 8.33 45981 718 | 5271955 | 1175
o
o . . 16.80- 13.64-
§ Palizat par. hiicre 4901 3351 4.31-10.22 7.92 4348 25.95 4.38-17.02 8.7
Siinger par. hiicre 3.25-11.38 7.36 3.63-20.58 10.26 2.6-8.16 5.03 7.39-14.89 10.21
Korteks hiicre 5.67-23.07 12.97 5.43-34.42 22.06 3.68-24.26 15.13 13.96-49.13 26.97
< Trake hiicre 6.82-18.53 11.86 7.21-19.8 11.67 3.68-13.42 8.24 3.73-16.61 8.40
| 3 36.97- 125.97- 30.16- 65.12-
% E Floem dokusu 1748 26.58 5792 76.46 25 46 28.32 130.84 94.37
Epidermis hiicre 4.18-17.98 6.14 4.71-10.88 6.83 5.2-10.81 7.79 3.23-6.09 4.69
Tablo 2. Caligilan tiirlerin polen 6zelliklerinin 6l¢iim degerleri; minimum maksimum ve ortalama degerleri
. Ekvatoral Kolpus Kolpus Ekzin Intin
Tirler Polar (P) () PIE Uzunluk Genislik Kalinlik Kalinlik
C. cataonica 24.36-29.85 (Ort. | 16.59-21.83 1.39 20.97-25.7 1.94-4.9 0.33-0.97 0.16-0.51
' 27.34) (ort. 19.53) ' (ort. 22.95) (ort. 3.09) (ort. 0.55) (ort. 0.31)
. 23.69-33.66 (Ort. | 17.11-24.07 20.97-29.85 2.61-7.34 0.25-0.68 0.16-0.66
C. intertexta 28.34) (ort. 20.63) 1.87 (ort. 24.93) | (ort.459) | (ort.048) | (ort.0.34)

Tablo 3. Cousinia cataonica Tiirli Tiirkiye Florasi verileri ile ¢caligma verilerinin kargilagtirmasi

Tiirkiye Florasi Calisma verileri
Tiir adi Cousinia cataonica Cousinia cataonica
Bitki boyu 10-20 cm 18-52 cm
Taban yapraklari 5-15x2.5-5¢cm 45-159x2.3-5.1cm
Govde yaprak kanatlari 1-25(-4) cm 1.2-3.8cm
Kapitula 10-25 8-14
Fillariler 100-140 113-134
Dus fillariler ? 4.1-52x 1 mm
Orta fillariler ? 11.2-12.3 x 1 mm
I¢ fillariler ? 14.1-15.3x 1.1-1.4 mm
Cigekler 14-16 mm 13.1-14.2 mm
Aken 5%x2 mm 4.6-5.2x1.9-2.6 mm

Tablo 4. Cousinia intertexta Tiirli Tlirkiye Florasi verileri ile ¢aligma verilerinin karsilagtirmas

Tiirkiye Florasi Calisma verileri
Tiir ad1 Cousinia intertexta Cousinia intertexta
Bitki boyu 25-40 cm 23-42 cm
Taban yapraklari 20x13 cm 19x13.5¢cm
Govde yaprak kanatlari 1-4cm 1.2-3.6cm
Kapitula 30’a kadar 11-34
Fillariler 80-160 86-113
Dis Fillariler ? 6.3-7.8 x 1 mm
Orta Fillariler ? 14-15.8 x 1.1-1.6 mm
I¢ Fillariler ? 16.2-16.8 x 0.9-1.6 mm
Cicekler 13-16 mm 15.2-16.1 mm
Aken 5%x2 mm 4.3-52x2.4-3.1mm
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4. Sonuglar ve Tartisma

Yapilan c¢alisma sonucunda C. cataonica ve C. intertexta tiirlerinin morfolojik 6zellikleri degerlendirilmis, anatomik
karakterleri ortaya konulmus, polen dzellikleri ve akenlere ait karakterleri karsilastirmali olarak incelenmistir.

Morfolojik calismalar sonucunda C. cataonica ve C. intertexta tiirlerinin morfolojik ozellikleri tiirlerin birbirinden
ayrilmasinda rol oynamustir. C. cataonica bitki boyu agisindan 52 cm’ye varan 6rnekleri bulunurken C. intertexta tiiriinde 45 cm’ye
kadar uzanan 6rnekler bulunmaktadir. C. cataonica govdesi ince, silindirik yogun araknoid-tomentoz tiiylii, C. intertexta govdesi ise
yuvarlak uzunluguna ¢izgili araknoid-yiinsiidiir. C. cataonica tiirii yaprak parcalarinin linear ve kapitulasinin daha yuvarlak iken C.
intertexta tiirli yaprak pargalari lanseolat ve kapitula ovoid sekillidir.

Anatomik ¢alismalar sonucunda C. cataonica ve C. intertexta tiirlerinin anatomik 6zelliklerinin birbirinden ayrilmasinda
govde anatomisi korteks hiicreleri ve sklerankimatik tabakalar1 sayis1 bakimindan 6nemlidir. C. cataonica korteks parenkimasi hiicre
sayist 3-5 ve sklerankimatik tabaka sayisi ise 4-6 iken C. intertexta korteks parenkimasi hiicre sayis1 5-8 ve sklerankimatik tabaka
sayist ise 3-6’dir (Sekil 3, Tablo 1). Ayrica C. cataonica ve C. intertexta yaprak orta damari her iki tiirde de biri biiyiik 2 tanesi kiigiik
olmak {izere 3 adet iletim demeti gézlemlenmis olup farklilik gostermemistir.

Palinolojik incelemeler sonucunda her iki Cousinia tiiriiniinde polen tipi monad olup polenlerinde trikolporat olmak {izere
tek tip apertiir tipi gézlemlenmistir. Polen Sl¢iimleri sonunda P/E oranina gore sub-prolat polen sekli belirlenmistir. Polen yiizey
ornamentasyonu her iki tiirde de verrukoz-perforat olarak belirlenmistir. Dolayisiyla palinolojik ozellikler tiir ayriminda farklilik
gostermemistir (Sekil 6, Tablo 2). iki tiire ait 25 pm?’ye diisen verrukoz sayisi farklilik gostermistir.

Asteraceae familyasimin taksonomisinde ve filogenisinde palinolojik veriler 6nemli olarak kabul edilir [12, 13, 14, 15, 16].
[17] yapmus oldugu ¢alisma sonucunda polen ekzin ornamentasyonunu verrukoz-perforat olarak belirlemistir. Yapilan bu ¢aligmada da
polen ekzin ornamentasyonu verrukoz-perforat olarak tespit edilmistir. [18] yapmus olduklari polen morfolojisi ¢alismasinda C.
eriobasis tiiriinde polen seklini subprolat oldugunu belirtmistir. Bu sonug yapilan bu galismadaki bulgularla ortiismektedir. [19] C.
boissieri tizerine yapilan galismada polen ekzin ornemantasyonu retikulat olarak verilmesine ragmen tarafimizdan yapilan ¢aligmada
polen ekzin ornemantasyonu verrukoz-perforat olarak tespit edildi.

Aken makro ve mikromorfolojik 6zellikleri 6nemli taksonomik farkliliklar ortaya koymaktadir. Aken sekli ve aken boyutlar:
dikkate alindi1g1 zaman C. cataonica ve C. intertexta akenleri birbirinden ayrilabilir. ki tiiriin taramali elektron mikroskobu araciligtyla
¢ekilen fotograflar incelendiginde C. cataonica aken yiizeyi belirsiz ¢izgili ve burusuk iken, C. intertexta aken yiizeyi belirgin ¢izgili
ve daha diizdiir. Her iki aken yiizey ornemantasyonu retikulat-striat olmasina ragmen C. cataonica’da daha belirgin, C. intertexta’da
ise agik¢a belirgin degildir (Sekil 7).

Taksonomik karakterlere ek olarak elde edilen bu verilerin C. cataonica ve C. intertexta tiirlerinin ayrilmasinda yardimei
olabilecegi kanaatindeyiz.

Tesekkiir
Bu calismaya maddi destek saglayan Selcuk Universitesi BAP Koordinatorliigii’ne (Proje No: 17201022) ve TUBITAK-
TBAG’na (Proje No: 111T364) tesekkiir ederiz.
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Abstract

The aim of this study was isolation of CGTase positive microorganisms from lakes Salda and Van, both being
extreme environments unique in character with high alkalinity pH>9.7. Four bacterial strains designated as SD5, SG2,
SG3 and V3 were isolated by cultivation on selective Horikoshi agar and confirmed as CGTase producers. Microscopic
inspection showed the four isolates to be Gram positive rods. Strains were identified as Bacillus based on DNA sequences
of 16S rDNA region. Only the V3 and SG2 isolates could be resolved at species level identified as B. agaradhaerens and
B. patagoniensis, respectively. Growth and CGTase production capacity of the strains were evaluated under shake flask
conditions. All isolates achieved extracellular CGTase levels of 6-8 U/mL within 24 h of incubation. Growth curves of
Bacillus sp. SG3, Bacillus sp. SD5, B. agaradhaerens V3 showed the bacteria to reach a plateau phase within 24-30 h
however, extended fermentation up to 168 h showed B. patagoniensis SG2 to continue the growth cycle until the end of
this period with higher CGTase activity observed. These four strains isolated which have thus been confirmed as CGTase
positive bacteria can potentially be exploited as genetic sources for the synthesis of CGTase in industrial scale.

Key words: Bacillus sp., bacterial identification, cyclodextrin glycosyltransferase, alkaliphilic

*

Salda ve Van Gollerinden SGTaz Ureten Alkalifilik Bakterilerin izolasyonu, Tanmilanmasi ve Enzim Uretme
Kapasitelerinin Degerlendirilmesi

Ozet

Bu ¢aligmanin amaci, CGTase pozitif mikroorganizmalarin Salda ve Van gollerinden izolasyonudur. Her iki gol
de yiiksek seviyede bazik (pH> 9,7) 6zellikte benzersiz ekstrem ortamlardir. Calismada SD5, SG2, SG3 ve V3 olarak
kodlanan dort bakteri susu, secici Horikoshi kat1 besiyeri iizerinde yetistirilerek izole edilmis ve CGTase lireticileri olarak
dogrulanmistir. Mikroskobik inceleme, dort izolatin Gram pozitif gubuk seklinde bakteriler oldugunu gostermistir. Suslar,
16S rDNA bolgesinin DNA dizilerine dayanarak Bacillus cinsi bakteriler olarak tanilanmugtir. Bunlardan sadece V3 ve
SG2 izolatlar tiir seviyesinde, sirasiyla B. agaradhaerens ve B. patagoniensis olarak tanilanabilmistir. Suslarin bityiime
ve CGTase iiretim kapasiteleri c¢alkalamali inkiibator kosullarinda degerlendirilmistir. Tiim izolatlarin, 24 saatlik
inkiibasyon sonrasinda hiicre digt ortamda 6-8 U/mL CGTase iiretebildigi tespit edilmistir. Bacillus sp. SG3, Bacillus sp.
SD5 ve B. agaradhaerens V3 suglarmin biiyiime egrileri 24-30 saat i¢erisinde duragan faza ulagnug ancak 168 saate kadar
uzatilmig fermentasyon siiresince B. patagoniensis SG2’nin yavas ancak istikrarli sekilde ¢ogaldigi ve CGTase
aktivitesinin yiikselerek devam ettigi gdzlemlenmistir. Hiicredisi CGTase salgilama kapasitesi oldugu dogrulanan bu dort
bakteri susu gelecekte CGTase'in endiistriyel Olgekte iiretilebilmesi igin yiiriitillecek aragtirmalarda potansiyel gen
kaynaklar1 olarak degerlendirilebilecektir.

Anahtar kelimeler: Bacillus sp., bakteriyel tanilama, siklodekstrin glikosiltransferaz, alkalifilik
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1. Introduction

CGTase (EC 2.4.1.19) has the systematic name 1,4-a-D-glucan 4-a-D-(1,4-a-D-glucano)-transferase and is also
persists in literature as cyclodextrin glycosyltransferase, cyclomaltodextrin glucanotransferase or cyclomaltodextrin
glycosyltransferase. CGTase is a hexosyltransferase that can catalyze four different types of reactions, namely,
cyclization, disproportionation, coupling, and hydrolysis. In the coupling reaction a cyclodextrin ring is cleaved and
transferred to an acceptor maltooligosaccharide substrate, and in the disproportion reaction a linear maltooligosaccharide
is cleaved and the reducing sugar end is transferred to an acceptor maltooligosaccharide substrate. In cyclization, which
is the main reaction of CGTases, transglycosylation reaction transforms a-1,4-glucans (i.e. starch) to cyclic non-reducing
oligosaccharides, composed of six, seven, or eight glucose units, respectively named, a-, -, and y-cyclodextrins (CD) [1,
2]. CD are used for the encapsulation of a wide range of molecules or molecular parts, particularly those having
hydrophobic properties. Encapsulation provides added stability, solubility, reactivity and bio- availability to the included
molecule. Thus, CD have found numerous applications in many fields including agriculture, food, chemical and
pharmaceutical industries [3, 4].

Microorganisms have constituted the main source for the production of CGTases, many of which have been
isolated from extreme alkaliphilic environments [5, 6]. Alkaliphilic microorganisms can be isolated from alkaline
environments, such as soda lakes, soda deserts, alkaline soils and carbonate springs and require pH values of 9 or more
for growth. These environments owe their high basic pH values to the presence of high concentrations of sodium carbonate
salts. Alkaliphiles have attracted much interest because of their ability to produce extracellular enzymes that are active
and stable at high pH values [7]. For the synthesis of CD, it is important that the CGTase used is functional at alkaline
conditions. The use of alkaline CGTase has markedly reduced production costs for CD and opened new markets for CD
use in foodstuffs, chemicals, and pharmaceuticals [8].

Lake Salda (37°33'N; 29°41'E) is a mid-size crater lake located in a closed basin within Yesilova (Burdur
province) in south-western Anatolia at an altitude of 1180 m above sea level. Salda lake water has been reported to be
rich in magnesium ions and has pH 9.5-9.6 [9]. Russel et al. [9] have in their study emphasized the unique character of
Lake Salda in establishing an analogy of this crater lake with a crater formation on Mars. Lake Van is the largest lake in
Turkey (3755 km?) and 3" largest soda lake in the world with on average 2.17% salinity and pH 9.7-9.8 [10, 11]. Previous
studies have investigated the archeal and bacterial diversity of Salda and Van Lakes [10, 12, 13, 14]. Aygan and Arikan
[15] and Aygan et al. [16] have studied the alfa-amylase and endoglucanase activities of Bacterial isolates from Van lake.

Extreme environments contain natural niches harboring organisms that have adapted to the prevailing conditions
and thus, novel microorganisms isolated from these environments have evolved to express proteins which are able to
function at the same extreme conditions. These novel isolates are therefore potential sources of proteins or genes encoding
proteins that may be of interest to industrial producers of enzymes. The objective of this study is the isolation and
identification of CGTase producing bacteria from these two alkaline environments in Turkey, and the determination and
comparison of their enzyme production capacity.

2. Materials and methods
2.1. Collection of environmental samples and strain isolation

A total of 20 mud samples were collected from 5 different locations around Lake Salda. Additionally, 7 mud
samples from 2 locations at the periphery of Lake van were obtained. Sampling locations are indicated in Figure 1. These
samples were transported and stored at 4 °C until use. Samples were briefly shaken and left to settle and 100 pL sample
of water was plated on modified Horikoshi medium Il [17] containing 1.0% soluble starch, 0.5% polypeptone, 0.5% yeast
extract, 0.1% K;HPO4, 0.02% MgSO4-7H20, 1% Na,COs, 1.5% agar, 0.03% phenolphthalein and 0.01 %methyl orange
(pH 10.3). Plates were incubated at 37 °C for 4 days. Strains were selected based on the appearance of yellowish zones
at colony periphery and sub-cultured by streaking on the same medium. Strains were also cultivated in Horikoshi broth
containing 1.0% soluble starch, 0.5% polypeptone, 0.5% yeast extract, 0.1% K;HPQ,, 0.02% MgSO, - 7H,0 and 1%
Na,COs3 prepared as described by [18]. Culture samples were diluted with a 50% aliquot of 50% glycerol-water solution
and stored at -80 °C.

The color, morphology, size, surface characteristics of the colonies were observed. Gram staining was performed
on the isolated strains and they were observed under a light microscope (Leica DM750, Wetzlar, Germany) at 1000x
magnification in oil immersion for the shape and size of the cells.
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Figure 1. Satellite images of southeastern banks of lakes Salda (a) and Van (b). Stars indicate sampling locations. (Original
images curtesy of Google Maps, https://maps.google.com)

2.2. ldentification of the isolated strains

The color, morphology, size, surface characteristics of the colonies were observed. Gram staining was performed

on the isolated strains and they were observed under a light microscope (Leica DM750, Wetzlar, Germany) at 1000x
magnification in oil immersion for the shape and size of the cells. Along with these observations, bacterial identification
was performed with 16S rDNA sequencing. For genomic DNA isolation bacteria were cultured in LB Lennox broth and
isolation of DNA was performed using the MasterPure™ Gram Positive DNA Purification Kit (Epicentre®
Biotechnologies, WI, ABD). DNA amplification was performed using the universal primer set 27F and 1492R to amplify
an approximately 1400 bp fragment [19]. Sequencing was performed using Sanger dideoxy sequencing and the sequences
obtained were analyzed comparing to sequences in the GenBank BLASTN database [20].
Multiple sequence alignments were performed using DNAMAN (DNAMAN 5.2.2, Lynnon Corporation, Quebec,
Canada) and SnapGene (GSL Biotech LLC, USA) software. FinchTV (version 1.4.0, Geospiza, USA) and Sequencher
5.1 (Gene Codes Corporation, AnnArbor, USA) were used for inspecting the sequence chromatograms. Phylogenetic
analyses were performed using the MEGAG program [21] (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013).

2.3. CGTase activity assays

The four bacterial isolates were cultured in baffled Erlenmeyer flasks containing 100 mL of liquid media
consisting of Horikoshi broth supplemented with 1% soluble starch. Fermentations were performed in duplicate flasks
using a shaker incubator (Certomat IS, Sartorius Stedim, Germany) at 37 °C and 250 rpm. Optical density (OD) of the
cell cultures were determined spectrophotometrically (Libra S50, Biochrom, UK) measuring the absorbance at 600 nm.
Culture supernatants were obtained by centrifugation of 1 mL of samples at 5500 x g for 10 min using a microcentrifuge
(Eppendorf, Germany). CGTase activity was determined based on the reduction of color intensity of phenolphthalein after
complex formation with B-CD according to [18] with slight modifications. A 250 pL volume of reaction mixture
containing 4% soluble starch and 50 mM K;HPOQO, adjusted to pH 6 was mixed with 25 pL cell supernatant. The mixture
was incubated at 50 °C for 10 min in a block heater (Thermo Scientific, USA). The reaction was stopped by adding 875
uL 30 mM NaOH solution and 125 pL of 0.02% (w/v) phenolphthalein in 5 mM NaCOj3 solution was added. The mixture
was left to stand for 15 min at room temperature and the reduction in absorbance was measured spectrophotometrically
at 550 nm against a blank prepared using sterile culture medium. Activity values were obtained using a standard curve
obtained with 0-2.5 pmol of B-CD (C4767, Sigma) solubilized in 2.5 mL volume. One unit of enzyme activity was defined
as the amount of enzyme forming 1 umol B-CD per min. OD and CGTase activity measurements were performed in
duplicate and the mean values and standard deviations were calculated using GraphPad Prism version 6.01 for Windows
(GraphPad Software, San Diego, CA).

3. Results and discussion
3.1. Strain isolation and identification

Three CGTase producing bacterial strains were isolated from Lake Salda and one strain from Lake Van. The
isolates labeled as SD5, SG2, SG3 and V3 formed colonies on selective HM agar which had pale yellow zones
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surrounding them. The colony morphologies of strains isolated from Lake Salda had some common properties that were
not found in the Lake Van isolate (V3). Strains from Lake Salda formed medium to large sized flat elevation circular
colonies with undulate margins. These were characteristically glossy in appearance and had a yellow tinge which was
especially visible along the raised colony edges. The strain isolated from Lake Van on the other hand, had an irregular
and filamentous form with a flat opaque surface, opaque and creamy in color. Observed under the microscope, the strains
were all identified as Gram positive rod shaped bacteria. The macromorphology and Gram dyed cell micrographs are
presented in Figure 2. Although not apparent in Figure 2, the SD5 strain was confirmed as a sporulating microorganism
upon microscopic observation. The size and spread of the colonies are possible indications that these are motile bacteria,
as are most of the species belonging to the genus Bacillus [22].

SG3 V3

Figure 2. Colonies formed on Horikoshi agar incubated for 72 h (a) and micrographs of Gram stained cells obtained at
1000x% using a light microscope (b)

a

SD5 SG2

The 16S rDNA of bacterial isolates was amplified, sequenced and analyzed. Sequences of 1082-1399 bp were
obtained and submitted to GenBank. Accession numbers assigned were KU851858 for V3, KU851857 for SD5,
KU686705 for SG2, KX037370 for SG3. The phylogenetic tree constructed using the sequence data is shown in Figure
3. All four isolates were identified as belonging to the genus Bacillus. Two of the isolates, SD3 and SG5, procured from
different locations around Lake Salda were genetically more closely related, with sequences sharing >99% identity with
16S rDNA sequences of B. oshimensis, B. lehensis and B. hunnanensis strains made available on the NCBI Blast database.
In another study performed in our laboratory, the CGTase gene of Bacillus sp. SD5 has been isolated and sequenced,
yielding the information that the CGTase sequence has a maximum 98% identity to the CGTase cDNA of related Bacillus
strains [23]. This finding provided a confirmation that Bacillus sp. SD5 was more closely related to the three mentioned
strains. Hence, the taxonomy for the Bacillus sp. SD3 and SD5 could not be resolved on species level. On the other hand,
Bacillus sp. SG2 was identified as B. patagoniensis. This species of bacteria was among those isolated and confirmed to
be CGTase producer by Gomes et al. [24]. The isolate from Lake Van (V3) was identified as B. agaradhaerens and was
identified as being distinctly different than the other three isolates obtained from Lake Salda. The CGTase production
capacity of other novel isolates of B. agaradhaerens from different global locations have been demonstrated [25, 26, 27].
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A
0.01
Figure 3. Phylogenetic tree showing genetic relatedness of isolated bacteria

3.2. Liquid culture and CGTase production

The CGTase production potential of cultures was further investigated with shake flask fermentation trials in 50
mL volume (Figure 4a). OD measurements indicated that all four strains exhibited logarithmic growth within the first 12
hours into incubation (Figure 4b). Cultures of strains SD5, SG3 and V3 proliferated at a higher rate reaching OD values
four fold higher than strain SG2 by the 24 h into fermentation. The non-fastidious nature of SG2 was also evident from
the colony morphology in Figure 2 where the colonies were small and covered a relatively less area then those of other
strains. This observation may be attributable to the deficiency of the media used for a certain component or condition that
the strain requires for optimum growth. Although the growth rate of Bacillus sp. SD5, SG3 and Bacillus agaradhaerens
V3 seemed to be higher than Bacillus patagoniensis SG2, all four isolates reached CGTase activities in the range of 6-8
U/mL within 24 h. Fermentation was endured for 168 h to observe that the slow growing strain Bacillus patagoniensis
SG2 increased in cell concentration, reaching a peak CGTase activity of 9.2 U/mL at the 96™ hour (data not shown). Peak
extracellular CGTase activities for the other strains were 8 U/mL at 24 h for Bacillus sp. SG3, 7.6 U/mL for Bacillus sp.
SD5 at 84 h and 7.6 U/mL for Bacillus sp. V4 at 12 h. Among these four isolates Bacillus sp. SD5 was utilized as a genetic
source for the heterologous expression of CGTase in Pichia pastoris [23].
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Figure 4. OD (a) and extracellular CGTase production b) of bacterial isolates from lakes Salda and Van cultured under
shake flask conditions

4. Conclusions

Wild type microbial isolation and characterization is a key step in research endeavors geared at biotechnological
production. Furthermore, challenged with environmental threats, the identification and investigation of microbial
communities are of paramount importance providing documentation of the existing microflora. In this context, this is the
first report of isolation of bacteria which are capable of producing CGTase from two major soda lakes in Turkey. In doing
so, four strains have been obtained which can be utilized for CGTase production as well as for exploitation as genetic
sources for production of CGTase or other alkaliphilic enzymes. It is anticipated that this study has added to our
understanding of the microbial communities that reside in these local environments and the necessity of protection of
these ecosystems from the impact of human activity to conserve these unique microbial habitats.

Acknowledgements

This study was partially funded by Akdeniz University, Scientific Research Projects Management Unit under
project No. 2011.01.0102.008.

References

[1]  Tonkova, A. (1998). Bacterial cyclodextrin glucanotransferase. Enzyme and Microbial Technology, 22(8), 678
686. https://doi:10.1016/S0141-0229(97)00263-9

[2]  Vander Veen, B. A, Uitdehaag, J. C. M., Dijkstra, B. W., & Dijkhuizen, L. (2000). Engineering of cyclodextrin
glycosyltransferase reaction and product specifity. Biochimica et Biophysica Acta (BBA) - Protein Structure and
Molecular Enzymology, 1543(336), 336—360. https://d0i:10.1016/S0167-4838(00)00233-8

[3] Del Valle, E. M. M. (2004). Cyclodextrins and their uses: a review. Process Biochemistry, 39(9), 1033-1046.
https://doi:10.1016/S0032-9592(03)00258-9

[4]  Szejtli, J. (2013). Cyclodextrin technology - topics in inclusion science (Vol. 1). Netherlands: Springer Science &
Business Media. https://doi:10.1007/978-94-015-7797-7

[5] Biwer, A, Antranikian, G., & Heinzle, E. (2002). Enzymatic production of cyclodextrins. Applied Microbiology
and Biotechnology, 59(6), 609-617. https://d0i:10.1007/s00253-002-1057-X

[6] Han, R., Li, J., Shin, H.-D., Chen, R. R., Du, G., Liu, L., & Chen, J. (2014). Recent advances in discovery,
heterologous expression, and molecular engineering of cyclodextrin glycosyltransferase for versatile applications.
Biotechnology Advances, 32(2), 415-428. https://doi:10.1016/j.biotechadv.2013.12.004

Isolation, Identification and Evaluation of Enzyme Production Capacity of CGTase Producing Bacteria from Lakes Salda and Van
Eda KABACAOGLU PAAKKANEN, Bar¢in KARAKAS BUDAK



158

[7]

[8]
[9]

[10]

[11]
[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Biological Diversity and Conservation — 12 / 3 (2019)

Atanasova, N., Petrova, P., Ivanova, V., Yankov, D., Vassileva, A., & Tonkova, A. (2008). Isolation of novel
alkaliphilic bacillus strains for cyclodextrin glucanotransferase production. Applied Biochemistry and
Biotechnology, 149(2), 155-167. https://d0i:10.1007/s12010-007-8128-5

Horikoshi, K. (2011). Introduction and history of alkaliphiles. In K. Horikoshi (Ed.), Extremophiles handbook (pp.
19-26). Japan: Springer. https://doi:10.1007/978-4-431-53898-1_1.1

Russel, M. J., Ingham, J. K., Zedef, V., Maktav, D., Sunar, F., Hall, A. J., & Fallick, A. E. (1999). Search for signs
of ancient life on Mars: expectations from hydromagnesite microbialites, Salda Lake, Turkey. Journal of the
Geological Society, 156(5), 869-888. https://doi:10.1144/gsjgs.156.5.0869

Berber, 1., & Yenidiinya, E. (2005). Identification of alkaliphilic Bacillus species isolated from Lake Van and its
surroundings by computerized analysis of extracellular protein profiles. Turkish Journal of Biology, 29(3), 181-
188.

Kempe, S., Kazmierczak, J., Landmann, G., Konuk, T., Reimer, A., & Lipp, A. (1991). Largest known
microbialites discovered in Lake Van, Turkey. Nature, 349(6310), 605-608. https://doi.org/10.1038/349605a0
Berber, 1., & Berber, S. (2006). Numerical analysis of SDS-PAGE protein patterns of facultative alkaliphilic
Bacillus species isolated from lake Van, Turkey. Fresenius Environmental Bulletin, 15(5), 409-416.

Ozcan, B., Cokmus, C., Coleri, A., & Caliskan, M. (2006). Characterization of extremely halophilic Archaea
isolated from saline environment in different parts of Turkey. Microbiology, 75(6), 739-746.
https://doi:10.1134/s002626170606018x

Poyraz, N., & Mutlu, M. B. (2017). Alkaliphilic bacterial diversity of Lake Van/Turkey. Biological Diversity and
Conservation, 10(1), 92-103.

Aygan, A., & Arikan, B. (2008). A new halo-alkaliphilic, thermostable endoglucanase from moderately halophilic
Bacillus sp. C14 isolated from Van Soda Lake. International Journal of Agriculture & Biology, 10(4), 369-374.
Aygan, A., Arikan, B., Korkmaz, H., Dinger, S., & Colak, 0. (2008). Highly thermostable and alkaline a-amylase
from a halotolerant-alkaliphilic Bacillus sp. AB68. Brazilian Journal of Microbiology, 39(3), 547-553.
https://doi:10.1590/S1517-83822008000300027

Park, C. S., Park, K. H., & Kim, S. H. (1989). Screening method for glucanotransferase using. Agricultural and
Biological Chemistry, 53(4), 1167-1169.

Kaneko, T., Kato, T., Nakamura, N., & Horikoshi, K. (1987). Spectrophotometric determination of cyclization
activity of B-cyclodextrin-forming cyclomaltodextrin glucanotransferase. Journal of the Japanese Society of
Starch Science, 34(1), 45-48.

Lane, D. J. (1991) 16S/23S rRNA sequencing. In E. Stackebrandt & M.Goodfellow (Eds.), Nucleic acid techniques
in bacterial systematics (pp. 115-175). Chichester, United Kingdom: John Wiley and Sons Ltd.).

Altschul, S. F., Madden, T. L., Schiffer, A. A., Zhang, J., Zhang, Z., Miller, W., & Lipman, D. J. (1997). Gapped
BLAST and PSI-BLAST: a new generation of protein database search programs. Nucleic Acids Research, 25(17),
3389-3402.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., & Kumar, S. (2013). MEGAG6: Molecular Evolutionary
Genetics ~ Analysis  version  6.0. Molecular Biology and Evolution, 30(12), 2725-2729.
https://doi:10.1093/molbev/mst197

Fraser, G., Hughes G. (1999) Swarming motility. Current Opinion in Microbiology, 2(6): 630-635.
https://doi:10.1016/S1369-5274(99)00033-8

Kabacaoglu, E., & Karakas Budak, B. (2017). Heterologous expression of [-y-type cyclodextrin
glycosyltransferase of newly isolated alkaliphilic Bacillus sp. SD5 in Pichia pastoris. Starch/Staerke, 69(9-10),
1600365. https://doi:10.1002/star.201600365

Gomes, A. C. S. M., Dos Santos, S. R., Ribeiro, M. C., Cravo, P. V. L., Vieira, D. G., De Souza, K. M. C,, &
Amaral, A. C. (2018). Is there still room to explore cyclodextrin glycosyltransferase-producers in Brazilian
biodiversity? Anais Da Academia Brasileira de Ciéncias, 90(2), 1473-1480. https://doi:10.1590/0001-
3765201820170670

Hao, J.-H., Huang, L.-P., Chen, X., Sun, J.-J., Liu, J.-Z., wang, W., & Sun, M. (2017). ldentification, cloning and
expression analysis of an alpha-CGTase produced by stain Y112. Protein Expression and Purification, 140, 8-15.
https://doi:10.1016/J.PEP.2017.07.015

Abdelnasser, S. S. I, Mohamed, A. E. T., & Ali, A. A. S. (2010). Characterization of immobilized alkaline
cyclodextringlycosyltransferase from a newly isolated Bacillus agaradhaerens KSU-A11. African Journal of
Biotechnology, 9(44), 7550—7559. https://d0i:10.5897/AJB10.644

Martins, R. F., & Hatti-Kaul, R. (2002). A new cyclodextrin glycosyltransferase from an alkaliphilic Bacillus
agaradhaerens isolate: purification and characterisation. Enzyme and Microbial Technology, 30(1), 116-124.
https://doi:10.1016/S0141-0229(01)00461-6

(Received for publication 06 April 2019; The date of publication 15 December 2019)

Isolation, Identification and Evaluation of Enzyme Production Capacity of CGTase Producing Bacteria from Lakes Salda and Van
Eda KABACAOGLU PAAKKANEN, Bar¢in KARAKAS BUDAK


https://doi:10.5897/AJB10.644
https://doi:10.1016/S0141-0229(01)00461-6

Biological Diversity and Conservation
Cilt/ Volume 12, Say1 / Issue 3, Aralik / December 2019

Contents / icindekiler

Yayin/Page No.-Sira/Order No.

01. 01 Antioxidative effects of tannic acid, cacao oil and st. john’s wort oil on the oxidative stress induced by cadmium
in packed human erythrocytes

02. 07 The effect of different harvest dates on the yield and quality properties of rosemary (Rosmarinus officinalis L.)
plant

03. 14 Physicochemical soil properties of genus Origanum (Lamiaceae) L. grown in Turkey

04. 20 Contributions to the records of Dysmachus praemorsus (Loew, 1854) (Diptera, Asilidae) in Turkey and some notes
on 1ts seasonal activitiy

05. 28 Effects of wing loading on take-off and turning performance which is a decisive factor in the selection of resting
location of the Great Bustard (Otis tarda)

06. 34 Effect of vanillic acid against oxidative stress induced by glyphosate in Saccharomyces cerevisiae

07. 44 Biosorption of cadmium and copper by Aspergillus spp. isolated from industrial ceramic waste sludge

08. 57 Amylase Production of Bacillus subtilis Isolated from Soil by SmF Method

09. 65. Analysis of genomic stability and DNA damage in plants exposed to cement dust pollution using the RAPD
analysis

10. 70 Pollen micromorphology of Petrorhagia (Ser.) Link taxa

11. 78 Antimicrobial, antioxidant and DNA protective effects and phenolic content of Lallementia canescens (L.) Fisch.
& C.A.Mey. and Lallementia peltata (L.) Fisch. & C.A.Mey

12. 89 Fruit and seed morphology of some Alyssum (Brassicaceae) taxa from Anatolia

13. 95 One health approach to decreasing biodiversity and the problem of emerging zoonotic diseases

14. 103 Economic Value Analysis of Fritillaria imperialis in Turkey

15. 111 Morphological, Anatomical and Palynological Investigations on Endemic Silene tunicoides Boiss.
(Caryophyllaceae)

16. 119 Langmuir, Freundlich, Temkin and Dubinin—Radushkevich isotherms studies removal of silver from aqueous
solution by the Mint extract

17. 126 Nest characteristics of Egyptian vulture (Neophron percnopterus) in Middle and Upper Sakarya Region, Turkey

18. 132 Synthesis of some new derivatives of tick pheromones and investigation of pheromone properties

19. 144 Anatomic, morphologic, palynologic and micromorphologic features investigation of Turkish endemic Cousinia
cataonica and Cousinia intertexta species

20. 152 Isolation, Identification and Evaluation of Enzyme Production Capacity of CGTase Producing Bacteria from
Lakes Salda and Van/Turkey

Dergiyi tarayan veri tabanlar1 / Abstracted-Indexed in: EBSCO; Genamics JournalSeek Database; InfoBaselndex; International
Institute of Organinized Research, 120R; Google Scoler, OhioLINK Databases-OPC4-Online-Katalog der Bibliothek der
Fachhochschule Anhalt; Online-Katalog der UB Clausthal; Turkey Citation Index; Ulakbim; Clarivate Analytics Thomson Reuters
Zoological Record.

Kiitiiphaneler / Libraries: Aberystwyth University; All libraries; Bath University; Birmingham University; Cardiff University ;City
University London; CONSER (Not UK Holdings); Edinburgh University; Essex University; Exeter University; EZB Electronic
Journals Library; Feng Chia University Library; GAZI Gazi University Library,; Glasgow University; HEC-National Digital Library;
Hull University; Imperial College London; Kaohsinug Medical University Library; KYBELE Anadolu University Library; Lancaster
University; Libros PDF; Liverpool University; London Metropolitan University; London School of Economics and Political Science;
Manchester University; National Cheng Kung University Library; National ILAN University Library; Nottingham University; Open
University; Oxford University; Queen Mary,University of London;Robert Gordon University; Royal Botanic Gardens, Kew; Sheffield
Hallam University; Sheffield University; Shih Hsin University Library; Smithsonian Institution Libraries; Southampton University;
Stirling University; Strathclyde University; Sussex University; The National Agricultural Library (NAL); The Ohio Library and
Information NetWork; Trinity College Dublin; University of Washington Libraries; Vaughan Memorial Library; York University.

Clarivate Analytics Thomson Reuters Zoological Record Impact Factor, 5.00
“Tiirkiye Atif Dizini "ne kayithdir. (This journal is registered to “Turkey Citation Index”)
Dergide yayinlanan makalelere” http:// www.biodicon.com” adresinden ulasabilir.
This journal is available online at http:// www.biodicon.com ISSN 1308-5301

© 2019 Tiim haklar1 saklidir/All rights reserved
ISSN 1308-5301 Print / ISSN 1308-8084 Online
9 "771308"530001


http://www.biodicon.com/
http://www.biodicon.com/

INSTRUCTIONS FOR AUTHORS

“Biodiversity and Conservation (BioDiCon)” is an international, peer-reviewed scientific journal published in online and
printed form, in accordance with the principles of independency and impartiality. This journal is a peer reviewed journal on the topics
of biological diversity and conservation that uses independent, unbiased double-blinded peer review principles.

“Biological Diversity and Conservation” publishes experimental studies, compilations on current issues, case reports,
editorial comments and editorial letters prepared in accordance with the ethical guidelines, about on all areas of biological diversities.
Descriptive or experimental studies presenting clear research questions are accepted. The journal’s publication language are English
and Turkish.

The manuscripts submitted to Biological Diversity and Conservation will go through a double-blind peer-review process.
Each submission will be reviewed by at least two external, independent peer reviewers who are experts in their fields in order to ensure
an unbiased evaluation process. The editorial board will invite an external and independent editor to manage the evaluation processes
of manuscripts submitted by editors or by the editorial board members of the journal.

An approval of research protocols by the Ethics Committee in accordance with international agreements is required for
experimental, clinical, and drug studies and for some case reports. If required, ethics committee reports or an equivalent official
document will be requested from the authors.

A declaration text including the written consent should be added in the manuscripts concerning experimental research on
humans related to that the patients and the volunteers were informed about the procedures of the performed and to be performed studies
on them. In addition, information about patients” approval, the name of the ethics committee, and the ethics committee approval number
should be addressed in the Materials and Methods section of the manuscript. In the studies carried out on animals, the precautions taken
to prevent pain and suffering of the animals should be clearly indicated.

Authorship Contribution Form

The journal of Biological Diversity and Conservation, in order to protect the rights of the authors and to prevent such
situations as ghost / honorary authorship, requires the author to submit a signed and a scanned copy of the Authorship Contribution
Form (which can be downloaded from http://www.biodicon.com).

Policy of Screening for Plagiarism

All submissions are checked by a similarity detection software iThenticate program for determination of plagiarism and non-
ethical situations. In cases where the application is alleged or suspected as plagiarism, citation manipulation and data
forgery/production, the Editorial Board will follow and act in accordance with the COPE rules.

If the editorial board gets suspicious about a case of ‘gift authorship’, the application will be rejected without being reviewed.
As a part of article submission the responsible author should send a short statement text affirming that s/he takes all the responsibilty
of the article during the submission and review stages of the manuscript.

ICMJE Conflict of Interest form

Biological Diversity and Conservation journal asks and encourages its authors and submitted articles to disclose any existing
or potential conflicts of interests, including financial, consultant and institutional ones, that may lead to potential bias or conflicts
among individuals involved in the evaluation process. Any material grants or other support received for a study sent from individuals
or institutions should be reported to the Editorial Board. In order to disclose a potential conflict of interest, The Potential Conflict of
Interest Disclosure Form (ICMJE) must be signed by all contributing authors and forwarded to the journal editorial board.

Appeals and Complaint
All appeals and complaint cases are dealt with in the framework of the COPE trial rules by The Editorial Board of the journal.
In such cases, the authors should directly make a contact with the editorial office in relation to their appeal and complaints.

Copyright

When submitting an article to the journal of Biological Diversity and Conservation, the authors agree to give the copyright
of their articles to the journal. If the publication is rejected, the copyright of the article will be assigned back to the authors. Biological
Diversity and Conservation requires each article application to be carried out together with the Copyright Transfer Form (which can
be downloaded from http://www.biodicon.com).

When using previously published content, permission from the copyright owner must be obtained by the authors.

The statements or opinions contained in the articles published in the Journal of Biological Diversity and Conservation reflect
the views of the author(s); the editors, the editorial board, and the publisher don’t accept any responsibility or liability for such materials.
All the responsiblity belongs to the authors about the published content.

PREPARATION OF MANUSCRIPT

Authors are required to prepare manuscripts in accordance with the STROBE guidelines for observational original research
studies, STARD guidelines for studies on diagnostic accuracy, PRISMA guidelines for systematic reviews and meta-analysis, ARRIVE
guidelines for experimental animal studies, TREND guidelines and CONSORT guidelines for randomized research studies for non-
randomized public behaviour. The manuscripts should be prepared in accordance with ICMJE-Recommendations for the Conducting
(http://www.icmje.org/icmje-recommendations).

Manuscripts can only be submitted through the journal’s online manuscript submission and evaluation system, available at
http://www.biodicon.com . Submissions that do not comply with the rules of the journal will be returned to the submitting author with
the requests of correction requets.



http://www.biodicon.com/

Authors are required to submit the following
a) Copyright Transfer Form,
b)  Author Contributions Form,
c) ICMJE Potential Conflict of Interest Disclosure Form (should be filled in by all contributing authors) during the initial
submission. These forms are available for download at http://www.biodicon.com
d) Similarity Form (iThenticate: According to the Plagiarism Detection Software programme the similarity index of the article
should not exceed 20% after all references and less than 1% matches have been removed.)

Preparation of the Manuscript (General rules for all manuscript types)

Title page: The first page of the article should include the title of manuscript, authors” names and institutions, an abstract,
and keywords. Title, abstract, and keywords must be provided both in English and Turkish. The corresponding author should be
indicated by a footnote and besides his/her full open mail address, and an e-mail address should also be provided.

A separate title page should be submitted for all submissions and this page should include:

< Full title of manuscript as well as a short title of up to 50 characters (title)

< Name(s) , address and highest academic degree of the author (s),

< Providing information about supporting institutions (if any),

% Name, address, telephone, fax numbers and e-mail address of the corresponding author,
% Acknowledgment of the individuals who contributed to the preparation of the manuscript.

Abstract: The abstract of Original Articles should be structured with subheadings (Objective, Methods, Results, and Conclusion).
Abstract should be written both in English and in Turkish up to 300 words. First the English name of the article, then the English
abstract should be written. After that the Turkish name of the article and a summary in Turkish should be written If the article is written
in English and sent from outside Turkey, Turkish abstract it is not necessary. Please check Table 1 below for word count specifications.

Keywords: Key words should not exceed 3-5 words. Keywords should start with lowercase letters except for italic words and special
names.

MANUSCRIPT TYPES

Original Research

The first page of the article should include the title of manuscript, authors’ names and institutions, an abstract, and keywords. Title,
abstract, and keywords must be provided both in English and Turkish. . If the article is written in English and sent from outside Turkey,
Turkish Title, abstract and Keywords it is not necessary. The corresponding author should be indicated by a footnote and besides his/her
full open mail address, and an e-mail address should also be provided.

Title: Must be provided both in English and Turkish.

Abstract: It should not include subheadings and should be limited to 350 words

Keywords: This section should contain at least three and at most six items and should be provided just below the abstract.

Main Text: The text should start with the Introduction, and be divided into appropriate sections. Sections must be numbered
consecutively. Section headings must be written minisculely flush left and bold with their numbers (as, 1. Introduction, 2. Material and
method, 3. Results, 4. Conclusions and discussion). Subsections must be numbered as “1.1”, “1.2”, etc., using the section number and
must be written minisclulely flush left. All acronyms and abbreviations used in the manuscript should be defined at first use, both in
the abstract and in the main text. In the final section there must be Acknowledgements (if any) , References and Appendices (if
any).Please check Table 1 for the limitations. It should include Introduction, other subheadings and Conclusion sections and should be
limited to 5000 words except for the references.

References: The reference list should be placed just below the main text and the number of references should not exceed 50.

Tables, Figures and Images: The appearance of Tables, Figures and Images should be provided in the text. The visuals should be
original or the written permission obtained from the copyright holder should be sent to the Editor-in-Chief’s Office.

Review

Reviews prepared by the authors who have a broad knowledge in a specific area and represented in the international literatiire by a
high number of publications and citations, are evaluated.

Title: Must be provided both in English and Turkish.

Abstract: Abstract shouldn’t include subheadings and should be limited to 350 words.

Key words: This section should include at least three and at most six items and should be provided just below the abstract.

Main Text: It should include Introduction, other subheadings and Conclusion sections and should be limited to 5000 words excluding
the references.

References: The reference list should be placed below the main text and the number of references should not exceed 55.

Tables, Figures and Images: Tables, Figures and Images: The appearance of Tables, Figures and Images sholud be provided in the
text. The visuals should be original or the written permission obtained from the copyright holder should be sent to the Editor-in-Chief’s
Office. Please check Table 1 for the limitations.

Research note, Case Reports, Case Series and Literature Review
The text should include Introduction, Case reports, Discussion and Conclusion subheadings. Please check Table 1 for the limitations
for Research Note.
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Letters to the Editor

Discusses important parts, unobserved aspects or missing parts of a previously published article. Letters to the Editor should not include
Abstract, Keywords and Tables, Figures, Images, and other media. The text should be unstructured. The commented article must be
properly identified in the letter to the editor (Table 1).

Table 1. Limitations for each manuscript type

Type of manuscript | Word limit Abstract word | Reference Table limit Figure limit
limit limit

Original Research | 5000 350 35 7 maximum 20
images

Review Article 5000 350 55 7 maximum 20
images

Research note, | 1000 250 15 No tables maximum 15

Case Report images

Case Series 1500 250 20 maximum 15 | maximum 15

images images

Literature of | 3500 250 35 maximum 15 | maximum 15

Review images images

Letter to the Editor | 500 No abstract 7 No tables No figure

Tables

Tables should be included in the main document, and they should be numbered consecutively in the order they are referred to within
the main text. Their appearance in the text should be provided. A descriptive title must be placed above the tables. Abbreviations used
in the tables should be defined below the tables by footnotes. Tables should be created using the “insert table” command of the word
processing software.

Figures, Graphics and Photographs

Figures, graphics, and photographs should be submitted as separate files (JPEG format) through the submission system. The files
should not be embedded in a Word document or in the main document. Any information within the images that may indicate an
individual or institution should be blacked out. The minimum resolution of each submitted figure should be 300 DPI. All submitted
figures should be clear in resolution and large in size. Figures , tables and illustrations should be inserted to the appropriate positions
where they are mentioned in the text. All drawings, graphics, photographs, etc. should be regarded as figures. Figures should be
numbered consecutively (as Figure 1.).

References

While citing publications, the latest and the most current publications should be preferred. At least half (50%) of the references should
be published within the last 10 years. Unpublished results and personal communications are not recommended in the reference list, but
may be mentioned in the text. Journal titles should be abbreviated in accordance with the journal abbreviations in Index Medicus/
MEDLINE/PubMed. When there are 6 or fewer authors, all authors should be listed. If there are 7 or more authors, the first 6 authors
should be written, the space should be «...” left behind and the last author should be written. In the main text of the manuscript,
references should be cited by using numbers in parentheses [as 3]. Authors are responsible for the accuracy of references. The reference
styles for different types of publications are presented in the following examples. Reference must be made according to APA 6th.
Please refer to the details; https:/libguides.library.curtin.edu.au/referencing/apa ; https://www.apastyle.org/

Reference form
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[1] Novak, D., & Verber, D. (2015, July 21). Assessment of the influence caused by random events within real- time strategy game
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